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Highlight	notes	from	the	video:	

	

Karen:	If	you	go	to	the	Moderna	website,	they	have	about	8	major	patents	that	are	for	

the	mRNA	vaccines.		

	

This	is	what	I	call	the	master	patent	for	the	lipid	nanotechnology.	

US	10,703.789	B2	

	

This	actually	has	the	sequences	in	it	for	the	body	to	product	the	spike	protein.	It’s	bio-

synthetic.		

	

The	master	patent	in	Section	219	it	says	“the	polymer-based	self-assembled	

nanoparticles	suchas,	but	not	limited	to,	micro-sponges,	may	be	fully	programmable	

nanoparticles.”	

	

US	2012/0228565	A1	Patent	

In	the	Moderna	patent,	80	or	90	other	patents	listed.	This	one	was	filed	for	water-

dispersible	nanoparticles.		

Section	003		Semiconductor	nanocrystals	(also	known	as	quantum	dot	particles).	

	

Qdot	Label	Conjugates	for	Cell	&	Tissue	Staining	

https://www.thermofisher.com/us/en/home/life-science/cell-analysis/cellular-

imaging/fluorescence-microscopy-and-immunofluorescence-if/qdot-nanocrystal-

conjugates-for-cell-and-tissue-staining.html	

	

15	year	deal	with	Moderna.	Thermo	Fisher	had	already	partnered	with	Moderna	last	

year	to	help	scale	up	production	of	its	COVID	vaccine	branded	as	Spikevax.	

	

18:17	

FOIA	to	get	ingredients	because	they	have	FDA	approval	

Medical	device	technology		

	

WO2012148684		

C E L L - F R I E ND L Y 	 I N V E R S E 	 O PA L 	 H YDROGE L S 	 F O R 	 C E L L 	

E N CA P SU L A T I ON , 	 D RUG 	 AND 	 P RO T E I N 	 D E L I V E R Y , 	 AND 	

F UNC T I ONA L 	 NANOPAR T I C L E 	 E N CA P SU LA T I ON 	

https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2012148684	



	

	

	

Fluorescent	Inorganic-Organic	Hybrid	Nanoparticles	

https://onlinelibrary.wiley.com/doi/10.1002/cnma.201800310	

	

	

Method	for	making	semiconducting	single	wall	carbon	nanotubes	

https://patents.google.com/patent/US20130251618A1/en	

	

Graphene	structure	that	encapsulates	the	quantum	dot	and	delivered	in	the	body.	This	

patent	owned	by	the	Chinese	military.		

	

Carbon	Nanotubes	&	Quantum	Dots:	Army	Thinks	VERY	Small	–	January	2020	

https://breakingdefense.com/2020/01/carbon-nanotubes-quantum-dots-army-thinks-

very-small/	

	

	

Three	New	Projects	for	DOD's	Innovate	Beyond	5G	Program	

Aug.	2,	2022	|	

https://www.defense.gov/News/Releases/Release/Article/3114220/three-new-

projects-for-dods-innovate-beyond-5g-program/	

	

Activtion	is	contingent	on	5G	

Quantum	dots	activated	by	LED	

LED,	5G	and	Fiber	Optics	

	

	

Acidic	pH-responsive	nanogels	as	smart	cargo	systems	for	the	simultaneous	loading	

and	release	of	short	oligonucleotides	and	magnetic	nanoparticles	

https://pubmed.ncbi.nlm.nih.gov/20355740/	

	

	

Multi-functional	magnetic	hydrogel:	Design	strategies	and	applications	

https://onlinelibrary.wiley.com/doi/full/10.1002/nano.202100139	

	

	

	

Lipid	Nanoparticles─From	Liposomes	to	mRNA	Vaccine	Delivery,	a	Landscape	of	

Research	Diversity	and	Advancement	

https://pubs.acs.org/doi/10.1021/acsnano.1c04996	

	

	

	



Further	capable	of	autonomous	and/or	cognitive	action	

	

Intelligent	sensor	platforms	

https://patents.google.com/patent/US20160178652A1/en	

	

	

	
	

	

	

Methods and systems of prioritizing treatments, vaccination, testing and/or 

activities while protecting the privacy of individuals 
https://patents.google.com/patent/US20210082583A1/en	

	

	

They	plan	to	put	it	in	everything.	
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(57) ABSTRACT 

Water-dispersible nanoparticles are prepared by applying a 
coating of a multiply amphipathic dispersant to the Surface of 
a hydrophobic nanoparticle comprised of a semiconductive or 
metallic material. The multiply amphipathic dispersant has 
two or more hydrophobic regions and two or more hydro 
philic regions, and is typically polymeric. Preferred poly 
meric dispersants are comprised of (1) a hydrophobic back 
bone with hydrophilic branches, (2) a hydrophilic backbone 
with hydrophobic branches, or (3) a backbone that may be 
either hydrophobic or hydrophilic, and substituted with both 
hydrophilic and hydrophobic branches. Monodisperse popu 
lations of water-dispersible nanoparticles are also provided, 
as are conjugates of the water-dispersible nanoparticles with 
affinity molecules Such as peptides, oligonucleotides, and the 
like. 
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METHOD FOR PREPARING 
SURFACE-MODIFIED SEMCONDUCTIVE 
AND METALLC NANOPARTICLES HAVING 

ENHANCED DISPERSIBILITY IN AQUEOUS 
MEDIA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 09/841.237, filed Apr. 23, 2001, which claims 
priority to U.S. Provisional Application No. 60/240.216, filed 
Oct. 13, 2000. The disclosures of the aforementioned appli 
cations are incorporated by reference in their entireties. 

TECHNICAL FIELD 

0002 This invention relates generally to surface-modified 
nanoparticles, and more particularly relates to Surface-modi 
fied semiconductor and metal nanoparticles having enhanced 
dispersibility in aqueous media as well as Superior colloidal 
and photophysical stability. The invention additionally relates 
to methods for making and using the novel Surface-modified 
nanoparticles. The invention finds utility in a variety of fields, 
including biology, analytical and combinatorial chemistry, 
medical diagnostics, and genetic analysis. 

BACKGROUND 

0003. Semiconductor nanocrystals (also known as quan 
tum dot particles) whose radii are smaller than the bulk exci 
ton Bohr radius constitute a class of materials intermediate 

between molecular and bulk forms of matter. Quantum con 
finement of both the electron and hole in all three dimensions 

leads to an increase in the effective band gap of the material 
with decreasing crystallite size. Consequently, both the opti 
cal absorption and emission of semiconductor nanocrystals 
shift to the blue (higher energies) as the size of the nanocrys 
tals gets Smaller. 
0004 Semiconductor nanocrystals are nanoparticles com 
posed of an inorganic, crystalline semiconductive material 
and have unique photophysical, photochemical and nonlinear 
optical properties arising from quantum size effects, and have 
therefore attracted a great deal of attention for their potential 
applicability in a variety of contexts, e.g., as detectable labels 
in biological applications, and as useful materials in the areas 
of photocatalysis, charge transfer devices, and analytical 
chemistry. As a result of the increasing interest in semicon 
ductor nanocrystals, there is now a fairly Substantial body of 
literature pertaining to methods for manufacturing Such 
nanocrystals. Broadly, these routes may be classified as 
involving preparation in glasses (see Ekimov et al. (1981) 
JETP Letters 34:345), aqueous preparation (including prepa 
ration that involve use of inverse micelles, Zeolites, Lang 
muir-Blodgett films, and chelating polymers; see Fendler et 
al. (1984) J. Chem. Society, Chemical Communications 
90:90, and Henglein et al. (1984) Ber: Bunsenges. Phys. 
Chem. 88:969), and high temperature pyrolysis of organome 
tallic semiconductor precursor materials (Murray et al. 
(1993).J. Am. Chem. Soc. 115:8706; Katari et al. (1994).J. 
Phys. Chem. 98:4109). The two former methods yield par 
ticles that have unacceptably low quantum yields for most 
applications, a high degree of polydispersity, poor colloidal 
stability, a high degree of internal defects, and poorly passi 
vated Surface trap sites. In addition, nanocrystals made by the 
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first route are physically confined to a glass matrix and cannot 
be further processed after synthesis. 
0005 To date, only the high temperature pyrolysis of orga 
nometallic reagents has yielded semiconductor nanocrystals 
that are internally defect free, possess high band edge lumi 
nescence and no trapped emission, and exhibit near monodis 
persity. Additionally, this route gives the synthetic chemist a 
substantial degree of control over the size of the particles 
prepared. See Murray et al. (1993), supra. One disadvantage 
of this method, however, is that the particles are sequestered 
in reverse micelles of coordinated, hydrophobic surfactant 
molecules. As such, they are only dispersible in organic Sol 
vents such as chloroform, dichloromethane, hexane, toluene, 
and pyridine. This is problematic insofar as many applica 
tions that rely on the fluorescence emission of the semicon 
ductor nanocrystals require that the nanocrystals be water 
soluble or at least water dispersible. 
0006 Although some methods for rendering semiconduc 
tor nanocrystals water dispersible have been reported, they 
are still problematic insofar as the treated semiconductor 
nanocrystals suffer from significant disadvantages that limit 
their wide applicability. For example, Spanhel et al. (1987).J. 
Am. Chem. Soc. 109:5649, discloses a CdCOH)-capped CdS 
sol; however, the photoluminescent properties of the sol were 
pH dependent. The sol could be prepared only in a very 
narrow pH range (pH 8-10) and exhibited a narrow fluores 
cence band only at a pH of greater than 10. Such pH depen 
dency greatly limits the usefulness of the material; in particu 
lar, it is not appropriate for use in biological systems. 
0007. Other groups have replaced the organic passivating 
layer of the semiconductor nanocrystal with water-soluble 
moieties; however, the resultant derivatized semiconductor 
nanocrystals are not highly luminescent. Short chain thiols 
Such as 2-mercaptoethanol and 1-thio-glycerol have been 
used as stabilizers in the preparation of water-soluble CdTe 
nanocrystals. See, Rogach et al. (1996) Ber: Bunsenges. Phys. 
Chem. 100:1772 and Rajh et al. (1993) J. Phys. Chem. 
97:11999. Other more exotic capping compounds have been 
reported with similar results. See Coffer et al. (1992) Nano 
technology 3:69, which describes the use of deoxyribonucleic 
acid (DNA) as a capping compound. In all of these systems, 
the coated semiconductor nanocrystals were not stable and 
photoluminescent properties degraded with time. 
0008 Thus, to use these high quantum yield materials in 
applications that require an aqueous medium, one must find a 
way of changing the polarity of the organic coating, thereby 
facilitating the transfer of these particles to water. A great deal 
of work has been conducted on Surface exchange reactions 
that seek to replace the oleophilic hydrocarbon coating on the 
nanocrystal Surface with a range of bifunctional polar mol 
ecules wherein one functional group of the capping molecule 
bears some affinity for the surface of the nanocrystal, while 
the other functional group, by virtue of its ionizability or high 
degree of hydration, renders the nanocrystal water Soluble. 
For example, International Patent Publication No. WO 
00/17655 to Bawendi et al. describes a method for rendering 
semiconductor nanocrystals water dispersible wherein 
monomeric Surfactants are used as dispersing agents, with the 
hydrophobic region of the Surfactants promoting association 
with the nanocrystals, while the hydrophilic region has affin 
ity for an aqueous medium and stabilizes an aqueous Suspen 
sion of the nanocrystals. International Patent Publication No. 
WOOO/17656 to Bawendi et al. describes a similar method 

wherein monomeric compounds of formula HS-(CH),-X, 
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wherein n is preferably 210 and X is carboxylate or sul 
fonate, are used in place of the monomeric Surfactants. 
0009 Kuno et al. (1997).J. Chem. Phys. 106:9869-9882, 
Mikulec, "Semiconductor Nanocrystal Colloids: Manganese 
Doped Cadmium Selenide, (Core)Shell Composites for Bio 
logical Labeling, and Highly Fluorescent Cadmium Tellu 
ride doctoral dissertation, Massachusetts Institute of Tech 
nology (September 1999), and International Patent 
Publication No. WO 00/17656 to Bawendiet al., cited supra, 
give detailed descriptions of Surface exchange reactions 
designed to improve the water dispersibility of hydrophobic 
nanocrystals. In general, these references indicate that: 
exchange of the original hydrophobic Surfactant layer on the 
nanocrystal Surface is never quite complete, with retention of 
only about 10% to about 15% of the surfactant (even after 
multiple exchange reactions); although never quantitatively 
displaced, exchange of the original phosphine/phosphine 
oxide Surfactant layer with more polar ligands results in a 
Substantial decrease in quantum yield that is never entirely 
regained; once dispersed in water, the particles have limited 
colloidal stability; and attempts to carry out further chemistry 
with these particles, such as linking them to biomolecules 
through their pendant carboxyl functionalities, is highly irre 
producible and dependent on the size of the nanocrystal. 
0010 Thus, there remains a need in the art for a reliable, 
reproducible method for rendering hydrophobic semiconduc 
tor nanocrystals dispersible in aqueous media while preserv 
ing the quantum efficiencies of the original particles, main 
taining colloidal stability, and avoiding or minimizing any 
change in particle size distribution. Ideally, such a method 
would be useful not only with semiconductor nanoparticles, 
but also with other types of nanoparticles having hydrophobic 
Surfaces, e.g., semiconductive nanoparticles that are not nec 
essarily crystalline and metallic nanoparticles that may or 
may not be surface-modified. 

SUMMARY OF THE INVENTION 

0011. It is accordingly a primary object of the invention to 
address the aforementioned need in the art by providing Sur 
face-modified nanoparticles having enhanced dispersibility 
in aqueous media, wherein the nanoparticles are comprised of 
an inner core having a hydrophobic surface and an outer layer 
of a multiply amphipathic dispersant. 
0012. It is still another object of the invention to provide 
Such surface-modified nanoparticles wherein the inner core is 
composed of a semiconductive or metallic material. 
0013. It is yet another object of the invention to provide 
Such nanoparticles wherein the multiply amphipathic dis 
persant is a polymer having two or more hydrophobic regions 
and two or more hydrophilic regions. 
0014. It is a further object of the invention to provide a 
method for preparing a population of the aforementioned 
water-dispersible nanoparticles. 
0015. It is still a further object of the invention to provide 
a composition composed of a nanoparticle conjugate, i.e., a 
water-dispersible nanoparticle as above, conjugated to an 
affinity molecule that serves as the first member of a binding 
pa1r. 

0016. It is yet a further object of the invention to provide 
Such a composition wherein a second member of the binding 
pair is associated with the first member through either cova 
lent or noncovalent interaction. 

0017. It is an additional object of the invention to provide 
a monodisperse population of water-dispersible nanopar 
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ticles wherein the population is characterized in that it exhib 
its no more than about a 10% rms deviation, preferably no 
more than about a 5% rms deviation, in the diameter of the 
inner core. 

0018. Additional objects, advantages, and novel features 
of the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following, or may be 
learned by practice of the invention. 
0019. In one aspect of the invention, then, a water-dispers 
ible nanoparticle is provided that is comprised of an inner 
core and an outer layer of a multiply amphipathic dispersant, 
i.e., a compound having two or more hydrophobic regions and 
two or more hydrophilic regions. The inner core comprises a 
semiconductive or metallic material, preferably an inorganic 
semiconductive material that is in a crystalline state. Gener 
ally, the inner core also comprises a hydrophobic passivating 
layer on the semiconductive or metallic material resulting 
from solvents and/or surfactants used in nanoparticle manu 
facture. The Surface of the inner core is accordingly hydro 
phobic, and the hydrophobic regions of the dispersant thus 
have affinity for the core surface and attach thereto, while the 
hydrophilic regions of the dispersant extend outward from the 
nanoparticle and provide for dispersibility in water. In a pre 
ferred embodiment, the dispersant is polymeric and has a 
plurality of both hydrophobic regions and hydrophilic 
regions, thus enhancing water dispersibility of the nanopar 
ticle as well as the dispersant’s affinity for the core surface. 
Particularly preferred dispersants are hyperbranched orden 
dritic polymers, which, relative to prior methods that involve 
monomeric dispersants, Substantially increase the water dis 
persibility and colloidal stability of the nanoparticles. In a 
preferred embodiment, the nanoparticles are luminescent 
semiconductive nanocrystals, and include an overcoating 
“shell layer between the inner core and the multiply amphi 
pathic outer layer to increase luminescence efficiency. The 
shell material has a higher bandgap energy than the nanoc 
rystal core, and should also have good conduction and 
valence band offset with respect to the nanocrystal core. 
Further, an “affinity molecule, i.e., one member of a binding 
pair, may be attached to the outer layer of the Surface-modi 
fied molecule, providing a nanoparticle “conjugate' that is 
useful in detecting the presence or quantity of target mol 
ecules that comprise the second member of the binding pair. 
The affinity molecule may be, for example, a protein, an 
oligonucleotide, an enzyme inhibitor, a polysaccharide, or a 
Small molecule having a molecular weight of less than about 
1500 grams/Mol. 
0020. In a related aspect of the invention, then, a compo 
sition is provided that is comprised of the aforementioned 
nanoparticle conjugate in association with the second mem 
ber of the binding pair, wherein the association may involve 
either covalent or noncovalent interaction. 

0021. In another aspect of the invention, a monodisperse 
population of Surface-modified nanoparticles is provided, 
comprising a plurality of water-dispersible nanoparticles 
each having an inner core comprised of a semiconductive or 
metallic material and, Surrounding the inner core, an outer 
layer comprised of a multiply amphipathic dispersant as 
described above, wherein the population is characterized in 
that the nanoparticles are of Substantially the same size and 
shape, i.e., the population exhibits no more than about a 10% 
rms deviation in the diameter of the inner core, preferably no 
more than about a 5% rms deviation in the diameter of the 
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inner core. The narrow size distribution of a monodisperse 
population increases the “information density” that is obtain 
able as a result of the particles luminescence, i.e., the number 
of discrete luminescence emissions obtainable for a given 
nanoparticle composition. 
0022. In another aspect of the invention, a method is pro 
vided for making the Surface-modified nanoparticles 
described above. The method involves (a) admixing (i) an 
amphipathic dispersant comprised of a polymer having two or 
more hydrophobic regions and two or more hydrophilic 
regions, with (ii) a plurality of hydrophobic nanoparticles, in 
(iii) a nonaqueous solvent, to provide an admixture of dis 
persant and nanoparticles in Solution; (b) Subjecting the 
admixture to conditions effective to cause adsorption of the 
dispersant by the nanoparticles; and (c) transferring the dis 
persant-coated nanoparticles prepared in step (b) to an aque 
ous medium such as water or an aqueous buffer. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions: 

0023. Before describing the present invention in detail, it 
is to be understood that unless otherwise indicated this inven 

tion is not limited to specific nanoparticle materials, amphi 
pathic dispersants, or manufacturing processes, as such may 
vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting. 
0024. It must be noted that, as used in this specification 
and the appended claims, the singular forms “a” “an and 
“the include plural referents unless the context clearly dic 
tates otherwise. Thus, for example, “a dispersant refers to a 
single dispersant as well as a mixture of two or more dispers 
ants, “a nanoparticle' encompasses not only a single nano 
particle but also two or more nanoparticles, and the like. 
0025 Indescribing and claiming the present invention, the 
following terminology will be used in accordance with the 
definitions set out below, 
0026. The term "amphipathic.” referring to the dispersants 
employed herein, is used in its conventional sense to indicate 
a molecular species having a hydrophobic region and a hydro 
philic region. The dispersants herein are “multiply amphip 
athic' in that they contain two or more hydrophobic regions 
and two or more hydrophilic regions. 
0027. The term “attached as in, for example, the “attach 
ment of a dispersant to a nanoparticle Surface, includes cova 
lent binding, adsorption, and physical immobilization. The 
terms “associated with.” “binding and “bound are identical 
in meaning to the term “attached.” 
0028. Attachment of the present multiply amphipathic 
dispersants to the Surface of a metallic or semiconductive 
nanoparticle will generally involve "adsorption.” wherein 
“adsorption” refers to the noncovalent retention of a molecule 
by a Substrate Surface. That is, adsorption occurs as a result of 
noncovalent interaction between a substrate Surface and 

adsorbing moieties present on the molecule that is adsorbed. 
Adsorption may occur through hydrogen bonding, van der 
Waal's forces, polar attraction or electrostatic forces (i.e., 
through ionic bonding), and in the present case will typically 
involve the natural affinity of a hydrophobic region of a mol 
ecule for a hydrophobic surface. 
0029. The term “nanoparticle' refers to a particle, gener 
ally a semiconductive or metallic particle, having a diameter 
in the range of about 1 nm to about 1000 nm, preferably in the 
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range of about 2 nm to about 50 nm, more preferably in the 
range of about 2 nm to about 20 nm. As discussed elsewhere 
herein, semiconductive, and metallic "nanoparticles' gener 
ally include a passivating layer of a water-insoluble organic 
material that results from the method used to manufacture 

Such nanoparticles. The terms 'surface-modified nanopar 
ticle' and “water-dispersible nanoparticle' as used herein 
refer to the modified nanoparticles of the invention, while the 
term “nanoparticle, without qualification, refers to the 
hydrophobic nanoparticle that serves as the inner core of the 
Surface-modified, water-dispersible nanoparticle. 
0030 The terms “semiconductor nanoparticle' and 
'semiconductive nanoparticle' refer to a nanoparticle as 
defined above that is composed of an inorganic semiconduc 
tive material, an alloy or other mixture of inorganic semicon 
ductive materials, an organic semiconductive material, or an 
inorganic or organic semiconductive core contained within 
one or more semiconductive overcoat layers. 
0031. The term “metallic nanoparticle' refers to a nano 
particle as defined above that is composed of a metallic mate 
rial, an alloy or other mixture of metallic materials, or a 
metallic core contained within one or more metallic overcoat 
layers. 
0032. The terms “semiconductor nanocrystal.” “quantum 
dot' and “Qdot(R) nanocrystal are used interchangeably 
herein to refer to semiconductor nanoparticles composed of 
an inorganic crystalline material that is luminescent (i.e., they 
are capable of emitting electromagnetic radiation upon exci 
tation), and include an inner core of one or more first semi 
conductor materials that is optionally contained within an 
overcoating or “shell of a second semiconductor material. A 
semiconductor nanocrystal core Surrounded by a semicon 
ductor shell is referred to as a “core/shell” semiconductor 
nanocrystal. The surrounding shell material will preferably 
have a bandgap energy that is larger than the bandgap energy 
of the core material and may be chosen to have an atomic 
spacing close to that of the core Substrate. Suitable semicon 
ductor materials for the core and/or shell include, but are not 
limited to, the following: materials comprised of a first ele 
ment selected from Groups 2 and 12 of the Periodic Table of 
the Elements and a second element selected from Group 16 
(e.g., ZnS, ZnSe, ZnTe. CDs, CdSe, CdTe. Hg.S. HgSe. HgTe, 
MgS, MgSe, MgTe, CaS, CaSe, CaTe, SrS, SrSe, SrTe, BaS, 
BaSe, BaTe, and the like); materials comprised of a first 
element selected from Group 13 of the Periodic Table of the 
Elements and a second element selected from Group 15 
(GaN. GaP. GaAs, GaSb. InN, InP, InAs, InSb, and the like): 
materials comprised of a Group 14 element (Ge. Si, and the 
like); materials such as PbS, PbSe and the like; and alloys and 
mixtures thereof. As used herein, all reference to the Periodic 
Table of the Elements and groups thereof is to the new IUPAC 
system for numbering element groups, as set forth in the 
Handbook of Chemistry and Physics, 81 Edition (CRC 
Press, 2000). 
0033. By “luminescence' is meant the process of emitting 
electromagnetic radiation (light) from an object. Lumines 
cence results when a system undergoes a transition from an 
excited State to a lower energy state with a corresponding 
release of energy in the form of a photon. These energy states 
can be electronic, vibrational, rotational, or any combination 
thereof. The transition responsible for luminescence can be 
stimulated through the release of energy stored in the system 
chemically or added to the system from an external source. 
The external Source of energy can be of a variety of types 
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including chemical, thermal, electrical, magnetic, electro 
magnetic, and physical, or any other type of energy source 
capable of causing a system to be excited into a state higher in 
energy than the ground state. For example, a system can be 
excited by absorbing a photon of light, by being placed in an 
electrical field, or through a chemical oxidation-reduction 
reaction. The energy of the photons emitted during lumines 
cence can be in a range from low-energy microwave radiation 
to high-energy X-ray radiation. Typically, luminescence 
refers to photons in the range from UV to IR radiation. 
0034. The term “monodisperse' refers to a population of 
particles (e.g., a colloidal system) wherein the particles have 
substantially identical size and shape. For the purpose of the 
present invention, a "monodisperse population of particles 
means that at least about 60% of the particles, preferably 
about 75% to about 90% of the particles, fall within a speci 
fied particle size range. A population of monodisperse par 
ticles deviates less than 10% rms (root-mean-square) in diam 
eter and preferably less than 5% rms. 
0035. The phrase “one or more sizes of nanoparticles” is 
used synonymously with the phrase "one or more particle size 
distributions of nanoparticles.” One of ordinary skill in the art 
will realize that particular sizes of nanoparticles such as semi 
conductor nanocrystals are actually obtained as particle size 
distributions. 

0036 By use of the term “narrow wavelength band' or 
“narrow spectral linewidth' with regard to the electromag 
netic radiation emission of the semiconductor nanocrystal is 
meant a wavelength band of emissions not exceeding about 
60 nm, and preferably not exceeding about 30 nm in width, 
more preferably not exceeding about 20 nm in width, and 
symmetric about the center. It should be noted that the band 
widths referred to are determined from measurement of the 

full width of the emissions at half peak height (FWHM), and 
are appropriate in the range of 200 nm to 2000 nm. 
0037. By use of the term “a broad wavelength band, with 
regard to the excitation of the semiconductor nanocrystal is 
meant absorption of radiation having a wavelength equal to, 
or shorter than, the wavelength of the onset radiation (the 
onset radiation is understood to be the longest wavelength 
(lowest energy) radiation capable of being absorbed by the 
semiconductor nanocrystal). This onset occurs near to, but at 
slightly higher energy than the “narrow wavelength band' of 
the emission. This is in contrast to the “narrow absorption 
band' of dye molecules, which occurs near the emission peak 
on the high energy side, but drops off rapidly away from that 
wavelength and is often negligible at wavelengths further 
than 100 nm from the emission. 

0038. The term "emission peak” refers to the wavelength 
of light within the characteristic emission spectra exhibited 
by a particular semiconductor nanocrystal size distribution 
that demonstrates the highest relative intensity. 
0039. The term “excitation wavelength” refers to light 
having a wavelength lower than the emission peak of the 
semiconductor nanocrystal used in the first detection reagent. 
0040. A “hydrophobic' compound (e.g., a “hydrophobic' 
monomer) is one that will transfer from an aqueous phase to 
an organic phase, specifically from water to an organic, water 
immiscible nonpolar solvent with a dielectric constant si5. 
with a partition coefficient of greater than about 50%. A 
“hydrophobic monomer unit' refers to a hydrophobic mono 
mer as it exists within a polymer. A “hydrophobic region' 
refers to a hydrophobic molecular segment, e.g., a molecular 
segment within a polymer. A "hydrophobic region' may be a 
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single hydrophobic monomer unit or two or more hydropho 
bic monomer units that may be the same or different and may 
or may not be adjacent. 
0041. A “hydrophilic' compound (e.g., a “hydrophilic' 
monomer) is one that will transfer from an organic phase to an 
aqueous phase, specifically from an organic, water-immis 
cible nonpolar solvent with a dielectric constant <5 to water, 
with a partition coefficient of greater than about 50%. A 
“hydrophilic monomer unit” refers to a hydrophilic monomer 
as it exists in a polymeric segment or polymer. A “hydrophilic 
region” refers to a hydrophilic molecular segment, e.g., a 
hydrophilic molecular segment within a polymer. A "hydro 
philic region' may be a single hydrophilic monomer unit or 
two or more hydrophilic monomer units that may be the same 
or different and may or may not be adjacent. 
0042. The term "ionizable' refers to a group that is elec 
tronically neutral at a specific pH, but can be ionized and thus 
rendered positively or negatively charged at higher or lower 
pH, respectively. 
0043. The term “alkyl as used herein refers to a branched 
or unbranched Saturated hydrocarbon group of 1 to approxi 
mately 24 carbon atoms, such as methyl, ethyl, n-propyl. 
isopropyl. n-butyl, isobutyl, t-butyl, octyl, decyl, tetradecyl. 
hexadecyl, eicosyl and tetracosyl, as well as cycloalkyl 
groups such as cyclopenty1 and cyclohexyl. The term “lower 
alkyl intends an alkyl group of 1 to 4 carbon atoms, and thus 
includes methyl, ethyl, n-propyl, isopropyl. n-butyl, isobutyl, 
and t-butyl. 
0044) The term “alkylene' as used herein refers to a 
difunctional saturated branched or unbranched hydrocarbon 
chain containing from 1 to approximately 24 carbon atoms, 
typically 1 to approximately 12 carbon atoms, and includes, 
for example, methylene (-CH2—), ethylene (—CH2— 
CH2—), propylene (-CH2—CH2—CH2—), 2-methylpro 
pylene (—CH2—CH(CH)—CH2—), hexylene (-(CH2) 

), and the like. “Lower alkylene,” as in the lower alkylene 
linkage of the optional coupling agent herein, refers to an 
alkylene group of 1 to 4 carbon atoms. 
0045. The term “alkenyl as used herein refers to a 
branched or unbranched hydrocarbon group typically 
although not necessarily containing 2 to about 24 carbon 
atoms and at least one double bond. Such as ethenyl, n-pro 
penyl, isopropenyl. n-butenyl, isobutenyl, octenyl, decenyl, 
and the like. Generally, although not necessarily, alkenyl 
groups herein contain 2 to about 12 carbon atoms. The term 
“lower alkenyl' intends an alkenyl group of 2 to 4 carbon 
atoms, and the term “alkenylene' refers to a difunctional 
alkenyl group, in the same way that the term “alkylene' refers 
to a difunctional alkyl group. 
0046. The term “alkynyl as used herein refers to a 
branched or unbranched hydrocarbon group typically 
although not necessarily containing 2 to about 24 carbon 
atoms and at least one triple bond. Such as ethynyl, n-propy 
nyl, isopropynyl. n-butynyl, isobutynyl, octynyl, decynyl, 
and the like. Generally, although again not necessarily, alky 
nyl groups herein contain 2 to about 12 carbon atoms. The 
term “lower alkynyl intends an alkynyl group of 2 to 4 
carbon atoms, preferably 3 or 4 carbon atoms. 
0047. The term "heteroatom-containing and the prefix 
"hetero- as in "heteroatom-containing alkyl and “het 
eroalkyl, refer to a molecule or molecular fragment in which 
one or more carbon atoms is replaced with an atom other 
carbon, e.g., nitrogen, oxygen, Sulfur, phosphorus or silicon. 
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0048. The term “alkoxy” as used herein refers to a sub 
stituent —O—R wherein R is alkyl as defined above. The 
term “lower alkoxy' refers to such a group wherein R is lower 
alkyl as defined above, e.g., methoxy, ethoxy and the like. The 
term “aryl” as used herein, and unless otherwise specified, 
refers to an aromatic moiety containing 1 to 3 aromatic rings. 
For aryl groups containing more than one aromatic ring, the 
rings may be fused or linked. Aryl groups are optionally 
Substituted with one or more inert, nonhydrogen Substituents 
per ring; suitable “inert, nonhydrogen Substituents include, 
for example, halo, haloalkyl (preferably halo-substituted 
lower alkyl), alkyl (preferably lower alkyl), alkenyl (prefer 
ably lower alkenyl), alkynyl (preferably lower alkynyl), 
alkoxy (preferably lower alkoxy), alkoxycarbonyl (prefer 
ably lower alkoxycarbonyl), carboxy, nitro, cyano and Sulfo 
nyl. Unless otherwise indicated, the term “aryl' is also 
intended to include heteroaromatic moieties, i.e., aromatic 
heterocycles. Generally, although not necessarily, the het 
eroatoms will be nitrogen, oxygen or Sulfur. The term 
“arylene' refers to a difunctional aryl moiety in the same way 
that the term “alkylene' refers to a difunctional alkyl group. 
0049. The term “aralkyl refers to an alkyl group with an 
aryl substituent, and the term “aralkylene' refers to an alky 
lene group with an aryl substituent; the term “alkaryl refers 
to an aryl group that has an alkyl Substituent, and the term 
“alkarylene' refers to an arylene group with an alkyl substitu 
ent 

0050. The terms “halo' and “halogen” are used in the 
conventional sense to refer to a chloro, bromo, fluoro, or iodo 
substituent. The term “haloalkyl refers to an alkyl group in 
which at least one of the hydrogen atoms in the group has 
been replaced with a halogen atom. 
0051. The term "peptide' refers to oligomers or polymers 
of any length wherein the constituent monomers are alpha 
amino acids linked through amide bonds, and encompasses 
amino acid dimers as well as polypeptides, peptide frag 
ments, peptide analogs, naturally occurring proteins, 
mutated, variant, or chemically modified proteins, fusion pro 
teins, and the like. The amino acids of the peptide molecules 
may be any of the twenty conventional amino acids, Stereoi 
Somers (e.g., D-amino acids) of the conventional amino acids, 
structural variants of the conventional amino acids, e.g., iso 
Valine, or non-naturally occurring amino acids such as C.C.- 
disubstituted amino acids, N-alkyl amino acids, B-alanine, 
naphthylalanine, 3-pyridylalanine, 4-hydroxyproline, 
0-phosphoserine, N-acetylserine, N-formylmethionine, 
3-methylhistidine, 5-hydroxylysine, and nor-leucine. In addi 
tion, the term "peptide' encompasses peptides with post 
translational modifications such as glycosylations, acetyla 
tions, phosphorylations, and the like. The term 
"oligonucleotide' is used herein to include a polymeric form 
of nucleotides of any length, either ribonucleotides or deox 
yribonucleotides. This term refers only to the primary struc 
ture of the molecule. Thus, the term includes triple-, double 
and single-stranded DNA, as well as triple-, double- and 
single-stranded RNA. It also includes modifications. Such as 
by methylation and/or by capping, and unmodified forms of 
the oligonucleotide. More particularly, the term includes 
poly deoxyribonucleotides (containing 2-deoxy-D-ribose), 
polyribonucleotides (containing D-ribose), any other type of 
polynucleotide which is an N- or C-glycoside of a purine or 
pyrimidine base, and other polymers containing nonnucleo 
tidic backbones, for example, polyamide (e.g., peptide 
nucleic acids (PNAS)) and polymorpholino (commercially 
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available from the Anti-Virals, Inc., Corvallis, Oreg., as Neu 
gene) polymers, and other synthetic sequence-specific 
nucleic acid polymers, providing that the polymers contain 
nucleobases in a configuration that allows for base pairing 
and base stacking, such as is found in DNA and RNA. There 
is no intended distinction in length between the terms “poly 
nucleotide.” “oligonucleotide.” “nucleic acid' and “nucleic 
acid molecule.” and these terms refer only to the primary 
structure of the molecule. Thus, these terms include, for 
example, 3'-deoxy-2',5'-DNA, oligodeoxyribonucleotide N3' 
P5' phosphoramidates. 2'-O-alkyl-substituted RNA, double 
and single-stranded DNA, as well as double- and single 
stranded RNA, DNA:RNA hybrids, and hybrids between 
PNAS and DNA or RNA, and also include known types of 
modifications, for example, labels which are known in the art, 
methylation, “caps. Substitution of one or more of the natu 
rally occurring nucleotides with an analog, intemucleotide 
modifications such as, for, example, those with uncharged 
linkages (e.g., methyl phosphonates, phosphotriesters, phos 
phoramidates, carbamates, etc.), with negatively charged 
linkages (e.g., phosphorothioates, phosphorodithioates, etc.), 
and with positively charged linkages (e.g., aminoalklyphos 
phoramidates, aminoalkylphosphotriesters), those contain 
ing pendant moieties, such as, for example, proteins (includ 
ing nucleases, toxins, antibodies, signal peptides, poly-L- 
lysine, etc.), those with intercalators (e.g., acridine, psoralen, 
etc.), those containing chelators (e.g., metals, radioactive 
metals, boron, oxidative metals, etc.), those containing alky 
lators, those with modified linkages (e.g., alpha anomeric 
nucleic acids, etc.), as well as unmodified forms of the poly 
nucleotide or oligonucleotide. 
0.052 The term “polymer is used herein in its conven 
tional sense to refer to a compound having two or more 
monomer units, and is intended to include linear and 
branched polymers, the term “branched polymers’ encom 
passing simple branched structures as well as hyperbranched 
and dendritic polymers. The term “monomer' is used herein 
to refer to compounds that are not polymeric. “Polymers' 
herein may be naturally occurring, chemically modified, or 
chemically synthesized. 
0053. The term “water-dispersible” as used herein refers 
to an essentially unaggregated dispersion of particles, such 
that discrete particles of approximately 2 nm to 50 nm can be 
sustained indefinitely at high concentrations (10-20 uM). 
0054 The term “binding pair refers to first and second 
molecules that specifically bind to each other. “Specific bind 
ing of the first member of the binding pair to the second 
member of the binding pair in a sample is evidenced by the 
binding of the first member to the second member, or vice 
Versa, with greater affinity and specificity than to other com 
ponents in the sample. The binding between the members of 
the binding pair is typically noncovalent. The terms “affinity 
molecule' and “target analyte' are also used herein to refer to 
the first and second members of a binding pair, respectively. 
Exemplary binding pairs include any haptenic or antigenic 
compound in combination with a corresponding antibody or 
binding portion or fragment thereof (e.g., digoxigenin and 
anti-digoxigenin, mouse immunoglobulin and goat anti 
mouse immunoglobulin) and nonimmunological binding 
pairs (e.g., biotin-avidin, biotin-streptavidin, hormone e.g., 
thyroxine and cortisol-hormone binding protein, receptor 
receptor agonist or antagonist (e.g., acetylcholine receptor 
acetylcholine or an analog thereof), IgG-protein A, lectin 
carbohydrate, enzyme-enzyme cofactor, enzyme-enzyme 
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inhibitor, and complementary polynucleotide pairs capable of 
forming nucleic acid duplexes), and the like. 
0055. A "nanoparticle conjugate” refers to a nanoparticle 
linked, throughan outer layer of an amphipathic dispersant, to 
a member of a “binding pair' that will selectively bind to a 
detectable Substance present in a sample, e.g., a biological 
sample. The first member of the binding pair linked to the 
nanoparticle can comprise any molecule, or portion of any 
molecule, that is capable of being linked to the nanoparticle 
and that, when so linked, is capable of specifically recogniz 
ing the second member of the binding pair. 
0056 All molecular weights specified herein are number 
average molecular weights. 

H. The Nanoparticles: 

0057 Prior to surface modification with a multiply amphi 
pathic dispersant, the nanoparticles of the invention are nano 
particles with hydrophobic Surfaces, the particles having a 
diameter in the range of about 1 nm to about 1000 nm, 
preferably in the range of about 2 rim to about 50 nm, more 
preferably in the range of about 2 nm to about 20 nm. Gen 
erally, the nanoparticles will be comprised of a semiconduc 
tive or metallic material, with semiconductive nanoparticles 
preferred. Also, as will be explained in greater detail below, 
the semiconductive or metallic material typically has a coat 
ing of a hydrophobic passivating layer resulting from the use 
of Solvents and/or surfactants during nanoparticle manufac 
ture. The hydrophobic surfaces of the nanoparticles have 
affinity for and thus serve to attach the amphipathic dispersant 
by virtue of the hydrophobic regions within the dispersant. 
0058 Semiconductive nanoparticles may be composed of 
an organic semiconductor material or an inorganic semicon 
ductor material. Organic semiconductor materials will gen 
erally be conjugated polymers. Suitable conjugated polymers 
include, for example, cis and trans polyacetylenes, polydi 
acetylenes, polyparaphenylenes, polypyrroles, poly 
thiophenes, polybithiophenes, polyisothianaphthene, poly 
thienylvinylenes, polyphenylenesulfide, polyaniline, 
polyphenylenevinylenes, and polyphenylenevinylene deriva 
tives, e.g., poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-phe 
nylene vinylene (“MEH-PPV) (see U.S. Pat. No. 5,189,136 
to Wudl et al.), poly (2,5-bischelostanoxy-1,4-phenylene 
vinylene) (“BCHA-PPV) (e.g., as described in International 
Patent Publication No. WO 98/27136), and poly(2-N,N-dim 
ethylamino phenylene vinylene) (described in U.S. Pat. No. 
5,604.292 to Stenger-Smith et al.). Inorganic semiconductive 
nanoparticles are, however, preferred, and are optimally crys 
talline in nature. Such nanoparticles are termed 'semiconduc 
tor nanocrystals' herein. Semiconductor nanocrystals are 
capable of luminescence, generally fluorescence, when 
excited by light. Currently, detection of biological com 
pounds by photoluminescence utilizes fluorescent organic 
dyes and chemiluminescent compounds. The use of semicon 
ductor nanocrystals as luminescent markers, particularly in 
biological systems, provides advantages over existing fluo 
rescent dyes. Many of these advantages relate to the spectral 
properties of nanocrystals, e.g., the ability to control the com 
position and size of nanocrystals enables one to construct 
nanocrystals with fluorescent emissions at any wavelength in 
the UV-visible-IR regions. With respect to composition, for 
example, semiconductor nanocrystals that emit energy in the 
visible range include, but are not limited to, CdS, CdSe, CdTe. 
ZnSe, ZnTe, GaP, and GaAs. Semiconductor nanocrystals 
that emit energy in the near IR range include, but are not 
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limited to, InP, InAs, InSb, PbS, and PbSe. Finally, semicon 
ductor nanocrystals that emit energy in the blue to near 
ultraviolet include, but are not limited to, ZnS and GaN. For 
any particular nanocrystal composition, it is also possible to 
tune the emission to a desired wavelength by controlling 
particle size distribution. In preferred embodiments, 5-20 
discrete emissions (five to twenty different size populations 
or distributions distinguishable from one another), more pref 
erably 10-15 discrete emissions, are obtained for any particu 
lar composition, although one of ordinary skill in the art will 
realize that fewer than five emissions and more than twenty 
emissions could be obtained depending on the monodisper 
sity of the semiconductor nanocrystal particle population. If 
high information density is required, and thus a greater num 
ber of distinct emissions, the nanocrystals are preferably Sub 
stantially monodisperse within the size range given above. 
0059. As explained above, “monodisperse refers to a 
population of particles (e.g., a colloidal system) in which the 
particles have Substantially identical size and shape. In pre 
ferred embodiments for high information density applica 
tions, monodisperse particles deviate less than 10% rms in 
diameter, and preferably less than 5% rms. Monodisperse 
semiconductor nanocrystals have been described in detail in 
Murray et al. (1993) J. Am. Chem. Soc. 115:8706, and in 
Murray, “Synthesis and Characterization of II-VI Quantum 
Dots and Their Assembly into 3-D Quantum Dot Superlat 
tices, doctoral dissertation, Massachusetts Institute of Tech 
nology (1995). One of ordinary skill in the art will also realize 
that the number of discrete emissions that can be distinctly 
observed for a given composition depends not only upon the 
monodispersity of the particles, but also on the deconvolution 
techniques employed. Semiconductor nanocrystals, unlike 
dye molecules, can be easily modeled as Gaussians and there 
fore are more easily and more accurately deconvoluted. 
0060. However, for some applications, high information 
density will not be required and it may be more economically 
attractive to use more polydisperse particles. Thus, for appli 
cations that do not require high information density, the lin 
ewidth of the emission may be in the range of 40-60 nm. 
0061 Semiconductor nanocrystals may be made using 
techniques known in the art. See, e.g., U.S. Pat. Nos. 6,048, 
616, 5,990,479, 5,690,807, 5,505,928 and 5,262,357, as well 
as International Patent Publication No. WO99/26299, pub 
lished May 27, 1999. In particular, exemplary materials for 
use as semiconductor nanocrystals in the biological and 
chemical assays of the present invention include, but are not 
limited to, those described above, including Group 2-16, 
12-16, 13-15 and 14 semiconductors such as ZnS, ZnSe, 
ZnTe CdS, CdSe, CdTe. MgS, MgSe, MgTe, CaS, CaSe, 
CaTe, SrS, SrSe, SrTe, BaS, BaSe, BaTe, GaN, GaP, GaAs, 
GaSb, InP, InAs, InSb, A1S, AlP, AlSb, PbS, PbSe, Ge and Si 
and ternary and quaternary mixtures thereof. 
0062. In a preferred embodiment, the surface of the semi 
conductor nanocrystal is modified to enhance the efficiency 
of the emissions, prior to surface modification with the mul 
tiply amphipathic dispersant, by adding an overcoating layer 
or shell to the semiconductor nanocrystal. The shell is pre 
ferred because at the Surface of the semiconductor nanocrys 
tal, Surface defects can result in traps for electrons or holes 
that degrade the electrical and optical properties of the semi 
conductor nanocrystal. An insulating layer at the Surface of 
the semiconductor nanocrystal provides an atomically abrupt 
jump in the chemical potential at the interface that eliminates 
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energy states that can serve as traps for the electrons and 
holes. This results in higher efficiency in the luminescent 
process. 

0063 Suitable materials for the shell include semiconduc 
tor materials having a higher bandgap energy than the semi 
conductor nanocrystal core. In addition to having a bandgap 
energy greater than the semiconductor nanocrystal core, Suit 
able materials for the shell should have good conduction and 
valence band offset with respect to the core semiconductor 
nanocrystal. Thus, the conduction band is desirably higher 
and the valence band is desirably lower than those of the core 
semiconductor nanocrystal. For semiconductor nanocrystal 
cores that emit energy in the visible (e.g., CdS, CdSe, CdTe. 
ZnSe, ZnTe GaP. GaAs) or near IR (e.g., InP, InAs, InSb, 
PbS, PbSe), a material that has a bandgap energy in the 
ultraviolet regions may be used. Exemplary materials include 
ZnS, GaN, and magnesium chalcogenides, e.g., MgS, MgSe, 
and MgTe. For a semiconductor nanocrystal core that emits in 
the near IR, materials having a bandgap energy in the visible, 
such as CdS or CdSe, may also be used. The preparation of a 
coated semiconductor nanocrystal may be found in, e.g., 
Dabbousietal. (1997).J. Phys. Chem. B 101:9463, Hinesetal. 
(1996).J. Phys. Chem. 100:468-471, Penget al. (1997).J. Am, 
Chem. Soc. 119:7019-7029, and Kuno et al. (1997).J. Phys. 
Chen. 106:98.69. 

0064. The nanoparticles of the invention may also be 
metallic. Such particles are useful, for example, in Surface 
enhanced Raman Scattering (SERS), which employs nanom 
eter-size particles onto which Raman active moieties (e.g., a 
dye or pigment, or a functional group exhibiting a character 
istic Raman spectrum) are adsorbed or attached. Metallic 
nanoparticles may be comprised of any metal or metallic 
alloy or composite, although for use in SERS, a SERS active 
metal is used, e.g., silver, gold, copper, lithium, aluminum, 
platinum, palladium, or the like. In addition, the particles can 
be in a core-shell configuration, e.g., a gold core may be 
encased in a silver shell; see, e.g., Freeman et al. (1996) J. 
Phys. Chem. 100:718–724, or the particles may form small 
aggregates in solution. Kneipp et al. (1998) Applied Spectros 
copy 52:1493. 
0065 Generally, and as alluded to above, the unmodified 
nanoparticles--and thus the inner core of the present surface 
modified nanoparticles--also comprise a hydrophobic coat 
ing on the semiconductive or metallic material resulting from 
Solvents and/or surfactants used in nanoparticle manufacture. 
For example, semiconductive nanoparticles, as manufac 
tured, will typically have a water-insoluble organic coating 
that has affinity for the semiconductive material, the coating 
comprised of a passivating layer resulting from use of a coor 
dinating solvent such as hexyldecylamine or a trialkyl phos 
phine or trialkyl phosphine oxide, e.g., trioctylphosphine 
oxide (TOPO), trioctylphosphine (TOP), or tributylphos 
phine (TBP). Hydrophobic surfactants typically used in the 
manufacture of metallic nanoparticles and forming a coating 
thereon include, by way of example, octanethiol, dode 
canethiol, dodecylamine, and tetraoctylammonium bromide. 
Metallic inner cores will typically have a surfactant coating 
that has affinity for the metallic material, the coating similarly 
deriving from Surfactant compounds used in the manufacture 
of metallic nanoparticles. The Surfactant coating is comprised 
of a hydrophobic surfactant. 

III. The Dispersant: 
0066. The dispersant used to modify the hydrophobic sur 
face of the nanoparticles is a multiply amphipathic dispersant, 
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i.e., a compound having two or more hydrophobic regions and 
two or more hydrophilic regions. In a preferred embodiment, 
the multiply amphipathic dispersant is polymeric, and may be 
composed of either a linear or branched polymer, whether 
naturally occurring, chemically modified, or chemically syn 
thesized. Structurally, polymers are classified as either linear 
or branched wherein the term “branched' generally means 
that the individual molecular units (i.e., monomer units) of 
the branches are discrete from the polymer backbone, and 
may or may not have the same chemical constitution as the 
polymer backbone. 
0067. As will be appreciated by those of ordinary skill in 
the art, the simplest branched polymers are the “comb 
branched polymers wherein a linear backbone bears one or 
more essentially linear pendant side chains. This simple form 
of branching may be regular or irregular (in the latter case, the 
branches are distributed in non-uniform or random fashion on 

the polymer backbone). An example of regular comb branch 
ing is a comb branched polystyrene as described by Altores et 
al. (1965) J. Polymer Sci., Part A 3:4131-4151, and an 
example of irregular comb branching is illustrated by the graft 
copolymers described by Sorenson et al. in Preparative Meth 
ods of Polymer Chemistry, 2nd Ed., Interscience Publishers, 
pp. 213-214 (1968). 
0068. The amphipathic dispersant may also be a branched 
polymer in the form of a cross-linked or network polymer, 
i.e., a polymeric structure wherein individual polymer chains 
or branches are connected through the use of bifunctional 
compounds; e.g., acrylic acid monomer units bridged or 
crosslinked with a diamine linker. In this type of branching, 
many of the individual branches are not linear in that each 
branch may itself contain side chains pendant from a linear 
chain and it is not possible to differentiate between the back 
bone and the branches. More importantly, in network branch 
ing, each polymer macromolecule (backbone) is cross-linked 
at two or more sites to other polymer macromolecules. Also, 
the chemical constitution of the cross-linkages may vary from 
that of the polymer macromolecules. In this cross-linked or 
network branched polymer, the various branches or cross 
linkages may be structurally similar (termed “regularly 
cross-linked) or they may be structurally dissimilar (termed 
“irregularly” cross-linked). 
0069. The amphipathic dispersant may also have other 
structural configurations, e.g., it may be a star/comb 
branched type polymer, as described in U.S. Pat. Nos. 4,599, 
400 and 4,690.985, or a rod-shaped dendrimeras disclosed in 
U.S. Pat. No. 4,694,064. 
0070 Particularly preferred amphipathic dispersants 
herein are hyperbranched (containing two or more genera 
tions of branching) or dendrimeric. In contrast to hyper 
branched polymers, dendrimers are regularly branched mac 
romolecules with a branch point at each repeat unit. Also, 
hyperbranched polymers are obtained via a polymerization 
reaction, while most regular dendrimers are obtained by a 
series of stepwise coupling and activation steps. Examples of 
dendrimers include the polyamidoamine (PAMAM) Star 
burst(R) dendrimers of Tomalia et al. (1985) Polym. J. 17:117, 
the convergent dendrimers of Hawker et al. (1990) J. Am. 
Chem. Soc. 112:7638, and diaminobutane dendrimers, 
described in Tomalia et al. (1990) Angew. Chem., Int. Ed. 
Engl. 29:135-175. With both hyperbranched polymers and 
dendrimers, however, the increased number of hydrophobic 
and hydrophilic regions amplifies the effect of the dispersant 
on the nanoparticle core, with respect to both affinity for the 
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nanoparticle Surface (i.e., affinity of the hydrophobic regions 
of the dispersant for the hydrophobic surface of the nanopar 
ticle) and water dispersibility (as a result of the increased 
number of hydrophilic regions or segments). 
0071. The hydrophilic regions represent approximately 30 
wt.% to 75 wt.% of the amphipathic dispersant, and are 
comprised of at least one monomer unit containing an ioniz 
able or polar moiety, preferably an ionizable moiety Such as a 
carboxylic acid, Sulfonic acid, phosphonic acid or amine Sub 
stituent. Examples of hydrophilic monomer units include, but 
are not limited to: 

0072 water-soluble ethylenically unsaturated C-C car 
boxylic acids, such as acrylic acid, alkyl acrylic acids (par 
ticularly methacrylic acid), itaconic acid, maleic acid, 
fumaric acid, acrylamidomethyl-propanesulfonic acid, vinyl 
Sulfonic acid, vinyl phosphonic acid, vinylactic acid, and 
styrene Sulfonic acid; 
0073 allylamine and allylamine salts formed with an inor 
ganic acid, e.g., hydrochloric acid; 
0074 di-C-C-alkylamino-C-C-alkyl acrylates and 
methacrylates such dimethylaminoethyl acrylate, dimethy 
laminoethyl methacrylate, diethylaminoethyl acrylate, 
diethylaminoethyl methacrylate, dimethylaminopropyl acry 
late, dimethylaminobutyl acrylate, dimethylaminoneopentyl 
acrylate and dimethylaminoneopentyl methacrylate; 
0075 olefinically unsaturated nitriles, such as acryloni 

trile; 
0076 diolefinically unsaturated monomers, particularly 
diallylammonium compounds such as dimethyldiallylammo 
nium chloride, dimethyldiallylammonium bromide, diethyl 
diallylammonium chloride, methyl-t-butyldiallylammonium 
methosulfate, methyl-n-propyldiallylammonium chloride, 
dimethyldiallylammonium hydrogensulfate, dimethyldially 
lammonium dihydrogenphosphate, di-n-butyldiallylammo 
nium bromide, diallylpiperidinium bromide, diallylpyrroli 
dinium chloride and diallylmorpholinium bromide: 
0077 N-vinylpyrrolidone; 
0078 N-vinylformamide: 
0079 acrylamide and substituted acrylamides, such as 
N-methylolacrylamide and C-C alkyl acrylamides, particu 
larly methacrylamide; 
0080 N-vinylimidazole and N-vinylimidazoline; and 
0081 other monomers, typically ethylenically unsatur 
ated monomers, preferably vinyl monomers, substituted with 
at least one hydrophilic functionality Such as a carboxylate, a 
thiocarboxylate, an amide, an imide, a hydrazine, a Sulfonate, 
a Sulfoxide, a Sulfone, a Sulfite, a phosphate, a phosphonate, a 
phosphonium, an alcohol, a thiol, a nitrate, an amine, an 
ammonium, or an alkyl ammonium group —NHR'R'", 
wherein R' and R are alkyl substituents and the group is 
associated with a negatively charged anion, e.g., a halogen 
ion, nitrate, etc. The hydrophilic functionality may be directly 
bound to a carbon atom in the polymer backbone, but will 
usually be bound through a linkage that provides some degree 
of spacing between the polymer backbone and the hydro 
philic functional group. Suitable linkages include, but are not 
limited to, branched or unbranched alkylene, branched or 
unbranched alkenylene, branched or unbranched heteroalky 
lene (typically alkylene containing one or more ether or 
—NH linkages) a branched or unbranched heteroalk 
enylene (again, typically alkenylene containing one or more 
ether or —NH- linkages), arylene, heteroarylene, 
alkarylene, aralkylene, and the like. The linkage will typically 
contain 2 to 24, more typically 2 to 12, carbon atoms. 
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I0082. The hydrophilic regions may also be composed of 
partially or fully hydrolyzed poly(vinyl alcohol), poly(ethyl 
ene glycol), poly(ethylene oxide), highly hydrated poly(alky 
lene oxides) Such as poly(ethylene oxide), cellulosic seg 
ments (e.g., comprised of cellulose per se or cellulose 
derivatives such as hydroxypropyl cellulose, hydroxyethyl 
cellulose, hydroxypropyl methyl cellulose, methyl cellulose, 
ethyl cellulose, cellulose acetate, and the like), and polysac 
charides such as chitosan or dextran. 

I0083. The hydrophobic regions represent approximately 
25 wt.% to 90 wt.% of the amphipathic dispersant, and are 
comprised of at least one non-ionizable, nonpolar monomer 
unit, facilitating noncovalent association with the hydropho 
bic Surface of the nanoparticle. Examples of Such monomer 
units include, but are not limited to: 
I0084 acrylates such as methacrylate, methyl methacry 
late, ethyl methacrylate, butyl methacrylate, isobutyl meth 
acrylate, hexyl methacrylate, isodecyl methacrylate, lauryl 
methacrylate, phenyl methacrylate, isopropyl acrylate, isobu 
tyl acrylate and octadecylacrylate, 
I0085 alkylenes such as ethylene and propylene; 
I0086 C-C2-alkyl-substituted ethyleneimine: 
I0087 alkyl acrylamides wherein the alkyl group is larger 
than lower alkyl (particularly alkyl acrylamides wherein the 
alkyl group has six or more carbon atoms, typically six to 
twelve carbon atoms, such as hexylacrylamide, octylacryla 
mide, and the like); 
I0088 styrene and hydrophobically derivatized styrenes 
(i.e., styrene substituted with one or more hydrophobic sub 
stituents, e.g., Cs-C hydrocarbyl groups); 
I0089 vinyl ether: 
0090 vinyl esters such as vinyl acetate; and 
0091 vinyl halides such as vinyl chloride. 
0092. The hydrophobic regions may also be composed of 
polychloroprene, polybutadiene, polysiloxane, polydimeth 
ylsiloxane, polyisobutylene or polyurethane blocks, or they 
may be polycondensates of 2-poly(hydroxyalkanoic acids) 
Such as 2-hydroxypropanoic acid, 2-hydroxybutanoic acid, 
2-hydroxyisobutanoic acid, 2-hydroxyheptanoic acid, 10-hy 
droxydecanoic acid, 12-hydroxydodecanoic acid, 12-hy 
droxyStearic acid, 16-hydroxyhexadecanoic acid, 2-hydrox 
yStearic acid, 2-hydroxyvaleric acid or the corresponding 
condensates obtained from lactones, condensates of diols and 
dicarboxylic acids such as polyethylene adipate, or polylac 
tams such as polycaprolactam. 
0093. Any of the aforementioned monomer units and 
polymer segments can be modified using techniques and 
reagents routinely used by those of ordinary skill in the art. 
Such modifications include, for example, routine Substitu 
tions, additions of chemical groups such as alkyl groups and 
alkylene groups, hydroxylations, oxidations, and the like. 
Such branched polymers, composed of hydrophobic seg 
ments and hydrophilic segments, are typically comprised of 
(1) a hydrophobic backbone with hydrophilic branches, (2) a 
hydrophilic backbone with hydrophobic branches, or (3) a 
backbone that may be either hydrophobic or hydrophilic, and 
is substituted with both hydrophilic and hydrophobic 
branches. Such polymers can be prepared by any Suitable 
method readily known to those of ordinary skill in the art 
and/or described in the pertinent texts and literature. Poly 
mers of type (1), for example, can be prepared by copolymer 
ization of a hydrophobic monomer with a second monomer 
that includes Suitable reactive groups through which the 
hydrophilic side chains (branches) can be grafted to the back 
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bone. Alternatively, type (1) polymers can be prepared by 
polymerizing a single hydrophobic monomer with a suitable 
reactive side group, and a fraction of those reactive side 
groups can be modified post-polymerization by grafting 
hydrophilic side chains. Analogously, polymers of type (2) 
can be prepared by copolymerization of a hydrophilic mono 
mer with a second monomer that includes Suitable reactive 

groups through which the hydrophobic side chains (branches) 
can be grafted to the backbone. Alternatively, type (2) poly 
mers can be prepared by polymerizing a single hydrophilic 
monomer with a Suitable reactive side group, and a fraction of 
those reactive side groups can be modified post-polymeriza 
tion by grafting hydrophobic side chains. Type (3) polymers 
can be prepared by first synthesizing a linear polymer having 
reactive sites throughout the backbone, and then grafting 
hydrophilic and hydrophobic side chains onto the backbone 
in a fashion that may or may not be ordered. 
0094 Particularly preferred amphipathic dispersants 
include acrylic acid and methacrylic acid polymers modified 
to include hydrophobic regions, as well as copolymers of 
acrylic acid and/or methacrylic acid with hydrophobic 
comonomers such as alkyl acrylamides. Examples of Such 
polymers are poly(acrylic acid-co-octylacrylamide), poly 
(acrylic acid-co-hexylacrylamide), poly(methacrylic acid 
co-octylacrylamide), and poly(methacrylic acid-co-hexy 
lacrylamide), with poly(acrylic acid-co-octylacrylamide) 
most preferred. The specific methodology used to synthesize 
polymers Suitable as the multiply amphipathic dispersant will 
depend on the particular monomer types that are employed. 
As will be appreciated by those of ordinary skill in the art, 
Suitable polymerization techniques include step polymeriza 
tion, radical chain polymerization, emulsion polymerization, 
ionic chain polymerization, chain copolymerization, ring 
opening polymerization, living polymerization, polyconden 
sation reactions, and graft polymerization. In a preferred 
embodiment, the amphipathic dispersant is formed by addi 
tion polymerization of ethylenically unsaturated monomers. 
Such polymerization reactions are generally catalyzed using 
metallic catalysts (e.g., transition metal-based metallocenes, 
Ziegler-Natta catalysts, Brookhart-type catalysts, etc.) and 
typically involve contacting the monomer(s), catalyst, and a 
catalyst activator (e.g., methyl aluminoxane, or "MAO”) at a 
Suitable temperature at reduced, elevated or atmospheric 
pressure, under an inert atmosphere, for a time effective to 
produce the desired polymer. An added solvent may, if 
desired, be employed, or the monomeric compounds may 
serve as solvent. The reaction may be conducted under Solu 
tion or slurry conditions, in a suspension, or in the gas phase. 
As alluded to above, branched polymers can be prepared 
using this technique by introducing reactive sites into the 
polymer backbone during polymerization (e.g., by incorpo 
rating some fraction of monomer units having a pendant 
reactive site), followed by Synthesis or grafting of branches at 
the reactive sites. 

0095. In a preferred embodiment, the amphipathic dis 
persant is comprised of a hydrophilic backbone that has been 
modified to contain hydrophobic anchoring groups, i.e., 
hydrophobic side chains that serve to “anchor the dispersant 
to the nanoparticle Surface. For example, hydrophilic poly 
mers containing pendant carboxylic acid groups (e.g., as in 
poly(acrylic acid), —(CH-CH(COH), ) can be readily 
modified to contain a controlled number of branched or 

unbranched hydrophobic side chains using methods known in 
the art. In one Such method, the pendant carboxylic acid 
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groups of poly(acrylic acid) can be activated with a suitable 
activating agent, e.g., thionyl chloride or a carbodiimide, 
followed by reaction with a long chain alkylamine, e.g., a 
C-C alkylamine such as octylamine, and finally with a 
hydrolyzing agent Such as water. Depending on the relative 
quantities of the alkylamine and the hydrolyzing agent, the 
resulting polymer is an amphipathic polymer with a hydro 
philic backbone (by virtue of the carboxylic acid groups 
present after partial hydrolysis) and hydrophobic side chains 
(the long chain alkyl group attached to the backbone through 
an amide linkage). 
0096. Within the aforementioned group of hydrophobi 
cally modified hydrophilic polymers are hydrophobically 
modified peptides, preferably hydrophobically modified syn 
thetic polypeptides. The use of synthetic polypeptides allows 
for control over a number of factors, including the monodis 
persity of the molecular weight of the hydrophilic backbone, 
the number and position of modifiable groups on the back 
bone, and the regularity of the modification, i.e., whether the 
hydrophobic groups are randomly distributed throughout the 
polypeptide chain or present in an ordered, “regular fashion. 
0097 Suitable polypeptides are triblock (A-B-A) copoly 
mers, for example, triblock copolymers of aspartate and nor 
leucine, in which case polynorleucine is preferably the central 
block “B. Such a triblock copolymer provides a region rich 
in hydrophobic side chains. In one alternative, the central 
block “B” can comprise a hydrophilic amino acid, for 
example, poly(lysine), which can be modified via Standard 
chemistries to includehydrophobic side chains. The carboxy 
late-rich aspartate side chains (A) provide the polar, ionic 
groups that not only aid in rendering the nanocrystal water 
dispersible, but provide reactive sites or functionalizable moi 
eties for further chemistry, such as conjugation to affinity 
molecules. 

0098. The polypeptide compositions of the present inven 
tion may also be monofunctional in nature, e.g., polylysine or 
polyaspartate, diblock copolymers (A-B) or triblock copoly 
mers of three different amino acids (A-B-C). These compo 
sitions are also not restricted to lysine or aspartate, but may 
make use of any number of combinations of the known amino 
acids. Generally, the hydrophobic regions of a polypeptide 
are comprised of at least one hydrophobic amino acid and the 
hydrophilic regions are comprised of at least one hydrophilic 
amino acid. As will be appreciated by those of ordinary skill 
in the art, hydrophobic amino acids include, for example, 
alanine, glycine, Valine, leucine, isoleucine, norleucine, pro 
line, phenylalanine, methionine, tryptophane, cysteine, and 
includes hydrophilic amino acids modified to include hydro 
phobic side chains, while hydrophilic amino acids include 
aspartic acid, glutamic acid, lysine, arginine, histidine, aspar 
agine, glutamine, serine, threonine and tyrosine. 
0099. The amphipathic dispersant generally although not 
necessarily has a molecular weight in the range of approxi 
mately 500 to 50,000, preferably in the range of approxi 
mately 1000 to 10,000, more preferably in the range of 
approximately 1000 to 5000. The dispersant may be modified 
So as to contain functionalizable sites useful for covalent or 

noncovalent attachment to an external molecular moiety. The 
functionalizable sites may be present in addition to the ion 
izable groups discussed above, or the ionizable groups may 
themselves serve as functionalizable sites suitable for binding 
an external molecular moiety. Functionalizable sites include, 
for example, any of the conventional functional groups that 
are modified using simple, conventional chemical tech 
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niques, e.g., amino groups, nitriles, carboxylic acids, esters, 
acid chlorides, and the like. Preferably, although not neces 
sarily, the functionalizable sites are spaced apart from the 
dispersant structure by an inert linking moiety, e.g., an alky 
lene or oxyalkylene chain, typically composed of about 2 to 
20 carbon atoms, preferably about 4 to 10 carbon atoms, or 
other linking moieties such as those described above with 
respect to the spacer linkages that may be present linking 
hydrophilic functional groups to the polymer backbone. 

IV. Preparation of the Surface-Modified Nanoparticles: 

0100 Hydrophobic nanoparticles may be rendered water 
dispersible by surface modification with the amphipathic dis 
persant. That is, the hydrophobic regions of the dispersant 
associate with the hydrophobic nanoparticle Surface, and the 
hydrophilic regions are externally facing and provide water 
dispersibility. Surface modification of the nanoparticles is 
carried out as follows. 

0101. Initially, a solution of the amphipathic dispersant is 
prepared by admixing the selected amphipathic dispersant 
with a suitable nonaqueous solvent, preferably a nonpolar, 
water-immiscible solvent Such as n-hexane or chloroform. 

Ionizable groups on the dispersant, if present, are then con 
verted to salt form by treatment with an appropriate acid or 
base, which serves as an ionizing agent. For ionizable acidic 
groups, Suitable bases are generally inorganic bases, e.g., 
ammonium hydroxides or hydroxides of alkali metals (e.g., 
Sodium or potassium) or alkaline earth metals (e.g., magne 
sium or calcium). The hydrophobic nanoparticles are dis 
persed in the same solvent, either before or after the afore 
mentioned ionization step. Typically, however, the 
nanoparticles are added after ionization, preferably dropwise, 
to a stirring solution of the ionized dispersant. Alternatively, 
the nanoparticles may be dispersed in the Solvent at the outset, 
and the dispersant added thereto. As another alternative, two 
separate solutions may be prepared and mixed, with one 
Solution containing the dispersant and the other Solution con 
taining the nanoparticles, with both solutions preferably con 
taining the same solvent. In all cases, after preparation of the 
nanoparticle-dispersant-solvent admixture, the admixture is 
preferably stirred for several minutes to ensure complete mix 
ing of the components. 
0102. In the next step of the process, the admixture of 
nanoparticles, dispersant and solvent is subjected to condi 
tions effective to result in absorption of the dispersant by the 
nanoparticles. For example, the admixture may be heated or 
placed under vacuum to remove the solvent, such a drying 
process resulting in dispersant-coated nanoparticles. Alterna 
tively, the conditions may involve changing the polarity of the 
Solvent and/or changing the ionic State of the polymer. 
0103) Next, the dispersant-coated nanoparticles are trans 
ferred to an aqueous medium Such as water, using solvent 
exchange (if the dispersant-coated nanoparticles are not pre 
viously dried) or addition of water oran aqueous buffer (if the 
dispersant-coated nanoparticles are previously dried). The 
aqueous buffer, if one is used, should be effective to facilitate 
dispersion of the nanoparticles in the aqueous medium. The 
water dispersion is then filtered to remove any large micellar 
structures formed by excess dispersant in solution that is not 
associated with the particles. These materials may then be 
used in any applications requiring aqueous-based sols of 
nanocrystals. Prior to using these particles one may further 
increase the stability of the amphipathic coating by chemi 
cally crosslinking the individual polymer chains of the dis 
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persant coating such that each polymer has a potential mul 
tiplicity of chemical bonds to other polymer chains on the 
particle. One of ordinary skill in the art would recognize that 
the crosslinker used may be tailored to match the properties of 
the dispersant coating. For example, a diamine could be used 
to crosslinka dispersant coating containing carboxylic acids. 
Of particular utility are crosslinkers that carry charges or 
other groups capable of stabilizing the dispersed colloids as 
described herein. A diamino carboxylate or sulfonate and a 
diamino polyethylene glycol crosslinkers are especially use 
ful. A similar chemistry would apply for crosslinkers having 
multiple amine moieties. Such as dendrimers, modified den 
drimers, and the like. 
0104. The amount of amphipathic dispersant per unit mass 
of the “inner core' (i.e., per unit mass of the original, unmodi 
fied nanoparticle) in the resulting dispersant-coated nanopar 
ticles is proportional to the size and Surface area of the nano 
particles. Generally, the number ratio of the dispersant to the 
inner core will be in the range of approximately 50:1 to 
approximately 5000:1. The ratio will be closer to 50:1 for 
Smaller nanoparticles, i.e., nanoparticles less than about 5 nm 
in diameter (e.g., green CdSe quantum dots), and will be 
closer to 5000:1 for larger nanoparticles, i.e., nanoparticles 
about 5 nm to 10 nm in diameter (e.g., red CdSe quantum 
dots). 

V. Nanoparticle Conjugates and Associated Compositions: 

0105. The invention additionally relates to conjugates of 
the present Surface-modified semiconductive nanoparticles 
and compositions comprising those conjugates in association 
with a target analyte. 
0106 That is, the surface-modified semiconductive nano 
particles of the invention may be conjugated to an affinity 
molecule that serves as the first member of a binding pair. 
Generally, although not necessarily, it is the amphipathic 
dispersant on the nanoparticle Surface that provides the means 
for linkage to the affinity molecule. As noted previously, 
ionizable groups present within the hydrophilic regions of the 
amphipathic dispersant may provide the means for linkage to 
the affinity molecule, and/or other functional groups present 
within or introduced into the dispersant molecule may pro 
vide the means for linkage to the affinity molecule. The link 
age will generally be covalent, and Suitable linkers are dis 
cussed in Section III, above. Suitable methods of conjugating 
molecules and molecular segments to affinity molecules are 
described, for example, in Hermanson, Bioconjugate Tech 
niques (Academic Press, NY, 1996). 
0107 Such semiconductive nanoparticle “conjugates.” by 
virtue of the affinity molecule, can be used to detect the 
presence and/or quantity of biological and chemical com 
pounds, interactions in biological systems, biological pro 
cesses, alterations in biological processes, or alterations in the 
structure of biological compounds. That is, the affinity mol 
ecule, when linked to the semiconductive nanoparticle, can 
interact with a biological target that serves as the second 
member of the binding pair, in order to detect biological 
processes or reactions, or to alter biological molecules or 
processes. Preferably, the interaction of the affinity molecule 
and the biological target involves specific binding, and can 
involve covalent, noncovalent, hydrophobic, hydrophilic, 
electrostatic, van der Waals, or magnetic interaction. Prefer 
ably, the affinity molecule physically interacts with the bio 
logical target. 
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0108. The affinity molecule associated with the semicon 
ductive nanoparticles can be naturally occurring or chemi 
cally synthesized, and can be selected to have a desired physi 
cal, chemical, or biological property. Such properties include, 
but are not limited to, covalent and noncovalent association 
with proteins, nucleic acids, signaling molecules, prokaryotic 
or eukaryotic cells, viruses, Subcellular organelles and any 
other biological compounds. Other properties of Such mol 
ecules include, but are not limited to, the ability to affect a 
biological process (e.g. cell cycle, blood coagulation, cell 
death, transcription, translation, signal transduction, DNA 
damage or cleavage, production of radicals, Scavenging radi 
cals, etc.), and the ability to alter the structure of a biological 
compound (e.g. crosslinking, proteolytic cleavage, radical 
damage, etc 
0109. In a preferred embodiment, the nanoparticle conju 
gate is comprised of a semiconductive nanoparticle that emits 
light at a tunable wavelength and is associated with a nucleic 
acid. The association can be direct or indirect. The nucleic 

acid can be any ribonucleic acid, deoxyribonucleic acid, 
dideoxyribonucleic acid, or any derivatives and combinations 
thereof. The nucleic acid can also be oligonucleotides of any 
length. The oligonucleotides can be single-stranded, double 
Stranded, triple-Stranded or higher order configurations (e.g. 
Holliday junctions, circular single-stranded DNA, circular 
double-stranded DNA, DNA cubes, (see Seeman (1998) Ann. 
Rev. Biophys. Biomol. Struct. 27:225-248). Among the pre 
ferred uses of the present compositions and methods are 
detecting and/or quantitating nucleic acids as follows: (a) 
viral nucleic acids; (b) bacterial nucleic acids; and (c) numer 
ous human sequences of interest, e.g. single nucleotide poly 
morphisms. Without limiting the scope of the present inven 
tion, nanoparticle conjugates can comprise nanocrystals 
associated with individual nucleotides, deoxynucleotides, 
dideoxynucleotides or any derivatives and combinations 
thereof and used in DNA polymerization reactions such as 
DNA sequencing, reverse transcription of RNA into DNA, 
and polymerase chain reactions (PCR). Nucleotides also 
include monophosphate, diphosphate and triphosphates and 
cyclic derivatives such as cyclic adenine monophosphate 
(cAMP). Other uses of nanoparticles conjugated to nucleic 
acids included fluorescence in situ hybridization (FISH). In 
this preferred embodiment, nanocrystals are conjugated to 
oligonucleotides designed to hybridize to a specific sequence 
in vivo. Upon hybridization, the fluorescent nanocrystal tags 
are used to visualize the location of the desired DNA 

sequence in a cell. For example, the cellular location of a gene 
whose DNA sequence is partially or completely known can 
be determined using FISH. Any DNA or RNA whose 
sequence is partially or completely known can be visually 
targeted using FISH. For example without limiting the scope 
of the present invention, messenger RNA (mRNA), DNA 
telomeres, other highly repeated DNA sequences, and other 
non-coding DNA sequencing can be targeted by FISH. 
0110. The nanoparticle conjugate may also comprise a 
Surface-modified semiconductive nanoparticle as provided 
herein in association with a molecule or reagent for detection 
of biological compounds Such as enzymes, enzyme Sub 
strates, enzyme inhibitors, cellular organelles, lipids, phos 
pholipids, fatty acids, Sterols, cell membranes, molecules 
involved in signal transduction, receptors and ion channels. 
The conjugate also can be used to detect cell morphology and 
fluid flow; cell viability, proliferation and function; endocy 
tosis and exocytosis (Betzetal. (1996) Curr. Opin. Neurobiol. 
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6(3):365-71); and reactive oxygen species (e.g., Superoxide, 
nitric oxide, hydroxyl radicals, oxygen radicals). In addition, 
the conjugate can be used to detect hydrophobic or hydro 
philic regions of biological systems. 
0111 Conjugates of semiconductive nanocrystals also 
find utility in numerous other biological and non-biological 
applications where luminescent markers, particularly fluo 
rescent markers, are typically used. See, for example, 
Haugland, R.P. Handbook of Fluorescent Probes and 
Research Chemicals (Molecular Probes, Eugene, Oreg. Sixth 
Ed. 1996; Website, www.probes.com.). Examples of areas in 
which the luminescent nanoparticle conjugates of the inven 
tion are useful include, without limitation, fluorescence 
immunocytochemistry, fluorescence microscopy, DNA 
sequence analysis, fluorescence in situ hybridization (FISH), 
fluorescence resonance energy transfer (FRET), flow cytom 
etry (Fluorescence Activated Cell Sorter; FACS) and diag 
nostic assays for biological systems. For further discussion 
concerning the utility of nanocrystal conjugates in the afore 
mentioned areas, see International Patent Publication No. 
WOOO/17642 to Bawendi et al. 

0.112. It is to be understood that while the invention has 
been described in conjunction with the preferred specific 
embodiments thereof, that the foregoing description as well 
as the examples that follow are intended to illustrate and not 
limit the scope of the invention. Other aspects, advantages 
and modifications within the scope of the invention will be 
apparent to those skilled in the art to which the invention 
pertains. 
0113. The following examples are intended to provide 
those of ordinary skill in the art with a complete disclosure 
and description of how to make and use the novel composi 
tions of the invention. Efforts have been made to ensure 

accuracy with respect to numbers used (e.g., amounts, tem 
peratures, etc), but some experimental error and deviation 
should, of course, be allowed for. Unless indicated otherwise, 
parts are parts by weight, temperatures are in degrees centi 
grade, and pressure is at or near atmospheric. 
0114. The practice of the present invention will employ, 
unless otherwise indicated, conventional techniques of syn 
thetic organic chemistry, biochemistry, molecular biology, 
and the like, which are within the skill of the art. Such tech 
niques are explained fully in the literature. See, e.g., Sam 
brook, Fritsch & Maniatis, Molecular Cloning: A Laboratory 
Manual, Second Edition (1989); Oligonucleotide Synthesis 
(M.J. Gait, ed., 1984); Nucleic Acid Hybridization (B. D. 
Haines & S.J. Higgins, eds., 1984); Methods in Enzymology 
(Academic Press, Inc.); Kirk-Othmer's Encyclopedia of 
Chemical Technology; and House's Modern Synthetic Reac 
tions. All patents, patent applications, patent publications, 
journal articles and other references cited herein are incorpo 
rated by reference in their entireties. 

EXAMPLE 1. 

Synthesis of Hydrophobically Modified Hydrophilic Poly 
CS 

0.115. A modified polyacrylic acid was prepared by dilut 
ing 100 g (0.48 mol COONa) of poly(acrylic acid, sodium 
salt) (obtained from Aldrich, molecular weight 1200) was 
diluted two-fold in water and acidified in a 1.0L round bottom 

flask with 150 ml (1.9 mol) of concentrated HC1. The acidi 
fied polymer Solution was concentrated to dryness on a rotary 
evaporator (100 mbar, 80° C.). The dry polymer was evacu 
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ated for 12 hours at <10 mbar to ensure water removal. A 
stirbar and 47.0 g (0.24 mol) of 1-3-(dimethyl-amino)-pro 
pyl-ethylcarbodiimide hydrochloride (EDC-Aldrich 98%) 
were added to the flask, then the flask was sealed and purged 
with N, and fit with a balloon. 500 ml of anhydrous N-N, 
dimethylformamide (Aldrich) was transferred under positive 
pressure through a cannula to this mixture; and the flask was 
swirled gently to dissolve the solids. 32 ml (0.19 mol) of 
octylamine was transferred dropwise under positive pressure 
through a cannula from a sealed oven-dried graduated cylin 
der into the stirring polymer/EDC solution, and the stirring 
continued for 12 hours. This solution was concentrated to 

<100 ml on a rotary evaporator (30 mbar, 80°  C.), and the 
polymer was precipitated by addition of 200 ml di-HO to the 
cooled concentrate, which produced a gummy white material. 
This material was separated from the Supernatant and tritu 
rated with 100 ml di-HO three more times. The product was 
dissolved into 400 ml ethyl acetate (Aldrich) with gentle 
heating, and basified with 200 ml di-HO and 100 g N-N-N- 
N-tetramethylammonium hydroxide pentahydrate (0.55 mo) 
for 12 hours. The aqueous layer was removed and precipitated 
to a gummy white product with 400 ml of 1.27 MHC1. The 
product was decanted and triturated with 100 ml of di-HO 
twice more, after which the aqueous washings were back 
extracted into 6x100ml portions of ethyl acetate. These ethyl 
acetate Solutions were added to the product flask, and con 
centrated to dryness (100 mbar, 60°  C.). The crude polymer 
was dissolved in 300 ml of methanol and purified in two 
aliquots over LH-20 (Amersham-Pharmacia-5.5 cmx60 cm 
column) at a 3 ml/minute flow rate. Fractions were tested by 
NMR for purity, and the pure fractions were pooled, while the 
impure fractions were re-purified on the LH-20 column. After 
pooling all of the pure fractions, the polymer Solution was 
concentrated by rotary evaporation to dryness, and evacuated 
for 12 hours at <10 mbar. The product was a white powder 
(25.5g, 45% of theoretical yield), which showed broad NMR 
peaks in CDOD 6–3.1 b (9.4), 2.3 b (9.7), 1.9 1.7 1.5 1.3 b 
(63.3) 0.9 bt (11.3), and clear IR signal for both carboxylic 
acid (1712 cm) and amide groups (1626 cm, 1544 cm). 

EXAMPLE 2 

Preparation of Surface-Modified Nanocrystals: 
0116 Twenty milliliters of 3-5uM (3-5 nmoles) of TOPO/ 
TOP coated CdSe/ZnS nanocrystals (see, Murray et al. 
(1993).J. Am. Chem. Soc. 115:8706) were precipitated with 
20 milliliters of methanol. The flocculate was centrifuged at 
3000xg for 3 minutes to form a pellet of the nanocrystals. The 
supernatant was thereafter removed and 20 milliliters of 
methanol was again added to the particles. The particles were 
vortexed to loosely disperse the flocculate throughout the 
methanol. The flocculate was centrifuged an additional time 
to form a pellet of the nanocrystals. This precipitation/cen 
trifugation step was repeated an additional time to remove 
any excess reactants remaining from the nanocrystal synthe 
sis. Twenty milliliters of chloroform were added to the nanoc 
rystal pellet to yield a freely dispersed sol. 
0117 300 milligrams of hydrophobically modified poly 
(acrylic acid) was dissolved in 20 ml of chloroform. Tetrabu 
tylammonium hydroxide (1.0 M in methanol) was added to 
the polymer solution to raise the solution to pH 10 (pH was 
measured by spotting a small aliquot of the chloroform solu 
tion on pH paper, evaporating the solvent and thereafter wet 
ting the pH paper with distilled water). Thereafter the poly 
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mer solution was added to 20 ml of chloroform in a 250 ml 

round bottom flask equipped with a stir bar. The solution was 
stirred for 1 minute to ensure complete admixture of the 
polymer Solution. With continued stirring the washed nanoc 
rystal dispersion described above was added dropwise to the 
polymer solution. The dispersion was then stirred for two 
minutes to ensure complete mixing of the components and 
thereafter the chloroform was removed in vacuo with low heat 
to yield a thin film of the particle-polymer complex on the 
wall of the flask. Twenty milliliters of distilled water were 
added to the flask and swirled along the walls of the flask to 
aid in dispersing the particles in the aqueous medium. The 
dispersion was then allowed to stir overnight at room tem 
perature. At this point the nanocrystals are freely dispersed in 
the aqueous medium, possess pendant chemical functional 
ities and may therefore be linked to affinity molecules of 
interest using methods well known in the art for biolabeling 
experiments. In addition, the fact that the nanocrystals now 
have a highly charged Surface means they can be readily 
utilized in polyelectrolyte layering experiments for the for 
mation of thin films and composite materials. 

EXAMPLE 3 

Preparation of Nanocrystal Conjugates: 
0118 Functional and specific biological labels have been 
made with materials of the present invention as follows: The 
polymer-stabilized particles from Example 1 were purified 
away from excess (non-absorbed) polymer and tetrabutylam 
monium hydroxide via tangential flow diafiltration using a 
100 K polyethersulfone membrane against one liter of dis 
tilled water and one liter of 50 mM morpholinoethanesulfonic 
acid buffer, pH 5.9. The purified dispersion was concentrated 
to 20 milliliters and 10 milliliters of this nanocrystal disper 
sion were activated with 79 umoles (15 mg) 1-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (EDC) 
and 158 umoles (34 mg) N-hydroxysulfosuccinimide for 30 
minutes at room temperature. The particle dispersion was 
then buffer exchanged to pH 8.0 via diafiltration against 50 
mM phosphate buffer, pH 8.0. When the particle dispersion 
reached pH 8.0, streptavidin was added to the particles at a 5:1 
protein:particle ratio (175 nmoles, 10.5 mg) and the reaction 
mixture was incubated overnight at room temperature with 
stirring. After overnight incubation the conjugated particles 
were separated from excess, unreacted protein via tangential 
flow diafiltration using a 100,000 MW polyethersulfone 
membrane against 2 liters of phosphate buffer, 50mM, pH 
7.0. 

0119. At this point these materials can be stored in any 
number of biological buffers and used as fluorescent biologi 
cal labels to detect biotin-labeled analytes of interest. 
Although Streptavidin was used here as an example, the sim 
plicity and generality of the above coupling chemistries can 
be efficiently extended to forming functional conjugates with 
any number of biological molecules of interest, such as anti 
bodies, peptides, and oligonucleotides, for example. 

EXAMPLE 4 

I0120 Crosslinking of Polymer Stabilized Nanocrystals 
with a Dendrimer: 

I0121 Ten milliliters of nanocrystals at 3.5uM, stabilized 
as described in Example 2, were purified by tangential flow 
filtration, as described in Example3, against 1 liter of distilled 
water to remove excess polymer. The nanocrystals were con 
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centrated to 10 milliliters and the pH of the aqueous disper 
sion was decreased to pH 6.5 with 50 ul additions of 0.1 M 
HC1. 67 milligrams (315 moles) EDC were added to the 
stirring nanocrystal dispersion. The reaction was allowed to 
proceed for 10 minutes before 1 milliliter of 0.5M borate 
buffer (pH 8.5) containing 3.94 moles of the crosslinking 
reagent Starburst(R) (PAMAM) Dendrimer, Generation 0. 
were added to the reaction mixture. The reaction mixture was 

stirred for 2 hours at room temperature and then transferred to 
a 50,000 molecular weight cut-off polyethersulfone dialysis 
bag. Dialysis was performed for 24 hours against 2 changes of 
4 liters of water. 

EXAMPLE 5 

0122 Crosslinking of Polymer Stabilized Nanocrystals 
with a Diamino Crosslinker: 

0123 Ten milliliters of nanocrystals at 3.5uM, stabilized 
as described in Example 2, were purified by tangential flow 
filtration, as described in Example3, against 1 liter of distilled 
water to remove excess polymer. The nanocrystals were con 
centrated to 10 milliliters and the pH of the aqueous disper 
sion was decreased to pH 6.5 with 50 ul additions of 0.1 M 
HC1. 67 milligrams (315 umoles) EDC were added to the 
stirring nanocrystal dispersion. The reaction was allowed to 
proceed for 10 minutes before 1 milliliter of 0.5M borate 
buffer (pH 8.5) containing 3.94 umoles of the crosslinking 
reagent lysine (a diamino carboxylic acid) were added to the 
reaction mixture. The reaction mixture was stirred for 2 hours 

at room temperature and then transferred to a 50,000 molecu 
lar weight cut-off polyetherSulfone dialysis bag. Dialysis was 
performed for 24 hours against 2 changes of 4 liters of water. 

EXAMPLE 6 

0.124 Preparation of Surface Modified Nanocrystals with 
Polypeptides: 
I0125 A triblock polypeptide comprised of (Aspartate)- 
(Norleucine)-(Aspartate) has been used to stabilize hydro 
phobic nanocrystals in water by the following method: Five 
milliliters of a 3.5 LM nanocrystal solution were washed as 
described in Example 1 and redispersed in 5 milliliters of 
chloroform. 75 milligrams of an (Aspartate)-(Norleucine)- 
(Aspartate) triblock polypeptide were dissolved in 5 millili 
ters of a 50:50 mixture of chloroform: methanol and the pH of 
the polypeptide solution was raised to 10 with aliquots of 
tetrabutylammonium hydroxide (1.0 M in methanol). This 
polypeptide solution was then added to 5 milliliters of chlo 
roform in a 50 milliliter round bottom flask. The solution was 

allowed to stir for 1 minute to ensure complete mixing. The 
washed nanocrystal dispersion in chloroform was then added 
dropwise to the stirring polypeptide Solution and the entire 
mixture was allowed to stirfor an additional 2 minutes before 

all the solvent was removed in vacuo with low heat (40 
degrees Celsius) to yield a thin film of the particle-polymer 
complex on the wall of the flask. Five milliliters of distilled 
water were then added to the flask and swirled in order to aid 
in dispersing the nanocrystals fully in the aqueous medium. 
As with the nanocrystals stabilized in Example 1, these 
polypeptide stabilized nanocrystals can be efficiently purified 
away from excess polypeptide by dialysis, tangential flow 
filtration, or various forms of chromatography knownto those 
skilled in the art. 
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1-9. (canceled) 
10. A population of water-dispersible nanoparticles, com 

prising: 
a plurality of hydrophobic nanoparticles, wherein each 

nanoparticle is provided with an outer layer of an amphi 
pathic dispersant, the amphipathic dispersant compris 
ing a polymer having a hydrophobic backbone and a 
plurality of alkyl acrylamide side chains, wherein the 
alkyl group of each acrylamide side chain has more than 
four carbon atoms, and wherein the amphipathic dis 
persant renders the nanoparticle water-dispersible. 

11. The population of claim 10, wherein the alkyl group of 
each acrylamide side chain has six or more carbon atoms. 

12. The population of claim 10, wherein the alkyl group of 
each acrylamide side chain has 6 to 12 carbon atoms. 

13. The population of claim 10, wherein the alkyl group of 
each acrylamide side chain has eight or more carbon atoms. 

14. The population of claim 10, wherein the plurality of 
alkyl acrylamide side chains comprises octylacrylamide. 

15. The population of claim 10, wherein the polymer fur 
ther comprises hydrophilic side chains. 

16. The population of claim 10, wherein the polymer fur 
ther comprises ionizable groups. 

17. The population of claim 10, wherein the polymer fur 
ther comprises a group selected from amine, carboxylic acid, 
Sulfonic acid, and phosphonic acid. 

18. The population of claim 10, wherein the polymer com 
prises at least one ethylenically unsaturated C-C carboxylic 
acid monomer residue. 

19. The population of claim 10, wherein the polymer com 
prises an acrylic acid or methacrylic acid monomer residue. 

20. The population of claim 10, wherein the polymer is 
poly(acrylic acid-co-octylacrylamide), poly(acrylic acid-co 
hexylacrylamide), poly(methacrylic acid-co-octylacryla 
mide), or poly(methacrylic acid-co-hexylacrylamide). 

21. The population of claim 10, wherein the nanoparticle is 
Surrounded with the outer layer of amphipathic dispersant. 

22. The population of claim 10, wherein two or more 
nanoparticles are surrounded with the outer layer of amphi 
pathic dispersant. 

23. The population of claim 10, wherein the amphipathic 
dispersant is crosslinked. 

24. The population of claim 10, wherein plurality of hydro 
phobic nanoparticles comprises semiconductor or metallic 
nanoparticles. 

25. The population of claim 10, wherein the plurality of 
hydrophobic nanoparticles comprises semiconductor nanoc 
rystals. 

26. The population of claim 10, wherein the plurality of 
water-dispersible nanoparticles is dispersed in an aqueous 
medium. 

27. A population of nanoparticle conjugates, comprising: 
the population of water-dispersible nanoparticles of claim 

10, wherein each nanoparticle is associated with an 
affinity molecule. 

28. The population of nanoparticle conjugates of claim 27, 
wherein the affinity molecule is selected from the group con 
sisting of proteins, nucleic acids, polysaccharides, and mol 
ecules having a molecular weight of less than about 1500 
grams/mol. 

29. The population of nanoparticle conjugates of claim 27, 
wherein the affinity molecule is selected from the group con 
sisting of an antigen, hapten, antibody or fragment thereof, 
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biotin, streptavidin, hormone, hormone binding protein, an aqueous medium, wherein the nanoparticles in the 
enzyme, enzyme inhibitor, receptor agonist, and receptor population are dispersed in the aqueous medium and 
antagonist. exhibit luminescence when excited by an appropriate 

30. An aqueous dispersion of nanoparticles, comprising: energy Source. 
the population of water-dispersible nanoparticles of claim 

10; and ck 
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(57) ABSTRACT 

A method for making semiconducting single walled carbon 
nanotubes (SWCNTs) includes providing a substrate. A 
single walled carbon nanotube film including a plurality of 
metallic SWCNTs and semiconducting SWCNTs is located 
on the Substrate. A macromolecule material layer is located 
on the single walled carbon nanotube film to cover the single 
walled carbon nanotube film. The macromolecule material 
layer, the single walled carbon nanotube film and the sub 
strate are placed in an environment filled with electromag 
netic waves. The macromolecule material layer covering the 
plurality of the metallic SWCNTs is melted or decomposed to 
expose the plurality of metallic SWCNTs. The metallic 
SWCNTs and the macromolecule material layer covering the 
semiconducting SWCNTs are removed. 
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FIG 2 
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FIG 3 
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FIG, 4. 
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METHOD FOR MAKING SEMCONDUCTING 
SINGLE WALL CARBON NANOTUBES 

RELATED APPLICATIONS 

0001. This application claims all benefits accruing under 
35 U.S.C. S 119 from China Patent Application No. 
201210075759.7, filed on Mar. 21, 2012, in the China Intel 
lectual Property Office. This application is related to com 
monly-assigned application entitled “METHOD FORMAK 
ING SEMICONDUCTING CARBON NANOTUBES.” 
concurrently filed (Atty. Docket No. US45169). Disclosures 
of the above-identified applications are incorporated herein 
by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. The present application relates to a method for mak 
ing semiconducting single walled carbon nanotubes. 
0004 2. Discussion of Related Art 
0005 Single walled carbon nanotubes (SWCNTs) may be 
metallic or semiconducting, and may have varying diameters 
and lengths. Applications using SWCNTs may be improved if 
SWCNTs of uniform conductivity, such as all semiconduct 
ing SWCNTs or all metallic SWCNTs, are provided. Accord 
ingly, a method for making semiconducting SWCNTs is 
desired. 

0006. A method for making semiconducting SWCNTs 
involves destruction of metallic SWCNTs by electric current 
(See, Collin P. et al., Science, 2001, 292, 706). A principle of 
this method is that semiconducting SWCNTs can be turn 
“off by applying a gate Voltage. It is possible to burn out 
metallic SWCNTs by application of a high source-drain volt 
age in the presence of oxygen. However, when a current flows 
through the metallic SWCNTs, Joule heat generated by the 
metallic SWCNTs might inadvertently burn out the adjacent 
semiconducting SWCNTs. 
0007 What is needed, therefore, is to provide a method for 
making semiconducting SWCNTs that can overcome the 
above-described shortcomings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. Many aspects of the embodiments can be better 
understood with references to the following drawings. The 
components in the drawings are not necessarily drawn to 
scale, the emphasis instead being placed upon clearly illus 
trating the principles of the embodiments. Moreover, in the 
drawings, like reference numerals designate corresponding 
parts throughout the several views. 
0009 FIG. 1 is a schematic process flow of one embodi 
ment of a method for making semiconducting SWCNTs. 
0010 FIG. 2 is an illustration of a growing device for 
making a single walled carbon nanotube film. 
0011 FIG.3 shows a scanning electron microscope image 
of the single walled carbon nanotube film manufactured by 
the growing device of FIG. 2. 
0012 FIG. 4 is a schematic view of another embodiment 
of the single walled carbon nanotube film according to FIG.1. 
0013 FIG. 5 is a schematic view of one embodiment of an 
electrode located on one side of the single walled carbon 
nanotube film of FIG. 2. 
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DETAILED DESCRIPTION 

0014. The disclosure is illustrated by way of example and 
not by way of limitation in the figures of the accompanying 
drawings in which like references indicate similar elements. 
It should be noted that references to “an or 'one' embodi 

ment in this disclosure are not necessarily to the same 
embodiment, and Such references mean at least one. 
0015 Referring to FIG. 1, a method for making semicon 
ducting SWCNTs of one embodiment includes steps of: 
0016 (S1), providing a substrate 10 having a first surface 
102: 
0017 (S2), placing a single walled carbon nanotube film 
12 on the first surface 102 of the substrate 10, wherein the 
single walled carbon nanotube film 12 includes a plurality of 
metallic SWCNTs 122 and a plurality of semiconducting 
SWCNTs 124; 
0018 (S3), applying a macromolecule material layer 14 
on the single walled carbon nanotube film 12 to cover each of 
the plurality of metallic SWCNTs 122 and each of the semi 
conducting SWCNTs 124, wherein the macromolecule mate 
rial layer 14, the single walled carbon nanotube film 12 and 
the substrate 10 form a compound; 
(0019 (S4), exposing the plurality of metallic SWCNTs 
122 by melting or decomposing the macromolecule material 
layer 14 in an environment filled with electromagnetic waves; 
(0020 (S5), removing the plurality of metallic SWCNTs 
122; and 
0021 (S6), removing the macromolecule material layer 
14 to obtain the plurality of semiconducting SWCNTs 124. 
0022. In the step (S1), the substrate 10 can be a substan 

tially flat and smooth silicon substrate, such as a P-type sili 
con wafer, an N-type silicon wafer or a silicon wafer formed 
with an oxidized layer thereon. The substrate 10 can also be 
made of polymer or quartz. The substrate 10 has a high 
melting point, and the melting point of the Substrate 10 can be 
greater than or equal to 600°  C. In the first embodiment, a 
P-type silicon wafer is used as the substrate 10. 
0023. In the step (S2), the single walled carbon nanotube 
film 12 includes a plurality of SWCNTs including a plurality 
of metallic SWCNTs 122 and a plurality of semiconducting 
SWCNTs 124. A positional relationship of the metallic 
SWCNTs 122 and the semiconducting SWCNTs 124 is arbi 
trary. The plurality of SWCNTs is parallel to a surface of the 
single walled carbon nanotube film 12 and the first surface 
102 of the substrate 10. In the single walled carbon nanotube 
film 12, two adjacent SWCNTs are not in contact with each 
other, to prevent aheat of the metallic SWCNTs from burning 
out adjacent semiconducting SWCNTs. A distance between 
two adjacent SWCNTs can be greater than or equal to 10 
nanometers. The plurality of SWCNTs can have the same 
length and be parallel to each other. The plurality of SWCNTs 
can have different lengths and not be parallel to each other. In 
one embodiment, the plurality of SWCNTs has the same 
length and is parallel to each other, the distance between two 
adjacent SWCNTs is 500 nanometers. A thickness of the 
single walled carbon nanotube film 12 can be in a range from 
about 0.5 nanometers to about 10 nanometers. In one embodi 

ment, the thickness of the single walled carbon nanotube film 
12 is in a range from about 0.5 nanometers to about 5 nanom 
eters. 

0024. Referring to FIG. 2, a method for making the single 
walled carbon nanotube film 12 of one embodiment includes 
steps of: 



US 2013/025 1618 A1 

0025 (S21), providing a growing device 30 including a 
fixing supporter 310 and a rotatable supporter 312; 
0026 (S22), providing a growing substrate 316 and the 
substrate 10, wherein a catalyst layer 318 is formed on a 
surface of the growing substrate 316; 
0027 (S23), placing the growing substrate 316 on the 
fixing supporter 310, and placing the substrate 10 on the 
rotatable supporter 312; 
0028 (S24), introducing a carbonaceous gas to grow a 
plurality of SWCNTs along a gas flow direction; 
0029 (S25), stopping introducing the carbonaceous gas, 
the plurality of SWCNTs formed on the first surface 102 of 
the substrate 10 is parallel to each other; and 
0030) (S26), changing the growing substrate 316, and the 
single walled carbon nanotube film 12 is formed on the first 
Surface 102 of the Substrate 10. 

0031. In the step (S21), the reacting room 304 has a gas 
inlet 306 and a gas outlet 308. A rotatable supporter 312 
disposes in the reacting room 304. A fixing supporter 310 
disposed in the reacting room 304 is closer to the gas inlet 306 
than the rotatable supporter 312. A distance between the 
rotatable supporter 312 and the fixing supporter 310 is less 
than 1 micrometer. The rotatable supporter 312 is lower than 
the fixing supporter 310. The rotatable supporter 312 can 
rotate in the horizontal plane arbitrarily. 
0032. In the step (S22), the catalyst layer 318 includes a 
layer of monodisperse catalyst. The method of forming the 
catalyst layer 318 depends on the material of the monodis 
perse catalyst. 
0033. While the catalyst is made of iron (Fe), cobalt (Co), 
nickel (Ni), or any alloy thereof, the process of forming the 
catalyst layer 318 on the growing substrate 316 includes the 
following Substeps of: (a1) depositing a layer of monodis 
perse catalyst on the growing Substrate 316; (a2) patterning 
the layer of monodisperse catalyst to form a catalyst layer 318 
which is patterned. The method of depositing the catalyst 
layer 318 is selected from the group comprising of physical 
vapor deposition, chemical vapor deposition, coating and 
plating. The thickness of the catalyst layer 318 approximately 
ranges from 1 nanometer to 3 nanometers. Due to the thick 
ness of the catalyst layer 318 being small, the catalyst mate 
rials in the catalyst layer 318 forms a plurality of monodis 
perse catalyst particles. 
0034. If the catalyst layer 318 is made of monodisperse 
Solution of metal or metal-salt, the process of forming the 
catalyst layer 318 on the growing substrate 316 includes the 
following Substeps of: (a1') applying a monodisperse solution 
onto the surface of the growing substrate 316 to form a layer 
of monodisperse solution; (a2) drying the monodisperse 
solution layer to form a catalyst layer 318. The step (a1') can 
be replaced by dipping the growing substrate 316 into the 
monodisperse solution. It could avoid the catalyst materials to 
gather together by using monodisperse solution to form the 
catalyst layer 318. Therefore, the catalyst layer 318 includes 
a plurality of monodisperse catalyst particles. The monodis 
perse Solution of metal-salt can be selected from the group 
comprising a solution of Fe(NO) and water, Solution of 
CuCl and water, solution of FeCls and water, solution of 
Fe(NO) and ethanol, solution of CuCl2 and ethanol, and 
solution of FeC1 and ethanol. The monodisperse solution of 
metal is selected from the group comprising a solution of 
Fe—Mo and n-octane, Solution of Fe-Co and n-octane, 
solution of Fe—Ru and n-octane, solution of Fe—Mo and 
hexane, solution of Fe—Co and hexane, solution of Fe Ru 
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and hexane, Solution of Fe—Mo and ethanol, Solution 
Fe Co and ethanol, and solution of Fe—Ru and ethanol. In 
one embodiment, the catalyst layer 318 is formed by a solu 
tion of Fe(NO), and ethanol. 
0035. In the step (S23), while placing the growing sub 
strate 316 on the fixing supporter 310, it is necessary to make 
sure the catalyst layer 318 faces up. The growing substrate 
316 and the substrate 10 are made of high melting materials. 
The melting point of the growing substrate 316 and the sub 
strate 10 is above the growing temperature of the single 
walled carbon nanotube film. The shape and area of the grow 
ing substrate 316 and the substrate 10 is arbitrary. 
0036. The growing substrate 316 can be a rectangle. In one 
embodiment, the growing substrate 316 is a silicon strip. The 
length of the growing substrate 316 is 10 centimeters and the 
width of the growing substrate 316 is 1 millimeter. The grow 
ing substrate 316 can be made by the steps of forming a 
catalyst layer 318 on a large wafer, and then cutting the large 
wafer into a number of silicon strips of predetermined size. 
The substrate 10 can be a square. The length of side of the 
substrate 10 approximately ranges from 1 centimeter to 10 
centimeters. Also, the substrate 10 can be a network, such as 
copper wire mesh. In one embodiment, the substrate 10 is a 
4-inch wafer. 

0037. The step (24) includes the following substeps of: 
(b1) introducing a protective gas into the reacting room 304 to 
evacuate the air in the reacting room 304; (b2) heating the 
reacting room 304 up to growing temperature of the 
SWCNTs; and (b3) introducing a carbonaceous gas to grow 
the SWCNTs. 

0038. In the step (b1), the protective gas is selected from 
the group comprising of nitrogen (N) gas and noble gas. In 
one embodiment, the protective gas is argon (Ar) gas. 
0039. In the step (b2), the growing temperature of the 
SWCNTs ranges approximately from 800 degrees to 1000 
degrees. It is to be understood that the growing temperature 
varies with the carbonaceous gas. In one embodiment, the 
carbonaceous gas is ethanol. So the growing temperature of 
the SWCNTs ranges approximately from 850 degrees to 950 
degrees. If the carbonaceous gas were methane, the growing 
temperature of the SWCNTs would range approximately 
from 950 degrees to 1000 degrees. 
0040. In the step (b3), the carbonaceous gas is hydrocar 
bon with active chemical properties. The carbonaceous gas 
can be selected from the group comprising of ethanol, ethane, 
methane, and combinations thereof. In one embodiment, the 
carbonaceous gas is ethanol or methane. The flux of the 
carbonaceous gas ranges approximately from 5 to 100 milli 
liter per minute. An additional carrier gas such as hydrogen, 
can be also introduced into the reacting room 304 with the 
carbonaceous gas. The flux ratio of the carbonaceous gas and 
the carrier gas ranges approximately from 1:1 to 1:3. 
0041 After introducing the carbonaceous gas into the 
reacting room 304, it starts to grow carbon nanotubes under 
the effect of the catalyst. One end (i.e., the root) of the carbon 
nanotubes is fixed on the growing substrate 316, and the other 
end (i.e., the top/free end) of the carbon nanotubes grow 
continuously. The density of the carbon nanotubes is low due 
to the catalyst layer 318 including a plurality of monodisperse 
catalyst grain. Therefore, a part of the carbon nanotubes grow 
into SWCNTs. Because the fixing supporter 310 disposed in 
the reacting room 304 is near the gas inlet 306, the SWCNTs 
float above the Substrate 10 with the roots of the SWCNTs 

still Sticking on the growing Substrate 316, as the carbon 
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aceous gas is continuously introduced into the reacting room 
304. The mechanism of growing SWCNTs is called “kite 
mechanism.” The length of the SWCNTs depends on the 
growing time. In one embodiment, the growing time approxi 
mately ranges from 10 minutes to 30 minutes. The length of 
the SWCNTs approximately ranges from 1 centimeter to 30 
centimeters. 

0042. In the step (S25), after cutting off the supply of the 
carbonaceous gas into the reacting room 304, the SWCNTs 
stop growing and land on the substrate 10. The SWCNTs fall 
down onto the substrate 10 parallel and separately due to the 
gravity and are allowed to cool. In order to avoid oxidation of 
the SWCNTs, the protective gas should be continuously fed 
into the reacting room 304 until the temperature of the react 
ing room 304 is cooled down to room temperature. Further 
more, the single walled carbon nanotube film 12 is cut off 
from the growing substrate 316. 
0043. In the step (S26), changing the growing substrate 
316 can be carried out by providing a new one of the growing 
substrate 316 with the catalyst layer 318 or recycling the 
original growing Substrate 316. The original growing Sub 
strate 316 is recycled by cleaning the original growing Sub 
strate 316 and forming a new catalyst layer318 thereon. More 
SWCNTs can fall on to the first Surface 102 of the Substrate 10 

to form the single walled carbon nanotube film 12 by repeat 
ing steps (S24) and (S25) as often as desired. 
0044) Referring to FIG. 3, the single walled carbon nano 
tube film 12 has a plurality of SWCNTs parallel to each other. 
The plurality of SWCNTs has the same length of 100 
micrometers, the distance between two adjacent SWCNTs is 
500 nanometers. The SWCNTs in the single walled carbon 
nanotube film 12 connect to each other by van der Waals 
attractive force therebetween, thus, the single walled carbon 
nanotube film 12 is a free-standing structure. 
0045. The term “free-standing includes, but not limited 

to, the single walled carbon nanotube film 12 that does not 
have to be supported by a Substrate. For example, the single 
walled carbon nanotube film 12 which is free-standing can 
sustain the weight of itself when it is hoisted by a portion 
thereof without any significant damage to its structural integ 
rity. So, if the single walled carbon nanotube film 12 which is 
free-standing is placed between two separate Supporters, a 
portion of the free-standing single walled carbon nanotube 
film 12, not in contact with the two supporters, would be 
Suspended between the two Supporters and yet maintain film 
structural integrity. 
0046. It is understood, the single walled carbon nanotube 
film 12 can be formed by coating a solution of SWCNTs on 
the first surface 102 of the substrate 10. At the same time, the 
SWCNTs can have different lengths and not be parallel to 
each other. It is necessary to make Sure two adjacent 
SWCNTs are not in contact with each other, as shown in FIG. 
4 

0047. In the step (S3), the macromolecule material layer 
14 can enclose each of the plurality of metallic SWCNTs and 
each of the plurality of semiconducting SWCNTs. The space 
between each two adjacent SWCNTs of the plurality of 
SWCNTs is filled with material of the macromolecule mate 

rial layer 14. The macromolecule material layer 14 is formed 
by coating a macromolecule Solution or molten macromol 
ecule material. The macromolecule solution is formed by 
dissolving a macromolecule material into an organic solvent. 
The organic solvent can be ethanol, methanol, acetone, or 
chloroform. The molten macromolecule material is formed 
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by heating the macromolecule material to a molten tempera 
ture of the macromolecule material. The macromolecule 
Solution or the molten macromolecule material can have a 
Viscosity greater than 1 Pas. A melting point of the macro 
molecule material can be lower than or equal to 600°  C., or a 
decomposing temperature of the macromolecule material can 
be lower than or equal to 600°  C. In one embodiment, the 
melting point of the macromolecule material is lower than or 
equal to 300°  C., or a decomposing temperature of the mac 
romolecule material is lower than or equal to 300°  C. The 
macromolecule material can be phenolic resin (PF), polysty 
rene (PS), ethoxyline resin (EP), polyurethane (PU), polym 
ethyl methacrylate (PMMA), polycarbonate (PC), polyethyl 
ene terephthalate (PET), or polyalkenamer. 
0048. The macromolecule solution or the molten macro 
molecule material can be uniformly coated on the surface of 
the single walled carbon nanotube film 12 by a spraying 
method, or a spin coating method. The Surface of the single 
walled carbon nanotube film 12 away from the substrate 10 
can be immersed in the macromolecule Solution. It is neces 

sary to make Sure the macromolecule material layer 14 cover 
each of the plurality of SWCNTs. A thickness of the macro 
molecule material layer 14 is related to the distance between 
two adjacent SWCNTs. The thickness of the macromolecule 
material layer 14 can be in a range from about 0.1 microme 
ters to about 1 millimeter. In one embodiment, the macromol 
ecule material is PMMA, and the organic solvent is methyl 
phenoxide. 
0049. In the step (S4), the macromolecule material layer 
14 barely absorbs electromagnetic wave energy. A heat 
capacity per unit area of the macromolecule material layer 14 
is greater than the heat capacity per unit area of the single 
walled carbon nanotube film 12. The semiconducting 
SWCNTs 124 barely absorb the electromagnetic wave 
energy, but the metallic SWCNTs 122 can absorb the elec 
tromagnetic wave energy and generate heat. That is, a speed 
of absorbing the electromagnetic wave energy of the metallic 
SWCNTs 122 is faster than the speed of absorbing the elec 
tromagnetic wave energy of the semiconducting SWCNTs 
124. Thus, after absorbing the electromagnetic wave energy, 
a temperature of the metallic SWCNTs 122 rises quickly. 
This temperature increase will heat the portions of the mac 
romolecule material layer 14 covering the metallic SWCNTs 
122 until the macromolecule material layer 14 is melted or 
decomposed. The metallic SWCNTs 122 are exposed 
because the portions of the macromolecule material layer 14 
covering the metallic SWCNTs 122 is melted or decomposed. 
0050. At the same time, the heat generated by the metallic 
SWCNTs 122 can be absorbed by the macromolecule mate 
rial layer 14 and the substrate 10. Thus, the temperature of the 
single walled carbon nanotube film 12 can be controlled to be 
under 700°  C., and the single walled carbon nanotube film 12 
will not burn. 

0051. The semiconducting SWCNTs 124 barely absorbs 
the electromagnetic wave energy, so the temperature of the 
portion of the macromolecule material layer 14 covering the 
semiconducting SWCNTs 124 dose not rise. The portions of 
the macromolecule material layer 14 covering the semicon 
ducting SWCNTs 124 are not melted or decomposed. Thus, 
the semiconducting SWCNTs 124 are still covered by the 
macromolecule material layer 14. 
0052. In one embodiment, the thickness of the macromol 
ecule material layer 14 is less than the distance between two 
adjacent SWCNTs, in order to expose the metallic SWCNTs 
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122 but not burn out their adjacent semiconducting SWCNTs 
124. In one embodiment, the thickness of the macromolecule 
material layer 14 is in a range from about 10 nanometers to 
about 500 nanometers, the temperature of the portions of the 
macromolecule material layer 14 covering the metallic 
SWCNTs 122 is raised to 300 degrees. 
0053 A power of the electromagnetic waves can be in a 
range from about 300 watts to about 2000 watts. A frequency 
of the electromagnetic waves can be in a range from about 0.3 
gigahertz to about 1x10" gigahertz. The electromagnetic 
waves can be radio frequency, microwaves, near infrared, or 
far infrared. In one embodiment, the electromagnetic waves 
are microwaves. A power of the microwaves can be in a range 
from about 300 watts to about 1500 watts. A frequency of the 
microwaves can be in a range from about 0.3 gigahertz to 
about 300 gigahertz. The compound is kept in a chamber 
filled with the microwaves from about 1 second to about 600 

seconds. In other embodiments, the compound is kept in the 
chamber filled with the microwaves from about 3 seconds to 

about 90 seconds. The time period the compound is kept in the 
chamber filled with the microwaves depends on the macro 
molecule material layer 14 and the power of the microwaves. 
The higher the power of the microwaves, the shorter the time 
the chamber needs to be filled with the microwaves. In one 

embodiment, the time is about 30 seconds. 
0054 The step (S4) can be carried out in a vacuum envi 
ronment or in a specific atmosphere of protective gases Such 
as nitrogen gas or inert gases. A gas pressure of the environ 
ment is in a range from about 1x10°  Pascals to about 1x10 
Pascals. The single walled carbon nanotube film 12 can reach 
the temperature of about 900 degrees in the vacuum environ 
ment or in the specific atmosphere of protective gases. 
0055. In the step (S5), the metallic SWCNTs 122 can be 
removed by a reactive ion etching (RIE) method. A method of 
the RIE of one embodiment includes steps of: 
0056 (S51), disposing the macromolecule material layer 
14, the single walled carbon nanotube film 12 and the sub 
strate 10 in a reactive ion etching vacuum chamber, 
0057 (S52), introducing reactive gas into the reactive ion 
etching vacuum chamber, and 
0058 (S53), etching away the metallic SWCNTs 122 by 
reactive ions generated by glow discharge of the reactive gas. 
0059. In the step (S52), the reactive gas can be oxygen, 
hydrogen, argon, ammonia, or CF. In one embodiment, the 
reactive gas is oxygen gas. 
0060. In the step (S53), during the etching process, the 
reactive ions etch away the metallic SWCNTs 122. A power 
of the RIE system can be in a range from about 20 watts to 
about 300 watts. A flow rate of the reactive gas can be in a 
range from about 10 ScCm to about 100 scem. An etching 
period can be in a range from about 5 seconds to about 10 
minutes. In one embodiment, the power of the RIE system is 
about 30 watts, the flow rate of the reactive gas is about 50 
sccm, and the etching period is in a range from about 15 
seconds to about 1 minute. 

0061. In the step (S6), the macromolecule material layer 
14 can be removed by a chemical reagent. The chemical 
reagent can be tetrahydrofuran, dichloroethane, chloroform, 
acetone, glacial acetic acid, dioxane, tetrahydrofuran, acetic 
ether, or toluene. In one embodiment, the macromolecule 
material layer 14 is immersed into the acetone to remove the 
macromolecule material layer 14, wherein the macromol 
ecule material layer 14 is made of PMMA. Furthermore, the 
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semiconducting SWCNTs 124 located on the first surface 102 
of the substrate 10 can be taken out from the chemical reagent 
and dried. 

0062 Referring to FIGS. 1 and 5, a method for making 
semiconducting SWCNTs of another embodiment includes 
steps of: 
0063 (S1), providing a substrate 10 having a first surface 
102: 
0064 (S2), placing a single walled carbon nanotube film 
12 on the first surface 102 of the substrate 10, wherein the 
single walled carbon nanotube film 12 includes a plurality of 
metallic SWCNTs 122 and a plurality of semiconducting 
SWCNTs 124; 
0065 (S3), applying at least one electrode 16 on one side 
of the single walled carbon nanotube film 12 and electrically 
connecting with the single walled carbon nanotube film 12: 
0.066 (S4), forming a macromolecule material layer 14 on 
the single walled carbon nanotube film 12 to cover each of the 
plurality of metallic SWCNTs 122 and each of the semicon 
ducting SWCNTs 124; 
0067 (S5), exposing the plurality of metallic SWCNTs 
122 by bombarding the macromolecule material layer 14 with 
an electron beam; 
0068 (S6), removing the plurality of metallic SWCNTs 
122; and 
0069 (S7), removing the macromolecule material layer 
14 to obtain the plurality of semiconducting SWCNTs 124. 
0070 The step (S1) where the melting point of the sub 
strate 10 can be arbitrary. 
(0071. In step (S2), two adjacent SWCNTs of the single 
walled carbon nanotube film 12 can be in contact with each 

other or be spaced from each other. The plurality of SWCNTs 
of the single walled carbon nanotube film 12 has the same 
length and be parallel to each other. 
0072. In the step (S3), the at least one electrode 16 can be 
located on one side of the single walled carbon nanotube film 
12. In one embodiment, two of the electrodes 16 are located 
on opposite two sides of the single walled carbon nanotube 
film 12. The at least one electrode 16 is electrically connected 
to one end or two ends of the plurality of SWCNTs. 
0073. The electrode 16 can be made of conductive mate 
rial. Such as metal, conductive polymer, conductive adhesive, 
metallic carbon nanotubes, or indium tin oxide. The shape 
and structure of the electrode 16 is arbitrary. The electrodes 
16 can be made by a method such as screen printing, chemical 
vapor deposition, or magnetron Sputtering. In one embodi 
ment, the electrode 16 is formed concurrently by printing 
conductive silver paste. The conductive silver paste can 
include about 50% to about 90% (by weight) of the metal 
powder, about 2% to about 10% (by weight) of the glass 
powder, and about 8% to about 40% (by weight) of the binder. 
0074. In the step (S4), the melting point of the macromol 
ecule material layer 14 can be arbitrary. The macromolecule 
material layer 14 can be penetrated by a high-energy electron 
beam. 

0075. In the step (S5), an electron beam source is located 
above the macromolecule material layer 14, and an electric 
field is supplied between the electron beam source and the 
macromolecule material layer 14. The electron beam source 
can emit the high-energy electronbeam including a plurality 
of electrons. 

0076. During the bombarding process, when the plurality 
of electrons from the electron beam source reaches to the 
semiconducting SWCNTs 124, firstly the semiconducting 
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SWCNTs 124 will collect and gather the plurality of elec 
trons. The plurality of electrons collected and gathered by the 
semiconducting SWCNTs 124 can form a protective layer to 
protect the semiconducting SWCNTs 124. Then when some 
electrons form the electron beam source continue to reach to 

the semiconducting SWCNTs 124, the electrons will be 
reflected by the protective layer to the metallic SWCNTs 122. 
0077. When the electrons from the electron beam source 
and reflected by the protective layer reach to the metallic 
SWCNTs 122, the electrons will be transmitted to the elec 
trode 16 along an axial direction of each of the metallic 
SWCNTs 122 in the electric field. In the process of transmit 
ting the electrons along the axial direction of each of the 
metallic SWCNTs 122 in the electric field, the portions of the 
macromolecule material layer 14 covering the metallic 
SWCNTs 122 will be etched, and the metallic SWCNTs 122 
will be exposed. The semiconducting SWCNTs 124 are still 
covered by the macromolecule material layer 14. 
0078 Energy of the high-energy electron beam from the 
electron beam source can be in a range from about 200 elec 
tron volts (eV) to about 200 kiloelectron volts (KeV). Elec 
tron beam bombarding time can be in a range from about 5 
seconds to about 10 minutes. In one embodiment, the energy 
of the high-energy electronbeam is in a range from about 500 
eV to about 100 KeV. and the electronbeam bombarding time 
is in a range from about 30 seconds to about 5 minutes. 
0079. In summary, in the process of making the semicon 
ducting SWCNTs 124 by above-described methods, the 
metallic SWCNTs 122 can be completely removed, and the 
semiconducting SWCNTs 124 are not destroyed. Thus, the 
semiconducting SWCNTs 124 have high purity. Moreover, 
the method for making the semiconducting SWCNTs 124 is 
simple and can be mass produced in a large quantity. 
0080. It is to be understood that the above-described 
embodiment is intended to illustrate rather than limit the 

disclosure. Variations may be made to the embodiment with 
out departing from the spirit of the disclosure as claimed. The 
above-described embodiments are intended to illustrate the 

scope of the disclosure and not restricted to the scope of the 
disclosure. 

0081. It is also to be understood that the above description 
and the claims drawn to a method may include some indica 
tion in reference to certain steps. However, the indication 
used is only to be viewed for identification purposes and not 
as a Suggestion as to an order for the steps. 
What is claimed is: 

1. A semiconducting single walled carbon nanotubes 
(SWCNTs) making method comprising: 

placing a single walled carbon nanotube film on a first 
surface of a substrate, wherein the single walled carbon 
nanotube film comprises a plurality of SWCNTs com 
prising metallic SWCNTs and semiconducting 
SWCNTs; 

applying a macromolecule material layer on the single 
walled carbon nanotube film to cover the single walled 
carbon nanotube film, wherein the macromolecule 
material layer, the single walled carbon nanotube film 
and the Substrate form a compound; 

exposing the metallic SWCNTs by melting or decompos 
ing portions of the macromolecule material layer cover 
ing the metallic SWCNTs in an environment of electro 
magnetic waves to obtain a treated compound; 

removing the metallic SWCNTs; and 
removing the macromolecule material layer. 
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2. The semiconducting SWCNTs making method of claim 
1, wherein adjacent SWCNTs of the plurality of SWCNTs are 
not in contact with each other, and a distance between the 
adjacent SWCNTs is greater than or equal to 10 nanometers. 

3. The semiconducting SWCNTs making method of claim 
1, wherein the plurality of SWCNTs has a same length and are 
parallelly spaced from each other. 

4. The semiconducting SWCNTs making method of claim 
1, wherein the single walled carbon nanotube film is a free 
standing structure. 

5. The semiconducting SWCNTs making method of claim 
1, wherein the plurality of SWCNTs have different lengths 
and are spaced from each other. 

6. The semiconducting SWCNTs making method of claim 
5, wherein the placing the single walled carbon nanotube film 
on the first Surface of the Substrate comprises coating a solu 
tion of SWCNTs on the first Surface of the Substrate. 

7. The semiconducting SWCNTs making method of claim 
1, wherein the plurality of SWCNTs is parallel to a surface of 
the single walled carbon nanotube film and the first surface of 
the substrate. 

8. The semiconducting SWCNTs making method of claim 
1, wherein the melting or decomposing portions of the mac 
romolecule material layer comprises heating the portions of 
the macromolecule material layer to a melting point greater 
than or equal to 600 degrees Celsius. 

9. The semiconducting SWCNTs making method of claim 
1, wherein the applying the macromolecule material layer on 
the single walled carbon nanotube film comprises coating a 
macromolecule solution or molten macromolecule material. 

10. The semiconducting SWCNTs making method of 
claim 1, wherein applying the macromolecule material layer 
further comprises enclosing each of the metallic SWCNTs 
and each of the semiconducting SWCNTs. 

11. The semiconducting SWCNTs making method of 
claim 1, wherein applying the macromolecule material layer 
further comprises filling spaces between adjacent SWCNTs 
of the plurality of SWCNTs. 

12. The semiconducting SWCNTs making method of 
claim 1, wherein a thickness of the macromolecule material 
layer is in a range from about 0.1 micrometers to about 1 
millimeter. 

13. The semiconducting SWCNTs making method of 
claim 1, wherein the exposing the metallic SWCNTs com 
prises exposing the compound to microwaves. 

14. The semiconducting SWCNTs making method of 
claim 13, wherein the exposing the compound to microwaves 
comprises keeping the compound in a chamber filled with the 
microwaves for about 3 seconds to about 90 seconds, a power 
of the microwaves is in a range from about 300 watts to about 
1500 watts, and a frequency of the microwaves is in a range 
from about 0.3 gigahertz to about 300 gigahertz. 

15. The semiconducting SWCNTs making method of 
claim 13, wherein the compound is exposed to the micro 
waves for about 30 seconds. 

16. The semiconducting SWCNTs making method of 
claim 1, wherein the removing the metallic SWCNTs com 
prises steps of 

disposing the treated compound in a reactive ion etching 
vacuum chamber, 

introducing reactive gas into the reactive ion etching 
vacuum chamber, and 

etching away the metallic SWCNTs by reactive ions gen 
erated by glow discharging of the reactive gas. 
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17. The semiconducting SWCNTs making method of 
claim 1, wherein the removing the macromolecule material 
layer comprises treating the macromolecule material layer 
with a chemical reagent. 

18. A semiconducting single walled carbon nanotubes 
(SWCNTs) making method comprising: 

placing a single walled carbon nanotube film on a first 
surface of a substrate, wherein the single walled carbon 
nanotube film comprises a plurality of SWCNTs com 
prising metallic SWCNTs and semiconducting 
SWCNTs, wherein the plurality of SWCNTs is parallel 
to each other; 

applying a macromolecule material layer on the single 
walled carbon nanotube film to enclose the metallic 

SWCNTs and the semiconducting SWCNTs; 
exposing the metallic SWCNTs by melting or decompos 

ing portions of the macromolecule material layer cover 
ing the metallic SWCNTs in an environment of electro 
magnetic waves; 

etching away the plurality of metallic SWCNTs; and 
removing the macromolecule material layer. 
19. The semiconducting SWCNTs making method of 

claim 18, wherein a distance between adjacent SWCNTs of 
the plurality of SWCNTs is greater than or equal to 10 nanom 
eters. 

20. The semiconducting SWCNTs making method of 
claim 18, wherein applying the macromolecule material layer 
further comprises filling spaces between adjacent SWCNTs 
of the plurality of SWCNTs. 

k k k k k 
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Smart materials able to sense environmental stimuli can be exploited as intelligent carrier systems. Acidic pH-
responsive polymers, for instance, exhibit a variation in the ionization state upon lowering the pH, which leads to their
swelling. The different permeability of these polymers as a function of the pH could be exploited for the incorporation
and subsequent release of previously trapped payload molecules/nanoparticles. We provide here a proof of concept of a
novel use of pH-responsive polymer nanostructures based on 2-vinylpyridine and divinylbenzene, having an overall size
below 200 nm, as cargo system for magnetic nanoparticles, for oligonucleotide sequences, as well as for their simul-
taneous loading and controlled release mediated by the pH.

1. Introduction

Research on nanocomposites aims at developing and minia-
turizing structures made of different functional entities, each of

them able to carry out specific tasks. In order to design multi-
functional nanostructures that might serve as new medical de-
vices, it is crucial to identify “smart materials” that are capable of

responding to defined stimuli. Hydrogels are an interesting class
of functional materials that have been exploited as intelligent
cargo systems for the encapsulation and the delivery of different

activemolecules, such as oligonucleotides or anticancer drugs,1-4

and that can be useful for the capture and for the controlled
release of inorganic nanoparticles. These polymers, whose struc-
ture is composed of a three-dimensional network of cross-linked

units, can undergo substantial modifications of some of their
properties (such as their total charge or their hydrophobicity/
hydrophilicity balance) as a consequence of small variations in the

local environment, like a change in pH or in the temperature.5,6

Hydrogels in their bulk form have been applied so far in im-
plants, contact lenses, dental materials, and vascular grafts.1,7 In

past years, there has been increasing research activity focused on
the miniaturization of hydrogel particles (henceforward referred
to as “nanogels”) and on the study of their potential as drug

delivery agents.1Research in this area has shown that in order for
nanogels to have reliable structure-properties relationships one
needs to finely control both their size and their purity.6 Size
control is particularly critical because a nanogel designed for in

vivo delivery of drugs, genes, or nanoparticles should be smaller

than 200 nm.8-13 Once injected intravenously, a nanogel smaller
than this size will remain colloidally stable, it will not be seq-
uestered immediately by the reticulo-endothelial system,11 and
hence, it will stay in circulation for a sufficiently long time to reach

the tumor regions and pass through the pore vessels at these
regions.1,9,14

While nanogels based on temperature-responsive polymers are

generally designed to be altered by external stimuli, those based
on pH-responsive polymers can respond to variations in the
intracellular or tissue environment.1 It is known, for example,

that certain cancer tissues, due tohypoxia environment, exhibit an
extracellular pH around 6.5,15 while the pH of some intracellular
compartments, like lysosomes, is around 4.5.16 The pH-dependent
swelling behavior of a nanogel can be useful not only for

the release of the cargo, but also for its loading. Indeed, when
the nanogel swells, its permeability increases, allowing either
for the incorporation of molecules/nanoparticles or alternatively

for the release of previously trapped payloads. So far, several
pH-responsive polymers have been widely used as a controlled
drug delivery system.17-21 In some studies, pH-responsive poly-

mers have been exploited as templates for the in situ synthesis of
nanoparticles, and the resulting hybrid systemswere testedmainly in
catalytic applications.22,23 Only in a few works were pH-responsive
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polymers combined with magnetic nanoparticles,24,25 and in such
cases, themagnetic nanoparticleswere always covalently linked to

the nanogel networks. In most of those works, the magnetic
nanoparticles were actually used as templates on which the
polymer was grown around,25,26 or vice versa, the polymer was
used as template on which the magnetic nanoparticles were

nucleated (and remained bound to it). To our knowledge, there
has been no report so far on the use of nanogels as carrier systems
for the controlled release of magnetic nanoparticles.

Among the vast class of nanoparticles, iron oxide nanoparticles
(IONPs, both maghemite and magnetite) are superparamagnetic
nanocrystals that have been widely investigated as drug delivery,

diagnosis, and therapeutic agents.27 Due to their intrinsic mag-
netic properties, IONPs are ideal candidates as delivery agents:
when exposed to an external magnetic field of moderate intensity,

they are able to accumulate to the site where the magnet is posi-
tioned, while upon removal of the magnet, they do not undergo
aggregation, as they do not exhibit any residual magnetization.
Furthermore, IONPs are valuable contrast agents in magnetic

resonance imaging (MRI) because their magnetic moments can
affect the relaxivity of the water molecule protons present in the
tissues, resulting in a negative contrast in the area where the

nanoparticles are localized.28 IONPs can also serve as colloidal
mediators for generating heat for hyperthermia treatment in
cancer therapy, under the application of appropriate alternating

magnetic fields.29 The inclusion of IONPs in the nanogel confers
to it all the additional advantages of IONPs as described above.

In the present work, we employ acidic pH-responsive nanogels
as delivery systems for different types of payloads, namely, IONPs

and short oligonucleotide sequences, and combinations of them.
We have modified a previously reported synthetic procedure for
preparing pH-responsive nanogels30 in order to obtain nanogels

with sizes tunable from 40 to 200 nm, and we have tested those
materials as carrier systems. A full characterization based on
transmission electron microscopy (TEM), photoluminescence

spectroscopy, confocal microscopy, and dynamic light scattering
(DLS) was carried out in order to elucidate the loading and the
release processes of short DNA sequences, of IONPs, and the

combined loading and release of both payloads at the same time.
Our pH and of salt concentration results show that full control
over the loading and the release of IONPs and DNA is clearly
achieved.

2. Experimental Section

2.1. Chemicals.All chemicals were of the highest purity avail-
able and were used as received. 2-Vinyl pyridine (2-VP, 97%),
sodium tetraborate decahydrate, boric acid, as well as all the
disposable materials were purchased from Sigma-Aldrich.
Divinylbenzene (DVB), 2,20-azobis(2-methylpropionamidine)-
dihydrochloride (AIBA), and Diamine-PEG (MW 897) were
purchased from Fluka. The HPLC purified oligonucleotide seq-
uence modified at the 50 end with Cy3 (50-CAC CAC ACGGTC
GGCAGCCACGGTA-30, henceforth referred to asCy3-DNA)
was purchased from Thermo Electron Corporation. Doubly
distilled deionizedwater (pH∼6) was used for the polymerization

and for all experiments. Poly(maleic anhydride-alt-1-tetradecene)
(PC 14) was purchased from Sigma-Aldrich, although at pre-
sent, this polymer is no longer commercially available. The reader
can refer to a new polymer coating procedure implemented by us
which employs a similar polymer, which is still commercially
available.31

2.2. Synthesis of Nanogels via Emulsion Polymerization.
A series of polyvinyl pyridine nanogels were synthesized with a
control over the size diameter of the nanogel below 200 nm,
following aprocedure publishedbyDupin et al.30andmodifiedby
us. As an example, we describe here the experimental conditions
for the synthesis of nanogels of about 110 nm in diameter (as
determined by transmission electron microscopy, TEM). A mix-
ture of 2-vinyl pyridine (2-VP, 0.25 g) and divinylbenzene (DVB,
0.013 g) was dissolved in 60mL of water in a round-bottom flask.
The pHof the resulting solutionwas 8.3 immediately aftermixing.
The flask was sealed with a rubber septum, and the aqueous
solution was degassed at ambient temperature by five vacuum/
nitrogen cycles. The degassed solutionwas constantly stirred with
a magnetic stirrer and heated at 60 ( 1 !C. After 20 min, the
solution of the AIBA initiator (0.022 g in 1 mL water) was added
to the flask, and after 15min, the solution in the flask turnedmilky
white, indicating the nucleation of the nanogels. This solutionwas
left to polymerize for a further 2 h under stirring conditions at
60 !C, after which the flask was opened to air in order to expel the
nitrogen atmosphere and to stop the reaction. In order to remove
the residual monomers in solution, the 2-VP nanogel particles
were washed at least 10 times with a Millipore Dialysis System
(MWCO 100.000) on centricone tubes, and the reaction mixture
was centrifuged at 4000 rpm for 30 min. Fresh water was added
each time before any centrifugation. All dispersions were diluted
usingMilli-Qwater (18.2MΩ) that had been ultrafiltered (0.20 μm
filter) prior to use. The solution pH was adjusted by using a
solutionofHCl (0.1M) orNaOH(0.1M) and the pHwas checked
with a pH-meter equipped with a microelectrode (Crison pH-
Meter Basic 20þ). In order to tune the size of the nanogels below
200 nm in diameter, we have varied the molar ratio of 2-VP/DVB
by changing the amount of 2-VPadded,while keeping constant all
the other reaction conditions, as described above (Table 1).

2.3. Preparation of Diamino-PEG Conjugated Iron Oxide

Nanocrystals. Iron oxide nanocrystals (diameter of 7 nm) were
synthesized according to the Sun method.32 The “as synthesized”
nanoparticles had a capping of oleic acid and oleylamine andwere
soluble in organic solvents. They were transferred into water by
using a polymer coating procedure developed by us.33Briefly, the
nanoparticleswerewrapped inanamphiphilic polymer shellmade
of poly(maleic anhydride alt-1-tetradecene), and such shell was
then cross-linked using a triamine. The nanocrystals were there-
fore soluble in water and were negatively charged, as determined
by zeta potential measurements (Table 1, Supporting Infor-
mation), due to the outstretched carboxylate moieties of the
polymer molecules. In order to remove the excess free polymer,
an ultracentrifugation step was performed at 150 000 rcf on a
continuous sucrose gradient.31 Then, diamino-PEG molecules
(molecular weight 897 Da) were bound to the carboxy groups at
the nanoparticle surface via EDC chemistry. The amino-PEG
molecules were introduced in order to make the nanoparticles
more stable at different conditions of pH and ionic strength.34 In
detail, to 500 μL of a nanocrystal solution 6 μM, 500 μL of a
solution containing a molar ratio of diamino-PEG/NP equal to
500 were added, and after mixing, 500 μL of a solution containing
an excess molar ratio of EDC/NP (equal to 75000) was also(24) Bhattacharya, S.; Eckert, F.; Boyko, V.; Pich, A. Small 2007, 3, 650.

(25) Zhou, L. L.; Yuan, J. Y.; Yuan,W. Z.; Sui, X. F.; Wu, S. Z.; Li, Z. L.; Shen,
D. Z. J. Magn. Magn. Mater. 2009, 321, 2799.
(26) Zhou, L. L.; Yuan, J. Y.; Yuan,W. Z.; Zhou,M.;Wu, S. Z.; Li, Z. L.; Xing,

X. H.; Shen, D. Z. Mater. Lett. 2009, 63, 1567.
(27) Laurent, S.; Forge, D.; Port, M.; Roch, A.; Robic, C.; Elst, L. V.; Muller,

R. N. Chem. Rev. 2008, 108, 2064.
(28) Na, H. B.; Song, I. C.; Hyeon, T. Adv. Mater. 2009, 21, 2133.
(29) Gazeau, F.; Levy, M.; Wilhelm, C. Nanomedicine 2008, 3, 831.
(30) Dupin, D.; Fujii, S.; Armes, S. P.; Reeve, P.; Baxter, S. M. Langmuir 2006,

22, 3381.

(31) Di Corato, R.; Quarta, A.; Piacenza, P.; Ragusa, A.; Figuerola, A.;
Buonsanti, R.; Cingolani, R.; Manna, L.; Pellegrino, T. J. Mater. Chem. 2008,
18, 1991.

(32) Sun, S. H.; Zeng, H. J. Am. Chem. Soc. 2002, 124, 8204.
(33) Pellegrino, T.; Manna, L.; Kudera, S.; Liedl, T.; Koktysh, D.; Rogach,

A. L.; Keller, S.; Radler, J.; Natile, G.; Parak, W. J. Nano Lett. 2004, 4, 703.
(34) Sperling, R. A.; Pellegrino, T.; Li, J. K.; Chang, W. H.; Parak, W. J. Adv.

Funct. Mater. 2006, 16, 943.
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added. After a reaction time of 3 h at room temperature under
vigorous stirring, the unbound diamino-PEG molecules were
removed by performing several washing steps on centrifuge tubes
having a MWCO of 30000.

2.4. Loading and Release Experiments of Diamino-PEG

Conjugated Iron Oxide Nanocrystals in the Nanogel. The
loading of IONPs in the nanogels was performed as follows: 3mL
ofa solutionofnanogel inwater (0.053w/v (g/mL)%)weremixed
with 9 μLof a solution ofPEG-coated γ-Fe2O3 (the concentration
of nanoparticles in this solution was equal to 14.5 μM) and the
resulting mixture was stirred for 24 h at pH 3.5 at room tempera-
ture. Under these conditions, the swollen nanogels started incor-
porating the IONPs. The pH of the solution was then increased
slowly to 7 by dropwise addition of a solution of NaOH 0.1 M
(a slight turbidity appeared as soon as the pH reached 5.25, indi-
cating shrinkage of the nanogels). Soon after, the nanogels loaded
with IONPs were separated from free excess of IONPs using a
magnet: the solution was placed close to the magnet, and within
1 h, the nanogels loaded with nanoparticles were attracted
toward it. The nanogels were characterized by TEM and by
DLS measurements. For the release experiments, the pH of the
nanogel solution was decreased again to 3.5 by dropwise addition
of a solution of HCl (0.1 M), in order for the nanogels to swell
again. For the quantification of the average number of IONPs
loaded within the nanogel, the determination of iron concentra-
tion was carried out via elemental analysis on the loaded IONPs-
nanogels (as explainedmore indetail in the paragraphof the 2.11).

2.5. Loading Experiment of Cy3-DNA in Nanogel and

Subsequent Release. For the loading experiments of oligonu-
cleotide sequences of 25 bases, 3 mL of nanogel solution (0.053
w/v (g/mL%) weremixed with 9 μL (100 pmol/μL) of Cy3-DNA
solution and the pHwas adjusted to 3.5 by addition ofHCl 0.1M.
The samplewas left to stir for 24 h at room temperature, and soon
after, the pH was increased again to 7 by dropwise addition of a
solution of NaOH 0.1 M, after which it was left to stir for addi-
tional 3 h. To remove the excess of free Cy3-DNA, the final solu-
tionwas centrifugedon100000MWCOamicon tubes at 3000 rpm.
The process was repeated until all the free Cy3-DNAwas washed
away, as monitored by PL spectra on the filtered solution (5 to
7washing steps oncentricone tubeof 4mLwere usually required).
The freeCy3-DNA solutionwas collected on the lower part of the
centricone tube, while the Cy3-DNA/nanogels were recovered on
the upper side of the filter and were redispersed in 1 mL of water.

For the quantification ofCy3-DNA loadedwithin the nanogel,
we have recorded the PL of loaded nanogel samples (both Cy3-
DNA/nanogel and Cy3-DNA-IONP/nanogel). We have then
extrapolated the Cy3-DNA concentration of those samples on
calibration curves of photoluminescence vs Cy3-DNA concentra-
tion (PL/Cy3-DNA concentration). These were obtained by
preparing standard solutions at known Cy3-DNA concentra-
tions, in which we have simulated the matrix. In more detail, for
building the calibration curve for the Cy3-DNA/nanogel sample,
to each of the standards at differentDNA concentrationswe have
added the same amount of nanogel that we had in our sample.
Likewise, in order to build the calibration curve for the Cy3-
DNA-IONP/nanogel sample, to each of the standards we have
added an amount of nanogel and IONPat the same concentration
that we had in our sample (Figure 8S, Supporting Information).

For the release experiment of the Cy3-DNA, 50 μL of a
solution ofNaCL (5M)were added to 1mLof the above nanogel
solution loaded with Cy3-DNA, and the pH was adjusted to 3.5.
The sample was left under stirring for 72 h, and soon after the
solution was centrifuged on an amicon tube of MWCO 100000.
PL spectrawere recorded on fractions collected both on the upper
part and on the lower part of the membrane.

2.6. SimultaneousLoading inNanogel ofBothCy3-DNA

and IONPs and Subsequent Release Experiments. To load
IONPs and Cy3-DNA simultaneously within the nanogels, the
same procedure as described above (to load IONPs and Cy3-
DNA separately) was applied. The only difference in the present
case was that 3 mL of nanogel in water (0.053 w/v (g/mL%) was
mixed togetherwith 9 μLof theCy3-DNAsolution (100 picomol/
μL) and with 9 μL of the IONPs solution (14.5 μM), after which
the pHwas adjusted to 3.5 using HCl 0.1M. Also, in this case the
loading and the release were monitored by TEM and by PL.

2.7. Dynamic Light Scattering.Zetapotential anddynamic
light scattering measurements (DLS) were performed on a Zeta-
sizer Nano ZS90 (Malvern, USA) equipped with a 4.0 mW
He-Ne laser operating at 633 nm and with an avalanche photo-
diode detector. Measurements were made at 25 !C in water. All
the samples were filtered before analysis. 0.2 μm filters were used
for the nanogel alone, while for nanogel samples loaded with
nanoparticles and Cy3-DNA solution, 0.5 μm filters were pre-
ferred.

2.8. UV-vis Absorption, Photoluminescence (PL) Spec-
troscopy.UV-visible absorption spectra were measured using a
VarianCary 300UV-vis spectrophotometer. Photoluminescence
(PL) spectra were recorded on a Cary Eclipse spectrophotometer.
To record the PL spectra of Cy3-DNA alone and in nanogel, the
samples were excited at 500 nm.

2.9. Transmission Electron Microscopy. TEM images
were recorded on a JEOL jem 1011 microscope operated at an
accelerating voltage of 100 kV. TEM samples were prepared by
dropping a dilute solution of nanogel in water on carbon-coated
copper grids and letting the solvent evaporate. The reportedTEM
diameters were measured on an average of 100 particles.

2.10. ConfocalMicroscopy Imaging.Confocalmicroscopy
images were acquired with an Olympus FV-1000 microscope,
equippedwith anargon laser source (488 nmexcitation line) and a
DM488/405 type dichroic filter. The fluorescence reading channel
was set at 565 ( 25 nm.

2.11. Elemental Analysis. An inductively coupled plasma
atomic emission spectrometer (ICP-AES) Varian Vista AX was
used to measure the concentration of Fe and thus the concentra-
tion of IONPs. The samples were digested in the following way:
they were dissolved in a concentrated acid solution (HCl/HNO3
(3/1 v/v) and were left for 24 h, before performing elemental
analysis. The Fe concentration was converted into nanoparticle
concentration using a procedure described by us in a previously
published paper.35 In detail, the average diameter of the nano-
particles was assessed via statistical analysis on TEM images. The
average number of Fe atoms per nanoparticle was determined by

Table 1. Experimental Conditions for the Synthesis of Nanogels of Different Diametersa

sample name 2-VP (g) DVB (g) [2-VP]/[DVB] Molar ratio TEM diameter (nm) DLS diameter (nm) polydispersity index

NG197 0.754 0.013 71.6 197( 10 223( 60 0.073
NG142 0.505 0.013 48.3 142( 7 185( 51 0.035
NG110 0.250 0.013 23.7 110( 8 137( 29 0.028
NG75 0.101 0.013 9.5 75( 7 92( 20 0.022
aBy varying the molar ratio between the 2-VP and theDVB (column 4), while keeping all the other reaction condition constant, it was possible to tune

the sizes of the nanogels from 41 nm to 197, as determined by statistical TEM measurements (column 5) on an average of 100 nanogel particles. The
hydrodynamic diameters of the same samples, as measured by dynamic light scattering, (column 6) were clearly bigger. The low polydispersity index
indicates uniform size distribution (column 7) (all measurements were conducted at pH 7.5).

(35) Deka, S.; Quarta, A.; Lupo, M. G.; Falqui, A.; Boninelli, S.; Giannini, C.;
Morello, G.; De Giorgi, M.; Lanzani, G.; Spinella, C.; Cingolani, R.; Pellegrino,
T.; Manna, L. J. Am. Chem. Soc. 2009, 131, 2948.
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building a structural model of the nanoparticle, with the same
geometrical parameters of the nanoparticles as determined by
TEM. Then, by knowing the average number of Fe atoms per
nanoparticle and the total concentration of this species in solu-
tion, it is possible todetermine the concentrationof nanoparticles.
In order to elucidate Fe3þ leakage in the condition of the loading
experiment, we kept the IONPs at pH 3.5 overnight and we
collected the supernatant solution, i.e., the solution separated
from the IONPs by filtration on centricone filter. Finally, we
measured the Fe concentration in both fractions.

3. Results and Discussion

3.1. Preparation of pH-Responsive Nanogels and Char-

acterization of Their Swelling Behavior. The pH-responsive

nanogels employed in this study are based on copolymers of di-
vinylbenzene (DVB) and vinyl pyridine (VP) (sketch of Figure 1).
Theywere synthesized following earlier reported procedures, with
minor modifications.30,36 This type of surfactant-free emulsion

polymerization procedure was first described by Loxley and
Vincent,36 who synthesized monodisperse cationic nanogels of
2-vinylpyridine by varying the amount of styrene (the hydropho-

bic monomer) and that of DVB (the cross-linker agent). The
authors demonstrated a tight control over the particle size in the

range between 160 and 200 nm. According to a modified version

of the Loxley andVincent procedure,Dupin et al.30 have reported
the synthesis of sterically stabilized PVP latexes at much higher
solid density, and with control over the diameter from 300 to

1000 nm. They used suitable stabilizer molecules, namely, mono-
methoxy-capped poly(ethylene glycol) methacrylate (PEGMA),
and surfactant molecules named “336”.

Our interest in the present study was to control the size of the
nanogels below 200 nm, which is amore suitable size range for the
potential use of such nanogels as cargo system, as highlighted
above. We were able to synthesize a series of nanogels in the size

range between 40 and 200 nm, by reducing the monomer con-
centration of 2-VP, while keeping all the other parameters
constant (Table 1 and Figure 1). Reducing the concentration of

2-VP corresponds to a decrease in the 2-VP/DVB molar ratio, or
the same to an increase in the amount of DVB (the cross-linker
monomer) per nanogel. The formation of smaller nanogels can be

ascribed therefore to a higher degree of reticulation of the nanogel
network. The smallest nanogels thatwe could prepare had aTEM
diameter of about 40 nm (Figure 1S, Supporting Information).

For a given nanogel sample, the average diameter, asmeasured
by DLS (Table 1, column 5), was slightly higher than that
measured by TEM. This was expected, since the DLS measure-
ments were carried out on hydrated nanogels.Moreover, theDLS

Figure 1. Sketch of the structure of the vinyl pyridine (VP) and divinylbenzene (DVB) units, which were employed for the synthesis of
pH-responsive nanogels. TEM images of four different nanogel samples, with average diameters corresponding to (a) 75, (b) 110, (c) 142, and
(d) 197 nm (the TEM diameters reported were estimated on an average of 100 nanogel particles; see Table 1, column 5).

(36) Loxley, A.; Vincent, B. Colloid Polym. Sci. 1997, 275, 1108.
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polydispersity indexes were low, confirming the uniformity in size
distribution of the nanogels (Table 1, column 7).

It is also worth highlighting that in our preparation we ran the
reaction for 2 h, while in previously reported methods the
reaction time was 24 h.30 We additionally observed that by inc-

reasing the reaction time from 2 to 24 h the size of the nanogel
increased, but the final nanogelwasmostly aggregated (Figure 2S,
Supporting Information).

To investigate the swelling behavior of the various nanogel
samples in water, the pH of each nanogel solution was lowered
from an initial value of 7.5 by dropwise additions of an HCl

solution. After an equilibration time of about 10min, the nanogel
diameters increased sharply at pH below 4.3, due to progressive
protonation of the nitrogen of the 2-vinylpyridine residues37

(Figure 2). Regardless of the starting size of the nanogels, the

swelling occurred always at pH below 4.3. The various samples
exhibited critical swelling transition at pH values between 4.3 and
3.9, depending on the ratio between 2-VP and DVB employed in

the preparation of the nanogels (i.e., the degree of cross-linking of
DVB).

The majority of the pyridine groups became protonated below

pH 3.8, and the average diameters of the nanogels reached a
maximum due to the electrostatic repulsions between the strongly
cationic chains.

Above pH4.5, the particles were in the swollen state, because of
the absence of inner charges, and they behaved like conventional
polymer latex particles.37 The swelling of the nanogel particles
was also confirmed by visual inspection, as the solution turned

from turbid, milky-white to clear when the pH was decreased
from 7 to 3.5 (Figure 3S, Supporting Information). Zeta potential
measurements indicated a strong cationic character of the nano-

gels at pH 3.5, which is the pH at which the payload was usually
loaded. However, even at pH 7 the nanogels retained a slightly
positive charge (Table 2, Supporting Information).

3.2. Loading and Release Experiments of Iron Oxide

Nanoparticles. For the loading and release experiments, a nano-
gel sample having average “TEM” diameter equal to 110 nm at
pH 7 was employed (henceforward referred to as “NG110”), and

the loading and release process of IONPs wasmonitored byTEM
(Figure 3). After mixing the nanogels with IONPs (PEG-coated
nanoparticles, 7 nm in diameter)32-34 and upon switching the pH

from 7 to 3.5, the nanogel was turned into a swollen state (under

TEM, the edge of the nanogel was not sharply defined anymore;
see Figure 3B). A gentle overnight shaking at room temperature

was then followed by restoration of the solution pH back to 7 (by
addition ofNaOH), which induced the shrinkage of the nanogels,
inside which the IONPs remained entrapped (Figure 3C).

By application of a magnet, the nanogels loaded with IONPs

could be recovered and they were separated by the excess of free
IONPs (Figure 3D), as the former were attracted faster than the
latter to the magnet (Figure 3D). In order to achieve a complete

cleaning of the loaded nanogel from the free IONPs, a second puri-
fication step on Sephadex columnwas performed. The incorpora-
tion of the IONPs in the nanogel induced an appreciable increase

of the average nanogel diameter, as determined by TEM (in one
sample, for instance, it varied from 110 ( 8 nm to 117 ( 12 nm).

DLS was additionally exploited to examine the behavior of the

nanogels at each step of the procedure. Immediately after mixing
the IONPs with the nanogel, at pH 3.5 the DLS diameter of the
nanogel was around 480 ( 94 nm (Table 1, Supporting Infor-
mation), which was lower than that of the nanogels when they

were swollen at the same pH but in the absence of IONPs (713(
158 nm). This reduced swelling of the nanogelsmight bedue to the
ionic interactions in solution between the IONPs and the nano-

gels. After switching the pH of the same solution back to 7, the
DLS diameters of the nanogels in the presence of the IONPs was
191( 8 nm, as opposed to theDLSdiameter equal to 137( 29 nm

for the empty nanogels (Table 1, Supporting Information). TEM
characterization confirmed the presence of IONPs within the
nanogel structure (Figure 3C). The nanogels loaded with IONPs
could release their payload by switching the pH again from 7 to

3.5. Indeed, after 3 h at pH 3.5, most of the particles were released
from nanogels, as confirmed by TEM (Figure 4).

In order to rationalize and understand the driving force for the

loading, we have characterized the system in more detail by
analyzing the surface charge of the individual units, namely, the
nanogels and the IONPs, and that of the nanogels loaded with

IONPs at various pH values. At pH3.5, the surface charges of the
swollen nanogels and those of the IONPs were both positive (zeta
potentials were þ56 mV and þ8 mV, respectively), and at the

same time, the nanogels were in the swollen state,which promoted
the entrapment of the nanoparticles at their interior.Wehave also
attempted to load the nanogels at pH 7 instead of pH 3.5. At this
pH, the surface charge of the nanogels was still moderately posi-

tive, while that of the IONPs was negative. The negative charge is
likely due to the charge balance at the surface of IONPs given by
the sum of amino-PEGmoieties and carboxyl-terminated groups

of the polymer (zeta potentials areþ28 and-42mV, respectively;
see Table 2, Supporting Information). Therefore, even if at this
pH value the nanogels were swollen, one should expect a higher

electrostatic interaction between the nanogels and the IONPs.We
observed indeed that also after incubation under these conditions
we could load IONPs within the nanogels (Figure 4S, Supporting
Information).A loading experimentwas attempted evenat pH10,

at which the surface charge of the nanogel was only slightly
positive (zeta potentials for the nanogels and for the IONPs were
þ15 and -42 mV); hence, the electrostatic interactions between

the nanogels and the IONPs were weaker than at pH 7. In this
case, we could still observe (by TEM) the adsorption of a few
nanoparticles on the surface of the nanogels, but most nanogels

had not been able to incorporate the IONPs (Figure 4S, Support-
ing Information).

For the quantification of IONPs loaded within the nanogel

at the different pH values, the various samples were digested in
HCl/HNO3, and their iron content was estimated by means of
elemental analysis, which allowed us to estimate quantitatively

Figure 2. Swelling behavior of the nanogels. The DLS diameter is
reported as a function of the pH (each measurement was carried
out three times.) All nanogel samples exhibited a sharp swelling
behavior below pH 4.3.

(37) Fernandez-Nieves, A.; Fernandez-Barbero, A.; Vincent, B.; de las Nieves,
F. J. Macromolecules 2000, 33, 2114.
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the number of IONPs entrapped within the nanogels.35 The
highest concentration of IONPs was found in the beads loaded
at pH 3.5, followed by those loaded at pH 7 and then by those at

pH10 (see Table 2S, Supporting Information). Those results were
reproducible and provided a clear indication of the average
loading efficiency of the nanogels. These data nicely correlate

with the trend in IONP-loaded nanogel diameter (as estimated by
the DLS), which is bigger for the gels loaded at pH 3.5, followed
again by those loaded at pH 7 and at pH 10, respectively. This

correlation suggests that the swelling behavior is the main driver
for the encapsulation of IONPs, although a contribution due to
electrostatic interactions between the nanogels and the IONP
surface cannot be excluded.

Once the nanogels were loaded with IONPs, their surface
charge became negative at pH 7. However, the trend in absolute
values of surface charges was reversed in this case: it was higher

for the nanogels loaded at pH 10, followed by those loaded at pH
7 and pH 3.5, respectively. This might likely be attributed to a

much lower fraction of nanoparticles adsorbed at the nanogel
surface with respect to those trapped deeper in the network
structure of the nanogel at pH 3.5 (the nanoparticles contributed
with negatively charges).31,33

3.3. TEM Characterization of the Entrapment of the

IONPs within the Nanogels. In order to confirm the entrap-
ment of the IONPs, we carried out additional TEM characteriza-

tion. Several bright field electron microscopy (BF-EM) images of
a nanogel sample loaded with IONPs were taken at different tilts
on a large angular range (from -55! to 0!, to 60!). Two BF-EM

images of the same IONP loaded nanogel are shown inFigure 5A,
B. Figure 5A corresponds to the specimen tilted at 0! (i.e., the
plane of the sample is basically normal to the electron beam

direction) and Figure 5B corresponds to the same sample tilted by
60!. From the high-tilt image, two main considerations can be
made: first, the projection of the light gray zone (observed circular
at 0! tilt) is elliptical at high tilt, indicating that the polymer

behaves as a sphere pressed on the plane of the carbon grid in a
direction perpendicular to it. Second, at high tilt the spherical
nanoparticles are located inside the contours of the light-gray

zone that corresponds to the polymer. This suggests that the
IONPs were embedded within the first few polymer layers. If, on
the other hand, the IONPs were simply attached on the surface of

the polymeric crushed sphere, they should have appeared also on
the external side of the light-gray zone’s contour.

In order to localize the radial distribution of IONPs within the
nanogels, we have performed TEM on the cross sections of the

IONP-loaded nanogels, which had been embedded within a
paraffin resin. The sections analyzed had thickness of 70 nm
(Figure 5C) and 50 nm (inset of Figure 5C), respectively. As

observed in Figure 5C,most of the IONPs were densely packed at
the edge of the beads, within the first layers of the polymer, and
only few of them were found deep inside in the nanogels. It is

interesting to compare these results with the cross-sectional
images of the same type of nanogel used as template for the gold
synthesis reported by Nakamura.38 In that case, as the gold

nucleation occurred only at the surface on the TEM cross
sections, no nanoparticles were found within the nanogel.

Figure 3. (A) Scheme of the loading ofmagnetic nanoparticles within the pH-responsive nanogels. Corresponding TEM characterization of
the different steps: (B) at acidic pH the nanogels were mixed with the IONPs; (C) after 12 h, the pHwas switched back to pH 7, such that the
IONPs were entrapped within the nanogel network. (D) The application of a small magnet helped to remove most of the free IONPs in
solution. A complete cleaning was achieved by performing an additional purification step on a Sephadex column.

Figure 4. Release experiment of the IONPs. Switching the pH of
the IONP-loaded nanogel solution from 7 to 3.5 induced the
swelling of the nanogels and consequently the release of the IONPs
entrapped within the polymer network.

(38) Kensuke Akamatsu, , Takaaki Tsuruoka, Hidemi Nawafune, Syuji Fujii
Yoshinobu Nakamura Langmuir 2009, [Online early access].
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It is also worth noting that our IONP-loaded nanogels can be
kept for months at pH 7 and at room temperature without
observing leakage of IONPs. This is likely an indication of the

entrapment of the particles within the polymer networks. Taken
all together, these results point to the entrapment and localization
of the IONPs within the first layers of the polymer network in the
nanogel. This configuration rationalizes the loading and thus the

consequent release of the IONPs that we observe. Our results are
in agreement with those reported by Jang et al. whoused hydrogel
spheres based on a thermoresponsive polymer PNIPAMand pH-

responsive units 4-vinylpyridine to entrap CdTe nanoparticles. In
that case, however, the authors provided other indirect proofs
that pointed to the nanoparticle entrapment.39

Additionally, it is alsoworth noticing that, if the IONPs are left
at pH 3.5 overnight, no change in the composition or shape of the
nanoparticles was observed, and no leakage of Fe3þ was detected
in the acidic medium.

On the basis of the above results, we decided in all the subsequent
experiments to load the IONPs at pH 3.5, as in these conditions we
achieved the highest efficiency of nanoparticle loading.

3.4. Loading andReleaseExperiments ofOligonucleotides.

We have applied the procedure described above to load and
release short oligonucleotide sequences of about 25 bases. In

order to detect the loading and release process, we have employed
a sequence bearing at the 50 end the fluorophore molecule Cy3,
which allowedus to track the presenceof theCy3-DNAwithin the

nanogel by photoluminescence (PL) spectroscopy (Figure 6) and
UV-visible absorption spectroscopy (Figure 5S, Supporting
Information). Figure 6 shows the PL spectra of free Cy3-DNA
(red line) and of the nanogels loaded with Cy3-DNA (black line),

after the solution was purified from the excess Cy3-DNA (see
section 1.5 of the Supporting Information). When loaded in the
gels, the Cy3-DNA exhibited a PL spectrum that was red-shifted

by about 3 nm with respect to that of free Cy3-DNA.
The signal recorded was due only to the Cy3-DNA loaded into

the nanogel and not to free Cy3-DNA. As proof, we have

recorded the PL spectra after each washing step (the solution
recovered from the lower part of the centricone filter used for the
purification). The signal of free Cy3-DNA in this solution was

progressively reduced, and after 6 washing steps there was no PL
signal from freeCy3-DNA.Thesedata clearly confirmed the loading
of the Cy3-DNA within the nanogel. The Cy3-DNA loading was
further corroborated byDLSmeasurements, since an increase in the

average nanogel hydrodynamic diameterwas observed after loading
(i.e., from 137( 29 nm to 165( 63 nm for a nanogel sample loaded
at pH 3.5 and measured at pH 7 (the dye signal is quenched at

pH 3.5); see Table 1S, Supporting Information).
3.5. Simultaneous Loading and Release of Oligonucleo-

tides and IONPs. In a third series of experiments, we have

loaded simultaneously IONPs and the oligonucleotide sequences
in the nanogels, by mixing together solutions of IONPs, Cy3-
DNA, and nanogels, according to the protocols described above.

The simultaneous loading of IONPs and Cy3-DNA was con-
firmed by a combination of TEM measurements, by which we
could locate the IONPs in the nanogels, and by confocal micro-
scopy, by which we could identify the PL signal from the Cy3-

DNA within the nanogel (Figure 7).

Figure 5. (A,B) Inverted bright field electron microscopy images
of a sample of nanogel loaded with IONPs. (A) corresponds to the
specimen tilted by 0! and (B) corresponds to the same sample tilted
by 60! under the electron beam.On the tilted sample, the light gray
edge, corresponding to the polymer, covers the bright spots, which
are the magnetic nanoparticles. (C) Cross-sectional TEM image of
nanogel loaded with IONPs recorded on a section having a thick-
ness of 70 nm (while for the inset the section thickness is of 50 nm). Figure 6. PL spectrum of Cy3-DNA loaded within the nanogel

after the cleaning procedure had been applied (black curve); PL
spectrum of the free Cy3-DNA (red curve) and starting nanogel
solution (blue curve). The plot reports in addition the PL spectra of
aliquots collected at the different washing steps, as well as those of
the loaded nanogel solution, Cy3-DNA and nanogel only. After
6 washing steps, the free Cy3-DNAwas removed completely from
the solution containing the loaded nanogels. The inset shows a
scheme of the loading of Cy3-DNA within the nanogel.

Figure 7. (A) TEM characterization of nanogels loaded simulta-
neously with IONPs and Cy3-DNA. (B) Confocal microscopy
characterization of the sample shown in A. The fluorescent signal
of theDNAbearing the Cy3marker (left panel) is colocalized with
the spots seen in the phase contrast image of the nanogel (right
panel). The central panel is a merged image of both panels.

(39) Kuang, M.; Wang, D. Y.; Bao, H. B.; Gao, M. Y.; Mohwald, H.; Jiang, M.
Adv. Mater. 2005, 17, 267.
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Despite the confocal images were taken by working at the
resolution limit of the confocal setup (hence the nanogel parti-

cles could not be focalized), on dilute solutions these fluorescent
spots were colocalized with spots in the corresponding phase
contrast images, and which could be ascribed to the nanogels

(Figure 7B).
Additionally, under the same experimental conditions the

TEM and DLS diameters of the nanogels simultaneously loaded
with IONPs and Cy3-DNA were bigger than those of the corres-

ponding nanogels loaded either with Cy3-DNA or with IONPs
alone (Supporting Information Table 1S). As an example, the
diameter of the loaded nanogel increased to 250 ( 50 nm (by

DLS) and the zeta potential became negative (-10.5 ( 1.5 mV).
Additional PL characterization of the nanogels loaded with Cy3-
DNA and IONPs was performed and confirmed the presence of

DNA (Supporting Information Figure 6S).
In order to release the multicargo, the nanogels were first

equilibrated at pH 3.5 in a solution containing 140 mMNaCl. To

achieve complete release of the DNA from the nanogel, it was
necessary to keep the nanogel at pH 3.5 for 72 h. After this time,
we first separated the Cy3-DNA from the nanogel and IONP
portions by using centrifuge filters. By choosing an appropriate

pore size for the membrane, we could retain the IONPs and the
nanogel on the upper side of the membrane, while molecules like
Cy3-DNA (see inset Figure 8A) were able to pass through the

membrane. By recording the PL spectra on the fraction collected
at the bottom side of themembrane, we could verify the release of

the oligonucleotides (Figure 8A). It is worth noting that after 24 h
we could still record the fluorescent signal, not only on the lower
part of the centrifuge tube, but also on the upper part of the

membrane (data not shown). Only after 72 h was a complete
release of the DNA achieved, since at this time no further PL
signal was detected on the upper side of the membrane.

These data were also supported by confocal microscopy

observations on the various aliquots that had been recovered
fromeach sideof the filter (Figure 8C).WhenbothCy3-DNAand
the IONPs were packed within the nanogels, in the confocal

fluorescence image the spots appeared point-like. In addition,
they were colocalized with spots in the phase contrast image
(Figure 8C1). After the complete release, on the upper side of the

filter it was still possible to capture the phase contrast image of the
nanogel, while no fluorescence could be recorded in the corres-
ponding channel (Figure 8C4 and C5). The portion recovered

from the lower part of the membrane still showed a fluorescent
signal. This signal, however, was not clumped any more in point-
like regions, but was rather distributed homogeneously in the
whole field of view. This could be interpreted as arising from the

Cy3-DNAthat hadbeen released from the nanogels (Figure 8C3).
In the corresponding phase contrast image, the nanogels could
not be seen. TEManalysis of the part retainedon the upper side of

Figure 8. (A) PLcharacterizationof the releaseprocess.The inset is a sketchshowing theseparationonthecentrifuge filterbetween the IONPsand
nanogels fromthe smallCy3-DNAmolecules.Thegreencurve corresponds to theCy3-DNAsignal recordedon the lower sideof the centrifugation
filter after 72hatpH7,while theblue curve corresponds to thePLsignal recordedon theupper sideof the filter. Theviolet curve corresponds to the
PL of Cy3-DNA recovered on the lower side of the centrifuge filter (at pH 3.5, the dye signal is quenched). (B) Corresponding TEM
characterization of the sample recovered on the upper side of the membrane. The IONPs released by the nanogels are retained on the upper
side of the filter. In addition, the nanogel structure appears damaged after the simultaneous release of both cargo elements. (C) Confocal
characterizationof the releaseprocess: the image shown inC1 isobtainedbymerging the fluorescent and thephase contrast imagesof the samearea
of the nanogels loaded with IONPs and Cy3-DNA, before the release. C2 and C3 correspond, respectively, to the phase contrast and fluorescent
signal ofCy3-DNAreleasedby the nanogel and collected at the bottomside of the filter.C4 andC5 correspond, respectively, to the fluorescent and
phase contrast images of the same areas of the sample collected on the upper side of the filter at pH7.After the release, while the nanogels were still
visible (C5), no signal was recorded in the corresponding fluorescent channel (C4)), indicating the completed release of DNA by the nanogels.
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the filter indicated the presence of both released IONPs and
nanogels, but the nanogels appeared disrupted in this case

(Figure 8B). These findings are somehow unique, since in all pre-
vious experiments involving either DNA or IONPs, unloading the
nanogels had retained their original shape. Apparently, the simul-
taneous release of both DNA and IONPs was responsible for this

effect.
Such irreversible swelling during unloading of both DNA and

IONPs deserved a deeper analysis. We tested therefore the effect

of the pH on the swelling of nanogels (both with and without the
cargo) by switching the pH of the medium from 8 to 3 and back.
Swelling of the empty nanogels was reversible, since the curve

describing their size dependence on the pH, when this was cycled
from 3.5 to 8 and back, did not show any hysteresis (Figure 7S A,
Supporting Information). These results are in agreement with

previously published data.36 A similar behavior was also obser-
ved in the case of nanogels loaded with IONPs (Figure 7S C,
Supporting Information), while an appreciable hysteresis was
recorded on the nanogels loaded with Cy3-DNA (Figure 7S B,

Supporting Information).
The situation was drastically different when the nanogels were

filled with both IONPs and Cy3-DNA (Figure 7S D, Supporting

Information). This time the curve describing the size dependence
on the pH, when this was increased from 3.5 to 8 (the “forward
curve”), did not overlap with the corresponding curve when the

pH was decreased from 8 back to 3.5 (the “backward curve”).
Starting from pH 6, the nanogel size from the backward curve
was always higher than that from the forward curve, pointing
to a modification in the structure of the nanogel after it was

used as cargo. These data, together with the TEM charac-
terization, are indicative of the structural degradation of the
nanogel after the simultaneous release of Cy3-DNA and IONPs

(Figure 8).
For the quantification of DNA loaded within the nanogel,

calibration curves of PL/[DNA] (photoluminescence/DNA con-

centration) were used (Figure 8S, Supporting Information).
Using those curves, we found that, when only DNA was loaded
within the nanogel, the amount of DNA that could be actually

loaded corresponded to about 16% of the initial DNA added
(which corresponded to an amount of DNA equal to 0.048 pmol/
μL for 0.053 gweight of nanogels). On the other hand, the amount
ofDNA loaded in the case of simultaneously loading ofDNAand

IONPs was slightly higher and corresponded to about 20% of the
initial DNA added (0.0623 pmol/ μL of DNA for 0.053 g weight
of nanogels).

3.6. Salt Effect on the Swelling of the Loaded Nanogels.

The swelling behavior of the nanogel was affected by the pre-
sence of salt in solution (Figure 9). We report here only the data

related to nanogels loaded with IONPs. At pH 8, for instance, the
size of the loaded nanogels was not altered significantly by the
presence of salt. At pH 7.4, on the other hand, the loaded nano-
gels in 100 mM and 200 mM NaCl solutions were bigger than

those loaded in plain water, by about 50 and 70 nm, respecti-
vely. At pH 6.5, the loaded nanogels in 100 mM and 200 mM
NaCl solutions were affected significantly by the presence of salt

in solution, since an increase in size of 130 and 150 nm,
respectively, as compared to the sample of nanogel in water was
recorded.

At pH 3.9, the differences in size were even more remarkable:
the nanogels loaded with IONP in 200 mMNaCl were again the
biggest (their diameter was around 850 nm, which corresponded

almost to their swelling limit), followed by those loaded at 100 mM
(529 nm), and was still 373 nm for the nanogel in water.

It has been reported by others40 that on the vinyl pyridine-

divinyl benzene-based nanogels, the addition of salts reduces the
screening effect of the charges, resulting in a reduced swelling of
the nanogels. The higher the amount of salt added, the stronger

the screening effect is, and thus the lower the extent of swelling of
the nanogel. Also, in our case, when the nanogels were loaded
with IONPs, the swelling behavior in the presence of salt had a
trend in the pH range from 7 to 4.2 that was similar to that of

previous reports. Namely, the addition of 200 mMNaCl resulted
in a reduced swelling with respect to 100 mM. The difference

occurred for the swelling of the IONP-loaded nanogel below

4.2 in 200 mM, which is bigger than that in 100 mM. The IONPs

have charged groups at their surface, and those groups can

coordinate counterions in their surroundings. This results in a

high local ionic strength that can break the nanogel structure

and consequently increase the DLS diameter of the polymer.

This behavior has been confirmed by TEM images of the nanogel

under these conditions (data not shown).
The different diameters of the nanogels in a solution 100 mM

NaCl indicate that the leaking of the IONPs occurred already at

pH close to 6.5 (which is actually the pH of the extracellular

tumor environment), while no appreciable leakage was observed

at pH 7.4 (which is the pH of the blood) (Figure 9).

4. Conclusions

In this work, we have reported the fabrication of a multivalent

nanosystem based on a class of functional molecules known as

stimuli responsive polymers, which can work as cargo system for

gene (or drug) delivery, and which can entrap at the same time

inorganic magnetic nanoparticles. Differently from previously

reported studies, the magnetic nanoparticles in this work are not

covalently linked to the gel networks, and thus they can be loaded

and released by tuning the pH. The full characterization provided

when only DNA or IONPs or a combination of them were

employed has allowed us to understand both the mechanism by
which the different payloads are retained within the gel and the
release process as a function of the pHand of the salt concentration.

The system developed in this work, especially in the case when

both DNA and IONPs have been loaded, has interesting features
and might find application as a therapeutic agent. It can act as a
heat mediator for performing hyperthermia, as gene delivery

system (for instance in si-RNA treatment), and at the same time

Figure 9. Salt effect on the swelling behavior of nanogels loaded
with IONPs in plain water (red curve), 100mMNaCl (blue curve),
and 200 mMNaCl (violet curve).

(40) Fujii, S.; Dupin, D.; Araki, T.; Armes, S. P.; Ade, H. Langmuir 2009, 25,
2588.
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as an imaging contrast agent inMRI. The magnetic nanocarriers
developed appear to have the right geometry for performing

those tasks. Preliminary studies by other groups41-43 have shown
indeed that clustering of IONPs (like in our case when they are
loaded in the nanogels) improves the relaxivity signals recorded
with respect to individual magnetic nanoparticles. On the other

hand, hyperthermia seems more efficient when the magnetic
nanoparticles are not encapsulated within a matrix, but they are
freely delivered to a certain target site.29 Our system appears to

have the right features for such purposes. When circulating in a
medium with pH below 7.4, like blood, the nanogels will be in a
packed configuration, allowing for a better enhancement of

the MRI signal form the IONPs. On the other hand, once the
nanogels will be delivered to a compartment with a pH below 6.5,
like the extracellular tumor environment, they would begin to

swell, and thus they would release the IONPs. The hyperthermia
treatment could be therefore performed on the IONPs, once they
will be delivered into the extracellular tumor environment, where
the pH is around 6.5. The further uptake by tumor cells would

allow the system to experience the different pHof the intracellular
compartments. For such a purpose, cellular studies are nowunder
investigation in our laboratory.

Additionally, it is worth noting that the nanogels developed by
us could alsowork as a targeting tool to deliver the payloadwith a

spatial and temporal control. The presence of magnetic nanopar-
ticles allows spatially controlled delivery, since the nanogels feel
an externally appliedmagnetic field and thusmight be attracted to
specific locations of the body, where the magnetic field will be

placed. Temporally controlled delivery will be ensured by the
variations in pH that the nanogels will sequentially experience
during their journey (hence by the response of the nanogels to

these variations) in the various body/cellular compartments. The
synergy between both effects might allow amore efficient delivery
of the nanogel cargos.
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Abstract

Fangli Gang , Le Jiang, Yi Xiao, Jiwen Zhang, Xiaodan Sun

Hydrogel is one of the hottest biomaterials in recent years. Especially, magnetic hydrogels
(MHs) prepared by combining unique magnetic nanoparticles (MNPs) with hydrogels have
attracted wide attention due to their excellent biocompatibility, mechanical properties,
absorbability and rich magnetic properties (magnetocaloric, magnetic resonance imaging
and intelligent response, etc.). However, the current literature mainly focuses on the
application of MHs, without fully understanding the relationship between the design
strategies and applications of each function in MHs. This review highlights six major
functional properties of MHs, including mechanical properties, adsorption, magnetocaloric
e�ect, magnetic resonance (MR) imaging, intelligent response and biocompatibility.
Principles and design strategies of each performance are thoroughly analyzed. Furthermore,
the latest applications of MHs in biomedicine, soft actuators, environmental protection,
chemistry and engineering in recent 5 years are introduced from the perspective of each
function. In the carefully selected representative cases, the design strategies and application
principle of multi-functional MHs are detailed, respectively. The classical fabrication
processing of MHs is summarized. At last, we discuss the unmet needs and potential future
challenges in MHs development and highlight its emerging strategies.

1 INTRODUCTION
Hydrogels are a highly swollen three-dimensional (3D) polymer networks synthesized by
hydrophilic monomers, which can be considered as polymer-reinforced water. Hydrogels with
unique physicochemical properties, such as excellent softness, water content, biocompatibility,
bioactivity, etc., provide a strong candidate material for many �elds including biomedical and
environmental engineering.  Various biomimetic hydrogels have been developed to mimic
natural hydration microenvironments and successfully applied in tissue engineering and cancer
treatment.  Hydrogels with speci�c microstructures (anisotropic, tubular, etc.) have also been
developed to deliver drugs/cells and provide three-dimensional biochemical

[1]

[2]
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microenvironments for supporting cell growth.  Despite great progress has been made,
conventional hydrogel systems still have some limitation. In particular, insu�cient functionality
severely limits its practical application potential in many �elds. Therefore, it is a hot research
topic to endow hydrogels with functionality.

With the rapid development of permanent magnet materials and electromagnetic technology,
magnetic �eld as an important physical �eld is widely used in scienti�c research. The magnetic
�eld can provide a feasible and �exible strategy for inducing the functionality of hydrogels.
Thus, MHs composed of magnetic particles (γ-Fe O , Fe O , etc.) and hydrogel matrix have
attracted more and more attention for their biocompatibility, controllable structure, high
adsorption and rich magnetic properties (magnetocaloric, MR imaging and intelligent response,
etc.).  For example, MNPs endow hydrogels with remotely controllable characteristics, which
can be used in drug delivery,  local hyperthermia,  magnetic/thermal drive,  tissue image
enhancement,  adsorption, separation and puri�cation,  and so on. In addition, stimulus-
responsive MHs have broad application prospects in soft robot.

As everyone knows, the versatility of materials will enrich their potential in practical
applications. In turn, di�erent applications can also dictate the material desired properties.
Therefore, in this paper, from the design concepts and application strategies of multi-functional
MHs (Figure 1), we review the latest research progress on MHs. Six main functional properties
of MHs are highlighted: mechanical properties, adsorption, magnetocaloric e�ects, MR imaging,
intelligent response and biocompatibility. Focusing on its speci�c functions, the potential
applications of MHs in biomedicine, environmental protection, soft actuators, chemical catalysis
and engineering are further analyzed. Finally, the common preparation methods of multi-
functional MHs are systematically reviewed.

[3]
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FIGURE 1

Open in �gure viewer PowerPoint

Schematic illustration of multifunctional MHs and their applications

2 DESIGN STRATEGIES AND APPLICATIONS FOR
MULTIPLE FUNCTIONALITIES OF MAGNETIC HYDROGELS
MHs are generally formed by the interaction between magnetic components (γ-Fe O , Fe O ,
etc.) and hydrogel matrix through non-covalent or covalent bonds. This combination
simultaneously absorbs the advantages of hydrogel (high water content, �exibility, etc.) and
magnetic particles (smart response, etc.). There are di�erences in raw material selection,
design strategies and application �elds of MHs with speci�c performance. For example, in most
literatures, the composite MNPs in MHs are generally spherical nanoparticles with a diameter
of 1∼20 nm, and some MNPs with signi�cant magnetocaloric e�ect have a ring shape.
Biomedical MHs focuses on biocompatible hydrogel matrix, while engineering application MHs
uses cheap and readily available materials. Therefore, it is of great signi�cance to study MHs

2 3 3 4

[11]
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from the six functions of mechanical properties, adsorption, magnetocaloric e�ect, magnetic
resonance imaging, intelligent response and biocompatibility.

In general, the good dispersity of MNPs in the matrix is the fundamental factor in preparing
high-performance composite gels. However, most MNPs have a high speci�c surface area and
can easily agglomerate (Figure 2A). The MHs obtained by simply compounding MNPs and
hydrogel matrix often exhibits uneven network structure and unstable properties. Notably, the
introduction of functionalized MNPs or special hydrogels components can e�ectively solve
these problems. Both of these aims to increase the dispersity and crosslinking degree of the
MNPs in the hydrogels (Figure 2B,C). The di�erence is that the former focuses on the
modi�cation of MNPs (Fe O , MnFe O , etc.), mainly including increasing functional groups
(e.g., carboxylic groups),  chemical loading,  coating (e.g., tannic acid),  etc. While the
latter usually selects speci�c hydrogel components with a large number of active functional
groups (carboxyl, hydroxyl, etc.), which can coordinate with Fe ions and easily gelled.
Polyacrylamide,  polyvinyl alcohol,  hyaluronic acid,  �brin,  and nano-cellulose are
commonly used MHs with high coordination activity. The MHs obtained by these two methods
have uniform structure, stable performance and enhanced mechanical properties. Under the
action of long-range magnetic �eld, functional MNPs exhibit remarkable intelligent response
(mobility), magnetocaloric e�ect and MR imageability. The hydrogel matrix, as a structural and
mechanical support, is also a�ected by MNPs to produce corresponding behaviors, including
deformation, movement, thermogenesis and MR imaging. By regulating the types or
proportions of MNPs and hydrogel matrix to control multiple functions of MHs, so as to
promote its fascinating application prospects in di�erent �elds.

FIGURE 2

Open in �gure viewer PowerPoint
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Open in �gure viewer PowerPoint

Design strategies of MHs. Structure and properties of MHs prepared by A, MNPs + hydrogel, B, functionalized MNPs +

hydrogel and C, MNPs + special hydrogel

2.1 Mechanical properties
Mechanical property is a set of commonly used indexes, which is the resistance to failure of
materials under load (such as tension, compression, torsion, impact, cyclic load, etc.). Generally,
the mechanical properties of hydrogels mainly include strength, sti�ness, toughness and
fatigue strength. For hydrogels, their mechanical properties determine their usage and service
life.

At present, there are mainly four ways to improve the mechanical properties of hydrogels: (1)
the “sacri�ce bond” is introduced to dissipate energy e�ectively, thereby enhancing the
mechanical properties of hydrogels. A variety of non-covalent interactions such as hydrogen
bonding, complexation, supramolecular recognition and hydrophobic association have been
applied to prepare high-strength hydrogel.  The most representative example is double
network hydrogels. (2) The “pulley e�ect” is used to reduce the internal stress in the
crosslinking network and greatly enhance the mechanical properties of the hydrogels.
Topological hydrogel is a kind of material with high strength by using O-shaped crosslinking
ring which can slide freely on the polymer chain as a controllable crosslinking point.  (3) the
fracture and reconstruction of some reversible non-covalent bonds will also give hydrogels
high-strength,  while providing certain recoverability and self-healing properties. (4) The
introduction of nanoparticles has been shown to signi�cantly alter hydrogel mechanical
properties.  This paper focuses on MNPs composite hydrogel materials. On the one hand, the
rigid MNPs can not only improve the compression modulus, storage modulus and thermal
stability of the composite hydrogel, but also adjust the water absorption, retention, saturation
magnetization and pore size of the MHs by changing its content. On the other hand, the
reversible interaction between MNPs and hydrogel components can endow MHs with good
self-healing, thermal stability, shear-thinning, and mechanical properties (rigidity and
viscoelasticity). Therefore, the design and application of high-performance MHs with intrinsic
magnetism have received much attention from scientists.

High-strength MHs, as an important branch of nanocomposite hydrogels, have important
applications in biomedical and soft actuators.  Biomaterials are a promising strategy for
repairing damaged or diseased tissue. In general, in order to ensure the clinical safety of
biomaterials, rigorous in vitro biological evaluation must be carried out in advance. In vitro
simulation, hydrogels can be used as mechanical support for cell growth and di�erentiation.
Unlike most in vitro cell culture 2D substrates (petri dishes, porous plates), hydrogels provide a
3D microenvironmental cell experience,  better mimicking the in vivo biological environment.

[19]

[20]

[21]

[22]

[23]

[24]



11/2/22, 10:43 PM Multi functional magnetic hydrogel: Design strategies and applications - Gang - 2021 - Nano Select - Wiley Online Library

https://onlinelibrary.wiley.com/doi/full/10.1002/nano.202100139 6/33

Up to now, a variety of MHs have been used as multi-functional in vitro culture platform to
explore the e�ects of di�erent conditions (e.g., magnetic �eld and hyperthermia) on cell
function and morphology.  Gu et al. reported a magnetic polyacrylamide hydrogel with cell
adhesion microarray interface,  which can e�ectively promote the formation of multicellular
spheroids. It is considered as a prevailing tool to study the microenvironmental regulation of
therapeutic problems and tumor cell physiology. In addition, as a polymer material most similar
to biological tissue, hydrogels can be used as sca�olds for tissue engineering to repair or
replace damaged tissues. As one of the three key elements of tissue engineering, it is very
important for sca�olds to have excellent mechanical properties. In particular, for osteochondral
repair materials, excellent compressive and anti-fatigue properties ensure that they can
withstand repeated mechanical stress without being damaged, so as to steadily continue to
exercise their biological functions. However, it is still a great challenge to develop MHs that
match the mechanical properties of normal tissues for repairing osteochondral defects in situ.

2.2 Adsorption
As a highly absorbent and high water-retaining material, 3D network hydrogels have been
widely applied in many �elds, such as food preservation, drought resistance in arid areas.
Moreover, hydrogels have a broad application prospect in wastewater treatment by virtue of
their high adsorption capacity.  Heavy metals (Pb, Cu, Cs, etc.), organic compounds
(pesticides, etc.) and dyes are all water pollutants causing worldwide environmental problems.
These pollutants are non-biodegradable, carcinogenic and highly toxic and should be removed
from wastewater prior to disposal. Compared with traditional hydrogels, MHs, as an
environment-friendly 3D nanomaterial with high physical strength, high adsorption rate and
renewability, has attracted increasing attention in wastewater treatment.  As shown in
Table 1, the combination of magnetic additives (such as magnetite) and hydrogel matrix can
simultaneously adsorb contaminants such as heavy metal ions and dyes. Some MHs have a
removal rate of more than 99.5%. Moreover, the optimized MHs has high-sensitivity, high-
selectivity, fast-adsorption and reusability.

TABLE 1. Typical examples of magnetic hydrogels successfully applied in the removal of heavy
metals, organic compounds, inorganic salts and dyes
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The adsorption principle of MHs is shown in Figure 3A. Porous hydrogels containing active
functional groups such as carboxyl, hydroxyl and amino groups can act as adsorbents to
remove contaminants through electrostatic, ionic exchange or complexation with contaminants
such as heavy metal ions. More importantly, the incorporation of MNPs can promote the
separation, collection and reuse of hydrogel adsorbents,  and also have a positive e�ect on
the adsorption of MHs (Figure 3B-D).  The main results are as follows: (1) MNPs embedded in
MHs can increase the cross-linking degree and porosity of the system, providing a channel for
the entry, exit and adsorption of some substances. (2) When the amount of MNPs is in a certain
range, the adsorption amount of MHs is positively correlated with the amount of MNPs. The
reason is that with the increase of MNPs addition, the surface of the hydrogel becomes
rougher, which can increase the surface area and adsorption capacity of MHs. However, once
the amount of MNPs exceeds a certain value, the saturation absorptivity of MHs will decrease
unexpectedly. This may be attributed to the excessive coordination of the active groups in the
hydrogel system with MNPs, resulting in a decrease in the number of free active groups and
insu�cient binding to pollutants.
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FIGURE 3

Open in �gure viewer PowerPoint

A, Schematic diagram of removing contaminants from wastewater using MHs. B, MHs with di�erent Fe O  contents. C, SEM

images of di�erent MHs. D, Adsorption kinetics of Cr on the MHs adsorbent. Reprinted with permission.  Copyright 2018,

Elsevier

The complete adsorption process of MHs is described in Figure 4. First, the prepared MHs were
added to the treated wastewater, and the complete adsorption was guaranteed by
shaken in an end-over-end manner. Then, under the assistance of magnets, magnetic
separation is carried out on contaminants-loaded hydrogel. In this way, treated water and
renewable hydrogels are obtained. The reutilization of MHs requires regeneration solution to
desorb the contaminants on the hydrogel, and then magnetic separation to obtain reusable
adsorption materials. The realization of this process is attributed to the large surface area,
multiple adsorption (hydrogen bond, hydrophobic interaction, etc.), suitable pore size
distribution and paramagnetism of MHs. Therefore, MHs can be considered as a low-cost,
e�cient and recyclable adsorbent, and have great attraction and broadly applicable in
wastewater treatment.
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FIGURE 4

Open in �gure viewer PowerPoint

The process �ow chart of removing contaminants from wastewater using MHs

Because magnetic separation methods can selectively recover the desired proteins from
biological �uids, MHs materials have been extensively studied in protein separation.  For
biomedical applications, especially tissue engineering, the tendency of hydrogel to adsorb
protein in biological media should be considered as an important characteristic. It has been
demonstrated that magnetic apatite nanoparticles introduced into poly(vinyl alcohol)
(PVA)/sodium alginate hydrogel could generate magnetic response and enhance hydrogels.
When pH = 4.5, the maximum adsorption capacity of nano-beads for bovine serum albumin
was the highest, reaching 127.3 mg·g . In addition to the above applications, the absorbability
of MHs could also be used for enzyme immobilization,  dehydrators,  data storage,
moisture transport,  and so on.

2.3 Magnetocaloric e�ects
Magnetocaloric e�ect refers to the phenomenon that the magnetic energy is transferred to the
particles in the form of heat when the ferromagnet or paramagnetism is placed in the
alternating magnetic �eld (AMF) and the magnetic direction is randomly transformed between
parallel and anti-parallel. This phenomenon can be used to destroy morbid cells in organisms
and control drug release. As a common magnetocaloric agent, superparamagnetic iron oxide
(SPIOs) nanoparticles have obtained considerable development in tumor ablation. However,
SPIOs have shortcomings such as short residence time in vivo, limited timeliness, and many
injections. Notably, the magnetic particles were incorporated into hydrogels will greatly prolong
the residence time in vivo. Not only that, hydrogel matrix with a 3D internal network
microstructure, high water content and biocompatibility, which are analogous with those of the
natural tissue, plays a key role in the application of MHs. On the one hand, hydrogel matrix
provides a microenvironment for magnetocaloric therapy,  e�ectively avoiding heat damage
to normal tissues, and provides adjustable 3D sca�olds for cell adhesion, migration and
di�erentiation.  On the other hand, injectable hydrogels with pores or microchannels are one

[45]

[46]

−1

[47] [48] [49]

[50]

[51]

[52]



11/2/22, 10:43 PM Multi functional magnetic hydrogel: Design strategies and applications - Gang - 2021 - Nano Select - Wiley Online Library

https://onlinelibrary.wiley.com/doi/full/10.1002/nano.202100139 10/33

of the best candidates for local drug delivery.  The magnetocaloric e�ect of MHs can be
designed to sustain and control the release of one or more combined therapeutic drugs.
Studies demonstrated that the anisotropic magnetic coupling inside the gel is the main reason
for the thermogenesis of MHs. Moreover, compared with the disordered MHs, the self-
assembled oriented MHs has stronger thermogenesis.

The practical application of MHs magnetocaloric e�ect is mainly re�ected in biomedicine,
including tumor treatment and tissue repair. Surgery is currently one of the most common
methods for solid tumor treatment. However, wound infection and postoperative recurrence
are major challenges facing the surgical treatment of solid tumors. Neoadjuvant and
postoperative adjuvant therapies play an important role in improving the prognosis of patients.
MHs have been applied to target tumors by remote heating with an external magnetic �eld and
controlled release of anticancer drugs from hydrogels for cancer therapy.  Compared with
photothermal therapy, magnetocaloric therapy has unlimited tissue penetration depth and is
e�ective for deep-seated tumors such as liver cancer and glioma. Moreover, an AMF-triggered
delivery system enables on-demand drug delivery with more e�ective anticancer
chemotherapy e�ects. However, increasing the e�cacy of 42°C therapeutic temperature
without resistance to induced thermal stress has been a challenge. Therefore, Zhang et al.
designed an injectable magnetic hydrogel nano-enzyme (MHZ) utilizing the inclusion interaction
between α-cyclodextrin and PEGylated nanoparticles.  Employing this hydrogel could
improve the tumor oxidative stress level by generating reactive oxygen species via nanozyme
catalyzed reaction based on hyperthermia (Figure 5). Magnetic Fe O  nanoparticles play a dual
role of nanozymes and magnetic heating simultaneously in the hydrogel system. On the one
hand, the magneto-heat generated after MHZ injection into tumor tissue promoted Fe O
nanozymes to produce more ·OH. On the other hand, ·OH further damages the highly
expressed protective heat shock protein 70 in hyperthermia, thereby improving the e�cacy of
hyperthermia. As such, this MHs exerts dual functions of catalytic therapy and hyperthermia to
synergistically treat tumors and overcome the resistance of tumor cells to induced thermal
stress. This developed system o�ers a universal platform for safer and precise synergistic
therapy of solid tumors.
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FIGURE 5

Open in �gure viewer PowerPoint

Schematic diagram of enhanced tumor synergistic therapy by injectable MHZ.  A, Synthetic procedure for MHZ. B, The

synergistic mechanism of MHZ on the generation of hyperthermia and ROS for cancer therapy. Reprinted with permission.

 Copyright 2019, American Chemical Society

In the past decade, the combination of hyperthermia-based physical therapy and biomaterials
has exhibited signi�cant potential in tissue repair. In vitro cell experiments have proved that
mild thermal stimulation could e�ectively promote osteochondral repair.  Further in vivo
experiments are yet to be studied. In addition, hyperthermia plays an important role in
inhibiting local in�ammatory response, relieving pain and protecting joint function.
Therefore, hydrogels with magnetothermal e�ect can be expected to have great application
prospects in the treatment of rheumatoid arthritis and osteoarthritis.

It is worth mentioning that the superior magnetocaloric e�ect of MHs is conducive to develop
discoloration hydrogel,  which may provide a new platform for color display. This remarkable
magnetochromatic property is attributed to the superior magnetocaloric e�ect of 1D magnetic
chain immobilized in a thermosensitive hydrogel. Under an AMF, the magnetocaloric e�ect of
aggregated magnetic chains leads to hydrophilic–hydrophobic transition of the hydrogel, which
reduces the inter-particle distance of the 1D magnetic chains and results in a blueshift of the
di�raction wavelength. Thus, the MHs also shows the potential to monitor magnetic
hyperthermia with signi�cant changes in its color and appearance.

2.4 MR imaging

[42]

[42]

[57]

[58]

[59]



11/2/22, 10:43 PM Multi functional magnetic hydrogel: Design strategies and applications - Gang - 2021 - Nano Select - Wiley Online Library

https://onlinelibrary.wiley.com/doi/full/10.1002/nano.202100139 12/33

Non-invasive imaging is a powerful tool that can provide e�ective feedback for clinical
diagnosis. MR imaging has become one of the most powerful detection methods in
contemporary clinical diagnosis due to its characteristics such as safety, functional sequence
diversity, good soft tissue contrast and penetration depth. However, in practical application, the
relaxation time of di�erent tissues or tumors overlaps with each other, which leads to the
diagnosis di�cult. Therefore, the contrast agent began to be studied in order to enhance the
signal contrast and improve the image resolution. Due to its biocompatibility and
superparamagnetism, Fe O -based superparamagnetic contrast agents are widely used in
cancer detection, drug delivery monitoring and stent implantation labeling. Signi�cantly, the
incorporation of magnetic particles with MR imaging into the hydrogel system will endow the
gels a good imaging capability.  This non-invasive imaging of materials could provide e�ective
feedback for the real-time degradation of biomaterials and the remodeling of new tissues in
vivo.  Moreover, non-invasive monitoring methods help to reduce the number of
experimental subjects. The reason is that the experimental data can be obtained repeatedly to
avoid unnecessary sacri�ce in histological analysis at di�erent time points. In addition, non-
invasive continuous observation will provide more e�ective information, reduce individual
di�erences, and contribute to the clinical transformation of tissue engineering.

For the �rst time, Chen developed a functional, visualizable superparamagnetic iron oxide
(USPIO)-labeled natural hydrogel system for semi-quantitative monitoring the cartilage
degradation process and elucidated the regeneration of hyaline cartilage by multiparametric
MRI.  USPIO particles with diameter of ∼15.7 ± 2.0 nm and a concentration less than 25 µg
Fe/mL had no e�ect on chondrogenesis and cell proliferation of human bone marrow
mesenchymal stem cells (hBMSCs).  In this experiment, cellulose nanocrystal (CNC)/silk
�broin (SF) blend hydrogel was selected as sca�old for tissue engineering to promote cartilage
regeneration. It has a moderate degradation rate to coincide with cartilage regeneration, which
is essential to maintain the structural integrity and mechanical properties of the joint. As shown
in Figure 6A, the USPIO-labeled CNC/SF hydrogel has an interconnected network structure and
uniform porosity. Prussian blue staining exhibited that USPIO was evenly distributed in the
hydrogel matrix, and the material showed no obvious cytotoxicity. This biocompatible hydrogel
with pore sizes ranging from 70 to 250 µm, are e�ective in promoting cartilage formation.
Next, MRI characterization of the composite hydrogel was performed with T2-weighted imaging
(T2WI) sequence, indicating that the signal contrast of the prepared hydrogel increased with
USPIO content. In vivo MR imaging further demonstrated that the USPIO-labeled hydrogel had
su�cient MR contrast to monitor the degradation process (Figure 6D). Therefore, this system
may provide meaningful insights for non-invasive monitoring and therapeutic e�cacy of
implanted hydrogels in tissue engineering.
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FIGURE 6

Open in �gure viewer PowerPoint

Non-invasive monitoring of hydrogel degradation by multiparametric MR imaging.  A, In vitro SEM observation, MRI

characterization and Prussian blue staining of CNC/SF hydrogels incorporated USPIO. B, R2 and R2* relaxometry rates and

(C) cytotoxicity of USPIO-labeled hydrogel. D, MRI analysis of the in vivo degradation of non-labeled and USPIO-labeled

CNC/SF hydrogels in a rabbit cartilage defect model. Reproduced with permission.  Copyright 2018, Ivyspring

International Publisher

2.5 Intelligent response
Smart hydrogel is a kind of material that can perceive small physical/chemical stimuli (such as
temperature, light, magnetism, pH) and make signi�cant response behaviors.  Because of
this intelligence, hydrogel has a fascinating application prospect in tissue engineering, drug-
controlled release and soft actuators. Especially, as an external stimulus of stimulus-responsive
materials, magnetic �eld has the advantages of instant action, contactless control and easy
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integration into electronic devices. Therefore, the research and development of smart MHs has
been very active in recent years.

Over the past few decades, tissue engineering has been successfully applied to the repair of
various tissues (retinas, ligaments, fats, blood vessels, etc.). With the potential of hydrogel to
construct microenvironment, the sca�olds based on multi-functional MHs have attracted much
attention due to their intelligence. On the one hand, under the guidance of magnetic �eld, MHs
can move directionally or be induced into speci�c tissue-like microstructure,  providing a
suitable growth environment for tissue reconstruction. Schmidt proposed a novel magnetic
templating technology which can induce highly aligned 3D tubular microstructures in naturally
derived hydrogel sca�olds.  The sca�old was constructed by adding soluble magnetic
alginate particles (MAM) containing nano-iron oxide to the hydrogel precursor solution. The
diameter of MAM is 100 nm∼20 µm, and a concentration of 5 mg mL  of MAM is the upper-
limit allowing for optimal chain length on the millimeter scale. Under an external magnetic �eld,
the gel forms an aligned columnar structure (Figure 7A). The removal of MAM results in
sca�olds with aligned tubular microarchitectures that can facilitate cell remodeling in various
applications. Moreover, the hydrogels with electromagnetic e�ects can realize the above
functions, while constructing electric microenvironment under external electrical stimulation to
simulate directional tissue, guide cell proliferation and tissue regeneration.  On the other
hand, magnetic sca�olds can control the biological behavior of cells through the magnetic
response between MNPs and magnetic �eld ; thus, promoting revascularization,
cartilage/bone regeneration,  neuroregulation,  and wound repair.  Carlo et al. described
a 3D magnetic hyaluronic hydrogel that provides non-invasive neuromodulation by magneto-
mechanically stimulating primary dorsal root ganglion (DRG) neurons (Figure 7B).
Mechanosensitive PIEZO2 channel is activated by magnetic particles embedded in the system
through membrane stretching. Mechanosensitive TRPV4 channel is activated by magnetically
induced deformation of HA hydrogel. Under acute magneto-mechanical stimulation, calcium
in�ux in DRG neurons is induced through TRPV4 and piezo2 channels, avoiding the step of
exogenous ion channel transfection.  Under chronic magneto-mechanical stimulation, is able
to reduce piezo2 channel expression, playing a role in chronic pain modulation. This general
strategy o�ers a way to achieve remote magnetic modulation of di�erent types of excitable
cells through 3D magnetic biomaterials.
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FIGURE 7

Open in �gure viewer PowerPoint

A, Macroscopic view of crosslinked hydrogel, and porous microarchitecture after removal of MAM.  Copyright 2020, IOP

Publishing Ltd. B, Mechanism of magneto-mechanical stimulation of dorsal root ganglion neurons by magnetic hyaluronic

acid (HA) hydrogels.  Copyright 2018, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.

Another important application of smart soft material is soft robot. The advent of soft robots
has made great strides in robotics, wearable devices and other areas by using complete
software systems that can safely interact with any random surface while provide excellent
mechanical �exibility. The latest development in soft robotics have bene�ted from advances in
soft actuators and sensors that enable robots to work mechanically unimpeded; thus,
expanding the range of robotic applications.  Soft actuator generally refers to a soft body
that can reliably adapt to any surface and cause various motions of the robot. Up to now, many
attempts have been made to fabricate soft actuators sensitive to external stimuli.  Especially,
MHs with �exibility and sensitivity to external magnetic �elds are expected to form a new
research focus in the coming era of soft robots.  What is more, taking advantage of the
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minimal invasions and the drive ability to use magnetic �elds of magnetic microrobots,
therapeutic drugs can be delivered to target areas.  This controlled release method can
signi�cantly reduce the dosage and minimize the side e�ects on normal cells. Sukho park
presented a novel hydrogel actuator (Figure 8),  which can deliver anticancer drugs to cancer
targets through a customized near-infrared (NIR) and electromagnetic actuation (EMA)
integrated system, then retrieve problematic MNPs. First, the microrobot reaches the
predetermined lesion target through the magnetic �eld of EMA. Next, after the NIR irradiation,
the hydrogel matrix was decomposed, drug particles and MNPs were left in the target tissue.
Finally, with the assistance of EMA magnetic �eld, the disassembled MNPs were recovered from
the target region, and the remaining anticancer drugs are continuously released to generate
therapeutic e�ects. This hydrogel actuator can compensate for the inherent disadvantages of
MNPs (toxicity) by retrieval of MNPs, thereby maintaining the advantages of electromagnetic
drive (target characteristics and drug delivery). In the future, developing a practical drug
delivery hydrogel robot is an attractive topic.

FIGURE 8

Open in �gure viewer PowerPoint

Schematic diagram of the treatment process using retrievable biodegradable hydrogel microrobot for drug delivery.

Reproduced with permission.  Copyright 2019, Elsevier

2.6 Biocompatibility
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Biocompatibility refers to the degree of compatibility of materials with human body after
implantation, that is, whether they will cause toxic e�ects on human tissues. It mainly includes
blood compatibility and histocompatibility. Blood compatibility refers to the ability of materials
to interact with blood directly without causing coagulation, thrombosis, damaging blood
composition and function. Hydrogel directly contacting blood requires good blood
compatibility, such as hemostatic dressing.  Histocompatibility is the a�nity between
materials and tissues without being eroded by tissues when they come into contact with
organs. Tissue engineering and regenerative medicine research put more emphasis on the
histocompatibility and cytocompatibility of hydrogels.  Generally, strict biocompatibility
evaluation is required �rst to ensure the clinical safety of biomaterials. At present, the
biocompatibility evaluation of hydrogels is mainly from the following aspects: cytotoxicity,
hemolysis test, acute systemic toxicity, subacute toxicity test, implant test evaluation and so on.

In recent years, MHs �nd widespread applications in biomedical �elds due to their similar
structure to native extracellular matrix, hydrated environment, tunable properties (mechanical,
biocompatibility) and unique active response characteristics. Fibrin, chitosan, hyaluronic acid,
collagen and other natural biomaterials are the preferred raw materials for preparing medical
MHs hydrogel matrix.  The reason is that they have excellent biocompatibility, low toxicity,
enzyme degradation and degradation products are not easy to trigger immune response. Some
compounds are decomposed into small molecules (water, carbon dioxide, etc.) that can be
metabolized by human body, such as polyglycolic acid. Therefore, these compounds can also
be widely used in the synthesis of biocompatible MHs. In addition, the concentration of MNPs
in most MHs is generally less than 1 wt.%, but it has a positive e�ect on cells. Huang has
proposed that the existence of magnetic Fe O  nanoparticles can promote the growth of stem
cells and accelerate the cell cycle process.  When MNPs are incorporated into the sca�old,
their magnetic �eld e�ect may a�ect ion channels on cell membrane and initiate changes in
cytoskeleton structure.  However, the biosafety issues related to MNPs is the impact of MNPs
released from the degradation of implanted MHs. In general, MNPs (1∼20 nm in diameter)
selected for preparing MHs can be absorbed by the interaction with proteins and cells. They
can then distribute to di�erent organs, where they may stay in the same nanostructure or be
metabolized.

Liu and his colleagues created a magnetic hydrogel (MagGel) containing type II collagen,
hyaluronic acid and polyethylene glycol to provide a biomimetic, bioactive and biodegradable
platform for cartilage tissue engineering.  In cell experiments, MagGel has the highest
average cell adhesion density, indicating its excellent cytocompatibility. This is attributed to the
synergistic e�ect of hydrogel matrix and magnetic nanoparticles to improve cytocompatibility,

 including adhesion and growth. First, hydrogel mimics the extracellular matrix, providing a
favorable environment for cells. Second, the interaction between magnetic nanoparticles and
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BMSCs might promotes cell adhesion and growth. In addition, BMSCs were observed to
phagocytize magnetic nanoparticles in cell culture without any e�ect on cell adhesion or
morphology (Figure 9).  The authors suggest that the ingested nanoparticles may eventually
be decomposed by lysosomes and excreted by exocytosis.

FIGURE 9

Open in �gure viewer PowerPoint

Cytocompatibility of magnetic nanocomposite hydrogels (MagGel).  Fluorescence images of BMSCs adhesion and

morphology cultured on (a) MagGel and (b) gel. c-d, The endocytosis of magnetic nanoparticles by BMSCs. Black: magnetic

nanoparticles; Blue: nucleus; Green: F-actin; Red circle: magnetic nanoparticles outside of the BMSCs. Reproduced with

permission.  Copyright 2015, American Chemical Society

[88]

[86]

[86]

3 FABRICATION PROCESSING OF MHs
MHs are generally composed of polymer matrix and magnetic components embedded in the
matrix (such as γ-Fe O , Fe O ). Up to now, various methods have been developed to prepare
MHs, including blending method, in-situ precipitation method and grafting-onto method.

The blending method refers to simply mixing the pre-prepared MNPs with hydrogel precursor
solution, so that MNPs is covered in hydrogels (Figure 10A).  This is the simplest and most
commonly method for fabricating MHs. However, the hydrogel obtained by simple blending
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method usually has the defects of uneven distribution of magnetic particles in colloids. This
may result in unstable properties (mechanical, magnetocaloric, MR imaging) of the prepared
MHs.

FIGURE 10

Open in �gure viewer PowerPoint

Preparation technology of MHs. a, The blending method:  the prepared MNPs was mixed with a hydrogel precursor

solution and crosslink hydrogels to embed the MNPs. b, In-situ precipitation method:  MNPs was prepared by in-situ

precipitation reaction in polymer hydrogel network after cross-linking reaction. c, The grafting-onto method:  MNPs and

hydrogel systems are connected by covalent or coordination bonds. Reprinted with permission.  Copyright 2012, WILEY-

VCH Verlag GmbH & Co. KGaA, Weinheim

In the in-situ precipitation method,  the hydrogel network work as a chemical reactor, within
which metal ions react with precipitating agents (NaOH, NH ·H O, etc.) to generate MNPs
(Figure 10B). For example, Ye and Shen prepared a novel magnetic chitosan/polyvinyl alcohol
hydrogel beads (MCPHBs) by freeze-thaw method combined with in-situ precipitation method.

 First, the prepared PVA solution was mixed with CS solution, and then Fe  and Fe
solutions were added. Then, the mixed solution was added to the beaker containing
ammonium hydroxide to form MNPs. Finally, MHs beads were obtained by repeated freezing
and thawing. However, the preparation of MHs by in-situ precipitation is often limited by alkali-
resistant hydrogel matrix.
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Apparently, for both blending method and in-situ precipitation, there are no bonding
interactions between MNPs and hydrogel networks. Therefore, the stability of MNPs dispersed
in hydrogels cannot be guaranteed. The generalized grafting-onto method,  including
modifying or changing the structure and properties of MNPs, can connect MNPs and hydrogel
systems through covalent or coordination bonds (Figure 10C). This direct coupling allows MNPs
to be stably and uniformly embedded in the hydrogel. Recently, our group fabricated a
magnetic nano-Fe O  composite polyole�n-chitosan (AAD-CS-Fe) double network hydrogel by
grafting-onto method.  A large amount of Fe ions is exposed on the surface of nano-Fe O
pre-etched by HCl, which can be cross-linked with the active groups (carboxyl and hydroxyl) in
the hydrogel system. In this way, magnetic AAD-CS-Fe hydrogel with uniform structure and
stable properties can be obtained.
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4 CONCLUSION REMARKS
MHs are composed of magnetic components (such as γ-Fe O ) and hydrogel matrix. The
incorporation of MNPs can enhance the initial performances (mechanical properties,
adsorption, etc.) of the hydrogel, while providing further magnetic properties (magnetocaloric,
MR imaging and intelligent response, etc.). In recent years, MHs have attracted worldwide
attention as a potential multi-functional intelligent soft platform. This paper focuses on six
major functions of MHs, including mechanical properties, adsorption, magnetocaloric e�ects,
MR imaging, intelligent response and biocompatibility. The design strategies of various
functions, as well as its application prospects in biomedicine, soft actuators, environmental
protection, chemical catalysis and engineering in recent 5 years are reviewed. In addition, the
classical fabrication processing of MHs was introduced.

To further promote the development and practical application of MHs, its future research
focuses include the following aspects:

1. At present, the magnetic component in MHs is mainly con�ned to iron-containing
nanoparticles. Further exploration of other MNPs to enhance thermotherapy, MRI
contrast and intelligent response is of great signi�cance for promoting the practical
application of multi-functional MHs.

2. MHs have important application prospects in biomedical �elds, mainly including tissue
engineering, because of their unparalleled advantages such as in situ magnetocaloric
therapy, magnetocaloric drive and MR imaging. However, a lot of work remains to be
done on the long-term fate of implanting MHs to truly achieve clinical application, such as
metabolism and biodegradability evaluation.

3. The development of MHs in the future depends largely on the synthesis of novel multi-
functional hydrogels. Combining magnetic stimulation with other stimuli, such as light,
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Biographies

electricity,  temperature,  pH,  and redox,  MHs will become more intelligent and
versatile.
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ABSTRACT: Lipid nanoparticles (LNPs) have emerged across the
pharmaceutical industry as promising vehicles to deliver a variety of
therapeutics. Currently in the spotlight as vital components of the
COVID-19 mRNA vaccines, LNPs play a key role in effectively
protecting and transporting mRNA to cells. Liposomes, an early version
of LNPs, are a versatile nanomedicine delivery platform. A number of
liposomal drugs have been approved and applied to medical practice.
Subsequent generations of lipid nanocarriers, such as solid lipid
nanoparticles, nanostructured lipid carriers, and cationic lipid−nucleic
acid complexes, exhibit more complex architectures and enhanced
physical stabilities. With their ability to encapsulate and deliver
therapeutics to specific locations within the body and to release their
contents at a desired time, LNPs provide a valuable platform for
treatment of a variety of diseases. Here, we present a landscape of LNP-
related scientific publications, including patents and journal articles, based on analysis of the CAS Content Collection, the
largest human-curated collection of published scientific knowledge. Rising trends are identified, such as nanostructured lipid
carriers and solid lipid nanoparticles becoming the preferred platforms for numerous formulations. Recent advancements in
LNP formulations as drug delivery platforms, such as antitumor and nucleic acid therapeutics and vaccine delivery systems, are
discussed. Challenges and growth opportunities are also evaluated in other areas, such as medical imaging, cosmetics,
nutrition, and agrochemicals. This report is intended to serve as a useful resource for those interested in LNP
nanotechnologies, their applications, and the global research effort for their development.

KEYWORDS: lipid nanoparticle, liposome, cationic lipid, solid lipid nanoparticle, nanostructured lipid carrier, immunoliposome,
“stealth” liposome, drug delivery

L ipid nanoparticles (LNPs) have emerged across the
pharmaceutical industry as promising vehicles to deliver
a variety of therapeutic agents. The application of LNPs

has also been extended to other fields, such as medical imaging,
cosmetics, nutrition, agriculture, and other innovative areas such
as nanoreactors. Currently in the spotlight as a vital component
of the COVID-19 mRNA vaccines, LNPs play a key role in
effectively protecting and transporting mRNA to cells.
Liposomes, an early version of LNPs, are an extremely

versatile nanocarrier platform because they can transport
hydrophobic or hydrophilic molecules, including small mole-
cules, proteins, and nucleic acids. In fact, liposomes are the
earliest nanomedicine delivery platform to successfully proceed
from concept to clinical application. A number of liposomal drug
formulations have been approved and successfully applied to
medical practice.

The next generations of LNPs, including solid lipid
nanoparticles, nanostructured lipid carriers, and cationic
lipid−nucleic acid complexes, exhibit more complex internal
architectures and enhanced physical stabilities. With their ability
to control the location and timing of drug delivery in the body,
LNPs can be used to deliver treatments for a variety of diseases.
Increasingly, scientists are moving beyond traditional bio-
pharmaceuticals to more complex and specialized therapies that
can fight disease at the genetic level.
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In this review, we provide an overview of the current
knowledge regarding LNP structures and properties, primarily
from the viewpoint of their pharmaceutical applications. We
then discuss the multiple applications of LNPs, including drug
delivery, medical imaging, cosmetics, and others. Furthermore,
we present a landscape of LNP-related research based on a
thorough analysis of the CAS Content Collection.1,2 The CAS
Content Collection is the largest human-curated collection of
published scientific knowledge, proven useful for quantitative
analysis of global scientific publications against variables such as
time, research area, formulation, application, and chemical
composition. The growth and diversity of LNP-related
publications and their distribution among research areas and
applications, as well as countries and organizations, are
examined. Lists of the most widely used chemical substances
involved in LNP formulations are provided, including
phospholipids, PEG-lipids, and cationic lipids. We hope this
report can serve as a useful resource for those interested in LNP
nanotechnologies and the global research effort for their
development.

LIPID NANOPARTICLE BASICS

Liposomes−The Earliest Generation of Lipid Nano-
particles.The term “liposome”was coined in the 1960s, shortly
after it was found that closed lipid bilayer vesicles (Figure 1A)
form spontaneously in water.3−5 The term “lipid nanoparticle”
came into use much later, in the early 1990s, with the beginning
of the era of nanoscience and nanotechnology. Since liposomes
are made of lipids and in most cases are nanosized, they are
rightfully considered as the earliest generation of lipid
nanoparticles.
The potential of liposomes as drug delivery systems was

recognized almost immediately after their discovery. For
example, it is known that over 40% of small-molecule drugs

for cancer treatment exhibit low solubility in water, so the
benefits of drug delivery systems capable of encapsulating these
drugs and enhancing their aqueous solubilities was immediately
appreciated. Liposomes were the earliest nanomedicine delivery
platform to successfully proceed from concept to clinical
application, with a number of approved pharmaceutical
preparations. For example, the earliest approved liposomal
drug was Doxil, a lipid nanoparticle formulation of the antitumor
agent doxorubicin, which is used to treat ovarian cancer.6

Another liposomal drug, Epaxal, is a lipid nanoparticle
formulation of a protein antigen used as a hepatitis vaccine.7

Many other liposomal formulations have been approved for use
as drugs and vaccines, as shown in Table S1 in the Supporting
Information. Liposomes have been used in numerous clinical
trials to deliver anticancer, anti-inflammatory, antibiotic,
antifungal, anesthetic, and other drugs and gene therapies.
Phospholipids such as phosphatidylcholines, phosphatidyle-

thanolamines, phosphatidylserines, and phosphatidylglycerols,
along with stabilizers such as cholesterol, are common liposome
substituents. Liposomes consist of one or several lipid bilayers,
ranging in size between 20 and ∼1000 nm. Hydrophilic drugs
can be enclosed in the aqueous interior of liposomes, while
hydrophobic drugs can be entrapped in the hydrocarbon chain

Figure 1. Schematic representation of (A) liposome, (B) liposome encapsulating hydrophobic and hydrophilic drugs, (C) immunoliposome
functionalized with targeting ligands, and (D) sterically stabilized (“stealth”) liposome functionalized with inert polymers such as PEG.

Figure 2. Suggested structures of lipid nanoparticle nucleic acid carriers: nucleic acids organized in inverse lipidmicelles inside the nanoparticle
(A); nucleic acids intercalated between the lipid bilayers (B).26−29

Figure 3. Schematic presentation of a solid lipid nanoparticle (left)
and a nanostructured lipid carrier (right).
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region of the lipid bilayer (Figure 1B), making liposomes a
versatile drug delivery platform. The structures of liposomes
depend strongly on how they are prepared. Liposomes may be
either unilamellar (small unilamellar vesicles (SUV) with
diameters of 20−100 nm, large unilamellar vesicles (LUV)
with diameters of 100−1000 nm, or giant unilamellar vesicles
(GUV) with diameters >1000 nm) or multilamellar vesicles
(MLV), with diameters of >500 nm, in which concentric bilayers
form an onion-like multilayer structure (Figure S1) in the
Supporting Information.8 Drug delivery systems primarily use
SUV and smaller MLV, while GUV are used mainly as models
for cells.
Size is a critical parameter in determining liposome drug

encapsulation and half-life in circulation, with smaller liposomes
having more chances of escaping phagocyte uptake.9 It has been
generally accepted that particles used for pharmaceutical
purposes, and especially those for parenteral administration,

need to be ≤100 nm.10−12 The size of nanoparticles can be
measured using a variety of techniques such as dynamic light
scattering, size exclusion chromatography, nuclear magnetic
resonance spectroscopy, and microscopy. The particle size
distribution of LNPs can be controlled using manufacturing
methods such as extrusion, sonication, and homogenization;
more recently, microfluidic methods have been successfully used
for LNP manufacture and size control.
The surface charges of LNPs are generally determined by the

lipid head groups, which may be either positively or negatively
charged or zwitterionic. The surface potential, which depends
on the surface charge density, controls the interactions between
particles and the adsorption of counterions and hence the
stability of the nanoparticles. Uncharged particles or particles
with low charge densities tend to aggregate over time, while
more highly charged particles repel each other, preventing
aggregation. The surface charge of nanoparticles is most often
expressed by their zeta potentials, the electrical potential of a
particle measured from a plane just outside the layer of fluid
bound to the particle; it is commonly calculated from its
electrophoretic mobility. Zeta potentials vary linearly with the
fraction of ionic lipids incorporated into the liposomes; zeta
potentials <−30 mV or >30 mV are generally sufficient to
maintain interparticle repulsion and stable particle suspen-
sions.13−15

Cationic Lipid Nanoparticles, Complexes with Nucleic
Acids. Progress in understanding of the genetics of cellular
pathogenesis has made possible therapeutic targeting of
numerous genes involved in human diseases.16 Nucleic acids
have a variety of roles in medicine, including gene therapy agents
and RNA therapeutics.17 However, the development of nucleic
acid therapeutics is hindered by difficulties in their cellular
delivery. The negative charges and hydrophilicity of nucleic
acids impedes their passive diffusion across plasma membranes.
In addition, the association of nucleic acids with serum proteins,
their uptake by phagocytes, and their degradation by
endogenous nucleases interferes with their efficient delivery.
As a result, nucleic acids require delivery vectors to protect them
from degradation and to deliver them to the target cells for
efficient uptake. Viral and nonviral vectors are used to deliver
nucleic acids to cells. Cationic LNPs, comprising stable
complexes between synthetic cationic lipids and anionic nucleic
acids, are the most widely used nonviral delivery system for
nucleic acid drugs.18,19

A large number of cationic lipid amphiphiles have been
synthesized and tested for use as nucleic acid carriers. The
molecular architecture of the cationic lipids is similar to that of
natural lipids, except for the presence of an ionizable (cationic)
head group instead of the zwitterionic or anionic head group of
the natural lipids. They comprise a hydrophobic part with two
alkyl chains or a cholesterol moiety, a positively charged polar
head group, and a linker connecting the polar group with the
hydrophobic moiety. Ionizable lipids which are positively
charged only inside the cell and uncharged in the bloodstream
due to a change in pH value are preferred because they are less
toxic than nonionizable cationic lipids.20 The structures of the
most frequently used cationic lipids in LNP formulations
according to the CAS Content Collection are presented further
in this review (Table 12).
Complexation with positively charged lipids (Figure 2)

stabilizes nucleic acids and increases their resistance to nuclease
degradation, allowing them to be delivered to their desired target
cells. Nucleic acids enter cells by adsorption of the LNPs to the

Table 1. Common Ingredients Used for the Preparation of
SLN and NLC36,40−43

Lipids Emulsifiers/coemulsifiers

Triglycerides Lecithin

Trimyristin (Dynasan 114) Poloxamer 188

Tripalmitin (Dynasan 116) Poloxamer 407

Tristearin (Dynasan 118) Tyloxapol

Mono-, di-, and triglyceride mixtures Polysorbate 20

Witeposol bases Polysorbate 60

Glyceryl stearates (Imwitor 900) Polysorbate 80

Glyceryl behenates (Compritol 888
ATO)

Sodium cholate

Glyceryl palmitostearates (Precirol ATO
5)

Sodium glycocholate

Waxes Taurodeoxycholic acid sodium

Beeswax Butanol and Butyric acid

Cetyl palmitate Cetylpyridinium chloride

Hard fats Sodium dodecyl sulfate

Stearic acid Sodium oleate

Palmitic acid Polyvinyl alcohol

Behenic acid Cremophor EL

Other lipids

Miglyol 812

Paraffin

Figure 4. Cubosomes are nanoparticles comprising lipid in a
bicontinuous bilayer cubic phase (either primitive or diamond
type).
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cell surface followed by their endocytosis and release of the
nucleic acids into the cell. Adsorption of LNPs to and fusion
with the cell membrane are electrostatically promoted because
cell membranes commonly bear negative charges and the
nanoparticle lipids for nucleic acid delivery bear positive
charges; their attraction thus drives membrane fusion and
endocytosis. Once the nucleic acids have entered the cell, release
from their complexes with cationic lipids is necessary for nucleic
acid delivery. The cell’s anionic lipids likely help to release
nucleic acids from LNPs by neutralizing the charge of their
cationic lipid carriers, disrupting the electrostatic interactions
between the lipid carriers and the nucleic acids. Binding of
anionic lipids to the cationic lipids also disrupts the nanoparticle
architecture, leading to formation of nonlamellar structures.21,22

The efficacy of cationic lipid vectors in delivering nucleic acids
has been proposed to correlate to their ability to promote the
formation of nonlamellar lipid phases.19,23 Short-lived non-
lamellar structures are believed to mediate the processes of
membrane fusion; the intermediates that form in membrane
fusion are similar to those that form during lamellar−
nonlamellar phase transformations.24,25

Solid Lipid Nanoparticles and Nanostructured Lipid
Carriers. While liposomes are useful as drug carriers, they
require complex production methods using organic solvents,
exhibit low efficiency at entrapping drugs, and are difficult to
perform on large scales. Solid lipid nanoparticles (SLN) and
nanostructured lipid carriers (NLC) were developed to address
some of these shortcomings (Figure 3). While conventional
liposomes comprise liquid-crystalline lipid bilayers, SLN

comprise solid lipids,30,31 and NLC comprise mixtures of solid
and liquid-crystalline lipids.32,33 The particle sizes of SLN and
NLC vary between 40 and ∼1000 nm. SLN and NLC exhibit
enhanced physical stabilities, addressing one of the main
limitations of liposome-based formulations. SLN and NLC
also have higher loading capacities and higher bioavailabilities of
their cargoes, are produced easily on large scale without the use
of organic solvents, and are more stable to sterilization than
other LNPs. In addition, the reduced mobility of molecules in
the solid state allows SLN and NLC to control the release of
their drug payloads more precisely. However, on long-term
storage, crystallization of SLN can expel the incorporated drugs
into the surrounding media.34 NLC were then designed by
introducing small amounts of lipids liquid at room temperature
into SLN, reducing the degree of crystallinity of the lipid core.
The reduced crystallinity of NLC suppresses expulsion of the
drug from the matrix and enhances the drug-loading capacities
and physical and chemical long-term stabilities of the nano-
particles.35,36

SLN and NLC are composed of lipids and stabilizing agents
such as surfactants and other coating materials (Figure 3).
Typical lipid constituents are shown in Table 1, including fatty
acids, fatty alcohols, glycerides, and waxes. Surfactants, located
at the lipid−water interface, reduce the interfacial tension
between the lipid and the aqueous phases and improve the
stabilities of the resultant formulations. A list of commonly used
surfactants/emulsifiers in LNP preparation is also included in
Table 1. SLN and NLC are usually produced using various
organic solvent-free methods, such as high-pressure homoge-

Table 2. Example Ligands and Receptors Tested as LNP-Targeting Agents in Cancer Therapies88−92

Targeting ligand Target receptor Targeted cancer

Folate93,94 Folate receptor Cancers overexpressing folate receptor

Transferrin95,96 Transferrin receptor Cancers overexpressing transferrin receptor

Granulocyte-macrophage colony-stimulating
factor (GM-CSF)97

GM-CSF receptor Leukemic blasts

RGD (Arg-Gly-Asp tripeptide)98 Cellular adhesion molecules, such as integrins Vasculature endothelial cells in solid tumors

NGR (Asn-Gly-Arg tripeptide)99 Aminopeptidase N (CD13) Vasculature endothelial cells in solid tumors

Anti-VEGFR antibody100 Vasculature endothelial growth-factor receptor
VEGFR (FLK1)

Vasculature endothelial cells in solid tumors

Anti-ERBB2 antibody (Trastuzumab)101 ERBB2 (erythroblastic oncogene B2) receptor Cancers overexpressing ERBB2 receptor, such as in breast
and ovarian cancers

Anti-CD20 antibody (Rituximab, Ibritumomab
tiuxetan)102

CD20, B-cell surface antigen Non-Hodgkin’s lymphoma, B-cell lymphoproliferative
diseases

Anti-CD22 antibody (Epratuzumab)103,104 CD22, B-cell surface antigen Non-Hodgkin’s lymphoma, B-cell lymphoproliferative
diseases

Anti-CD33 antibody (Gemtuzumab)105,106 CD33, a sialo-adhesion molecule, leukocyte
differentiation antigen

Acute myeloid leukemia

Anti-CD25 antibody (Denileukin diftitox)107,108 Interleukin-2 receptor Cutaneous T-cell lymphoma

Antitenascin antibody109 Extracellular-matrix protein overexpressed in many
tumors

Glial tumors, breast cancer

Anti-MUC1 antibody110,111 MUC1, an aberrantly glycosylated epithelial mucin Breast and bladder cancer

Anti-TAG72 antibody59,61 TAG72, oncofetal antigen tumor-associated
glycoprotein-72

Colorectal, ovarian and breast cancer

Anti-CEA antibody110,112 Carcinoembyonic antigen (CEA) Colorectal, small-cell lung and ovarian cancers

Table 3. Examples of Stimuli-Responsive Liposomes for Enhanced Anticancer Drug Delivery

Stimuli Anticancer Drug Liposome Composition Tumor

Temperature Doxorubicin DPPC:MSPC:DSPE-PEG2000 (86.5:9.7:3.8, mol %)126 Ovarian cancer

DPPC:MSPC:DSPEmPEG2000 (21.6:2.6:1.0, molar ratio)127 Breast tumor

pH Doxorubicin DOPE, DSPE-PEG-H7K(R2)2 Glioma, Glioblastoma

(lipid−peptide conjugate with the pH-sensitive peptide H7K(R2)2
128

Magnetic field 5-Fluorouracil Phosphatidylcholine129 Colon carcinoma

Laser irradiation AMD3100 Soybean phosphatidylcholine130 Osteosarcoma, Breast cancer
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nization, high-speed stirring, ultrasonication, emulsion/solvent
evaporation, double emulsion, phase inversion, and solvent
injection.31,37−39

Nonlamellar Lipid Nanoparticles. Other types of LNP
structures have also been investigated for use in drug delivery.
Technologies relating to the use of nonlamellar lipid phases in
drug delivery and the use of inverted cubic and hexagonal liquid-
crystalline phases in controlled release formulations for delivery
of inhaled drugs were published in the 1980s.44,45

More recently, cubosomes, highly stable nanoparticles formed
from lipid cubic phases (Figure 4) and stabilized by polymer-
based outer coronas, were developed as lipid pharmaceutical
nanocarriers.46−50 Liquid-crystalline lipid cubic phases consist
of single lipid bilayers that form a bicontinuous periodic lattice
structure with pores formed by two interwoven water channels.
Cubosomes are highly stable under physiological conditions.
The composition of a cubosome can be tuned to customize its
pore sizes and to include bioactive lipids; the polymeric outer
corona can be used to control where the cubosome payload is
released. Cubosomes provide a significantly higher membrane
surface area for loading of membrane proteins and small-
molecule drugs than do liposomes. This combination of
properties allows cubosomes to be used in a variety of
applications, such as drug delivery systems, membrane
bioreactors, artificial cells, and biosensors.
Cubosomes are composed of amphiphilic lipids and a

stabilizer. The amphiphilic lipid is the major component;
upon hydration, the lipid spontaneously forms a cubic liquid-
crystalline phase. The stabilizer is typically a polymer that
prevents the reconstitution of the cubosome into a bulk cubic
phase. The most frequent compositions of cubosomes use
monoolein (glyceryl monooleate) as the lipid component with
poloxamer 407 as a stabilizing surfactant; the monoglyceride/

surfactant mixture makes up between 2.5% and 10% of the total
weight of the dispersion. Polyvinyl alcohol is also used in
addition to poloxamer 407 as a stabilizer for the dispersion.51

Hexosomes are another type of LNP, in which lipids form a
nonlamellar phasethe inverted hexagonal phase HII. Their
compositions are similar to those of cubosomes, containing
amphiphilic lipids, a polymeric stabilizer, and water.52,53

Micelles are nonlamellar lipid nanosized particles with a
hydrophobic core and hydrophilic shell; they have been used
successfully to solubilize poorly water-soluble pharmaceuti-
cals.54,55 Reverse micelles, with a hydrophilic core and
hydrophobic shell, have been used to encapsulate hydrophilic
molecules such as nucleic acids in complex lipid car-
riers.26,27,56,57

Ethosomes. Ethosomes are phospholipid nanoparticles
containing a high proportion (20−45%) of ethanol. The
added ethanol increases the permeabilities and elasticities of
the ethosomes, allowing them to perform transdermal delivery
of drugs and cosmetics by squeezing through the pores of
stratum corneum, the outermost layer of skin. This delivery
route offers an alternative method to deliver liposomal
formulations, avoiding the complications caused by the
gastrointestinal tract in oral drug delivery.58 Commercial
products using ethosomal formulations include anticellulite
(Cellutight EF, Noicellex, Skin Genuity, Osmotics Lipoduction)
and antiaging (Decorin) agents, hair growth stimulants
including Minoxidil (Nanominox) and Acyclovir (Supravir),
and topical creams for the treatment of herpes virus infections.59

Echogenic Liposomes. Echogenic liposomes are acousti-
cally active liposomes utilized as ultrasound contrast agents.60

They have been developed following the discovery that
microscopic bubbles of gas reflect diagnostic ultrasound
waves. Gas−liquid interfaces provide a large discontinuity in

Figure 5. Timeline of liposome/LNP advancement. (Upper part) Technological advancement. Publications on LNPs, correlated to the timeline
of LNP advancement: The discovery of liposomes;3 Enzyme entrapment into liposomes;136 Immunoliposomes;80,137,138 Procedures for
liposome formation;139,140 Thermoresponsive liposomes to local hyperthermia;124,141,142 pH-sensitive liposomes;121 Liposome
targeting;77,143,144 Cationic lipids for gene delivery;18,145,146 Long-circulating (“Stealth”) liposomes;115,116,147 Folate receptor target-
ing;81,84,144,148,149 Solid lipid nanoparticles and nanostructures lipid carriers;31,35,150,151HER2 receptor targeting;152−154 Transferrin receptor
targeting;155−158 Temperature-sensitive liposomes;122,142,159,160 Stimuli-responsive liposomes;123,149,161 Cubosomes.46,47,50,162 (Lower part)
Examples of FDA-approved LNP drugs. The earliest approved liposomal drug Doxil;6 The earliest FDA-approved LNP-based nucleic acid
(siRNA) drug Onpattro;163 LNP-based mRNA vaccines for COVID-19 approved;164,165 Useful general reviews.166−173 For a full list of
approved LNP-based drugs, see Table S1 in the Supporting Information.
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density and reflect sound very efficiently. Encapsulated into
liposomes, gas microbubbles provide improvements in medical
acoustic imaging.61 Echogenic liposomes also offer additional
therapeutic applications, such as ultrasound-controlled drug
delivery60,62,63 and ultrasound-enhanced thrombolysis (sono-
thrombolysis).64,65

Procedures for LNP Formation. A wide variety of
techniques are used to control the properties of LNPs, including
their sizes, numbers of concentric bilayers (lamellarity), and
their ability to encapsulate various compounds.66−69

The film hydration method represents the simplest and oldest
method used for liposome preparation. Lipids are initially
dissolved in an organic solvent and then dried down to yield a
thin film at the bottom of a vial. The lipid film is hydrated to
produce a liposomal dispersion. The hydration conditions affect
the structure of the formed vesiclesgiant unilamellar vesicles
(GUV) are formed by gentle hydration, while multilamellar
vesicles (MLV) with poor size homogeneity are formed upon
intense agitation. Probe or bath sonication can be used to
produce small unilamellar vesicles (SUV). Consecutive
extrusion through polycarbonate filters of defined pore sizes
can also be used to control liposome diameter; the number of
extrusion cycles is important in determining the homogeneity of
the liposomes formed.70

Another traditional liposome preparation technique is reverse
phase evaporation, involving formation of a water-in-oil
emulsion between an aqueous phase and an organic phase
containing lipids. The mixture is briefly sonicated to
homogenize it; removal of the organic phase under reduced
pressure yields a gel and then a liposomal suspension.71 The
solvent injection technique for liposome formation involves the
rapid injection of a lipid solution (in ethanol or diethyl ether)
into an aqueous medium.72 The detergent removal liposome
preparation technique involves dissolution of phospholipids in
an aqueous solution containing detergents at their critical
micelle concentrations (CMC) followed by removal of the
detergents by dialysis or other means. Dilution of the resultant
suspension with water or aqueous solutions reconstitutes the
formed micelles; over time, the micelles convert to liposomes.70

In the heating method for liposome preparation, lipids are
hydrated and then heated above the transition temperature of
the phospholipids in the presence of a hydrating agent such as
glycerin or propylene glycol. This method is attractive because it
does not involve an organic solvent.8,73

A successful recent liposome production technique is
microfluidic hydrodynamic focusing, in which a stream of lipid
in alcohol solution is forced to flow in the central channel of a
device, intersected, and sheathed by coaxial stream(s) of an
aqueous phase. Reciprocal diffusion of alcohol and water across
the focused alcohol/water interface causes the lipid to
precipitate and self-assemble into liposomes.69,72,74 Other
recently developed techniques for producing liposomes include
cross-flow injection69 and methods using supercritical flu-
ids.68,72

Similarly, preparation of other types of LNP, such as SLN,
NLC, and cubosomes, includes various methods for homoge-
nization (high-shear homogenization, hot or cold homoge-
nization, high-speed homogenization), ultrasonication, and
microfluidization.75,76 Ultrasonication, extrusion, and micro-
fluidic methods have been most often used to control LNP size,
according to the CAS Content Collection.
Functional Modifications of LNPs. Despite their advan-

tages, unmodified LNP drug delivery systems have significant

limitations such as lack of targeting selectivity, short blood
circulation time, and instability in vivo. Improved LNP
formulations were designed to overcome each of these
shortcomings.

Targeted Liposomes. Targeted liposomes were designed
with surface-attached ligands (Figure 1C) to recognize and bind
to specific receptors on cells.77Generally, targeted liposomes are
prepared by conjugating small-molecule ligands, peptides or
monoclonal antibodies to the surface of LNPs.78,79 Antibodies
were initially used to construct actively targeted liposomes
(immunoliposomes). For example, the efficiency of liposomes
modified with an IgM ligand was 100 times higher than that of
unmodified liposomes.80 Certain receptors, such as the folate
receptor and the transferrin receptor, are overexpressed onmany
cancer cells, and their corresponding ligands have been used to
direct liposomes to these types of cells or tissues.81−84 Folate
receptors bind strongly to their ligand, folic acid, allowing for
specificity for tumor cells over noncancerous cells. The lack of
immunogenicity of folic acid and the ability of its conjugates to
be taken into cells nondestructively by endocytosis make folates
preferable to protein-based targeting ligands. Folate receptors
are also overexpressed on macrophages, which are present in
inflammatory diseases such as psoriasis, Crohn’s disease,
atherosclerosis, and rheumatoid arthritis; thus, folate-mediated
targeting can also be used to deliver antiinflammatory drugs.85

Transferrin receptors are overexpressed in rapidly proliferating
cancer cells to meet the increased iron demands of tumor cells,
making possible the development of transferrin receptor-
targeted anticancer therapies.86 The epidermal growth factor
receptor (EGFR), a tyrosine kinase receptor, is overexpressed in
many solid tumors, including colorectal, nonsmall-cell lung
cancer, squamous cell carcinoma, and breast cancer, making it an
attractive target for therapeutic drug delivery.87 Examples of
ligands used in LNP targeting are shown in Table 2.

″Stealth” Liposomes. While immunoliposomes were highly
selective for specific cell types, they were rapidly removed from
the blood flow by phagocytes. To remedy this, liposomes were
coated with biocompatible inert polymers, typically poly-
(ethylene glycol) (PEG), making them invisible to phagocytes
(“stealth” liposomes) (Figure 1D). PEGylation (covalently
attaching PEG to a compound) was initially invented to help
protein drugs to avoid the body’s immune response113,114 but
was later found to be also very effective at improving the surface
properties of the liposomes by preventing access to their surface
through steric hindrance.115−117 The circulatory half-life of
liposomes depends on the length and density of the polymer
chains on the liposome surface, allowing stable, sterically
stabilized liposomes to be prepared.118The increased circulation
half-lives of sterically stabilized liposomes also increase their
passive accumulation in cancer tissues by the enhanced
permeation and retention (EPR) effect, further increasing
their effectiveness.119

Stimuli-Responsive Liposomes. Another useful liposome
modification includes formulations designed to release
encapsulated drugs controllably when exposed to physicochem-
ical or biochemical stimuli (stimuli-responsive liposomes).
These drug delivery systems respond to specific triggers to
release their cargo where needed, increasing drug efficacy and
reducing adverse effects. Liposomes responsive to temperature,
changes in pH, enzymes, light, magnetic and electrical fields, and
ultrasound have been studied.120 Among these stimuli, pH
change is themost promising due to the existence of multiple pH
gradients in the body.121 When triggered by a stimulus, LNPs
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undergo a phase transition (either between the gel and liquid-
crystal phases or between lamellar and nonlamellar phases),
increasing their membrane permeability.122 Temperature-
responsive systems have been studied extensively for anticancer
drug delivery.120,123 When exposed to mild local hyperthermia,
the lipids approach their liquid-crystalline phase transition
temperatures, creating disorder between their solid and fluid
domains and becoming more permeable to water-soluble
molecules. This results in burst release of the entrapped drug
within the tumor.124,125 Table 3 provides examples of stimuli-
responsive liposomes.

Toxicity of Lipids Used in LNP Formulations. Since
LNPs are mainly composed of natural lipids, they have been
considered pharmacologically inactive and minimally toxic.
However, in some cases, LNPs are not immunologically inert131

while LNP constituents are unnatural compounds which may be
toxic to human cells.132 For example, while cationic lipids offer
great promise as carriers for the delivery of fragile compounds
such as nucleic acids, some cationic lipids cause cytotoxicity.133

In some cases, cationic lipids reduce mitosis in cells, form
vacuoles in the cytoplasms of cells, and cause detrimental effects
on key cellular proteins such as protein kinase C.134 The
cytotoxicity of cationic lipids depends on the structures of their

Figure 6. Approved LNP drugs and the diseases they target (more details in Table S1).

Figure 7. Key players operating in the global LNP drug delivery market according to a recent market analysis180 and the summary of the LNP-
based marketed drugs (Table S1).
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hydrophilic head groups; amphiphiles with quaternary ammo-
nium head groups are more toxic than those with tertiary amine
head groups.134 The effect of the hydrophobic chains on the
toxicity of lipids is not well studied, hindering the design of less
toxic lipids. The hydrophobic portions of lipid molecules
strongly modulate their phase behavior and their usefulness for
LNP, but the presence of certain lipid phases also correlates to
membrane damage and cytotoxicity.25 PEG−lipid conjugates
may also cause undesired toxicity, while LNPs containing PEG−
lipid conjugates are known to interact with immune cells to
generate undesired antibodies against some PEGylated lipids.135

Timeline of Liposome/LNP Advancement. A timeline of
liposome/LNP advancement is shown in Figure 5.

APPLICATIONS OF LIPID NANOPARTICLES

Drug and Vaccine Delivery. Clinically Approved LNP-
Based Pharmaceuticals. Liposomes have been recognized as a
powerful tool in medicine for over 50 years. Their ability to
encapsulate and deliver therapeutics controllably to specific
locations within the body makes them useful for treating a
variety of diseases. A number of LNP drug formulations have
been approved and used inmedical practice (Figure 6).88,174−179

More information on these formulations is included in Table S1
in the Supporting Information. A selection of key players
operating in the global liposome drug delivery market according

to a recent market analysis,180 as well as from the summary of the
LNP-based marketed drugs (Table S1), is shown in Figure 7.
The largest single application of LNPs in drug delivery is in

cancer treatment (Figure 6), because of the improved
bioavailability and selectivity of LNP-encapsulated antitumor
agents over the free drugs. Lipid-based nanocarriers reduce the
toxicity of anticancer drugs to normal tissues, increase the water
solubilities of hydrophobic drugs, extend the drug residence
time, and improve control over drug release.92,181,182

LNPs also improve the efficacy of cancer therapies through
the enhanced permeability and retention (EPR) effect.183 Rapid
but defective angiogenesis in tumors leads to blood vessels that
possess large fenestrations (>100 nm in size) through which
LNP can readily pass. The tumor blood vessels are thus much
more permeable to LNPs, allowing their selective accumulation
in tumors when administered intravenously. In addition,
dysfunctional lymphatic drainage in tumors reduces the rate at
which LNPs leave tumors and thus improves their retention.
The accumulation of LNPs in tumors as a result of the EPR effect
allows the nanoparticles to release the antitumor agents
selectively in the vicinity of tumor cells.
Doxil was the earliest approved anticancer nanoformulation

and the earliest approved liposomal drug. The formulation was
designed to improve the pharmacokinetics and biodistribution
of the anthracycline drug doxorubicin, which is a potent

Table 4. Lipid Constituents of the LNP Carriers of the COVID-19 mRNA Vaccines164,165,195−197

Lipid Name Role Abbreviation or Lab Code CASRegistry Number

BNT162b2 vaccine (Pfizer/BioNTech)

(4-hydroxybutyl)azanediyl bis(hexane-6,1-diyl)bis(2-hexyldecanoate) ionizable cationic lipid ALC-0315 2036272-55-4

(2-hexyldecanoate), 2-[(polyethylene glycol)-2000]-N,N-ditetradecylacetamide PEG-lipid ALC-0159 1849616-42-7

1,2-distearoyl-sn-glycero-3-phosphocholine helper lipid DSPC 816-94-4

cholesterol helper lipid Chol 57-88-5

mRNA-1273 vaccine (Moderna)

heptadecan-9-yl 8-((2-hydroxyethyl)(6-oxo-6-(undecyloxy)hexyl)amino)octanoate ionizable cationic lipid SM-102 2089251-47-6

1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000 PEG-lipid PEG2000-DMG 160743-62-4

1,2-distearoyl-sn-glycero-3-phosphocholine helper lipid DSPC 816-94-4

cholesterol helper lipid Chol 57-88-5

Figure 8. Structures of the lipid constituents of the LNPs of the COVID-19 mRNA vaccines164,165,195−197
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anticancer agent but is cardiotoxic.184 Doxil takes advantage of
EPR, using sterically stabilized nanoparticles (∼100 nm) to
extend the circulation time in human plasma while reducing
doxorubicin’s cardiotoxicity. It was developed as an intravenous
injection for the management of advanced ovarian cancer,
multiple myeloma, and HIV-associated Kaposi’s sarcoma.6 The
LNPs used for Doxil are composed of hydrogenated soy
phosphatidylcholine, cholesterol, and DSPE-PEG2000.185

The second largest group of liposomal dugs comprises
fungicides (Figure 6). Amphotericin B, a broad-spectrum
polyene antibiotic, has been in medical use for decades and is
considered the gold standard for treating invasive fungal

infections. It targets cell membranes, exhibiting higher affinity
for ergosterol-containing membranes typical of fungal cells than
for cholesterol-containing mammalian cell membranes.186

While it has high antifungal activity, amphotericin B also has
severe side effects, particularly nephrotoxicity. It is amphipathic
and characterized by complicated self-association behavior, with
different types of aggregates displaying different solubilities and
toxicities; the aggregation state also correlates to drug
efficacy.187 Thus, controlling the aggregation state of the drug
may enhance its therapeutic effect and lower its toxicity. Such
aggregation control has been achieved via lipid nanoformula-
tions.188,189 Several lipid-based nanoparticle preparations of

Table 5. Clinical Trials of LNP-Formulated mRNA Drugs and Vaccines208,210

Disease mRNA/encoding sequence NCT Number/Phase

Infectious disease vaccines

Rabies mRNA/Rabies virus glycoprotein (RABV-G) NCT03713086/Phase I

Zika Virus mRNA-1893/Structural proteins of Zika virus NCT04064905/Phase I

mRNA-1325/Zika virus antigen NCT03014089/Phase I

Cytomegalovirus (CMV) mRNA-1647 and mRNA-1443/Pentamer complex and full-
length membrane-bound glycoprotein B and pp65 T cell
antigen of CMV

NCT03382405/Phase I

hMPV and PIV3 mRNA-1653: Fusion proteins of hMPV and PIV3 NCT03392389/Phase I

Tuberculosis GSK 692,342/Immunogenic fusion protein (M72) derived
from Mycobacterium tuberculosis

NCT01669096/Phase II

Influenza VAL-506440/H10N8 antigen NCT03076385/Phase I

VAL-339851/H7N9 antigen NCT03345043/Phase I

COVID-19 ChulaCov19 mRNA/SARS-Cov2-spike protein-binding IgG
antibody

NCT04566276/Phase I/II

self-amplifying mRNA (SAM) platform/anti-Spike IgG
antibodies GMCs

NCT04758962/Phase I

Chimpanzee Adenovirus serotype 68 (ChAd) and self-
amplifying mRNA (SAM) vectors/Spike (ChAdV68-S)

NCT04776317/Phase I

Cancer immunotherapy

Melanoma mRNA-4157/personalized cancer vaccine targeting 20 tumor-
associated antigens

NCT03897881/Phase II

RBL001.1; RBL002.2; RBL003.1; RBL004.1/malignant
melanoma-associated antigens

NCT02410733/Phase I

Ovarian Cancer W_ova1 vaccine: Three ovarian cancer tumor associated
antigens mRNAs

NCT04163094/Phase I

Triple-negative breast cancer IVAC_WAREHOUSE_bre1_uID; IVAC
MUTANOME_uID/personalized cancer vaccine targeting
tumor-associated antigens

NCT02316457/Phase I

Solid tumors mRNA-4157/personalized cancer vaccine targeting 20 tumor-
associated antigens

NCT03313778/Phase I

Melanoma, Colon cancer, Gastrointestinal cancer, Genitourinary
cancer, hepatocellular cancer

NCI-4650/mRNA-based, Personalized Cancer Vaccine NCT03480152/Phase I/II

Melanoma, NSCLC, Bladder Cancer, Colorectal Cancer, Triple
Negative Breast Cancer, Renal Cancer, Head

RO7198457/personalized cancer vaccine targeting tumor-
associated antigens

NCT03289962/Phase I

Relapsed/Refractory Solid Tumor Malignancies or Lymphoma,
Ovarian Cancer

mRNA-2416/OX40L NCT03323398/Phase I and
II

Solid Tumor Malignancies, Lymphoma, Triple Negative Breast
Cancer, Head and Neck Squamous Cell Carcinoma, Non-Hodgkin
Lymphoma, Urothelial Cancer

mRNA-2752/Human OX40L, IL-23, and IL-36γ NCT03739931/Phase I

Adult Glioblastoma Autologous total tumor mRNA and pp65 full length lysosomal
associated membrane protein (LAMP) mRNA loaded
DOTAP liposome vaccine

NCT04573140/Phase I

Protein-replacement therapies

Propionic Acidemia mRNA-3927/α and β subunits of the mitochondrial enzyme
propionyl-CoA carboxylase

NCT04159103/Phase I and
II

Isolated Methylmalonic Acidemia mRNA-3704/methylmalonyl-coenzyme A mutase (MUT) NCT03810690/Phase I and
II

Ornithine Transcarbamylase Deficiency MRT5201/Ornithine transcarbamylase NCT03767270/Phase I and
II

Cystic Fibrosis MRT5005/Human Cystic Fibrosis Transmembrane Regulator
protein (CFTR)

NCT03375047/Phase I and
II

Carnitine Palmitoyl Transferase 2 Deficiency CPT2 mRNA/Carnitine Palmitoyl Transferase 2 NCT00336167/Phase I

Hereditary Transthyretin Amyloidosis with Polyneuropathy Cas9 mRNA/NTLA-2001 (CRISPR/Cas9 technology) NCT04601051/Phase I
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amphotericin B have been developed (Figure 6; Table S1),
which exhibit favorable pharmacokinetic profiles and signifi-
cantly reduce the side effects of this drug.188

Nucleic acid therapeutics are an emerging class of drugs
showing potential for treating various diseases. However, since
nucleic acids are polyvalent anionic and highly hydrophilic
molecules, they are hardly taken up into cells. They are also
easily degraded by nucleases in the blood. Therefore, they
require a delivery vector in order to enter cells and to be
effective. LNP carriers are one of the successful methods for
delivering nucleic acid drugs.190,191 The nucleic acid drug
Patisiran (ONPATTRO), an siRNA formulated in LNPs to
reduce transthyretin protein formation in the liver, recently
received FDA approval for the treatment of hereditary
transthyretin-mediated amyloidosis. It is the earliest approved
siRNA drug and the earliest LNP-formulated nucleic acid drug,
marking an important milestone in nucleic acid therapeutics
development.163,192

LNPs in the COVID-19mRNA Vaccines.The latest successful
use of LNPs is as the delivery vehicle in the two recently
approved COVID-19 messenger RNA (mRNA) vaccines by
Pfizer/BioNTech and Moderna, which have been developed
with unparalleled speed and have shown notable effectiveness in
disease prevention.29,164,165,193,194 The vaccines deliver mRNA
encoding for the SARS-CoV-2 spike protein into the cytoplasm
of host cells; the mRNA is translated into the spike protein,
which acts as an antigen and leads to development of an immune
response to the virus. The mechanism of action of the mRNA
mediated vaccines is depicted in Figure S2 in the Supporting
Information.
The compositions of the lipid nanoparticles of the twomRNA

vaccines are very similar. Both contain an ionizable lipid which is
positively charged at low pH (enabling RNA complexation) and
neutral at physiological pH (reducing the potential toxic effects
and facilitating payload release). They also contain a PEGylated
lipid to reduce antibody association (opsonization) by serum
proteins and clearance by phagocytes thus conferring longer
systemic circulation. The phospholipid distearoylphosphatidyl-
choline (DSPC) and cholesterol help to pack the cargo into the
LNPs (Table 4).164,165,195−198 The molar ratios of the cationic
lipid:PEG-lipid:cholesterol:DSPC are (46.3:1.6:42.7:9.4) for
the Pfizer and (50:1.5:38.5:10) for the Moderna vaccine.199

Those nanoparticles are 80−100 nm in diameter200 and contain
approximately 100 mRNA molecules per lipid nanoparticle.201

Proprietary cationic lipidsALC-0315 (Pfizer) and SM-102
(Moderna) (Figure 8)are used in the COVID-19 vaccine
nanoparticles; both lipids are tertiary amines which are
protonated (and thus positively charged) at low pH. Their
hydrocarbon chains are connected through biodegradable ester
groups, enabling safe clearance after mRNA delivery. The
cationic lipids used in the mRNA vaccines contain branched
hydrocarbon chains (Figure 8), which optimize the formation of
nonlamellar phases and the mRNA delivery efficiency. The
PEG-lipids are both PEG-2000 conjugates. The LNPs are
prepared at low pH (pH 4.0), at which the ionizable lipid is
positively charged, so that it can easily form complexes with
mRNA.202 A microfluidic device is used to mix a stream
containing mRNA in water with a stream containing a lipid
mixture in ethanol. When rapidly mixed, the constituents of
these two streams form nanoparticles which entrap the
negatively charged mRNA.203−205

LNP-Based mRNA Vaccines and Therapeutics in Clinical
Trials. mRNA vaccines and therapeutics hold great promise inT
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prevention and treatment of diseases. LNP-enabled intracellular
delivery of mRNA allows the expression of virtually any desired
protein inside the host cells.206 An important feature of mRNA-
based therapeutics is the low risk of insertional mutagenesis.207

Unlike DNA therapies, mRNA does not need the machinery of
the nucleus to perform its task. Because mRNA does not
integrate into the host genome, the risk of carcinogenesis and
mutagenesis from mRNA-based therapeutics is reduced,
improving their safety. Lastly, the manufacture of mRNA is
more readily standardized than the production of DNA and
affords much better reproducibility.208

mRNA vaccines have revolutionized vaccine development
because of their high efficacies, accelerated development cycles,
and potential for low-cost manufacture.209 The rapid develop-
ment of mRNA vaccines would not have been possible without
advances in LNP technologies to deliver nucleic acids. LNP-
based mRNA vaccines have entered clinical trials against a
variety of infectious diseases, such as nucleoside-modified
mRNA vaccines for Zika virus, cytomegalovirus, tuberculosis,
and influenza (Table 5).210 mRNA therapeutic vaccines have
great potential in cancer immunotherapy against melanoma,
ovarian cancer, breast cancer, and other solid tumors (Table
5).208,209 LNP vectors are crucial for the successful intracellular
delivery of mRNA to the cytosol of immune cells, particularly
antigen-presenting immune cells, which are responsible for
triggering the desired immune responses.
The use of mRNA for the expression of therapeutic proteins

bears promise in treating a wide range of diseases. Protein
replacement therapy is a medical therapy that replaces or
supplements a protein which is deficient or missing in a
patient.211 It is achieved by engineering mRNA to code for the
protein of interest.212 LNPs are the preferred vehicle to deliver
mRNA to cells, but LNP-based mRNA drugs typically require
repetitive dosing through prolonged time-periods and thus need
careful safety analyses and tests. The earliest study using LNP-
formulated mRNA for protein replacement therapy was
published only in 2016, using LNP-entrapped mRNA encoding
human frataxin as a potential therapeutic agent against
Friedreich’s ataxia.213

Medical Imaging.Medical imaging plays an essential role in
modern precision medicine. Medical imaging is used to improve
disease diagnosis, monitor drug delivery, verify response to
therapy, and guide minimally invasive procedures. Traditional
imaging methods such as magnetic resonance imaging (MRI),
computed tomography (CT), positron emission tomography
(PET), and single photon emission computed tomography
(SPECT) have limited resolution and specificity. Nanoparticle
delivery systems such as LNPs and their versatile surface
functionalization provide opportunities to enhance the reso-
lution and specificity of those imaging methods.214

Due to the EPR effect, liposomes are more likely to
accumulate in tumor tissue than normal tissues. Radiolabeled
liposomes have been applied for imaging of various cancers. A
recent application of the radiolabeled liposomes is in early
detection of cancer metastases, by localizing the sentinel lymph
node, the initial lymph node receiving metastatic tumor cells.215

Various PET and SPECT radioisotopes have been conjugated to
liposomes for use as imaging agents.216 The most common
radionuclides for radiolabeling liposomes are technetium-99m
(99mTc), indium-111 (111In), and gallium-67 (67Ga).217−223

These radionuclides have different half-lives and photon
energies, so they may be applied to meet the requirements of
a particular application. For example, 99mTc has a half-life of 6 h

and allows imaging up to 24 h after injection, while 111In has a
longer half-life of 68 h and is useful when delayed imaging of a
slow physiological process is needed. There are various methods
for liposome radiolabeling. Radiolabels may be encapsulated in
the aqueous core of the liposome during the manufacturing
process or nonspecifically attached to the liposome surface. A
chelator with high affinity for the radionuclide may be covalently
attached to the head group of a lipid and the lipid−chelator
conjugate added to the liposome formulation during produc-
tion, this way enhancing its stability.216

Liposomes can also provide a suitable biocompatible
nanocarrier platform for developing MRI diagnostics.224 For
example, liposomes comprising a gadolinium-chelating lipid,
such as 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
diethylenetriamine pentaacetic acid (PE-DTPA (Gd)) have
been administered intravenously to visualize thrombi or
obstructions in blood vessels.225 One of the important
advantages of entrapment ofMRI contrast agents into liposomes
is the reduced toxicity of the formulations.226

The term theranostics was recently coined as a portmanteau
of therapeutics and diagnostics. Theranostics combine pharma-
ceutical and diagnostic techniques to simultaneously or
sequentially diagnose and treat diseases at their earliest stages.227

LNPs incorporating diagnostic and pharmaceutical agents are
called hybrid LNPs. Diagnostic probes such as fluorescent dyes
or quantum dots can be encapsulated into liposomes;228 at the
same time, pharmaceutical agents such as doxorubicin,
docetaxel, cisplatin, asanginex, or endostatin can be entrapped
in LNPs.229,230 For example, liposome−quantum dot hybrids
loaded with the cytotoxic drug doxorubicin have been developed
as theranostics. Encapsulation of quantum dots into the lipid
bilayers of LNPs makes the quantum dots soluble under
physiological conditions while liposomes loaded with doxor-
ubicin are retained by tumors and more selective for cancer cells
than the free drug, resulting in LNPs capable of both labeling
and killing cancer cells.229Notable examples of patents from the
CAS Content Collection related to the use of LNPs in
theranostic formulations are listed in Table 6.

Cosmetics.The cosmetics industry was among the earliest to
recognize and employ nanotechnology advances in various
product development. Anticipated advantages of liposomal
cosmetic formulations include enhanced stability and efficacy of
these formulations, as well as successful penetration of the
ingredients into the skin. A variety of marketed liposomal
cosmetics are currently in use. The earliest product incorporat-
ing liposomes, Capture, was introduced by C. Dior in 1986. It
contains thymus extract, collagen and elastin peptides, and
hyaluronic acid in soya lecithin liposomes.231 Another product
containing hyaluronic acid in a liposomal delivery preparation is
the Advanced Night Repair Protective Recovery Complex
introduced by Esteé Lauder. The formulation neutralizes and
repairs the damage caused by UV-generated free radicals and
moisturizes as well. L’Oreál has introduced an antiwrinkle
liposomal product, Revitalift Double Lifting, containing pro
retinol A.232 Royal Jelly Lift Concentrate of Jafra Cosmetics
International includes liposomes with a complex mixture of
amino acids, vitamins, and minerals, to stimulate cell renewal
and prevent skin wrinkles.232 Liposomes are also formulated in
commercial products with various extracts, moisturizers,
antibiotics, and proteins, for uses such as wound healing,
sunburn relief, hair conditioners, antiaging products, and long-
lasting perfumes. A summary of marketed LNP cosmetic
products is included as Table S2 in the Supporting Information.
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Nutrition. LNPs are increasingly prominent in the food
industry and in nutrition.233−235 LNPs have been used to control
the delivery of functional components such as proteins,
enzymes, vitamins, and flavors in various food and nutritional
applications. The term “nutraceutical” is used to describe
formulations potentially providing both pharmaceutical and
nutritional benefits.236−238 These formulations may involve
nutrients, dietary supplements, herbal preparations, and
genetically engineered and processed foods. Recently, the use
of solid lipid nanoparticles (SLN) and nanostructured lipid
carriers (NLC) in food and dietary supplements has markedly
increased due to their advantages in higher loading capacities,
higher bioavailabilities of their cargoes, and easier large-scale
production. For example, SLN are used to incorporate food-
related bioactive compounds including essential oils such as
peppermint oil, vitamins such as vitamins A, B2, B12, D2, and E,
palm oil, coconut oil, copaiba oil, rosmarinic acid, resveratrol,
and hesperidine.239 NLC have been used to encapsulate food-
related ingredients such as rutin, curcumin, quercetin,
astaxanthin, vitamin C, vitamin A palmitate, α-lipoic acid, and
green tea extract.239 Notable examples of patents from the CAS
Content Collection related to LNP formulations for use in
nutrient and nutraceutical encapsulation and delivery are
presented in Table 7.
Agriculture. LNPs have been studied in agriculture as

delivery systems for agrochemicals and as model membrane
systems. A list of notable patents from the CAS Content
Collection related to LNPs in agrochemical formulations is
presented in Table 8.
Nanoreactors. A recent application of LNPs is as nano-

reactors, nanoscale chemical reactors applied to nanotechnology
and nanobiotechnology. For example, LNPs have been used as
nanoreactors for the size-controlled synthesis of metal nano-
particles.240−242 Metal nanoparticles are used in electronics,
biosensors, and catalysis and are also used in biomedical
applications such as imaging, drug delivery, and photothermal
therapy. The sizes of nanoparticles determine many of their
properties; thus, control over metal nanoparticle size is
important in controlling their properties and in determining
their suitability for use. For instance, nanosized liposomes
encapsulating tetrachloroauric acid were used to prepare 2−5
nm gold nanoparticles.240 The controlled diffusion of the

reducing agentsodium borohydride−through the liposomal
membrane regulated the particle formation kinetics and resulted
in ultrasmall nanoparticles with a narrow size distribution. In
another example, stable palladium nanoparticles with sizes
between 1−3 nm were prepared by reduction of a palladium
precursor within liposomal nanoreactors using glycerol as both
the reducing agent and stabilizer.242 Palladium nanoparticles∼5
nm in diameter were prepared in the aqueous mesophase
channels of lipidic cubic phases by reduction of Pd2+ salts and
used as supported catalysts for Suzuki−Miyaura cross-coupling
reactions.243 Similar methods using nanoreactors have been
used for the synthesis of nonmetallic nanoparticles. For example,
monodisperse nanocrystals of CdS, ZnCdS, and HgCdS have
been synthesized in the cores of liposomes, using them as
nanoreactors for precipitation or crystallization.244

Nanoreactors have also been proposed as tools for treatment
of disease and eliminating harmful substances by allowing the
production of therapeutic agents in situ. For example, the
antioxidant enzyme catalase has been encapsulated inside
liposomes comprising a cisplatin prodrug-conjugated phospho-
lipid, for enhanced chemo-radiotherapy of cancer.245 The
liposomes protect the enzyme from proteolysis and enhance
its stability. The enzyme has been able to trigger decomposition
of hydrogen peroxide produced by tumor cells thus producing
oxygen in order to overcome hypoxia-induced treatment
resistance of the tumor. At the same time, the entrapped
cisplatin prodrug is oxidized, releasing cisplatin, and subsequent
radiation therapy results in successful tumor growth inhib-
ition.246,247 Polymeric dots (Pdots) loaded in liposomes have
been used to reduce inflammation through in situ photocatalytic
hydrogen generation.248 Pdots containing π-conjugated poly-
mers generate hydrogen when exposed to light, while liposomes
hold the reagents and Pdots together. As hydrogen is formed in
the liposomes, it diffuses across the lipid bilayer to reduce
reactive oxygen species (ROS) abundant in diseased and
damaged tissue.248 In addition, liposome-based nanoreactors
may also be useful for delivering enzymes for eliminating
harmful substances. For example, the ability of the exogenous
cholinesterase enzymes to act as scavengers of organophosphate
toxins has been explored. Butyrylcholinesterase has been
encapsulated in liposomes, which protect the enzyme from
proteolysis. The organophosphate toxins can diffuse through the

Figure 9. Distribution of LNP-related documents among top research areas in the CAS Content Collection in the years 2000−2021, presented
as percentage of all LNP documents.
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liposomal membrane and be neutralized by the encapsulated
enzyme.249,250

Membrane Models in Basic Science. Lipid models have
been used for decades to investigate membrane-related
processes and characteristics. While biomembranes are
heterogeneous multicomponent structures with sophisticated
molecular organization, model LNP systems are much simpler
and more stable, and therefore amenable to study of the
structure and function of biological membranes. Virtually all of
our current understanding of membrane lipid phase behavior
results from the use of lipid membranes as model
systems.251−260

INSIGHTS ON LIPID NANOPARTICLES FROM THE CAS
CONTENT COLLECTION

In what follows, we used the CAS Content Collection to get an
overview of the current LNP research landscape, classifying and

quantifying all documents related to LNPs from the years 2000−
2020. As the largest human-curated collection of published
scientific knowledge, this data collection curated by CAS

scientists is particularly useful for quantitative analysis of
publications with respect to variables such as time, research
area, formulation, and application, as well as the details of
chemical compositions.

Landscape of LNP Research Publications. Currently,
there are over 216,000 LNP-related scientific publications in the
CAS Content Collection, including patents and nonpatents
(journal articles, books, dissertations, meeting abstracts, etc.), of
which over 170,000 are from the period 2000−2020. The
distribution of these documents among the top research areas is
presented in Figure 9. LNP-related studies are dominated by
pharmaceutical research in both patents and nonpatents. The
research areas of cosmetics, genetics, and immunochemistry
have the highest percentages of patent publications (Figure 9).
The evolving distribution of documents within these research

areas over the past 20 years is shown in Figure 10. The research
areas with the fastest growth are pharmaceuticals, food and feed,
and cosmetics. The decrease in the number of documents in
genetic research in the past decade may be due to the limited
success of delivering DNA for gene therapy using lipid vectors
(lipofection). A review of gene therapy clinical trials performed
worldwide before 2017261 reported that only 4.4% of the trials
used lipid vectors in gene delivery, while most trials used viral
vectors. Although LNPs have many advantages in gene delivery
(low immunogenicities, facile production on a large scale, and

Figure 10. LNP-related patents (%) in the top research areas over
time in the years 2000−2020. The percentages are calculated within
the given research area.

Figure 11. Number of LNP-related documents per year (%) in the CAS Content Collection in the years 2000−2020, with respect to different
types of LNPs. The percentages are calculated within the given type. The inset shows the LNP vs liposome documents (%) per year.

Figure 12. Number of LNP-related documents (patents and
nonpatents) in the CAS Content Collection in the years 2000−
2020, with respect to different types of LNPs.
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the ability to deliver large genes), viral vectors have been used
more often because current LNPs are not as efficient as viral
vectors in delivering genes.262 The recent rise in interest in RNA
therapeutics may hopefully change that perception. While gene
therapy requires delivery of DNA into the cell nucleus through
the nuclear membrane, entry into the cytoplasm is sufficient for
RNA drugs and vaccines, enhancing their chances for success.
The effectiveness of the recently developed mRNA vaccines
using LNPs as delivery agents may reawaken interest in LNPs for
nucleic acid delivery. Indeed, the number of nucleic acid
delivery-related LNP patents filed during the first quarter of
2021 is more than half of the number of such patents published
in all of 2020.

Distribution of Research Documents with Regard to
the LNP Type. As discussed above, there are various types of
LNPs, with different properties and applications; their usage has
changed over time and with improvements in the understanding
of LNP properties and technologies. The distribution of the
types of LNPs in related documents published between 2000
and 2020 is shown in Figure 11.
The terminology used for lipid nanoparticles has changed

over time. Many more publication records in the CAS Content
Collection contain the term “liposome” (∼147,000 for the
period 2000−2020) than “lipid nanoparticle” (∼26,000 for the
same period), even though “lipid nanoparticles” forms a broader
class of nanoparticles than “liposomes”, including also
formulations such as solid lipid nanoparticles (SLN), nano-
structured lipid carriers (NLC), cubosomes, etc. While “lipid
nanoparticle” is a more general term than “liposome”, the term
“liposome” was invented earlier, when these lipid vesicles were

Figure 13. Distribution of documents in the CAS Content Collection related to LNP pharmaceutical formulations with respect to their target
diseases.

Figure 14. Distribution of documents related to LNP drug delivery
with respect to their delivery route.

Table 9. Advantages and Disadvantages of the Three Major
LNP Administration Routes175

Administration
route Advantages Disadvantages

Parenteral Good bioavailability Painful, causing discomfort

Appropriate for all LNP
types

May require administration at
medical facilities

No liver toxicity

Good reproducibility

Oral Comfort of use Low bioavailability

Acceptable by patients Hepatic toxicity

Inconsistent reproducibility

Topical/
transdermal

Comfort of use Limited penetration

Acceptable by patients Lag-time delay

Satisfactory
reproducibility
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discovered in the 1960s. The term “lipid nanoparticle” was
coined only in the early 1990s (the earliest document in the CAS
Content Collection referring to lipid nanoparticles is from
1992), at the beginning of the era of nanoscience and
nanotechnology. The more rapid increase in the number of
documents using the term “lipid nanoparticles” than in
documents using “liposome” (Figure 11, inset) may arise from
its more recent coinage.
In the LNP subcategories, immunoliposomes and cationic

liposomes are reported in the largest numbers of documents
(Figure 12), while the fastest growth in publication is observed
in the most recent areassolid lipid nanoparticles (SLN),
cubosomes, and especially nanostructured lipid carriers (NLC),
which are steadily becoming the preferred formulation type for
many applications (Figure 11) due to their advantages including
higher drug-loading capacity, long-term colloidal stability,
enhanced oral bioavailability of hydrophobic drugs, and
improved drug release properties.263

LNP-Based Drug Delivery Systems. Distribution of
Documents in the CAS Content Collection Related to

Pharmaceutical Formulations with Respect to Target
Diseases. As seen above, LNP-related research is dominated
by scientific areas related to drug delivery−pharmaceuticals,
pharmacology, and also biochemistry, biochemical methods,
immunochemistry, and genetics (Figure 9). Documents using
LNPs in pharmaceutical formulations were classified by their
target diseases to understand how different LNP types are used
in practice. The distribution of treatment areas using LNP
formulations in drug delivery-related documents in the CAS
Content Collection is presented in Figure 13. The use of LNPs
in antitumor drug formulations dominates the use of LNPs.
Antitumor LNP formulations are used to treat a wide range of
cancers; the largest single use (>25%) was in treating breast
cancer, with more than 10% of antitumor formulations used for
ovarian and lung cancers and significant proportions used for
melanoma, leukemia, and prostate, pancreatic, colon, and
stomach cancers (Figure 13, inset).

Distribution of Documents Related to Drug Delivery with
Respect to Their Delivery Route. Most of the LNP
pharmaceutical formulations are for parenteral, oral, or dermal

Figure 15. Correlation of the number of documents for the various LNP types with their delivery routes.

Figure 16. Correlation of the number of documents for the various LNP types and therapies they have been applied to.
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administration (Figure 14). The major advantages and
disadvantages of these routes are summarized in Table 9.
Correlation between Various LNP Types and Their Delivery

Routes. The correlation between the various kinds of LNP
preparations and their delivery routes is illustrated in Figure 15.

The strongest correlation was in the use of immunoliposomes
for parenteral applications. Some formulations such as
ethosomes are designed mainly for topical administration,
while solid lipid nanoparticles and nanostructured lipid carriers
can be applied topically, orally, and parenterally.

Figure 17. Distribution of LNP-related documents with respect to cosmetic product types.

Figure 18. LNP-related patents classified by the top countries and organizations, presented as percent of the total number of LNP-related
patents in the years 2000−2020.
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Correlation of the Various LNP Types and Therapies They

Have Been Applied to. Different types of LNPs have different
advantages and disadvantages and thus are appropriate for
different therapies. Figure 16 illustrates the correlations between
LNP types and the therapies to which they have been applied.
Immunoliposomes, sterically stabilized liposomes, and cationic
liposomes are the most commonly used LNPs for antitumor
therapy. Understandably, cationic liposomes are the preferred
formulation for gene therapy, and immunoliposomes are
preferred as delivery vehicles for immunotherapies, including
cancer immunotherapy.

LNP-Based Cosmetics. In cosmetics, LNP formulations are
most prevalent in patents for sunscreens, antiaging preparations,
and perfumes (Figure 17). Nanostructured lipid carriers (NLC)
are the preferred carriers for sunscreens because of their ability
to enhance the photostability of normally photolabile UV
absorbers and to allow their sustained release over time,
reducing skin irritation.264 Various active ingredients are used to
prevent, delay, and treat skin aging, such as antioxidants,
biological growth factors, herbal ingredients, and retinoids. Such
preparations have been termed cosmeceuticals, because they are
intended to have both cosmetic and pharmaceutical benefits.

Figure 19. LNP-related patents per year for the top patent offices presented as percent of the total number of LNP-related patents in the years
2000−2020.

Figure 20. LNP-related patents per year in the years 2000−2020 for the top five countries presented as the total number of LNP-related patents.
Inset: Percentage of the total number of LNP patents for the given country.
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Table 10. Number of Patents for the Four Most Widely Used Phospholipid Classes in LNP Formulationsa

aThe structures of these phospholipids are shown at the top of the table. Designation nomenclature: All acyl chain residues are fully specified, using
a systematic nomenclature, as follows. The two chain lengths, in units of carbon atoms (and with the first carbon of the chain defined as the one
bonded through an oxygen atom to the glycerol backbone), are given, each to the left of a colon (:). The two chain descriptors are separated from
each other by a backslash. In the default configuration the hydrocarbon chains are saturated. Modifications to each chain are indicated to the right
of the colon and are listed according to number, kind, and location. First, to the right of the colon appears the number of modifications on that
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Carriers for such cosmetic formulations include liposomes, solid
lipid nanoparticles (SLN), and nanostructured lipid carriers
(NLC).265 The use of nanoencapsulation in fragrance products
improves their efficiency and allows sustained release of scents
over time.266

INSIGHTS ON LNP-RELATED PATENTS FROM THE CAS
CONTENT COLLECTION

As of June, 2021, there are over 45,000 patents related to LNPs/
liposomes in the CAS Content Collection, over 41,000 of which

are in the years 2000−2021. The majority of LNP patents come
from inventors in the US and China (Figure 18). The largest
recipient of LNP patent filings is theWorld Intellectual Property
Organization (WIPO). While the proportion of patents filed
with WIPO has stayed nearly constant between 2000 and 2020,
the share of patents filed with the China National Intellectual
Property Administration (CNIPA) has increased significantly,
from less than 1% of patents in 2000 to over 33% of all patents in
2020. Over this period, the fraction of LNP patents filed with the
US Patent and Trademark Office (USPTO) decreased
significantly, particularly between 2010 and 2018 (Figure 19).

Distribution of LNP-Related Patents by Country and
Organization. The top five countries contributing to the
growth in LNP patents are the USA, China, Japan, South Korea,
and Germany. While the involvement of USA, Japan, and
Germany in LNP research has remained stable after the initial
growth in the years 2000−2005, the involvement of China and
South Korea in LNP research has increased consistently during
the same period (Figure 20).

Most Widely Used Lipids in LNP Formulations in
Patents. There are many components used in LNPs, with the
composition determined by the intended morphology and
application. Along with the most common constituents
phospholipids and cholesterolLNPs frequently include
cationic ionizable lipids and PEG−lipid conjugates (PEG-
lipids), as well as various other components. A collection of
∼45,000 LNP-related patents were identified in the CAS
Content Collection. The most widely used members of various
lipid classes were identified in these patents.

Cholesterol (CAS RN 57-88-5) is the lipid component
used in the largest number of patentsover 3,200 patents
have used LNP formulations including cholesterol.

Phospholipids (Table 10) are the most prevalent class of
lipids involving LNPs. Phosphatidylcholines (PCs),
phosphatidylethanolamines (PEs), phosphatidylglycerols
(PGs), and phosphatidylserines (PSs) are the most
common phospholipid constituents. Preferred phospho-
lipid species with respect to their hydrocarbon chains
include saturated dimyristoyl (14:0/14:0), dipalmitoyl
(16:0/16:0), and distearoyl (18:0/18:0) chains, as well as
unsaturated dioleoyl (18:1c9/18:1c9) chains (Table 10).
Phospholipids from natural sources, such as soya total
phospholipids, soya phosphatidylcholines, hydrogenated
soya phosphatidylcholines, and egg phosphatidylcholines,
have also been commonly used in LNP formulations.

PEG−Lipid Conjugates. Since the discovery that PEG−lipid
conjugates can significantly increase the circulatory half-lives in
the sterically stabilized “stealth” liposomes, PEG-lipids have
been widely used in pharmaceutical LNP formulations. The
major classes PEG-lipids found in patents are listed in Table 11,
with their structures depicted in Figure 21.

Cationic Lipids. The most often used cationic lipids in LNP
formulations were identified and listed in Table 12. They
typically comprise various amine derivatives, e.g., DOGS and
DC-Chol, quaternary ammonium compounds, e.g., DOTMA,

Table 10. continued

chain. A zero (0) indicates that the chain is in the default configuration, with no modifications. Following the number of modifications, the
modifications themselves are listed. Following each modification is a number indicating the carbon atom position on the chain where the
modification is located. The letters “c” and “t” denote the cis and trans configuration, respectively, of the double bond, followed by a number or set
of numbers identifying double bond position; “y” denotes triple bond; “me” denotes methyl isobranching.

Table 11. Number of Patents for the Most Widely Used PEG-
lipids in LNPs

R1/R2
Common/

Commercial Name CAS RN

Number
of

patents

PEG-PEa

18:0/18:0 DSPE-PEG 145035-96-7; 170931-
04-1

483

16:0/16:0 DPPE-PEG 145035-97-8; 170931-
03-0

94

18:1c9/18:1c9 DOPE-PEG 145035-95-6; 262601-
19-4

43

14:0/14:0 DMPE-PEG 211567-66-7; 211733-
74-3

38

18:1c9/16:0 170127-34-1 5

12:0/12:0 2055341-27-8 4

18:2c9,12/18:2c9,12 736998-47-3 4

mPEG-glycerides

14:0/14:0 DMG-PEG 160743-62-4 245

1397695-86-1

18:0/18:0 DSG-PEG; Sunbright
DSG 2H; Sunbright
DSG 20H

308805-39-2 36

850628-36-3

16:0/16:0 DPG-PEG 162409-28-1 17

18:1c9/18:1c9 160743-61-3 5

mPEG-PE

18:0/18:0 DSPE-mPEG;
Sunbright DSPE
020CN

156543-00-9; 247925-
28-6; 474922-77-5;
459428-35-4

329

16:0/16:0 DPPE-mPEG 205494-72-0 29

14:0/14:0 DMPE-mPEG 474922-82-2; 261764-
82-3

33

18:1c9/18:1c9 226940-29-0 20

amino-mPEG

14:0/14:0 ALC-0159 1849616-42-7 6

12:0/12:0 1849616-44-9 1

12:0/14:0 1849616-45-0 1

16:0/16:0 1849616-43-8 1

18:0/18:0 741737-56-4 1

Chol-PEG

PEG-cholesterol PEG-cholesterol 27321-96-6 54

mPEG-
cholesterol

mPEG-cholesterol 99559-58-7 11

aFor the structures of the various PEG-lipid subclasses, see Figure 21,
lower panel.
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DOTAP, DORIE, and DMRIE, cationic phosphatidylcholines
such as EDOPC and EDMPC, combinations of amines, e.g.,
DOSPA and GAP-DLRIE, and amidinium salts, e.g., Vectami-
dine.18,19,267−275 Cationic multicharged head groups such as
DOSPA and DOGS have been reported to be more effective
than single-charged cationic lipids such as DOTMA, DOTAP,
DC-Chol, and DMRIE.276,277 The increased effectiveness may
be related to the greater ability of highly charged cationic lipids
to condense and protect nucleic acids, but the increased binding
of multicharged ligands to nucleic acids may also obstruct or
inhibit nucleic acid release inside the cell. In addition, the
combination of quaternary ammonium salts and polyamines
enhances delivery efficiency. Indeed, the earliest cationic lipid
incorporating both quaternary ammonium and polyamine
moieties, Lipofectamine (CAS RN 158571-62-1), comprising
a 3:1 mixture of DOSPA and dioleoylphosphatidylethanolamine
(DOPE), is a highly effective transfection agent.

SUMMARY AND OUTLOOK

Insights on LNP Compositions Inferred from the
Research Landscape. Based on the landscape analysis of the
LNP-related documents in the CAS Content Collection, the
following aspects may be worth considering when selecting lipid
compositions for LNP formulations.

• Biocompatibility. Naturally occurring lipids are prefera-
ble, because they are likely to be metabolizable in the
target species. Themost widely used class of lipids in LNP
formulations are phospholipids, which are also the major
class of biomembrane lipids.

• Fluidity. Cholesterol is well-known as a powerful
modulator of lipid bilayer fluidity; it is able to enhance
the fluidity of solid bilayers and to reduce the fluidity of
liquid bilayers. It is also one of the major components of
biomembranes and is highly biocompatible.

• Phase state and phase transition temperature. Phase state
is an important characteristic of LNPsit contributes to
their stabilities and encapsulation efficiencies and controls

their interactions with biomembranes and cargo release.
The phase transition temperatures of the individual lipids
in the LNP as well as their miscibilities should be
considered. Generally, lipids with longer alkyl chains and
higher degrees of saturation have higher transition
temperatures.

• Electric charge (zeta potential). The electric charges of
LNPs affect their stability, their rate of cargo release, their
circulating half-lives in the bloodstream, and their fusion
with biomembranes. Naturally occurringmembrane lipids
are either zwitterionic (PCs, PEs) or negatively charged
(PGs, PSs). In many uses, such as in nucleic acid delivery,
the presence of positive-charged lipids is beneficial,
leading to the development and use of synthetic cationic
lipids. Since cationic lipids are not natural constituents of
cells, their biocompatibilities and the toxicities of their
degradation products should be considered.

• Toxicity is especially relevant to formulations including
cationic lipids, which are synthetic and whose toxicities
may not be known or have been observed in biological
systems. In many cases, the effectiveness of a cationic lipid
in LNP formulations correlates to increased toxicity. For
example, multivalent cationic lipids have been more
effective than monovalent cationic lipids in LNP
formulations but are also much more toxic to cells.
Identification of cationic lipids with similar structures to
natural lipids known to be effective in LNPs such as
cationic ethylphosphatidylcholines or cationic cholester-
ols may yield LNPs with reduced side effects.

• Size is a critical parameter in determining LNP circulation
half-life and drug encapsulation. The size of LNPs
strongly depends on how they are prepared. Ultra-
sonication, extrusion, and microfluidic methods have
been most often used to control LNP size.

• Circulation time and phagocytic uptake. Coating LNPs
with an inert polymer such as PEG considerably extends
their residence in blood circulation by preventing
phagocytes from reaching the surface of LNPs and

Figure 21. Number of patents for the most widely used PEG-lipids in patents on LNPs.
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Table 12. List of the Most Widely Used Cationic Lipids in LNPs in Patents
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inhibiting their ability to uptake LNPs through steric
hindrance.

• Cargo release. Effective LNPs rely on a delicate balance
between stability and cargo release. LNPs need to be
stable enough to safely transport their cargo to their
targets yet capable of falling apart to release their cargo at
the desired location. In many cases, external stimuli can be
used to facilitate drug release. For example, when the pH
at the desired location differs from the pH at other sites,
ionizable lipids can facilitate drug release at that desired
location. Cargo release from LNPs containing cationic
lipids can also be triggered by lipid exchange with
biomembranes, inducing the formation of nonlamellar
phases.

• Encapsulation efficiency and stability. Replacing tradi-
tional liposome formulations with solid lipid nano-
particles (SLN) or especially with nanostructured lipid
carriers (NLC) may enhance the stability and encapsu-
lation efficiency of lipid nanocarriers significantly.

Perspectives. Nanotechnology has significantly widened
the horizons in science and particularly in medicine. Due to their
small size and high surface area, drug nanoformulations such as
the LNPs have different properties than the corresponding bulk
materials, and the changes in the biochemical, electronic,
magnetic, and optical properties of nanoparticle drug
formulations have been used to therapeutic benefit. As a result,
nanomedicine has brought impressive progress in modern drug
therapy against many diseases. Application of nanotechnological
strategies to drug delivery has improved the effectiveness,

selectivity, residence time, and biodistribution of conventional
drug carrier systems while reducing their limitations. Fur-
thermore, nanoparticle drug formulations have reduced the
toxicities and improved the solubilities and bioavailabilities of
conventional medicines. The continuous efforts in synthesis and
screening of functionalized lipid nanomaterials by chemically
optimizing their molecular structures to enable tunable
biodegradability in vivo would promote the development of
more versatile, highly efficient, and biocompatible delivery
vehicles.
As ongoing research attempts to address the needs of

personalized medicine, more sophisticated and multifunctional
nanocarrier designs are being developed. LNPs with complex
structures are being designed to overcome biological barriers
specific to individual patient or disease status as demanded by
precision, or personalized, medicine. The objective of precision
medicine is to utilize patient information such as genetic profile,
age, lifestyle, environmental conditions, or comorbidities in
order to develop an individualized treatment approach. Tailored
nanocarrier designs, adapted by patient data and engineered to
permeate particular barriers, can markedly improve the delivery
of and response to precision medicine therapies.278

The use of LNPs in medicine is likely to expand significantly.
The development of LNP types and varieties with enhanced
drug delivery properties such as the nanostructured lipid carriers
and the ionizable cationic nanoparticles brings further
advantages to the LNP formulations and enlarges the prospects
of their applications. LNPs hold great promise in genetic
medicine where gene editing, vaccine development, immuno-

Table 12. continued
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oncology, and other genetic therapies rely on the ability to
efficiently deliver nucleic acids into cells. LNPs have advantages
over other gene and vaccine delivery systems because they are
easier to manufacture, are less immunogenic, can carry larger
payloads, and can be designed for multiple dosages. Nucleic acid
therapeutics are an emerging class of drugs showing potential for
treating disease. LNPs have come out as successful and efficient
carriers for such drugs. The successful use of LNPs as a delivery
vector for the COVID-19mRNA vaccines will likely broaden the
horizons for research in mRNA vaccines.
From a materials science perspective, the success of LNPs in

medicine is important, as it motivates further fundamental and
applied nanoparticle research. The use of LNPs in the controlled
synthesis of metal nanoparticles may also be important in
expanding their use in display technologies and other uses.
Expansion of the LNP technologies in other areas is also
noticeable. Numerous cosmetic products are already in the
market, with much more in development. Additional areas such
as nutrition, nutraceuticals, agrochemistry, and nanoreactors are
already exploring the benefits of lipid-based nanoencapsulation.
Further, LNPs may have environmental applications, such as in
metal detoxification. Based on the current progress and success,
LNPs can certainly be recognized as one of the most
advantageous and promising areas in modern nanotechnology.
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VOCABULARY

Lipid nanoparticle (LNP), nanosized particle composed mainly
of lipids, used predominantly in drug delivery but also in
cosmetics, nutrition, etc.; liposome, a vesicle comprising at least
one lipid bilayer; major types of liposomes are small unilamellar
liposomes (SUV) having a single bilayer and multilamellar
liposomes (MLV) having several lipid bilayers; solid lipid
nanoparticles (SLN), LNPs comprising solid lipids; nano-
structured lipid carriers (NLC), LNPs comprising a mixture of
solid and liquid-crystalline lipids. Both SLN andNLC are widely
used in drug delivery because of their enhanced physical
stabilities, high loading capacities, high bioavailabilities of their
cargoes, and facile production on a large scale; cationic lipid,
synthetic lipid compound similar to the natural lipids, except for
the presence of an ionizable (cationic) head group instead of the
zwitterionic or anionic head group of the natural lipids; invented
and applied mainly for delivery of nucleic acids; “stealth”
liposome, sterically stabilized liposome coated with biocompat-
ible inert polymers (mostly PEG), making them invisible to
phagocytes, thus exhibiting long circulation half-life; immuno-
liposome, targeted liposome generated by coupling a ligand,
typically an antibody, to the liposomal surface, allowing for
active tissue targeting through binding to cell-specific receptors.
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Almarsson, Ö.; Stanton, M. G.; Benenato, K. E. A Novel Amino Lipid
Series for mRNADelivery: Improved Endosomal Escape and Sustained
Pharmacology and Safety in Non-Human Primates. Mol. Ther. 2018,
26, 1509−1519.
(201) Yanez Arteta, M.; Kjellman, T.; Bartesaghi, S.; Wallin, S.; Wu,
X.; Kvist, A. J.; Dabkowska, A.; Székely, N.; Radulescu, A.; Bergenholtz,
J.; Lindfors, L. Successful Reprogramming of Cellular Protein
Production through mRNA Delivered by Functionalized Lipid
Nanoparticles. Proc. Natl. Acad. Sci. U. S. A. 2018, 115, E3351−E3360.
(202) Schoenmaker, L.; Witzigmann, D.; Kulkarni, J. A.; Verbeke, R.;
Kersten, G.; Jiskoot, W.; Crommelin, D. J. A. mRNA-Lipid Nano-
particle Covid-19 Vaccines: Structure and Stability. Int. J. Pharm. 2021,
601, 120586.
(203) Sealy, A. Manufacturing Moonshot: How Pfizer Makes Its
Millions of Covid-19 Vaccine Doses. https://edition.cnn.com/2021/
03/31/health/pfizer-vaccine-manufacturing/index.html (accessed
2021-04-19).
(204) Hope, M. J.; Mui, B.; Lin, P. J. C.; Barbosa, C.; Madden, T.;
Ansell, S. M.; Du, X.; Lin, J. C. P.; Barbosa, C. J.; Madden, T. D.; Lin, P.
J. Lipid Nanoparticle Used for Administering Therapeutic Agent to
Patient Comprises Cationic Lipid, Neutral Lipid, Steroid, Polymer
Conjugated Lipid, and Therapeutic Agent or Its Salt Encapsulated
within or Associated with Lipid Nanoparticle. WO2018081480-A1,
2018.
(205) Chen, D. L.; Love, K. T.; Chen, Y.; Eltoukhy, A. A.; Kastrup, C.;
Sahay, G.; Jeon, A.; Dong, Y. Z.; Whitehead, K. A.; Anderson, D. G.
Rapid Discovery of Potent Sirna-Containing Lipid Nanoparticles
Enabled by Controlled Microfluidic Formulation. J. Am. Chem. Soc.
2012, 134, 6948−6951.
(206) Kowalski, P. S.; Rudra, A.; Miao, L.; Anderson, D. G. Delivering
the Messenger: Advances in Technologies for Therapeutic mRNA
Delivery. Mol. Ther. 2019, 27, 710−728.
(207) Sahin, U.; Karikó, K.; Türeci, Ö. mRNA-Based Therapeutics
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(57) ABSTRACT 
The invention in suitable embodiments is directed to self 
adapting, Scalable, and communicating sensor platforms that 
are further capable of autonomous and/or cognitive action. In 
one aspect, the invention relates to a multifunction sensor 
platform, Such as a biomedical sensor platform, bio-molecu 
lar sensor platform, electronics sensor platform, communica 
tions sensor platform, information processing sensor plat 
form, and the like. In another invention embodiment, one or 
more sensors improve the efficacy of a healthcare element 
and/or its usage in treating and/or preventing a disease, con 
dition, or disorder. 
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INTELLIGENT SENSOR PLATFORMS 

FIELD OF THE INVENTION 

0001. This is a division of pending USPTO Utility appli 
cation Ser. No. 12/399,906, with the title, “DYNAMIC BIO 
NANOPARTICLE ELEMENTS, originally filed on Mar. 6, 
2009, and claims priority to that date. The invention relates 
generally to the field of intelligent, self-adapting, cognitive, 
autonomous, and Scalable sensor platforms. In another inven 
tion embodiment, the invention relates to a multifunction 
sensor platform, Such as a biomedical sensor platform, bio 
molecular sensor platform, electronics sensor platform, com 
munications sensor platform, information processing sensor 
platform, and the like. 

BACKGROUND OF THE INVENTION 

0002 Structures at the nanoscale are sometimes referred 
to as nanoparticles. Some nanoparticles comprise cage ele 
ments that form cavities and or comprise vesicle elements; 
examples of which in the prior art teach elements such as 
nano-carbon endohedral cages (Fullerenes); capsids, the pro 
tein shell of a virus; liposomes; lipids; heat shock proteins; 
ferritins; vault ribonucleoprotein particles; Clathrin protein 
cages; and Coatomer I/II protein cages, among other various 
cage- or vesicle-forming elements. Additionally, prior art 
teaches that protein cage elements can coat vesicle elements; 
for example, Clathrin and Coatomer coated vesicles (CCV's). 
Additionally, prior art teaches that one or more types of cargo 
elements can be located internally with respect to a cage and 
vesicle element. 

0003. A cavity forming protein cage and a cage coated 
vesicle implementation is taught in issued U.S. Pat. No. 
7.393,924 (Jul. 1, 2008, Vitaliano et al.) The cage and cage 
coated vesicle elements are formed in vitro from a plurality of 
isolated Clathrin/Coatomer protein subunits. As taught in 
U.S. Pat. No. 7.393.924, the enhanced functionalization capa 
bilities of the isolated Clathrin and Coatomer I/II protein 
molecules enable a number of properties and features that 
make them Superior to other cage and cage coated vesicle 
elements in the prior art. 
0004 But the instant invention teaches nanoscale element 
fabrication, assembly, operation, behavior and properties that 
are unique from prior protein art that encompasses various 
types of cavity-forming cage structures formed in vitro from 
a plurality of self-assembling subunits. For example, a fully 
formed Clathrin cage element as taught in U.S. Pat. No. 
7.393.924, and generally speaking taught in other Clathrin 
art, is comprised of a plurality of 3-legged triskelia, each 
triskelion having 6 protein subunits; 3 Clathrin heavy chain 
and 3 Clathrin light chain subunits. 
0005. In marked contrast, the instant invention teaches 
that complete cages comprised of a plurality of 3-legged 
triskelia are not required to comprise one or more types of 
efficacious elements. Instead, in its most essential embodi 
ment the instant invention teaches one or more nanoscale 

elements of one or more types formed from isolated, synthetic 
and or recombinantamino acid residues comprising in whole 
or in part one or more types of Clathrin and or Coatomer I/II 
proteins of one or more isoforms, including cloned isoforms. 
These isoforms with their differing amino acid sequences 
comprise (in this example, humans) the various types of 
Clathrin heavy chains, the various types of Clathrin light 
chains, encompass the distinct heavy chain and light chain 
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segments and domains, and in the case of Coatomer, comprise 
and encompass its domains and subunits, with different com 
binations of the latter known to exist within Coatomer com 
plexes. Examples of amino acid sequences comprising Clath 
rin and Coatomer proteins, and their respective isoforms are 
listed in SEQID NO:1 to SEQID NO:30. Accordingly, one or 
more instant invention embodiments may also comprise 
minimalist, non-cage elements of one or more types. The 
minimalist element structure afforded by the instant invention 
affords a much broader and richer variety of element configu 
rations and embodiments than those taught in prior Clathrin 
or other protein cage art. 
0006 For example, freed of the constraints of only form 
ing cavity-forming protein cages in vitro, one or more non 
cage invention elements may also form one or more other 
types of nanoscale elements and structures, enabling new 
classes and types of applications. Example non-cage embodi 
ments include, but are not limited to, functionalized nano 
tubule structures; protein-based nano-dendrimers suitable for 
biomedical and bio-molecular applications; and self-assem 
bling, stable, bioactive, protein-based, hydrogel nanopar 
ticles (nanogels). In other embodiments, one or more nanos 
cale elements and structures may be additionally formed and 
comprised of one or more non-invention elements of one or 
more types. Such structural plasticity and flexible element 
functionality are not taught in prior protein cage art. 
0007 Prior art often teaches one or more types of protein 
cages that carry one or more types of additional elements, 
e.g., cargo, to enable overall functionality and produce effi 
cacious results. However, unlike prior art, the instant inven 
tion teaches, in one embodiment, one or more non-cage or 
cage elements may carry no additional elements like cargo, 
yet still can comprise inherently efficacious elements of one 
or more types, like drug elements, but not limited to. In one 
embodiment, one or more invention elements operating alone 
and without any additional elements such as cargo and the 
like comprise unique new types of inherently efficacious 
agents and elements that are distinctly different in behavior 
and functionality from prior art, and their unique features 
correspondingly enable new types of applications. 
0008. In another embodiment, one or more elements and 
or their additional elements in whole or in part may require 
only minimal functionalization to be efficacious; e.g., they 
may not require PEGylation or other types of functionaliza 
tion to operate effectively. 
0009. In another embodiment, one or more elements carry 
one or more types of cargo and the cargo acts as the effica 
cious element. In another embodiment, one or more elements 
together with cargo elements act in efficacious concert. 
0010. In another embodiment, one or more elements are 
penetrating elements that enter one or more cells and gain 
access to the cytosol and intracellular elements of one or more 
types, including one or more cell organelles. Such elements 
may, in one embodiment, require minimal functionalization. 
In another embodiment, one or more elements may comprise 
one or more membrane fusion elements. These various fea 

tures are not taught in prior protein cage art. In one embodi 
ment, using cell crossing techniques yield efficacious cancer 
treatments, gene therapy, and the like. 
0011 Further, in cage, cavity, and vesicle prior art, one or 
more types of additional elements, e.g., cargo, are often 
inserted into a complex, fully formed structure, a sometimes 
difficult and laborious process. But the invention, in one or 
more embodiments, teaches that using utilizing non-cage ele 
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ments of one or more types makes the addition of one or more 
elements less difficult as there is no insertion process into a 
cage, cavity, or vesicle to contend with. In another embodi 
ment, additional element functionalization is simplified by 
decorating just the external Surface of a cage, a feature not 
taught in prior Clathrin art. 
0012. In another embodiment, one or more assay, diagnos 

tic, therapeutic, and prosthetic applications and the like can be 
performed ensemble using the same bioengineered element. 
0013 These various functionalization capabilities enable 
a highly flexible nano-platform that features improved stabil 
ity, rigidity, functionality and loading capacity relative to 
other nanoparticles, and being comprised of ubiquitous pro 
teins, features low antigenicity in one or more embodiments. 
In one illustrative embodiment, one or more elements may be 
harmlessly dissolved, passed, and or excreted from the body. 
0014. In one embodiment, the current application teaches 
one or more elements comprising one or more types of hybrid 
elements and arrangements, which can produce efficacious 
results. In one embodiment, one or more invention elements 
are conjugated to natural biological/molecular elements, like 
cells, but not limited to, forming one or more types of hybrid 
elements in vitro and or in vivo. Such hybrid elements may 
operate alone or with additional elements, e.g., with cargo. In 
another embodiment, such hybrid elements may fuse in vitro 
and or in vivo with non-invention elements, such as those 
comprising natural elements in cells, but not limited to. This 
type of hybrid/fusion capability and flexibility is not taught in 
the prior art. 
0015. In another embodiment, the current application 
teaches one or more elements, functioning alone or with one 
or more additional elements, which comprise efficacious 
replacements for one or more elements of one or more types, 
including non-invention elements. In one embodiment, one or 
more elements may replace one or more types of naturally 
occurring cell elements, to efficacious effect. This replace 
ment capability is not taught in the prior art. 
0016. In one embodiment, the instant invention teaches 
one or more elements, functioning alone or with one or more 
additional elements, which comprise one or more cellular 
repair elements, of one or more types; a capability not taught 
in the prior art. In another embodiment the elements are 
cellular regeneration elements. 
0017 Prior art also does not teach that cage, vesicle ele 
ments, or their various subunit elements efficaciously operate 
in the extra-cellular spaces, e.g., in the synaptic spaces 
between neurons. But the instant invention teaches one or 

more types of elements capable of Such extracellular opera 
tion, including for the in situ remediation, removal and or 
sequestration of undesirable organic and or non-organic ele 
mentS. 

0018. The invention further teaches a biological model 
that is consistent, not from the complete cage element level 
up, but from the minimalist, non-cage element level up, in 
vitro and in Vivo, making drug discovery safer, more effica 
cious, more time and cost effective, and overall, a much more 
rapid process than prior art. 
0019. In another embodiment, one or more elements may 
comprise one or more types of minimalist, non-cage elements 
than that taught in prior art for doing clinical trials of one or 
more types of agents, including their targeted agent delivery, 
including high precision dosing. 
0020. In one embodiment, the instant invention teaches 
one or more elements that in whole or in part execute one or 
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more types of actions for creating, spawning, comprising, 
modifying, repairing, regenerating, reassembling, and or con 
trol and regulation of one or more cells, cellular elements, cell 
organelles, including like actions and behaviors involving 
cellular processes such as endocytosis, exocytosis, mitosis, 
trafficking and signaling, communication between cells, 
receptor upregulation and downregulation, other behaviors, 
and the like. Failures and defects in any of these cellular 
elements and processes can lead to diseases, for example, 
cancer. This type of efficacious behavior is not taught in prior 
art, including in protein cage art. 
0021. In one invention embodiment, one or more ele 
ments, with or without additional elements, and in some 
embodiments with minimal functionalization, enter the cen 
tral nervous system, including passing the blood brain barrier 
(BBB) for efficacious effect. Although different protein cage 
types, e.g., viruses, have been investigated as MRI nano 
probes, Some types of these cages in prior art did not cross the 
BBB, and other types in prior art were shown to be immuno 
genic after crossing the BBB. 
0022. In one embodiment, the invention enables post 
administration delivery of one or more types of agents into the 
CNS in 30 minutes or less. In other embodiments, delivery of 
agents occurs in 30 minutes or more. In another embodiment, 
agents operate in the inter-neuronal spaces. Prior art does not 
teach such flexible CNS delivery arrangements. 
0023 The instant invention teaches self-directing, self 
replicating, self-adapting, self-repairing, self-regulating, and 
or self-regenerating methods for one or more minimalist, 
non-cage elements, which can also perform on-the-fly target 
prioritization. Prior protein cage art does not teach Such self 
modifying methods at a minimalist, non-cage element level. 
0024 Prior art does not teach enabling and or utilizing 
quantum mechanical effects using just one or more minimal 
ist, non-cage elements. But in one embodiment, the instant 
invention teaches enabling and utilizing such quantum 
mechanical effects. 

0025. The instant invention also teaches a plurality of ele 
ments of one or more types that can, in one illustrative 
embodiment, function as biomedical platform and the like, 
and in another example embodiment, function as a biomo 
lecular component platform and the like, or as an information 
processing platform that can carry out algorithmically 
defined actions, and other types of platforms. 
0026. Thus, there exists a need for an improved bio-nano 
structure element that overcomes the limitations in the prior 
art for various types of in vivo and in vitro applications. 

SUMMARY OF THE INVENTION 

0027. The invention, in one aspect, remedies the deficien 
cies of the prior art by teaching modifiable, interactive, 
dynamic bio-nanoparticle elements, some of which may 
comprise minimalist, non-cage embodiments, with or with 
out one or more additional elements of one or more types 
located on and or in one or more elements; whose applica 
tions, in one or more embodiments, focus on forming in 
whole or in part one or more nanoscale elements and struc 
tures of one or more types that execute one or more functions 
and or effect one or more ends in vivo and or in vitro. 

0028. In one illustrative embodiment, the invention is an 
improvement over other in vivo biodegradable polymer nano 
spheres, liposomes, lipids, capsids agent delivery systems, as 
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well as endohedral Fullerenes and other bio-nanoparticles in 
the prior art because the invention enables, among other 
unique features: 

0029. Simplified nanoscale fabrication 
0030 Simplified cargo and other element type attach 
ment. 

0031 Cell and organelle crossing, and or membrane 
fusion. 

0032 Low antigenic, “green nanotechnology. 
0033 Interaction, control, and regulation of cellular 
processes, like endocytosis, exocytosis, mitosis, traf 
ficking and signaling, communication between cells, 
receptor upregulation and downregulation, other cellu 
lar behaviors, and the like. 

0034 Entering the CNS, including passing the blood 
brain barrier, and in Some cases, in less than 30 minutes 
post administration. 

0035. One or more elements that carry no additional 
elements, like cargo, and operating alone produce an 
efficacious effect, acting like a drug, for example. 

0036) Hybrid invention elements comprised of one or 
more types of non-invention elements, e.g., natural cell 
elements. 

0037 Self-modifying, orchestrated actions at a mini 
malist, non-cage level using natural control laws that 
govern biological elements. 

0038 Methods and behaviors defined by algorithms. 
0039. In one particular embodiment, one or more of self 
assembling Clathrin and or Coatomer elements are function 
alized, modified and or bioengineered using commercially 
available biotechnology tools and other tools and techniques 
known in the art, which makes the invention more versatile 
and cost-effective than the existing art. 
0040. In another embodiment, one or more elements are 
also comprised of one or more non-invention elements, e.g., 
one or more invention elements are conjugated to natural 
biological/molecular elements, like cells, but not limited to, 
forming one or more types of hybrid elements in vitro and or 
in vivo. 

0041. In one illustrative embodiment, one or more ele 
ments can be of any suitable size. According to an illustrative 
embodiment, one or more elements are nanoscale elements. 
0042. The invention, in one embodiment, teaches one or 
more elements that dynamically and interactively respond to 
changing in Vivo and or in vitro environments; e.g., change of 
pH, temperature, biochemical, or biological conditions, and 
the like. 

0043. In one embodiment, one or more elements, in one or 
more configurations, utilize self-directing, self-adapting, 
self-assembling, self-repairing, self-regenerating, self-regu 
lating, and or self-replicating methods. 
0044. In one embodiment, one or more elements, in one or 
more configurations, utilize goal directed methods. 
0045. In one embodiment, one or more elements utilize, 
respond to, and or exhibit one or more effects. Such as quan 
tum mechanical, mechanical, photonic, acoustic, electrical, 
biochemical and chemical, and the like. 
0046. The invention, in one embodiment, provides one or 
more elements that maintain structural and or functional 

integrity long enough to do useful work, in vivo and or in 
vitro. 

0047 According to one feature, one or more elements 
re-supply, repair, reassemble and or regenerate defective, 
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destroyed and or inoperable elements of one or more types, 
including non-invention elements, in Vivo and or in vitro. 
0048. In another embodiment, one or more types of ele 
ments, unlike other nanoparticles in the art; such as nano 
carbon, virus capsids, as well as nano-coating elements like 
polysorbate; may exhibit no or limited immunogenic, toxic, 
and or environmental impact effects, and depending on cargo 
and other element type also may require little or no function 
alization, 
0049. In another embodiment, elements maintain struc 
tural integrity at room temperature in vitro and Vivo, which 
eliminates the need for elaborate structure stabilizing mecha 
nisms, like cooling systems. 
0050. Another advantage of the invention is that its protein 
material does not exhibit extreme hydrophobicity. 
0051. According to another feature, one or more elements 
are protected from the external environment, and the inven 
tion is stable with respect to dissociation and any element 
toxicity is sequestered from the Surrounding in vivo and or in 
vitro environment. 

0052. In some embodiments, bonding and or attachment 
methods of one or more types, e.g., covalent, non-covalent, 
and any other bond type that can be explained by quantum 
theory, are used to directly attach one or more elements, 
internally or externally to one or more other elements in an 
ordered arrangement. 
0053. In one embodiment, one or more elements each may 
bond with one or more other elements, of one or more types, 
including invention and non-invention elements. 
0054. In one embodiment, one or more elements may 
additionally have located on and or in them one or more cargo 
elements of one or more types, formed from one or more types 
of molecules. 

0055. In another embodiment, the invention features pre 
cise, highly ordered placement of additional elements, like 
cargo elements, with minimal inter-element spacings on one 
or more elements and structures. 

0056. In one embodiment, one or more cargo elements 
comprise natural, isolated, synthetic and or recombinant ele 
mentS. 

0057. In one embodiment, one or more cargo carrying 
elements include in whole or in part one or more non-inven 
tion elements of one or more types. 
0058. In one embodiment, one or more cargo elements and 
or cargo carrying elements comprise hybrid elements of one 
or more types. 
0059. In one embodiment, one or more elements of one or 
more types do not carry cargo elements. 
0060. In one embodiment, nanoscale ensembles compris 
ing one or more types of elements allow for a large variety and 
number of possible cargo element configurations. 
0061. In one embodiment, one or more elements may 
additionally have located on and or in them one or more 
elements such as ligand elements, receptor elements, adaptor 
protein elements, and the like, formed from one or more types 
of molecules, which may also comprise one or more hybrid 
elements formed from one or more non-invention elements. 

0062. In another embodiment, one or more elements may 
be comprised of one or more elements derived in part from 
one or more types of elements, for example, but not limited to, 
an amino acid sequence derived from a Clathrin or Coatomer 
protein. 
0063. In another illustrative embodiment, one or more 
elements, in one or more configurations, are coated in whole 
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or in part with chemicals, metals, biomaterials, and or other 
Substances, of one or more types. 
0064. In another illustrative embodiment, one or more 
elements, in one or more configurations, comprise one or 
more organic, inorganic, and or synthetic material elements, 
of one or more types, in one or more forms and or phases, in 
whole or in part 
0065. In one embodiment, one or more elements are radia 
tion shielded, radio frequency (RF) shielded, thermally 
shielded, chemically shielded, and the like, in whole or in 
part, and in one or more configurations. 
0066. In various embodiments, one or more elements may 
be of more than one functionalization type, and or express 
more than one type of functionality. 
0067. In one embodiment, one or more elements in whole 
or in part may require minimal or no functionalization to be 
efficacious elements, like a drug and the like, but not limited 
tO. 

0068. In another embodiment, one or more elements in 
whole or in part comprise one or more structures, of one or 
more types. 
0069. In another embodiment, one or more elements in 
whole or in part comprise a shape programmable and or 
shaped scaffolding system via which one or more elements of 
one or more types form one or more structures with one or 
more types of shapes and or functions. 
0070. In one embodiment, one or more elements act as one 
or more types of efficacious replacements for one or more 
other elements, including non-invention elements, in vitro 
and or in Vivo, e.g., act as replacements for one or more 
natural elements commonly found in cells, but not limited to. 
This type of replacement functionality is not taught in prior 
art, including protein cage art. 
0071. According to one approach, various self-assembling 
and self-directed methods are employed. Elements and or 
their platforms can be formed from the bottom-up, one ele 
mentata time. Another advantage of bottom-up fabrication is 
that it reduces the amount of Superfluous material that Sur 
rounds each cargo element, reducing the element's exposure 
to contaminant background radiation and thereby improving 
the functional effectiveness of the element. 

0072. In one embodiment, the instant application teaches 
one or more nanoscale elements of one or more types formed 
from isolated, synthetic and or recombinant amino acid resi 
dues comprising in whole or in part one or more types of 
Clathrin and or Coatomer I/II proteins of one or more iso 
forms, including cloned isoforms. The efficacious elements 
may comprise minimalist, non-cage forming elements in one 
or more embodiments. In other embodiments, one or more 
Clathrin or Coatomer cage elements comprise efficacious 
elements. 

0073. In one embodiment, one or more elements may 
additionally comprise a hybrid molecular element formed 
from one or more other types of molecules. 
0.074 The instant invention teaches that in one or more 
non-cage element embodiments it features unique types of 
dynamic properties and capabilities not found in fully self 
assembled, cavity-forming cage structures as taught in the 
prior art. 
0075. In one embodiment, an element is comprised of one 
or more 3-legged triskelia, each triskelion having 6 protein 
subunits; 3 Clathrin heavy and 3 light chain subunits. In 
another example embodiment, the instant invention teaches 
one or more configurations as being comprised of only 3 
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Clathrin heavy subunits or only 3 light chain subunits. In 
another illustrative embodiment, configurations comprised of 
less than 3 Clathrin heavy or 3 light chain subunits are 
enabled. In another embodiment, the invention teaches ele 
ments comprising in part one or more types of Clathrin and or 
Coatomer I/II proteins of one or more isoforms 
0076. Likewise, the invention teaches one or more highly 
flexible element embodiments formed from Coatomer I/II 

proteins. In one embodiment, one or more nanoscale ele 
ments of one or more types are formed from isolated, syn 
thetic and or recombinant amino acid residues comprising in 
whole or in part one or more types of Coatomer I/II proteins 
of one or more isoforms, including cloned isoforms. Compo 
nents of both COP1 and Clathrin-adaptor coats share the 
same structure and the same motif.-based cargo recognition 
and accessory factor recruitment mechanisms, which leads to 
insights on conserved aspects of coat recruitment, polymer 
ization and membrane deformation. These themes point to the 
way in which evolutionarily conserved features underpin 
these diverse cell pathways. 
0077. In one example embodiment, one or more elements 
comprised of Coatomer (COPI and COPII) proteins, which 
can efficaciously act alone or with additional elements, are 
used instead of Clathrin proteins, preferably in those appli 
cations where Coatomer characteristics would be more desir 

able than those of Clathrin. Coatomer I/II protein elements 
may, in one or more embodiments, be comprised of one or 
more alpha, beta, beta', gamma, delta, epsilon and or Zeta 
subunits. Different combinations of these subunits are known 

to exist within Coatomer complexes. According to an illus 
trative embodiment, a Coatomer subunit is a nanoscale ele 
ment. In one invention embodiment, Clathrin and Coatomer 
elements and one or more methods may be used together in 
one or more configurations, taking advantage of their respec 
tive capabilities. 
0078 Freed from the constraints of only assembling into 
cavity forming cages in vitro, one or more non-cage elements 
of one or more types may self-assemble into one or more 
other types of complex elements and or material forms, 
enabling new classes of applications. For example, but not 
limited to, using techniques known in the art, bioengineered 
strands of Clathrin and or Coatomer proteins form function 
alized nano-tubules (Zhang, et al. 2007) for biomedical appli 
cations and bio-molecular components. In another bioengi 
neered embodiment, invention elements comprise repeatedly 
branched, highly symmetrical structures, forming protein 
based nano-dendrimers suitable for biomedical and bio-mo 

lecular applications. In another embodiment, self-assem 
bling, stable, bioactive, protein-based, hydrogel 
nanoparticles (i.e., nanogels). Some with tunable structural 
properties, are enabled. Generally, hydrogels are of interest to 
the biomedical field, e.g., for treating trauma, because the 
hydrated networks can provide a physiological environment 
where biological species can Survive or grow. In other 
embodiments, one or more other types of non-cage forming 
structures, elements, and forms of materials comprised of 
invention elements are formed using techniques known in the 
art 

0079 Unlike cage, cavity, and vesicle systems in the prior 
art where one or more additional elements, e.g., cargo, are 
inserted into a complex, fully formed structure; a sometimes 
difficult and laborious process; the invention, in one embodi 
ment, teaches that it can be functionalized with one or more 
additional elements at a much more fundamental nano-ele 
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ment level, e.g., by using non-cage elements of one or more 
types formed from amino acid residues of Clathrin or 
Coatomer proteins. Such functionalized, minimalist elements 
may furtherself-assemble in vitro into one or more nanoscale 
structure elements, including cages. This makes the addition 
of one or more elements easier and simpler as there is no 
insertion process into a completely formed cage, cavity, or 
vesicle. In another embodiment, additional element function 
alization is simplified by decorating just the external Surface 
of a cage. 
0080 According to one illustrative configuration, one or 
more types of elements, such as cargo elements, may interfere 
with the inventions overall operation if carried in the same 
element as other element types. Instead, the problematic ele 
ments are carried in a separate element that exclusively car 
ries non-interfering elements, thereby inhibiting disruptive 
interference of invention operations. Such non-interfering 
elements may be functionally and or physically linked with 
other elements carrying other element types. 
0081. In one embodiment, one or more elements effica 
ciously operate alone and carry no additional elements, e.g., 
cargo. In one embodiment, Such solo element functionality 
produces a unique new type of efficacious element, and its 
unique features correspondingly enable new types of appli 
cations. 

0082 Some embodiments include a molecule having an 
unpaired electron, a transition metalion, which can be found 
in the active centers of many proteins (metalloproteins), or a 
material having any defect that produces an unpaired elec 
trOn. 

0083. According to one in vivo application for enhanced 
medical imaging, paramagnetic lanthanide, transition metal 
ion complexes, and the like are cargo elements that modify 
the NMR relaxation times of nearby proton nuclei of H2O 
molecules, leading to brighter images and enhanced contrast 
between areas comprising the contrast agent and the Sur 
rounding tissues. 
0084. In another illustrative embodiment, one or more 
elements accept free radical molecules such as nitroxide mol 
ecule spin labels for electron paramagnetic resonance (EPR) 
based invention applications. 
0085. In another illustrative embodiment, one or more 
elements accept and or comprise one or more types of labels 
and assay strategies, and instruments for detection of one or 
more Such labeled and or assay elements may include, but are 
not limited to: fluorescence and confocal microscopy, flow 
cytometry, laser Scanning cytometry, fluorescence microplate 
analysis and biochips, immunoassay systems, nucleic acid 
based diagnostics, and the like. In various embodiments, one 
or more elements meet and or Surpass the requirements for 
label and assay sensitivity, accuracy and convenience. 
I0086. In another embodiment, one or more types of ele 
ments such as comprising in whole or in part one or more 
large molecule elements, Small molecule elements, cargo ele 
ments, agent elements, device elements, drug elements, and 
the like, enter the CNS, including passing the blood brain 
barrier, in 30 minutes or less and or in 30 minutes or more, 
post administration, and, depending on cargo and other ele 
ment type, may require minimal functionalization for Such 
element passage. 
0087. In some configurations, one or more elements com 
prise a cargo element, while in other configurations they 
comprise multiple elements, of one or more types. In some 
configurations, one or more or each of the elements and or 
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cargo elements is a metal, and or may include one or more 
metals. Alternatively, each of the elements and or cargo ele 
ments is or includes non-metal elements. In other embodi 

ments, elements and or cargo elements are exclusively non 
metal elements that may include gases, as well as other 
elements like biological elements, drugs, optics, polymers, 
etc. In another embodiment, one or more elements and or 
additional elements comprise one or more types of material 
forms, including a solid, gas, vapor, crystal, and the like. In 
another embodiment one or more invention and or non-inven 

tion elements, in one or more combinations, comprise one or 
more types of isolated, synthetic and or recombinant ele 
mentS. 

0088. An invention element, in one functionalized con 
figuration, includes receptor molecules; natural, isolated, 
synthetic and or recombinant, for capturing and ordering the 
placement of one or more elements, like cargo elements, on 
one or more elements. 

0089. An invention element, in another functionalized 
configuration, includes adapter molecules; natural, isolated, 
synthetic and or recombinant, disposed between the receptor 
molecules and one or more elements to couple the receptor 
molecules to another element, like to a cargo element. 
0090. An invention element, in one functionalized con 
figuration features ligands, natural, isolated, synthetic and or 
recombinant, including drugs, of one more types attached to 
receptors and or adapter protein elements. 
0091. In one configuration, one or more elements, of one 
or more types, are attached to one or more types of amino 
acids on one or more elements. 

0092. In another configuration, biotin-avidin is used as a 
coupler of one or more elements, of one or more types, to one 
or more elements of one or more types. 
0093. In another configurations, PEGylation, a cross 
linker, molecular bridge, molecular tether, and the like are 
used to attach one or more elements, of one or more types, to 
one or more elements of one or more types. 
0094. In one example, molecules of one or more types are 
attached to a short molecular tether to one or more elements 

via site directed Substitution mutagenesis, followed by reac 
tion of a unique amino acid group with a specific molecular 
label. 

0.095. In another embodiment, free radicals, toxic ele 
ments, other types of undesirable elements and the like cir 
culating within an in vivo environment are scavenged via 
molecular tethers, via other elements of one or more types 
attached to one or more invention elements, and or via direct 
binding to one or more elements. 
0096. In another embodiment, the invention takes full 
advantage of protein flexibility and plasticity to create ele 
ments of one or more types that are bonded, fastened, fused, 
and or affixed to one or more other elements, of one or more 
types. 

0097. In one illustrative embodiment, one or more ele 
ments and or bonded elements are coated in whole or in part 
with other elements, such as chemical, biological and or 
metallic materials, and the like. The coating elements may be 
or include organic, inorganic, and or synthetic materials, or a 
combination thereof. 

0098. In another invention embodiment, site directed 
mutagenesis is used to incorporate one or more elements, of 
one or more types, into one or more other elements, of one or 
more types. 
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0099. In one embodiment site-directed mutagenesis using 
one or more types of primer, including its reverse comple 
ment; are used to insert one or more DNA sequences of one or 
more types into one or more coding regions of one or more 
elements. 

0100. In another embodiment, cloning is done of one or 
more genes encoding one or more elements. In another 
embodiment, one or more amino acids and or their encoder 
gene are controlled, regulated, modified, and the like, by one 
or more methods known in the art to produce an efficacious 
effect, in vivo and or in vitro. 
0101. In one embodiment, one or more elements of one or 
more types comprise targeted and or non-targeted drug ele 
ments, biological elements, other forms of healthcare ele 
ments, including cosmetic elements, in one or more configu 
rations or combinations, for diagnosing, remedying, 
inhibiting, mitigating, curing, and or preventing one or more 
types of diseases, infections, physical or mental trauma, other 
forms of physical and mental afflictions, and the like, of one 
or more types, including types featuring minimal immuno 
genic and or toxic effects. 
0102. In one embodiment, one or more elements are used 
as a means for evaluating drug advancement and efficacy. 
0103) The invention teaches a biological model and or 
method that is consistent from a minimalist component level 
up, e.g., amino acid residues comprising in part one or more 
Clathrin and or Coatomer I/II proteins of one or more iso 
forms, making drug discovery safer, more efficacious, more 
time and cost effective, and overall, a much more rapid pro 
CCSS, 

0104. In one personalized medicine embodiment, the 
invention reduces drug side effect profiles and or produces 
greater agent efficacy, as well as excludes agents that may 
have no efficacy in a particular individual. The invention, in 
one embodiment, provides for individual patient factors such 
as genotype, phenotype, age, gender, ethnicity etc., to be 
taken into account by one or more elements and factored into 
dosing and administration consideration. 
0105. In one embodiment, one or more elements comprise 
one or more types of pluripotent stem cells and or comprise 
one or more stem cell delivery methods. 
0106. According to one feature, one or more elements may 
be or include one or more research, therapeutic, diagnostic, 
vaccine, assay, and or prosthetic agents, in one or more con 
figurations, and thereby constitute one or more types of bio 
medical elements. Such biomedical elements may be, for 
example, nano-structured and/or include chemical, biologi 
cal and/or metallic materials. The biomedical elements may 
be or include organic, inorganic, and or synthetic materials, or 
a combination thereof. 

0107 Medical, biomedical, bioengineered, and or biologi 
cal applications and platforms of the instant invention may 
include, but are not limited to, imaging; sensor; genetic and 
protein assay; diagnostic; drugs and drug delivery; prosthetic; 
inter- and extra-cellular tissue; whole organ; circulatory sys 
tem; medical device; implantable defibrillator; pacemaker; 
coronary stents; angioplasty device; and other like applica 
tions. 

0108. In one embodiment, one or more elements comprise 
one or more applications that perform analysis, of one or 
more types, of disorders of complex inheritance. 
0109. In one embodiment, one or more elements comprise 
one or more applications that perform analysis, of one or 
more types, of pharmacologic therapy. 
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0110. In one embodiment, one or more elements comprise 
one or more types of prognosis and therapy selection— 
“theradiagnostics’. 
0111. In one embodiment, one or more elements comprise 
one or more genomic applications of one or more types. 
0112. In one embodiment, one or more elements comprise 
one or more oncology applications of one or more types. 
0113. In one or more embodiments, one or more elements 
may use routes of administration comprising one or methods 
of one or more types, such as those defined by CDER Data 
Element Number C-DRG-00301 in the US FDA Data Stan 
dards manual. Routes of in vitro administration of one or 

more elements may also comprise one or more forms. 
0114. In one or more embodiments, one or more pharma 
ceutical and drug formulations of one or more types are used, 
in whole or in part, Such as tablet, capsule, Soft galantine 
capsule, topical, injections, eye drops, syrups and liquids, 
Soap and cosmetics, birth control device, and the like, but not 
limited to, as well as one or more types of biologics, chemical 
compounds, water Soluble compositions, and the like, but not 
limited to. In vitro formulations may also comprise one or 
more formulations of one or more types in one or more 
embodiments. 

0115 According to one feature, one or more elements 
respond to one or more external and/or internal stimuli, which 
can be, for example, mechanical, chemical, biochemical, bio 
logical, metabolic, covalent, non-covalent, photonic, Sonic, 
acoustical, thermal, fluidic, electromagnetic, magnetic, 
radioactive, quantum mechanical, or electrical in nature. 
Examples of Such a stimulus response is altering a cargo 
element carried by an element; the altering of the element 
itself, causing changes in cellular process like endocytosis, 
exocytosis, mitosis, trafficking and signaling, and the like, 
including other conformational changes. 
0116. In another embodiment, photonic energy impacting 
one or more elements produces electrical current, and or 
photonic energy, e.g., a laser. 
0117. In general, in another embodiment, one or more 
element and or platform are physically and/or functionally 
cooperative with other suitable types or forms of elements, 
agents, organisms, materials, Substances, components, 
devices, and or systems, including non-invention elements, in 
vitro and/or in vivo. 

0118. The invention, in one embodiment, provides for a 
plurality of elements comprising aggregated, complex self 
assembled nanoscale structures that dynamically bind 
together one or more types of endogenous, exogenous, homo 
geneous, and or heterogeneous elements into one or more 
complex elements, which also may have one or more payload 
types. 

0119 The invention, in one embodiment, provides a capa 
bility for in vivo and in vitro integration of one or more types 
of elements into other elements, devices and mechanisms, 
Some of which may also be non-invention elements, that also 
may be linked together functionally or logically, including 
with other devices and or operators, locally or at a distance, 
significantly enhancing the overall capabilities of the inven 
tion. 

I0120 In one embodiment, the invention provides for the 
ability of one or more elements to track, recognize, attack and 
or destroy multiple targets on the fly, in vivo and in vitro, 
using dynamic target prioritization for a single element type 
and or multiple element types. 
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0121. In one application, one or more elements, including 
cargo elements, comprise one or more types of targeted agent 
delivery systems and or agents in vivo or in vitro, including 
high precision dosing, using, as appropriate, ligands, target 
ing moieties, and or other vectors. In one application, one or 
more targeted elements comprise one or more research, reme 
dial, inhibitory, mitigation, preventive, prosthetic, assay, and 
or other type of bio-molecular agent or device, in one or more 
combinations, and may altogether comprise a unified element 
and or platform. 
0122) The invention, in one embodiment, provides for a 
method for targeted delivery systems that leverage and utilize 
biological control laws and that may act as self-directed sys 
temS. 

0123. According to another invention embodiment, one or 
more targeted elements may use molecular-imprint technol 
ogy, which is used for the production of molecule-specific 
cavities that mimic the behavior of receptor binding sites, 
without the temperature sensitivity of natural systems. 
0.124. According to another feature, biodegradable films 
may also be used as a pliable template for one or more tar 
geted elements, which are pressed into a biodegradable film 
and then removed, leaving a physical mold of the elements 
shape. The film can then be hardened and used by an element 
to detect a particular element, which may be, but is not limited 
to, a particular receptor, protein, or cell, since its complex 
imprint shape on the film will bind only to that particular 
biological element. 
0125. In one embodiment, the invention provides for a 
targeting system using biodegradable nanocapsules for deliv 
ery of one or more elements in vivo or in vitro. 
0126. In another application, a nanoscale platform com 
prised of a plurality of elements performs molecular-leveland 
or cellular-level target site loitering, monitoring, repair, con 
struction and or dynamic, interactive control and regulation of 
biological systems, in vitro and in vivo. 
0127. In another embodiment, one or more elements, 
including in whole or in part one or more non-invention 
elements, operating alone or with one or more additional 
elements, comprise one or more types of membrane fusion 
elements. In one embodiment, the resulting biological pro 
cesses and interactions from Such fusion may lead to a series 
of controlled, regulated, extended, modulated, purposefully, 
and or self-directed methods and or behaviors of elements. 

0128. In one example embodiment, one or more elements 
in whole or in part execute one or more types of actions 
involving conformational changes, bonding, attachment, and 
or the fusion of one or more elements to a cell membrane, one 
or more of which actions may lead to changes in cellular 
processes, such as endocytosis, exocytosis mitosis, traffick 
ing and signaling, and the like, and or enable the precise 
dispatch and sequenced delivery of selected agents from an 
element to a target cell. Alternatively, a series of interlocking 
steps between a part of a cell membrane, and all, or a Subset of 
the materials comprising an element may cause the cessation 
of one or more element's delivery to a target cell, and or 
enable delivery from other sources. 
0129. In another configuration, one or more elements 
dynamically respond to natural environmental conditions and 
manifest special functions. The various control laws that 
regulate biochemical reactions and physiological processes 
often display features that allow biomolecules or biological 
structures to perform more tasks than are reasonably expected 
from a simple mechanical device. In one embodiment, the 
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invention takes deliberate advantage of these biological con 
trol laws. Via the use of bio- and genetic engineering methods 
known in the art, the invention makes use of these control 
laws to dynamically regulate complex in Vivo and in vitro 
biochemical reactions and physiological processes. An 
example of biological control laws at work is the automatic 
self-directed, self-assembly of in vitro and in vivo Clathrin 
and Coatomer proteins. 
0.130. In one embodiment, intramolecular dynamics of 
biomolecules and the concerted and interlocking steps of 
conformational changes lead to deliberately purposeful 
actions. For example, one or more elements may fit spatially 
and each step in a process fits temporally (kinetically) with an 
element of anticipation of the purposeful outcome. 
I0131. In another example case, the spatially and tempo 
rally defined events between the cell and one or more ele 
ments may cause the invention to release diagnostic and 
monitoring agents to determine the most appropriate course 
of therapeutic action. The calculated utilization of biological 
control laws by one or more elements may, for example, 
provide for a Sophisticated drug delivery system that provides 
optimal dosing by altering its drug delivery behavior, as well 
as producing minimal side effect profiles. 
I0132 A further advantage of the invention is that it pro 
vides elements that can be bio-engineered to prevent in vivo 
uptake by one or more types of organs, tissue, cells, and bone. 
In the converse, another advantage is that one or more ele 
ments can be bio-engineered for highly selective uptake by 
one or more types of targeted cells, tissue, organs, bone, as 
well as by other organic and inorganic matter. In another 
embodiment, one or more elements comprise a non-selective 
uptake, non-targeted drug delivery system. 
I0133. In another embodiment, the invention provides for 
the ability of one or more elements to intelligently monitor, 
control and regulate, react, and further adjust biological pro 
cesses after delivery of the payload, enabling high precision 
dosing. 
I0134. Another advantage of the invention is that Clathrin 
can cross cell membranes including the blood brain barrier 
(Gragera et al 1993) and can move through the synaptic clefts 
(Granseth et al 2007). In one embodiment, bioengineered 
Clathrin actively transports Substances in and out of cells 
including neurons and blood brain barrier cells. 
0.135. In another embodiment, one or more elements, 
operating alone or with one or more additional elements, 
comprise one or more types of cell membrane crossing ele 
ments and gain access to the cytosol and intracellular ele 
ments of one or more types, including one or more cell 
organelles. Such elements may, in one embodiment, require 
minimal functionalization to cross the cell membrane and or 

enter a cell organelle. 
0.136. In one embodiment, one or more elements, in whole 
or in part, in one or more combinations, take one or more 
actions to create, spawn, comprise, modify, regenerate, reas 
semble, and or control and regulate one or more cells, cellular 
elements and or cellular processes of one or more types. 
0.137 In one embodiment, one or more elements, in whole 
or in part, in one or more combinations, take one or more 
actions to rectify and or repair failures and defects in cellular 
processes, such as, endocytosis, exocytosis, mitosis, traffick 
ing and signaling, and the like. Such failures and defects can 
lead to diseases, for example, cancer. 
0.138. In one embodiment, one or more elements comprise 
in situ in vivo elements for remediation, removal and or 
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sequestration of one or more types of contaminants, toxins, 
undesired organic or inorganic elements, and the like. 
0.139. In one embodiment, one or more elements comprise 
in situ environmental elements for remediation, removal and 
or sequestration of one or more types of in vitro environmen 
tal contaminants and or toxins; for example, chlorinated Sol 
vents TCE, PCE, PCBs, c-DCE, DNAPL, heavy metals 
(chromium), biofilm, synthetic chemicals, and the like. 
0140. In one embodiment, some or all elements may also 
operate under the control and influence of other in vitro and or 
in vivo elements, including non-invention elements, and alto 
gether may comprise a scalable, nanoscale platform. 
0141. In general, in another aspect, the invention is 
directed to a method of forming one or more types of scalable 
platforms, including the steps of providing one or more 
embodiments of the elements to deliberately carry out a series 
of tasks of one or more types, which tasks and or methods may 
be externally directed or internally self-directed, or a combi 
nation thereof. In other embodiments, one or more nanoscale 
platforms may be additionally comprised of one or more 
non-invention elements and platforms of one or more types. 
0142. One or more elements, in one platform embodiment, 
may also modify, process, manipulate, encode and decode, 
input, output, transmit, communicate, store and or read infor 
mation using techniques and methods known in the art, in 
vivo and in vitro. 

0143. In one embodiment, scalable information process 
ing platforms use some or all elements as bits that are pro 
grammable into a plurality of logical states. In another con 
figuration, the invention features a Scalable information 
processing platform that may include one or more elements. 
0144. As a general characteristic, one or more elements 
may take any suitable form, and multiple embodiments may 
be used as elements, and or further combined in any suitable 
manner to create one or more cargo carrying and or non-cargo 
carrying nanoscale elements ("elements'), and or multifunc 
tion nanoscale platforms (platforms) of one or more types, 
operating invitro and or in vivo. Such as: multiple polypeptide 
elements and platforms; biological elements and platforms; 
large molecule elements and platforms; Small molecule ele 
ments and platforms; biomedical elements and platforms; 
medical elements and platforms; diagnosis, cure, mitigation, 
treatment, prevention of disease or other type of drug ele 
ments and platforms; targeted and or non-targeted delivery 
elements and platforms; cell, cell organelles, or cell material 
crossing elements and platforms; personal medicine elements 
and platforms; elements and platforms that, post administra 
tion, in whole or in part enter the central nervous system, 
including passing the blood brain barrier in 30 minutes or less 
and or in 30 minutes or more; healthcare elements and plat 
forms; reproductive health elements and platforms; Substance 
abuse disorder treatment elements and platform; bioengi 
neered elements and platforms; cosmetic elements and plat 
forms; agricultural elements and platforms; sensor elements 
and platforms; research and development elements and plat 
forms; scientific elements and platforms; crystal elements 
and platforms; electronic elements and platforms; photonic 
energy elements and platforms; information processing or 
storage elements and platforms; energy storage elements and 
platforms; in situ elements and platforms for remediation, 
removal and or sequestration of undesirable elements and 
platforms of one or more types; quantum mechanical ele 
ments and platforms; telecommunication elements and plat 
forms; and the like; one or more of which nanoscale elements 
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and platforms may be additionally comprised of one or more 
non-invention elements and platforms of one or more types, 
and with or without one or more types of cargo elements 
located on and or in one or all or a Subset of elements. 

0145. In general, in a further aspect, the invention is 
directed to a method of forming one or more formations of 
nanoscale elements formed in vitro from one or more ele 

ments of one or more types formed from isolated, synthetic 
and or recombinantamino acid residues comprising in whole 
or in part one or more types of Clathrin and or Coatomer I/II 
proteins of one or more isoforms, including cloned isoforms; 
with or without one or more additional elements of one or 

more types located on and or in one or more elements; form 
ing in whole or in part one or more types of element carrying 
and or non-element carrying nanoscale elements and struc 
tures; one or more of which elements may also comprise one 
or more non-invention elements of one or more types, form 
ing hybrid elements; wherein one or more elements, using 
one or more types of methods, executes one or more functions 
and or effects one or more ends in vivo and or in vitro. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0146 The foregoing and other aspects of the invention 
may be more fully understood from the following description, 
when read together with the accompanying drawings in 
which like reference numbers indicate like parts. 
0147 FIG. 1 is a conceptual diagram depicting a Clathrin 
triskelion comprised of one or more elements of one or more 
types employed in an illustrative embodiment of the inven 
tion. 

0148 FIG. 2 is a conceptual cross-sectional view of one or 
more Clathrin protein, receptor, adaptor protein, and cargo 
elements in an illustrative embodiment. 

014.9 FIG. 3 is a computer generated frontal view of an 
actual Clathrin cage comprised of a plurality of Clathrin 
triskelia, and, in an illustrative embodiment, comprising one 
or more invention elements. 

0150 FIG. 4 is a flow diagram depicting conceptually the 
formation of individual Clathrin elements during endocyto 
sis, which also serves to illustrate how the instant invention 
operates in one or more embodiments. 
0151 FIG. 5 is a conceptual diagram depicting Coatomer 
I/II protein comprised of one or more Subunit and domain 
elements of the type employed in an illustrative embodiment 
of the invention. 

0152 FIG. 6 is an exemplary energy level diagram 600 
illustrating the energy levels associated with a hyperfine inter 
action between electron and nuclear spin in the presence of 
magnetic fields. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENTS 

0153. The instant invention is comprised of one or more 
formations of nanoscale elements formed in vitro from one or 

more elements of one or more types formed from isolated, 
synthetic and or recombinantamino acid residues comprising 
in whole or in part one or more types of Clathrin and or 
Coatomer I/II proteins of one or more isoforms, including 
cloned isoforms, and which operate in vitro and or in vivo. In 
one embodiment, one or more elements form one or more 
configurations of one or more types, described below. 
0154 FIG. 1 is a conceptual diagram illustrating the basic 
unit of Clathrin, a three-leg pinwheel protein structure, and 
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each complete leg is typically called a monomer. The 
arrangement of the monomers in the three-dimensional pro 
tein is the quaternary structure. Each Clathrin leg monomer is 
further comprised of two subunits, one 190 kDa subunit 
(“heavy chain’) and one 24-27 kDa subunit (“light chain'). 
Three, two-subunit Clathrin monomers self-assemble and 
combine to create triskelion element 100. It is this triskelion 

morphology that allows Clathrin to form its unique polyhe 
dral network. 

0.155. In FIG. 1, the assembled triskelion element 100 is 
comprised of three monomer leg elements 102a-102C. The 
three leg elements 102a-102c extend radially from a hub 
section 108. The filamentous portion of Clathrin triskelion 
legs 102a-102c is formed by a continuous superhelix. A natu 
rally occurring Clathrin leg is about 47.5 nm (475A) long. In 
the instant invention, Clathrin leg length and or molecular 
weights can be modified and or adjusted by using bioengi 
neering techniques known in the art. 
0156. In the case of humans, there are two isoforms each 
of Clathrin heavy chain (CHC17 and CHC22) and light chain 
(LCa and LCb) Subunits, all encoded by separate genes. 
CHC17 forms the ubiquitous Clathrin-coated vesicles that 
mediate membrane traffic. CHC22 is implicated in special 
ized membrane organization in skeletal muscle. CHC 17 is 
bound and regulated by LCa and LCb, whereas CHC22 does 
not functionally interact with either light chain. 
O157. In one embodiment, a Clathrin triskelion is com 
posed of a trimer of heavy chains 104a-104c each bound to a 
single light chain 106a-106c, respectively. In the case of one 
isoform embodiment, CHC17 (SEQ ID NO:1), a Clathrin 
heavy chain element is comprised of a 1675 amino acid 
residue protein, which is encoded by a gene consisting of 32 
exons. In the case of another isoform embodiment, CHC22, a 
Clathrin heavy chain element is comprised of a 1640 amino 
acid residue protein (SEQ ID NO:2). 
0158. In one or more invention embodiments, efficacious 
elements formed in part from Clathrin amino acid residues 
include, but are not limited to, a N-terminal globular domain 
110a-110c (residues 1-494) that interacts with adaptor pro 
teins (e.g., AP-1, AP-2, b-arrestin), a light chain-binding 
region (residues 1074-1552), and a trimerization domain 
(residues 1550-1600) near the C-terminus. 
0159. One or more of the Clathrin heavy chain amino acid 
sequences as described in SEQID NO:1 and SEQID NO:2, 
but not limited to, and in whole or in part may be modified, 
altered, adapted or functionalized in one or more ways in one 
or more embodiments of the invention. 

0160. In the illustration, the three Clathrin monomer ele 
ments 102a-102c are comprised of six subunit elements, three 
of which subunits are the heavy chain subunit elements 104a 
104c. The three heavy chain subunits are comprised of several 
distinct domains and segments, one or more of which may 
comprise one or more invention elements in one or more 
embodiments, and may be functionalized via one or more 
techniques known in the art. 
0161 In general, each heavy chain comprises eight 
repeated motifs (CHCR 0-7), which make up the proximal, 
knee, distal and ankle segments of a Clathrin leg. The heavy 
chain amino terminus folds into the terminal domain (TD) 
and is attached to CHCRO by a helical linker. (Brodsky, 
2004). The three Clathrin heavy chains are joined at their 
C-termini (located within hub element 108), extending into 
proximal and distal leg domains ending in globular N-termi 
nal domain elements 110a-110c, and which are responsible 
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for peptide binding. The Clathrin heavy chain terminal 
domains provide multiple interaction sites for a variety of 
adaptor proteins (AP) that can bind multiple receptors occu 
pied by ligands. These sites prevent chemical interactions 
between cargo elements. The heavy chain N-terminal domain 
elements 110a-110c are each comprised of a seven-bladed 
beta-propeller connected to a flexible physiologicaller region, 
respectively. This propeller domain interacts with a host of 
accessory proteins participating in receptor-mediated 
endocytosis such as adaptor proteins, non-visual arrestins and 
the uncoating ATPase, hsc70. The propeller domain is fol 
lowed by a long filamentous segment, which is interrupted by 
a bent region between the distal and proximal domains, and 
ends in the trimerization domain at the C-terminus. 

0162 Besides harboring determinants important for driv 
ing the association of individual Clathrin molecules during 
lattice formation, each of the three heavy chain 104a-104c 
proximal domains also include binding sites for attaching the 
three light chain subunit elements 106a-106c, respectively, 
forming three complete Clathrin monomers. The three light 
chain subunits are also comprised of several distinct domains 
and segments, one or more of which may comprise one or 
more invention elements in one or more embodiments, and 
may be functionalized via one or more techniques known in 
the art. 

0163 Among other roles, Clathrin light chains prevent 
Clathrin heavy chains from interacting with each other. On 
the other hand, assembly proteins bind to light chains and 
cause a change in them such that they no longer prevent heavy 
chains from interacting. Clathrin light chains consist of what 
has been described as a linear array of domains: regions of 
protein discernable from the primary sequence or with dis 
tinct biochemical properties. These are an N-terminal seg 
ment, a region that is 100% conserved between light chains, a 
portion to which HSc70 binds, a calcium binding domain, a 
region which binds the heavy chain, a site for neuronal 
specific splice inserts and then finally a calmodulin-binding 
domain at the C-terminus domain (Royle, 2006). The light 
chain C-terminal residues are also important for enhancing 
the in vitro assembly of hub 108 at low pH. 
0164. One or more of the Clathrin light chain amino acid 
sequences as described in SEQID NO:12 and SEQID NO:13 
but not limited to, and in whole or in part may be modified, 
altered, adapted or functionalized in one or more ways in one 
or more embodiments of the invention. 

0.165. In one embodiment, each of the 3 heavy chain sub 
units 104a-104c may each have 3 light chains subunits 106a 
106c attached, respectively, forming the typical, three-mono 
mer Clathrintriskelion structure. But in another embodiment, 
each leg 102a-102c may include only the 3 Clathrin heavy 
chain subunits 104a-104c, respectively, which is distinctly 
unique from the classic Clathrin monomer configuration. In 
yet another unique embodiment, only 3, non-attached light 
chain subunits 106a-106c are used. 

(0166 In one distinctive embodiment of the invention, a 
3-legged pinwheel configuration 100 is not enabled, and only 
partial pinwheel structures are used. In one embodiment, a 
partial pinwheel configuration of one or two legs (one or two 
Clathrin monomers) is comprised of one or two Clathrin 
heavy chains and one or two corresponding light chain Sub 
units. In another embodiment, one or two elements comprised 
of only one or two Clathrin heavy chain subunits are used; 
e.g., subunits 102a, or 102a-102b. In one embodiment, only 
one or two unattached light chain subunits are used. 
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0167. In another distinctive embodiment of the invention, 
one or more elements of one or more types are formed from 
isolated, synthetic and or recombinant amino acid residues 
comprising in part one or more types of Clathrin heavy chain 
and or light chain proteins of one or more isoforms as 
described in SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:12 
and SEQID NO:13, respectively. 
0168. In one embodiment, one or more N-terminal domain 
elements, e.g., 110a, 110b and or 110c are bioengineered to 
facilitate, modify, regulate or control peptide binding of one 
or more types, as well as interaction sites for one or more 
types of adaptor proteins. 
0169. In one embodiment, one or more domain elements 
of heavy chain subunits and or light chain Subunits are 
bioengineered to facilitate, modify, regulate or control one or 
more Clathrin protein characteristics and or behaviors in vivo 
and or in vitro. 

0170 FIG. 2 is a conceptual cross-sectional view of a 
biological endohedral consisting of Clathrin protein ele 
ments. In this illustrative embodiment, one or more elements 
102a-102c, 106a-106C, 104a-104c, 110a–110c, element 108, 
and or one or more types of elements formed from isolated, 
synthetic and or recombinantamino acid residues comprising 
in whole or in part one or more Clathrin proteins of one or 
more isoforms, and with or without one or more additional 
elements of one or more types, may comprise one or more 
multiple polypeptide elements of one more types. The latter 
are labeled in FIG.2 as elements 206a, 204a, 202a, and 208a, 
which are formed in vitro, and also may operate in vitro and 
or in vivo. One or more of elements 206a, 204a, 202a, and or 
208a may comprise one or more types of functionalization, 
include invention and non-invention elements, express one or 
more types of functionality, and or form one or more types of 
Structures. 

0171 In one illustrative embodiment, but not limited to, 
one or more elements 206 a may comprise one or more ele 
ments 102a-102c, 106a-106C, 104a-104c. 110a-110c, ele 
ment 108, and or one or more types of elements formed from 
isolated, synthetic and or recombinant amino acid residues 
comprising in whole or in part one or more Clathrin proteins 
of one or more isoforms, and express one or more types of 
functionality in one or more embodiments. 
0172. In another embodiment, one or more elements 206a 
may be comprised of, and or help comprise one or more types 
of non-invention elements, such as a natural cell element in 
one embodiment, comprising one or more types of hybrid 
elements in one or more embodiments. 

0173. In another embodiment, one or more elements 206a 
may be comprised of, and or help comprise one or more types 
of isolated, synthetic, recombinant and or natural molecules 
in one or more embodiments. 

0174. In one illustrative embodiment, but not limited to, 
one or more elements 202a may comprise cargo elements of 
one or more types, including natural, isolated, synthetic and 
or recombinant, including natural and or synthetic ligands 
and or drugs, and may express more than one type of func 
tionality. In one embodiment, one or more other elements, of 
one or more types, including invention and non-invention 
elements each may bond with one or more respective cargo 
elements 202a. 

0.175. In one embodiment, one or more cargo elements 
202a are cavity forming and are non-permeable, semi-perme 
able, and or permeable, and or can change from one perme 
able state to another. In one embodiment, the cavity forming 
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elements comprise one or more types of elements and or 
agents, including gas, vapor or fluid, with or without dopants. 
In one embodiment, one or more cargo cavities elements 
comprise one or more types of elements and or agents, includ 
ing one or more types of metals. 
(0176). In another illustrative embodiment, one or more 
efficacious cargo elements 202a carried on one or more ele 
ments may comprise the total functionality. In another 
embodiment, one or more other elements, of one or more 
types, including invention and non-invention elements may 
act in concert with one or more cargo elements 202a to 
achieve ensemble efficacy. 
0177. In one embodiment, but not limited to, one or more 
elements 204a may comprise attachment and or receptor 
elements for one or more elements 202a of one or more type, 
and or express more than one type of functionality. In one 
embodiment, one or more other elements, of one or more 
types, including invention and non-invention elements each 
may bond with one or more respective elements 204a. In 
another embodiment, receptor molecules 204a can be 
bioengineered to recognize and associate with specific mol 
ecules, which may also be synthetic and or natural ligands and 
or drugs. In another embodiment, receptor molecules 204a 
can be natural, isolated, synthetic and or recombinant. 
0.178 In one embodiment, but not limited to, one or more 
elements 208a of the instant invention may comprise the 
major types of adaptor elements, like the heterotetrameric 
adaptor protein (AP) elements, and the monomeric GGA 
(Golgi-localizing, Gamma-adaptin ear domain homology, 
ARF-binding proteins) adaptors. In one illustrative embodi 
ment, elements 208a comprise one or more Small sigma Sub 
units of various adaptins from different APadaptor elements. 
The AP complex family has six members in mammals: 
AP-1A, AP-2. AP-3A and AP-4 are ubiquitously expressed. 
The other two members, AP-5 and AP-6, are cell-type specific 
isoforms of AP-1A and AP-3A: the epithelium-specific 
AP-1B and the neuron-restricted AP-3B. (Ohno, 2006). In 
another embodiment, AP180, like AP-2 and AP-3, binds to 
N-terminal domains 110a-110c of Clathrin. In one embodi 

ment, one or more AP elements may be functionalized at one 
or more heavy chain terminal domain elements 110a–110c. In 
one embodiment, one or more other elements, of one or more 
types, including invention and non-invention elements each 
may bond with one or more respective elements 208a. In 
another embodiment, adapter molecules 208a are bioengi 
neered to recognize specific receptor molecules and to couple 
the receptor molecules to Clathrin and or Coatomer protein 
elements. In another embodiment, adapter molecules 208a 
can be natural, isolated, synthetic and or recombinant. 
0179. In one embodiment, one or more elements 206a, 
204a, and or 208a operate alone without cargo element 202a, 
and comprise one or more types of inherently efficacious solo 
acting elements. 
0180. In one embodiment, unlike prior Clathrin art, a plu 
rality of elements 206a, 204a, and or 208a operate without 
cargo elements 202a, and comprise an inherently efficacious 
cage element 212 of one or more types, like a drug element, 
for example, which is unlike prior Clathrin art. 
0181. In one embodiment, also unlike prior Clathrin art, a 
plurality of elements 206a, with or without one or more 
additional other elements comprise cage element 212, and 
element 212 has one or more elements, of one or more types 
and affixed via one or methods, located on the outside part of 
cage element 212; that is, located outside the cavity formed by 
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cage 212. In another embodiment, further unlike prior Clath 
rin art, a plurality of elements 206a, with or without one or 
more additional other elements, comprise cage element 212, 
and element 212 has one or more elements, of one or more 
types and affixed via one or methods, located on both the 
outside, and inside parts (i.e., located within the cage cavity), 
of cage element 212. 
0182. According to one invention feature, cargo attach 
ment element 204a and or element 208a shields cargo ele 
ment 202a in the same element 206a from interacting. 
According to another feature, the shielding properties of ele 
ment 206a shields and inhibits chemical and molecular inter 

actions between it and the external environment. According to 
a further feature, element 206a protectively sequesters cargo 
elements 202a from the external environment. 

0183. In another embodiment, one or more non-invention, 
“natural” Clathrin elements 206b-206f(the term “natural” 
hereinafter generally refers to non-isolated, non-recombi 
nant, and non-synthetic protein elements) join with one or 
more isolated, recombinant, and or synthetic elements; in this 
example, 206a, to form a natural/invention hybrid Clathrin 
cage element 212. In another embodiment, hybrid cage ele 
ment 212 may also be comprised of natural cage element 220, 
which is a vesicle, forming a hybrid Clathrin Coated Vesicle. 
0184 FIG. 3 is a computer generated frontal view of a 
Clathrin cage 300 comprised of a plurality of natural Clathrin 
triskelia elements 302-308, respectively. In an illustrative 
embodiment, element 310 is an invention element, comprised 
of three heavy chain elements 104a-104c. which may or 
may not include three respective light chain elements 106a 
106c—forming a hybrid or fused cage 300 comprised of 
natural elements and invention elements. In this role, element 
310 comprises an efficacious replacement for a natural triske 
lia element. 

0185 FIG. 4 is a flow diagram 400 depicting, conceptu 
ally, the formation of a plurality of natural Clathrin elements 
206b-2026f, and, in this example, along with invention ele 
ment (206a) into cage 200, which at step 440, shows Clathrin 
coated vesicle 220. The process by which natural Clathrin 
molecules 206b-206d obtain natural cargo molecules 202b, 
202c, and 202d in this example is known as Clathrin mediated 
endocytosis (CME), a process wherein a cell takes in macro 
molecules by forming vesicles derived from the plasma mem 
brane. Endocytosis is crucial to cellular function. Via CME, 
cells internalize cargo attachment elements, transmembrane 
channels, transporters and extracellular ligands Such as hor 
mones, growth factors and nutrients. 
0186. In one embodiment, one or more invention elements 
are biologically engineered to take or induce one or more 
types of actions, such as to create, spawn, comprise, modify, 
repair, regenerate, reassemble, and or control and regulate 
CME, as well as exocytosis, mitosis, trafficking, signaling 
processes, other behaviors, and the like. Defects and disor 
ders in any of these critical cellular processes can lead to 
disease, and one or more types of these processes may be 
modified in one or more embodiments of the instant inven 

tion, for example, to achieve therapeutic effect. 
0187. In one embodiment, the instant invention takes or 
induces one or more efficacious actions involving receptor 
mediated endocytosis that encompass nutrient uptake (LDL, 
transferrin, etc.), membrane recycling, membrane protein 
recycling, antigen uptake, Synaptic vesicle recycling, and sig 
naling receptor down-regulation. 
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0188 In one or more embodiments, one or more invention 
elements comprise counterparts to natural Clathrin proteins 
that may inherently behave as a drug; e.g., one or more inven 
tion elements are functionalized for in vivo delivery and carry 
no additional elements, such as cargo. Such solo acting ele 
ment embodiments would interact in one or more ways with 
natural cells and their processes, and by So doing diagnose, 
regulate and or cure one or more diseases and disorders relat 
ing to endocytosis. 
0189 An increase of a cellular component is called 
upregulation. Upregulation is an increase in the number of 
receptors, e.g., see elements 204b, 204c, and 204d in FIG. 4, 
on the Surface of target cells, making the cells more sensitive 
to a hormone or another agent. For example, there is an 
increase in uterine oxytocin receptors in the third trimester of 
pregnancy, promoting the contraction of the Smooth muscle 
of the uterus. In one or more embodiments, one or more 
invention elements, either by acting alone and or in part with 
other elements of one or more types, including natural and or 
non-invention elements, efficaciously modify, control and 
regulate, interfere with, create, and or spawn elements, and or 
induce actions or behaviors that increase the upregulation of 
one or more types of receptors of the Surfaces of target cells. 
0190. On the other hand there is downregulation, an 
example of which is the cellular decrease in the number of 
receptors to a molecule. Such as a hormone or neurotransmit 
ter, which reduces the cell's sensitivity to the molecule. In the 
literature, downregulation is the process by which a cell 
decreases the quantity of a cellular component, such as RNA 
or protein, in response to an external variable. In one or more 
embodiments, one or more invention elements, either by act 
ing alone and or in part with other elements of one or more 
types, including natural and or non-invention elements, effi 
caciously modify, control and regulate, interfere with, create, 
and or spawn elements, and or induce actions or behaviors 
that increase the downregulation of one or more types of 
receptors. 

0191 Exocytosis is the reverse process of endocytosis, 
whereby a cell directs secretory vesicles out of the cell mem 
brane. These membrane-bound vesicles contain soluble pro 
teins to be secreted to the extracellular environment as well as 

membrane proteins and lipids that are sent to become com 
ponents of the cell membrane. Exocytotic vesicles are usually 
not Clathrin-coated; most of them have no coat at all. How 
ever, two observations suggest that Clathrin effectively 
tracks vesicle proteins leaving a synapse. In one study 
(Granseth, et al., 2008) the amount of a Clathrin light chain 
(LC) tagged with the element mRFP leaving the synapse was 
proportional to the number of vesicles released by the stimu 
lus, as assessed by the amplitude of a sypHy signal (sypHy is 
an improved fluorescent reporter of exocytosis). Second, in 
the same study the movement of LC-mRFP began without a 
significant delay and peaked with the Syphy signal. The 
movement of Clathrin out of the synapse together with syn 
aptophysin and synaptobrevin is most easily explained as 
representing CME (Clathrin mediated endocytosis) of 
vesicles at sites removed from the active Zone. This interpre 
tation is consistent with studies showing that the machinery 
for CME is not at the active Zone, but in the surrounding 
regions of membrane (Heuser & Reese, 1973; Ringstad et al. 
1999; Qualmann et al. 2000; Teng & Wilkinson, 2000). Thus, 
Clathrin is naturally found in the extracellular space and may 
play a role in regulating exocytosis and or endocytosis. In one 
or more illustrative embodiment, one or more elements of one 
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or more types may efficaciously operate in inter- and or extra 
cellular spaces of one or more types; for example, perform 
remediation, sequestration, or removal of one or more types 
of undesirable elements. 

0.192 Membrane trafficking only occurs during inter 
phase. As the cell enters mitosis, Clathrin-mediated mem 
brane traffic is rapidly shut down and only resumes in late 
telophase. Clathrin may therefore have a separate function 
that is distinct from membrane trafficking, which operates 
during mitosis. Clathrin is thus a multifunction protein: dur 
ing interphase its function is in membrane trafficking and 
during mitosis it has a role instabilizing spindle fibers (Royle, 
2006). In one invention embodiment, mitosis may be effica 
ciously controlled and regulated, modified, and or induced 
via one or more methods and instances of the instant inven 
tion. 

0193 In another embodiment, one or more elements are 
comprised of, but not limited to, one or more isolated, Syn 
thetic, and or recombinant adaptor protein molecules, tubulin 
protein molecules, dynamin protein molecules, epsin protein 
molecules, endophilin protein molecules, synaptotagmin 
protein molecules, and or other types of protein molecules 
associated with Clathrin and Coatomer proteins and pro 
cesses, for efficacious effect. 
0194 In another embodiment, one or more natural adaptor 
protein molecules, tubulin protein molecules, dynamin pro 
tein molecules, epsin protein molecules, endophilin protein 
molecules, synaptotagmin protein molecules, and or other 
types of protein molecules involved with associated with 
Clathrin and Coatomer proteins and processes form effica 
cious hybrid elements when also comprised of one or more 
types of invention elements. 
0.195 The CME process involves a dynamic interaction 
between Clathrin and a wide range of other protein mol 
ecules, and altering the compositions and behaviors of the 
various molecular parties involved. For example, the cell uses 
endocytosis to control and regulate the density of receptors on 
the cell Surface and to acquire nutrients. Endocytosis of 
ligand-activated cargo attachment elements is essential for 
the proper attenuation of a variety of signal transduction 
processes, as well as for co-localization of activated cargo 
attachment elements with downstream signaling molecules. 
Endocytosis also counterbalances secretion, preventing con 
tinuous expansion of the plasma membrane. Endocytosis thus 
internalizes macromolecules and fluid, and after sorting, 
directs the internalized molecules for degradation or recy 
cling. 
0196. The endocytosis process begins when proteins 
bound to cargo attachment elements accumulate in coated 
pits 404, which are specialized regions of the cell membrane 
402 where it is indented and coated on its cytoplasmic side 
with a bristle-like coat composed of two natural proteins: 
Clathrin and protein adapters. Most, if not all, intracellular 
transport vesicles are encased in a proteinaceous coat, one 
class of which is Clathrin-coated vesicles (CCVs). CCVs also 
mediate the transport of lysosomal hydrolases from the trans 
Golgi network, as well as the efficient internalization of extra 
cellular solutes such as nutrients, hormones, growth factors, 
and immunoglobulins at the plasma membrane. 
0.197 Clathrin also transports proteins from the Golgi to 
other organelles. In neurons, endocytosis is critical to allow 
rapid synaptic vesicle regeneration. Besides Clathrin, there 
are other coat-forming proteins, such as COPI and COPII, 
which mediate intracellular traffic and there are Clathrin 
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independent endocytic pathways which mediate internalisa 
tion of a variety of cargo (Royle, 2006). 
0.198. In one invention embodiment, the natural endocy 
tosis process is transformed into a versatile therapeutic 
method to regulate the intensity, localization, half-life and 
function of signaling elements (signaloSomes) that form in 
cells upon, for example, binding of growth factors, cytokines 
and morphogens to their cognate receptors. In one example 
embodiment, the invention rectifies breakdowns in the func 
tion of endocytic adaptors that might facilitate impairment of 
tissue homeostasis and consequent tumor development. In 
another illustrative embodiment, one or more invention ele 
ments, acting alone or not, interact with natural adaptor pro 
teins required for appropriate receptor downregulation and 
which play distinct roles in oncogenesis. (Crosetto, et al. 
2005) In another embodiment, CME elements might also 
comprise one or more invention cargo elements (202a in FIG. 
4), which can be drugs, other ligands, and the like. 
0199. In one embodiment, referring to FIG. 4, a natural 
Clathrin coated vesicle 220 is desired to form to endocytose 
over-expressed natural receptor elements 204b and 204c that 
are initially located outside cell membrane 402. The appear 
ance of one or more types of invention elements, such as 
element (206a) in the illustrative example, outside cell mem 
brane 402 and or by crossing 402, dynamically begin to 
create, induce, spawn, mediate, control and regulate, regen 
erate, and or interact with one or more natural endocytosis 
processes and behaviors. With the prompting of one or more 
types of invention Clathrin elements, one or more biological 
processes acting on cell membrane 402 induce a Clathrin bud 
404 to form at 420. 

0200. As shown at 430 and 440, after forming completely 
around bud 404, natural Clathrin elements 206b-206d pinch 
off (scission) from membrane 402 with the desired over 
expressed receptors 204b and 204c held inside vesicle 220. 
After excision, bud 404 has evolved into a plurality of natural 
Clathrin elements 206b-206f some of which are attached to 
one or more types of over expressed receptor elements 204b 
and 204c, as well as attached to other receptor elements: 
which in this example are the normally expressed natural 
elements 204d. 

0201 In one illustrative embodiment, the otherwise all 
natural plurality of Clathrin elements in FIG. 4 includes one 
or more non-cargo carrying; Solo acting invention elements 
(206a), forming a “hybrid” CCV 440 with the desired effica 
cious properties and behavior. This hybrid CCV then follows 
normal pathways within the cell, causing downregulation of 
the desired over-expressed receptor elements, which may be 
associated with one or more types of neurotransmitters, 
viruses, cholesterol, as well as with other cargo types, restor 
ing a cell to its normal, healthy state. 
0202. In another illustrative embodiment, natural Clathrin 
coated vesicle structure 440 in FIG. 4 is additionally com 
prised of one or more non-cargo carrying invention receptor 
element 204a and or adaptor element 208a (as illustrated in 
FIG. 2), forming a hybridor fused Clathrin coated vesicle 440 
in FIG. 4, with the desired efficacious properties and behav 
ior. In another embodiment, one or more hybridized and or 
invention elements may enter the cell nucleus and or other 
organelles and cell elements. 
0203 The fusion and or participatory actions of one or 
more non-additional element carrying, Solo acting invention 
elements 206a, 204a, and or 208a in FIG. 2 may yield a 
therapeutic effect, and are an example embodiment of inher 
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ently efficacious invention elements in action. In another 
embodiment, natural or hybrid CCV 440 in FIG. 4 also 
includes one or more invention cargo molecules (202a) that 
may have been transported into the cell via their attachment to 
one or more natural and or invention receptor elements. 

0204 Referring again to FIG. 4, in another example 
embodiment, a therapeutic effect is accomplished via one or 
more invention elements by regulating EGFR (epidermal 
growth factor receptor), which exists on the cell Surface and is 
activated by binding of its specific ligands including epider 
mal growth factor and transforming growth factora (TGFa). 

0205 When these natural cargo attachment elements are 
activated, cells rapidly clear them from the surface and 
destroy them. Control of EGF receptor signaling is performed 
by Clathrin-mediated endocytosis. Natural Clathrin coats 
also exist on endosomes and are involved in endosomal sort 

ing of the EGFR. A defect in this overall process will likely 
lead to uninhibited growth of cells and tumors. EGFR expres 
Sion, over-expression, or mutation is associated with cancer 
progression, advanced disease, drug resistance, aggressive 
disease, poor prognosis, and reduced Survival. EGFR is con 
sidered one of the main proteins elevated in breast, lung, and 
prostrate cancers, among others. Brain cancer is also impli 
cated with over-expressed EGFR. Other work has shown that 
using monoclonal antibodies for EGFR, or anti-EGFR, has 
proven an effective strategy for getting nanoparticles to spe 
cifically attach themselves to cancer cells. Additional work 
has shown effectiveness of EGFR as the cancer-targeting 
pathway. In one embodiment, CME, cell fusion, cell penetrat 
ing, and or one or more types of other participatory actions of 
one or more solo operating, efficacious invention elements 
206a, 204a, and or 208a in FIG. 2 may yield a therapeutic 
effect in controlling, regulating, or mediating EGFR activity. 
In another example embodiment of modulating EGFR activ 
ity, cargo elements (202a) in FIG. 4 may comprise one or one 
or more types of cancer drugs or biologicals delivered directly 
into cells and organelles that are transported into the cell via 
their attachment to one or more natural and or invention 

receptor elements during CME, by cell fusion, by directly 
penetrating cell membrane 402, and or by one or more types 
of other participatory actions. In another embodiment, inven 
tion cargo elements (202a) may comprise one or more diag 
nostic agents, or combine one or more diagnostic agents and 
therapeutic agents in the same payload. In one or more 
embodiments, one or more invention elements of one or more 
types may thus comprise an efficacious method for the diag 
nosis, treatment, remedying, curing, and or prevention of one 
or more types of cancers, including those cancer types that 
fall outside the scope of EGFR-related activity. 

0206 FIG. 5 is a conceptual diagram illustrating the basic 
units of Coatomer I and II proteins. COPII and Clathrin cages 
are both constructed from 6-solenoid and B-propeller build 
ing blocks (Fotinet al., 2004b; ter Haaret al., 1998:Ybe et al., 
1999). In various embodiments of the invention, one or more 
elements of one or more types are formed from isolated, 
synthetic and or recombinantamino acid residues comprising 
in whole or in part one or more types of Coatomer proteins of 
one or more isoforms, including cloned isoforms. Examples 
of various Coatomer subunit amino sequences are listed in 
SEQ ID NO:15, SEQ ID NO:18, SEQ ID NO:21, SEQ ID 
NO:26, SEQID NO:27, SEQID NO:29, and SEQID NO:30. 
In another embodiment, one or more Coatomer Subunitamino 

Jun. 23, 2016 

acid sequences may be modified, altered, adapted or function 
alized in one or more ways in one or more embodiments of the 
invention. 

0207. In one embodiment, Coatomer is comprised of 
seven distinct subunits: alpha, beta, beta ', gamma, delta, 
epsilon and Zeta Subunits, respectively. 
0208. In Clathrin, a triskelion assembly unit lies at each 
Vertex, and the 6-solenoid legs of neighboring triskelia inter 
digitate extensively as they extend toward the adjacent verti 
ces; the B-propeller is not part of the architectural core and 
instead projects in toward the membrane to interact with 
adaptor molecules (Fotinet al., 2004; Kirchhausen, 2000). In 
contrast, the COPII assembly unit is a rod that constitutes the 
edge of a cuboctahedron, and four rods converge to form the 
vertex with no interdigitation of assembly units. 6-solenoid 
domains form the core of the edge, but, unlike Clathrin, the 
COPII vertices are formed from B-propellers. In summary, 
the COPII and Clathrin lattices seem not to share common 

construction principles other than the use of 6-Solenoid and 
B-propeller folds. 
0209 Crystallographic analysis of the Coatomer II assem 
bly unit reveals a 28 nm long rod, element 502, comprising a 
central Solenoid dimer capped by two B propeller domains, 
elements 504, at each end. GTPase, elements 508, bind to 
adaptor elements 506, which bind to elements 502. In the 
illustration, element 502a is an invention element that acts as 
an efficacious replacement element for one or more natural 
element 502, forming a hybrid Coatomer element. The struc 
tural geometry and properties of COPI coats remain to be 
determined. However, by analogy to the COPII and Clathrin 
structural units, they probably involve a preassembled cage 
protein (CP) scaffold that is generated by the B-propeller 
containing and 6-solenoid-containing subunits and an adap 
tor protein (AP) subcomplex. Together these could form an 
AP-CP heptaheteromeric functional unit in the cytosol. 
(Gurka, et al. 2006) 
0210 COPI and COPII play a major role in exocytosis, as 
also can their invention element counterparts. Clathrin can 
also play a role in exocytosis, but to a lesser extent than 
Coatomer. The exocytosis process refers to the fusion of 
intracellular vesicles with the plasma membrane. It occurs via 
two major processes, a constitutive pathway and a regulated 
pathway. These are the major ways that the cell secretes 
materials, whereina cell secretes macromolecules (large mol 
ecules) by fusion of vesicles with the plasma membrane. 
Coatomer-coated vesicles, which are typically less than fifty 
nanometers in size, are also involved in vesicular transport 
between the Golgi apparatus, endoplasmic reticulum and 
plasma membrane. Coatomer Ivesicles shuttle elements from 
the Golgi to the endoplasmic reticulum (ER). Coatomer II 
vesicles shuttle elements from the ER to the Golgi. Coat 
protein I/II subunits (COPs) require ATP to assemble into a 
coat and unlike Clathrin coats, the Coatomer coat remains on 
the vesicle until docking occurs. In some instances, Coatomer 
proteins are also involved in endocytosis, but are unrelated to 
Clathrin. Thus, while Clathrin also mediates endocytic pro 
tein transport from the ER to the Golgi, Coatomers (COPI, 
COPII) primarily mediate intra-Golgi transport, as well as the 
reverse Golgi to ER transport of dilysine-tagged proteins. 
Coatomers reversibly associate with Golgi (non-Clathrin 
coated) vesicles to mediate protein transport and for budding 
from Golgi membranes. In one or more embodiments, one or 
more COPI/COPII invention elements and or Clathrin inven 

tion elements, either by acting alone and or in part with other 
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elements of one or more types, including natural and or non 
invention elements, efficaciously modify, control and regu 
late, interfere with, create, and or spawn elements and or 
induce actions or behaviors involving exocytosis. 
0211 Cells of the mammalian immune system undergo 
selective changes in protein glycosylation during differentia 
tion, immune activation, and autoimmune disease. In many, if 
not most of these types of diseases endocytosis and cellular 
trafficking and signaling plays a role. Referring again to 
FIGS. 1,2,3,4, (and 5, in some embodiments), but not limited 
to, in one embodiment, one or more invention elements of one 
or more types, in whole or in part selectively interfere with, 
fuse with, control and regulate, induce, and otherwise modify 
endocytosis, receptor-specific processing, trafficking and sig 
naling, and other behaviors for efficacious effect in one or 
more types of autoimmune diseases, including, but not lim 
ited to, one or more types of diabetes, CNS autoimmune 
diseases, and other types of autoimmune diseases that effect 
the body. 
0212 Referring again to FIGS. 1, 2, 3, 4, (and 5 in some 
embodiments), but not limited to, in one embodiment, one or 
more invention elements of one or more types selectively 
interfere with, control and regulate, and or modify secretory 
products that participate in inflammation and immunoregu 
lation; and also in other embodiments, whereby endocytosis 
mediated by specific receptors for immunoglobulin or by 
other opsonins is important in removal of damaged self or 
foreign particles. In another embodiment, defects in mem 
brane receptor function, whether inherited or acquired, and 
the pathogenesis of immune diseases may be remedied, inhib 
ited, mitigated, and or prevented. 
0213 Referring again to FIGS. 1, 2, 3, 4, and 5, in one 
embodiment, but not limited to, one or more invention ele 
ments of one or more types efficaciously fuse with and or 
functionally replace one or more natural elements commonly 
found in endocytosis, exocytosis, mitosis, trafficking and sig 
naling, and the like, either by acting alone and or in part with 
other elements of one or more types, including natural and or 
non-invention elements. 

0214) Referring again to FIGS. 1, 2, 3, 4, and 5, but not 
limited to, in another embodiment, one or more invention 
elements of one or more types efficaciously cross over into a 
cell, its elements, and or its organelles, such as its nucleus, 
either by acting alone and or in part with other elements of one 
or more types, including natural and or non-invention ele 
mentS. 

0215 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more invention ele 
ments efficaciously create, spawn, comprise, modify, repair, 
regenerate, reassemble, and or control and regulate one or 
more natural elements commonly found in endocytosis, exo 
cytosis, mitosis, trafficking and signaling, other cellular 
behaviors, and the like, either by acting alone and or in part 
with other elements of one or more types, including natural 
and or non-invention elements. 

0216 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more invention ele 
ments efficaciously utilize natural and or genetically engi 
neered elements to encode components of the intracellular 
sorting machinery that mediate the selective trafficking of 
lipids and proteins in the secretory and endocytic pathways, 
to efficacious effect. 

0217 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more invention ele 
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ments efficaciously utilize genetic agents and elements, 
including, but not limited to, proteins; peptides; DNA and 
DNA variants; RNA and RNA variants such as mRNA, iRNA 
and siRNA, RNA-induced silencing complex (RISC), other 
genetic-modifying agents and methods, and the like. 
0218. In another embodiment, but not limited to, one or 
more invention elements efficaciously utilize one or more 
oligonucleotides in antisense therapy. These antisense DNA 
drugs work by binding to messenger RNAS from disease 
genes, so that the genetic code in the RNA cannot be read, 
stopping the production of the disease-causing protein. 
0219. In another illustrative embodiment, one or more 
elements may comprise one or more RNAi (RNA interfer 
ence) elements and or RNAi variants such as Small interfering 
RNA molecules (siRNA), but not limited to, that may col 
laborate with proteins in the cell and also may form a nanos 
cale element called a RISC (RNA-Induced Silencing Com 
plex). RNAi and or RISCs may be used to head off a genetic 
disease before the first symptom appears, based on an analy 
sis of an individual’s predisposition to certain diseases. This 
methodology is a way of silencing a specific gene, for 
example, genes that direct cancer cells to proliferate or that 
create overproduction of proteins that cause rheumatoid 
arthritis. Basically, RNAi works by scanning RNA templates 
that may cause a disease and cleaving that RNA template, and 
enzymes then destroying the template before it can complete 
its actions on the offending DNA. One of the key barriers to 
successful RNAi therapy is their finding their way to a spe 
cific site in the body and then the RNAi not degrading rapidly 
before it can do useful work. In one illustrative embodiment, 
RNAi, siRNA, RISC elements and or other suitable methods 
may be targeted by an invention element Such that one or 
more such RNA elements seek out and destroy potentially 
harmful genetic elements and or other genetic processes. 
0220. As noted in the literature, Clathrin heavy chain is 
known to be a cytosolic protein that functions as a vesicle 
transporter. However, the Clathrin heavy chain exists not only 
in cytosol but also in cell nuclei. The p53 gene, in which 
mutations have been found in >50% of human cancers, 
encodes a protein that plays an important role in preventing 
tumorigenesis. Clathrin heavy chain expression enhances 
p53-dependent transactivation, whereas the reduction of 
Clathrin heavy chain expression by RNA interference (RNAi) 
attenuates its transcriptional activity. Moreover, Clathrin 
heavy chain binds to the p53-responsive promoter in vivo and 
stabilizes p53-p300 interaction to promote p53-mediated 
transcription. Thus, nuclear Clathrin heavy chain is required 
for the transactivation of p53 target genes and plays a distinct 
role from Clathrin-mediated endocytosis (Enari, et al 2006). 
In one embodiment, p53 and or one or more other types of 
genes, their diseases and disorders, and or RNAi related 
activities may be efficaciously controlled and regulated, miti 
gated, prevented, and or modified via one or more embodi 
ments of the instant invention. 

0221 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more elements, acting 
alone or not, would achieve therapeutic effect by deliberately 
controlling and regulating, or modifying faulty exocytosis 
and or endocytosis processes that produce disorders and dis 
eases. This is a health critical situation, as the role of dopam 
ine receptors and transporters; the excitability of dopaminer 
gic neurons; and the regulation of extracellular dopamine 
levels in the brain, especially in relation to the diseased state, 
has proven to be imperative for a further understanding of 
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dopaminergic neurotransmission as a whole. For example, 
dopaminergic neurotransmission critically depends on exo 
cytotic release and neuronal uptake of dopamine, as well as on 
diffusion away from the release site. Once target cells are 
reached, dopamine can bind to and activate dopamine recep 
tors. The Subsequent cellular response depends on the type of 
dopamine receptor that is activated and the signal transduc 
tion mechanisms that are coupled to these receptors. Distur 
bances in one or more of the above-mentioned aspects of 
dopaminergic transmission could lead to severe neurological 
and neuropsychiatric disorders such as Parkinson's disease, 
depression, addiction, Schizophrenia, attention deficit hyper 
activity disorder, restless legs syndrome, Tourette syndrome, 
and the like, and in or more invention embodiments, one or 
more such disorders may be efficaciously treated. 
0222 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more elements, during 
Some operations may interact with, for example, an externally 
applied magnetic field, like during NMR. However, since 
invention protein elements are electrically neutral, only mini 
mal (e.g., no) structural distortion of the elements occurs in 
the presence of the magnetic field. Therefore, using invention 
elements to capture other types of elements, which may be, 
for example, one or more NMR contrast agents for develop 
mental imaging and diagnostic studies, and which contrast 
agents may also be capable of crossing cellular membranes, 
protects and extends the utility of the invention. 
0223 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more elements may 
comprise, for example, one or more metal ions including, but 
not limited to, the gadolinium (III) chelate compounds of 
DTPA, DO3A, DOTA and other variations of these linear and 
macrocyclic ligands that act as targeted and or non-targeted 
contrast agents. 
0224 Direct Gd3+-OH2 chemical bonds, which 
exchange rapidly with other bulk H2O molecules, produce 
the mechanism whereby unpaired electrons on Gd3+ relax 
the proton nuclei of many nearby H2O molecules. Accord 
ingly, the behavior of T1 contrast agents, such as those based 
on gadolinium requires good direct contact with tissue water 
molecules (spin-lattice relaxation mechanism) to be efficient. 
Thus, it is often preferable to bind them to the external surface 
of the carrier. (Hooker, etal. 2007) In one embodiment, one or 
more elements facilitate better contact to tissue water because 

one or more contrast agents of one or more types are not 
located in the interior part of a cage (in its cavity), but rather, 
located on much more exposed non-cage elements of one or 
more types. In one embodiment, one or more cage element 
212 has one or more contrast agents of one or more types 
located on the outside part of cage element 212; or on both the 
inside and outside parts of element 212. 
0225. In another illustrative embodiment, one or more 
imaging or study elements comprise one or more treated 
manganese minerals, such as oxides, silicates, and carbonates 
for imaging and study enhancement. 
0226 Besides Gd3 complexes, there is another important 
class of contrast agents for MRI that is based on polysaccha 
ride coated iron oxide particles. Their peculiarity stems from 
the fact that their blood half-life and distribution to different 

organs of the reticuloendothelial system (RES) depend upon 
the particle size (Aime, et al 1998). In one embodiment, one 
or more elements comprise one or more of a wide range of 
lanthano-invention labeled derivatives for custom-designed 
contrast agents. 
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0227. In another embodiment, one or more elements com 
prise one or more therapeutic agents in addition to one or 
more imaging contrast and diagnostic agents. 
0228. In another illustrative embodiment, targeted and or 
non-targeted in vivo delivery of one or more elements are 
internally and or externally monitored, directed, activated, 
deactivated and or regulated, locally and or at a remote dis 
tance by, for example, but not limited to, NMR, ESR, ultra 
Sound, radio transmissions, and or biochemical reactions. 
0229. Additionally, in other embodiments, NMR is com 
bined with other techniques, such as ENDOR, which com 
bines the best aspects of ESR and NMR, to yield high sensi 
tivity and nuclear selectivity, respectively, for in vivo and in 
vitro studies. 

0230. In one embodiment, one or more different sized, 
paramagnetic coated, quantum dots, and or photonic dots are 
used as one or more contrast markers in magnetic resonance 
imaging (Mulder, et al., 2009). In other embodiments, one or 
more different sized quantum dots, and or photonic dots may 
be used in positron emission tomography (PET) for in-vivo 
molecularimaging, or as fluorescent tracers in optical micros 
copy. 

0231. In another configuration, one or more types of ele 
ments comprise one or more radiodiagnostic agents for 
nuclear medicine. 

0232 Referring again to FIG. 2, in further illustrative 
embodiments, free-floating cargo may be carried in cavity 
forming cargo elements 202a that comprise a fluid, gas, or 
Vapor, which free-floating cargo, for example, may be one or 
more molecular ensembles for enhanced medical imaging, 
and which cargo may also be carrying one or more therapeutic 
agents. 
0233 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more invention ele 
ments comprise one or more types of elements in whole or in 
part, such as one or more drug and pharmacological elements; 
biological elements; biomedical or medical elements; and the 
like, including healthcare elements; bioengineered elements; 
cosmetic elements; and the like. 
0234 Referring again to FIGS. 1, 2, 3, 4, and 5, but not 
limited to, in one embodiment, one or more elements of one or 
more types comprise targeted and or non-targeted drug deliv 
ery elements, including their high precision dosing, or other 
forms of healthcare elements for diagnosing, remedying, 
inhibiting, mitigating, curing, and or preventing one or more 
types of diseases, infections, physical or mental trauma, or 
other forms of physical and mental afflictions. 
0235 Referring again to FIGS. 1, 2, 3, 4, and 5, but not 
limited to, in one embodiment, one or more elements com 
prise an in vitro and or in vivo model and or system for 
research study, including a model, method, and or system for 
the research and development of new drugs, therapies, pros 
thetics, and drug delivery systems, including an accelerated 
drug discovery process. 
0236 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more elements, acting 
alone or not, are utilized for studying, discovering, prevent 
ing, curing, mitigating, and or healing one or more types of 
animal, tree, plant, grain, grass, agricultural, Vegetable, and or 
fungal diseases, disorders, infestations, and or blights. 
0237 Referring again to FIGS. 1, 2, 3, 4, and 5, in another 
embodiment, but not limited to, one or more elements are 
used for studying, discovering, designing, and or enabling of 
genetically engineered elements, for example, one or more 
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types of genes, cells, and other biological elements and prod 
ucts in animals, trees, plants, grains, grasses, agriculture, 
Vegetables and fungi. 

0238. In another illustrative embodiment, one or more 
elements comprise one or more methods for nourishing and 
or promoting healthy growth in one or more types of animals, 
trees, plants, grains, grasses, agriculture, vegetables and or 
fungi. 

0239 Referring again to FIGS. 2 and 4, in another 
embodiment, but not limited to, the heat shock cognate pro 
tein, hsc70, and its molecular co-chaperone auxilin, help to 
regulate the natural endocytosis aftermath of natural CCV 
uncoating and disassembly. HSc70 also promotes uncoating 
and disassembly of Coatomer I and II vesicles. In cells over 
expressing ATPase-deficient hsc70 mutants, uncoating of 
CCVs is inhibited in vivo. In one embodiment, bioengineered 
elements may be used to regulate under or over expression of 
hSc70 and or auxilin. In one example embodiment, using a 
monoclonal antibody or other agent type as cargo against 
hsc70 blocks the hsc70-mediated release of invention and or 
non-invention Clathrin from coated vesicles. In another 

example embodiment, or more auxilin elements comprise 
invention elements. 

0240. In one illustrative embodiment, one or more ele 
ments are stable with respect to dissociation, including one or 
more associated non-invention elements. 

0241. In another illustrative embodiment, disassembly 
and dissolution of one or more elements are deliberately 
inhibited and control and regulated, including one or more 
associated non-invention elements. 

0242. In one illustrative embodiment, one or more ele 
ments remain stable for a time certain or estimated time 

before the onset of dissociation, including one or more asso 
ciated non-invention elements. 

0243 In one illustrative embodiment, dissociation of one 
or more elements may occur in whole or in part, including one 
or more associated non-invention elements. 

0244. In one illustrative embodiment, one or more cargo 
elements may comprise one or more uncoating and dissocia 
tion agents and or use one or more methods for controlled and 
regulated release of agents or cargo from one or more ele 
ments, including one or more associated non-invention ele 
mentS. 

0245. In another embodiment, disassembly and dissolu 
tion of one or more elements, including one or more associ 
ated non-invention elements are inhibited, controlled and 
regulated, and or promoted by using one or more specific 
agents, stimuli, and or other methods. 

0246. In one embodiment, but not limited to, one or more 
invention elements of one or more types are formed in vitro 
via the following protocols, which may be modified and or 
substituted by one or more other types of protocols in one or 
more invention embodiments: (Adapted from Campbell, Cet 
al., Biochemistry 23, 4420-4426 (1984), Pearse & Robinson, 
EMBO.J. 9:1951-7 (1984), and Zhu, et. al., Methods in Enzy 
mology, 328, 2001, Kedersh N, et al., J. Cell Biology 103. 
1986.) 
0247 (Adapted from Campbell, Cet al., Biochemistry 23, 
4420-4426 (1984), Pearse & Robinson, EMBO J. 9:1951-7 
(1984), and Zhu, et. al., Methods in Enzymology, 328, 2001, 
Kedersh N, et al., J. Cell Biology 103, 1986.) 
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Part I. Method of Differential Centrifugation. 

0248 1. Make up 1 Lofa buffer (buffer A) that comprises: 
50 mM Mes pH 6.5, 100 mM NaCl, 1 mM EGTA, 0.5 mM 
MgCl, 0.02% NaNs, 1 mMDTTaday prior to experiment 
and storage at 4° C. 

0249 2. Add 1:100 PMSF proteases inhibitor to buffer A 
(200 ul/20 ml). 

0250) 3. Collect and wash 14 rat brains (-2.0 g) and livers 
(-20.0 g). Wash and place the brains in ice-cold buffer A. 
Perfuse the livers with ice-cold PBS and collect them in 
ice-cold buffer A. 

0251 4. Mince and homogenize the brains in a Potter 
Elvehjem grinder with 2 volume of ice-cold buffer A per 
total brain wet weight (-90 ml). Do the same with the livers 
(-400 ml). 

(0252 5. Centrifuge the homogenate at 23,000 g (11,900 
rpm) in a Sorvall GSA or at 13,000 rpm in a Sorvall SS34 
rotor for 45 min at 4° C. 

0253 6. Collect the supernatant and centrifuge at 43,000 g 
(18,000 rpm) in a Sorvall SS34 rotor or at 20,000 rpm in a ti 
45 Beckman rotor for 1 h at 4° C. 

(0254 7. Resuspend the pellet in 10 ml of ice-cold buffer A, 
use a loose-fitting Teflon-glass Dounce homogenizer. 

0255 8. Collect homogenate in a 50 ml conical tube. Wash 
pestle and glass homogenizer with 5 ml of buffer A, and 
add this to homogenate until total volume is 15 ml. Add 
1:100 PMSF 

(0256 9. Dilute the homogenate 1:1 with 15 ml of 12.5% 
Ficoll/12.5% sucrose (both in ice-cold buffer A), and mix 
by inversion to ensure homogeneity. 

(0257 10. Centrifuge at 43,000 g (18,000 rpm) in a Sorvall 
SS34 rotor or at 20,000 rpm in a ti45 Beckman rotor for 30 
min at 4° C. 

0258 11. Collect the Supernatant in a graduate cylinder 
and dilute it 1:5 in ice-cold buffer A. Add 1:100 PMSF 

(0259 12. Centrifuge the supernatant at 100,000 g (33,000 
rpm) in a Beckman 70.1Tirotor or at 31,100 rpm in a ti 45 
Beckman rotor for 1 h at 4° C. 

0260 13. Collect pellet and resuspend in 5-10 ml of ice 
cold buffer A by using a loose-fitting Teflon-glass Dounce 
homogenizer. Add 1:100 PMSF 

0261) 14. Leave the homogenate on ice for about 30 min, 
and take an aliquot of 10 ul for EM, and dilute 1:10 for 
brain, 1:100 for liver. 

Part II. Purification of CCV's Using Density Gradients (Zhu's 
CCVs and Clathrin Coat Preparation). Submit the Crude 
Clathrin-Coated Vesicles from Fresh Rat Brainto Discontinu 

ous Sucrose Gradient for Remove Contaminating Vaults. 
0262. 1. CCVs resuspended in (5-10 ml) buffer A 
0263. 2. Preparer a discontinuous sucrose gradient in 
SW28 tubes by carefully layering 5 ml of 40%, 5 ml of 
30%, 6 ml of 20%, 8.5 ml of 10%, and 8.5 of 5% sucrose 
solutions in buffer A from bottom to top. 

0264 3. CCVs (5-10 ml) is laid on top of the gradient and 
centrifuged at 100,000 g (25,000 rpm) in a SW28 rotor for 
1 hr at 4° C. 

0265. 4. Collect twenty-six 1.5 ml factions from the top. 
0266 5. Small aliquots from every other faction are ana 
lyzed for CCVs using 10% SDS-PAGE. Fractions com 
prising the CCVs (typically fractions 12-21 as numbered 
from the top of the gradient) are combined, diluted with 3 
volumes of buffer A, and centrifuge at 112,000 g (31.100 
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rpm) in a ti 45 Beckman rotor for 1 h at 4° C. or at 33,000 
rpm in a Beckman 70.1Tirotor for 1 h at 4° C. Add 1:100 
PMSF 

0267 6. Resuspend the pellet in ice-cold buffer A, do a 
protein assay to yield an approximate concentration. USu 
ally add 1 to 2 ml of buffer A. 

0268 7. Aliquot the homogenate in aliquots of 200 ul and 
store at -80° C. Take an aliquot of 10 ul each for EM and 
SDS-gel PAGE. 

Part III. Isolation of Triskelia and APs from CCV's Using 
Keen’s Method. 

0269. 1. Dialyze CCVs against 0.01M Tris buffer, Ph 8.5, 
3 mMazide for 5 hours. 

(0270 2. Centrifuge at 240,000 g (51.200 rpm) for 20 min 
at 4° C. Because you are using low amount of sample; (IF 
we have less than 2 mL. Do not use the lid or close the 
centrifuge tubes of the 70.1 Ti rotor.) The soluble coat 
proteins comprising triskelial and APs are separated from 
the residual Clathrin-coat vesicle membranes. 

0271 3. Collect the soluble fraction and do protein assay. 
(0272 4. Take an aliquot of 10 ul for EM and 50 ul for 
SDS-gel PAGE. 

Part IV. Separation by FPLC of AP-1 from AP-2 with 
Hydroxyapatite Column 

Solutions: 

0273 

Stocks: 1M NaH2PO; pH 7.1 (30 g/250 ml) 
SMNaCl 

10% NaNs 
Low PO 10 mM NaH2PO; pH 7.1 (5 ml of stock) 
buffer 100 mMNaCl (10 ml of stock) 
(500 ml): 0.02% NaN, (1 ml of stock) 

0.1% beta-Mercaptoethanol (0.5 ml) 
(RT) 

High PO (200 ml): 500 mM NaH2PO; pH 7.1 (100 ml of stock) 
buffer 100 mMNaCl 

0.02% NaNs 
0.1% beta-Mercaptoethanol 

(4 ml of stock) 
(0.4 ml of stock) 
(0.2 ml) 
(RT) 

0274 
SC. 

AP buffer: 

Both buffers need to be filtered and degassed prior to 

100 mM MES, pH 7.0 
150 mMNaCl 
1 mM EDTA 

0.02% NaN, 
O.S MDTT 

39 g/21 
17.5 g/21 
4 ml of 500 mM solution 2 
4 ml of 10% solution 2 

-> add just before use 
(4°  C.) 

(0275) Hydroxyapatite Column: 
0276 5 ml Econo-Pac CHT-II from BioRad; the column is 
stored at 4° C. in low PO buffer 

Procedure: 

(0277 Connect the hydroxyapatite column to the FPLC 
system via the BioRad adaptors. Put a 0.2L syringe filter at 
the inlet of the column. 

(0278 Use the following FPLC settings: 
(0279. Sensitivity: 1 
0280 Flow: 1 ml/min 
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(0281 Chart Recorder speed: 0.5 cm/min 
0282 Make sure the fraction collector is set at “ml” and a 
volume of “1” 

(0283) Pump A is used for the low PO buffer; Pump B for 
the high PO4 buffer. Wash the pumps with Valve 1 in 
position “3”. 

0284. Once the FPLC system is set up, start washing the 
column with 20 ml of high PO buffer (=20 min). Be sure 
to switch on UV-Lamp. 

0285. This is followed by equilibration of the column with 
low PO buffer; i.e. until the baseline is stable. The back 
pressure of the system should be approx. 0.1 MPa and must 
not exceed 0.35 Mpa. 

0286 During the equilibration phase (Valve 1 in position 
“1”="Load”), the 50 ml superloop is loaded with the AP 
sample (Pump C; 5 ml/min). 

0287. With the column equilibrated and the Superloop 
loaded, switch Valve 1 into position “2'="Inject”. The APs 
are injected over the column at a flow rate of 1 ml/min. 

0288. After the injection is completed, continue running 
low PO buffer over the column until the baseline is stable. 
Don't forget to prepare 1.5 ml tubes for the fraction col 
lector. 

0289 AP-1 and AP-2 are then eluted from the column 
using Method 6: 

O.O CONC 9/o B O.O 
O.O VALVE.POS 1.1 

O.O CMML 0.50 
O.O PORTSET 6.1 

40.O CONC 9/o B O.O 
40.O MLMIN 1.OO 
SO.O CONC 9/o B 100 

The elution profiles for AP-1 and AP-2 tend to vary consid 
erably from one purification to another; AP-1 is eluted first. 
0290 AP-1 tends to be eluted from the column in three to 
four 1 ml fractions, usually starting at around #13. AP-2 is 
usually eluted in up to 15 fractions, starting at around #25. 
The fractions comprising the APs need to be verified by 
SDS-PAGE (two gels of 10% or 12%) 

0291 Wash column with low PO buffer; store at 4° C. 
0292 Pooled AP-1 fractions and pooled AP-2 fractions are 
dialyzed against 1 liter of AP buffer overnight, and for a 
few more hours after exchanging the buffer (4°  C.). The 
samples are then stored at 4° C. 

0293 Typically, the concentration for Clathrin (peak frac 
tions) is approx. 0.5 mg/ml, for AP-1 and AP-2 between 
0.3-0.5 mg/ml. 

0294. According to one illustrative embodiment, but is not 
limited to, recombinant Clathrin formation may be achieved 
in the following exemplar manner. Stoichiometric quantities 
of adaptor elements 208a comprising AP-1 and AP-2 are 
required for Clathrin self-assembly at physiological pH. 
However, in vitro Clathrin self-assembly occurs spontane 
ously below about pH 6.5. Recombinant terminal and distal 
domain fragments are produced and combined with recom 
binant-produced hub fragments in assembly buffer as 
described below in order to induce formation of one or more 

Clathrin elements, such as those comprising elements 206a, 
for use in the invention. 

0295. In one illustrative technique, bovine Clathrin heavy 
chain cDNA encoding heavy chainamino acids 1-1074 (SEQ 
ID NO: 1) is cloned into the pET23d vector (Novagen) 
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between the NcoI (234) and XhoI (158) sites. Expression of 
the cloned sequence results in a terminal and distal domain 
fragments having a C-terminal polyhistidine tag. Hub frag 
ments corresponding to amino acids 1074-1675 (SEQID NO: 
1) are cloned into vector pBT15b (Novagen) between the 
BamHI (319) and XhoI (324) sites. Expression of the hub 
fragments produces the proximal leg domain and central tri 
merization domain of the Clathrin hub with an N-terminal 
polyhistidine tag. Vectors comprising the heavy chain and 
hub domains are expressed in E. coli by induction with 0.8 
mM isopropyl-B-D-thiogalactopyranoside for 3 hours at 30 
degrees Celsius. Expressed proteins are isolated, recombi 
nant, and or synthetic from bacterial lysate in binding buffer 
(50 mM Tris-HCl (pH7.9), 0.5M NaCl, 5 mMimidazole) in a 
nickel affinity resin using the polyhistidine tag. Proteins are 
eluted with 206a mM EDTA and dialyzed against 50 mM 
Tris-HCl (pH7.9). Hub fragments are further isolated, recom 
binant, and or synthetic using size exclusion chromatography 
on a Superose 6 column (Pharmacia). 
0296. In another exemplar technique, Clathrin assembly 
reactions are performed using expressed heavy chain and hub 
fragments by overnight dialysis at 4 degrees Celsius in assem 
bly buffer (100 mM 2-(N-morpholino)ethanesulfonic acid, 
pH 6.7, 0.5 mMMgCl2, 1 mM EGTA, 1 MM Tris(2-carboxy 
ethyl)-phosphine hydrochloride, 3 mM CaCl2. Assembly 
reactions are centrifuged for 5 minutes at 12,000 rpm. The 
supernatant is then centrifuged for 45 minutes at 45,000 rpm 
(100,000xg). The pellets are resuspended in assembly buffer, 
and protein composition is determined on SDS-PAGE. The 
efficiency of element 206a formation can be determined by 
electron microscopy by diluting assembly reactions 1:5 in 10 
mM Tris pH7.9, and placing aliquots on a glow-discharged 
carbon-coated grid, using 1% uranyl acetate as the stain. 
0297 According to another illustrative embodiment, but is 
not limited to, recombinant Clathrin formation may be 
achieved in the following exemplar manner, as described by 
Rapoport, et al. (MBC 2008): A clNA encoding rat Clathrin 
heavy chain (Kirchhausen et al., 1987a) is used as a template 
to generate full-length (1675 HC), nested C-terminal trunca 
tions (1661 HC, 1643 HC, 1637 HC, 1630HC, and 1596HC), 
internal deletions (1675 PIVYGQ HC, 1643 PIVYGQ HC, 
and 1675 QLMLTA HC), and mutations (1643LML-AAA 
HC) of the heavy chain; each is then subcloned into the insect 
cell expression vector pFastBac1 (Invitrogen, Carlsbad, 
Calif.). A clNA encoding rat liver Clathrin light chain LCa 
(Kirchhausenet al., 1987b) is used as the template to subclone 
the region encoding the full light chain (residues 1-256) into 
the insect cell expression vectorpFastEachTb. The final con 
struct (rLCali) comprises at its N terminus a 6x-His-tag fol 
lowed by a linker of 20 residues. Baculoviruses suitable for 
infection and expression are generated with the Bac-to-Bac 
system (BD Biosciences, San Jose, Calif.). Virus stocks are 
obtained after four rounds of amplification, and they are kept 
in the dark at 4°  C. The open reading frame of rat brain 
Clathrin light chain LCal is also used as a template to Sub 
clone it into the bacterial expression vector plT28b 
(Novagen, Madison, Wis.) between the NcoI and EcoRI 
restriction sites So as to generate a native, nontagged light 
chain. All constructs are verified by DNA sequencing. Clath 
rin heavy chains together with light chain are expressed in 
Hi5 insect cells (1L, 1-1.5206a cells/ml) grown for 2-3 d in 
spinner flasks at 27° C. in Excell 420 medium after coinfec 
tion with the appropriate viruses. Alternatively, Clathrin 
heavy chain only is expressed in a similar way. The cells are 
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centrifuged at 1000 rpm for 10 min at room temperature by 
using an H6000A rotor (Sorvall, Newton, Conn.), and the 
pellets are resuspended in 20 ml lysis buffer (50 mM Tris, pH 
8.0, 300 mM. NaCl, 1 mM EDTA, 3 mM mercaptoethanol, 
and half of a tablet of Complete Protease Inhibitor Cocktail 
Roche Applied Science, Indianapolis, Ind.). The resus 
pended pellets are sonicated for 1 min on ice (Flat tip at 20% 
power, Ultrasonic processor XL, Heat Systems, Farmingdale, 
N.Y.), cell debris is removed by centrifugation at 90,000 rpm 
for 20 min at 4° C. by using a TLA 100.4 rotor (Beckman 
Coulter, Fullerton, Calif.), and the supernatant (20 ml) is 
dialyzed at 4° C. for 12h against 2x2 1 of cage buffer (20 mM 
2-(N-morpholino)ethanesulfonic acid MES, pH 6.2, 2 
mMCaCl2, 0.02% NaN3, and 0.5 m Mdithiothreitol (DTT). 
The sample is then centrifuged at 4° C., first at low speed 
(1000 rpm for 10 min) to remove large aggregates and then at 
high speed (54.000 rpm for 1 h) by using a Tirotor (Beckman 
Coulter). The pellet, primarily comprising Clathrin (presum 
ably assembled as cages) is resuspended in 6 ml of 100 mM 
MES, pH 6.5, 3 mM EDTA, 0.5 mM MgCl2, 0.02% NaN3, 
0.5 mM DTT, and 0.5 mM phenylmethylsulfonyl fluoride) 
followed by addition of 3 ml of 2.4MTris, pH 7.4, 1 mM DTT, 
and incubation for 20 min at room temperature, a condition 
used to dissociate native Clathrin assemblies. The sample is 
centrifuged at 90,000 rpm for 20 min at 4° C. by using a TLA 
100.4 rotor, and most of the Clathrin is recovered in the 
Supernatant. The resulting sample is Subjected to gel filtration 
chromatography (90 cmx03 cm column comprising 
Sephacryl-S 500 GE Healthcare, Little Chalfont, Bucking 
hamshire, United Kingdom in 0.5 M Tris, pH 7.4, 0.04% 
NaN3, and 0.5 mMDTT) at room temperature and with a flow 
of 2 ml/min. Fractions of 5.5 ml comprising the Clathrin peak 
(100 ml) are pooled and then subjected to adsorption chro 
matography (5 ml, hydroxyapatite, Econo-Pac CHT-II: Bio 
Rad, Hercules, Calif.); the column is pre-equilibrated with 
low phosphate buffer (10 mM NaH2PO4, pH 7.1, 100 mM 
NaCl, 0.02% NaN3, and 0.5 mM DTT) and eluted with a 
linear gradient from low to high phosphate concentration 
(500 mM NaH2PO4, pH 7.1, 100 mM NaCl, 0.02% NaN3, 
and 0.5 mM DTT) at room temperature with a flow of 1 
ml/min. Fractions (1 ml) are collected into microcentrifuge 
tubes comprising 21 of 0.5 M EDTA. Typical Clathrin yields 
are in the range of 3-40 mg per 11 of cell culture. Western blot 
analysis is used to confirm the expression of Clathrin heavy 
and light chains. The rat Clathrin light chain rLCalb is 
expressed in Escherichia coli strain BL21 (DF3). The bacteria 
are grown in Luria-Bertani (LB) medium comprising 30 mg/1 
kanamycin at 37°  C. with shaking (250 rpm) to an optical 
density of 0.5. Expression is induced by addition of isopro 
pyl-d-thiogalactoside (IPTG) (final concentration, 0.6 mM). 
After 3 h, the cell are harvested by centrifugation at 5000 rpm 
for 10 min at 4° C. by using an H6000A rotor (Sorvall) and 
resuspended in ice-coldlysis buffer (20 mM Bis-Tris adjusted 
to pH 6.0 at room temperature, 0.5 mM dithiothreitol, 1 mM 
EDTA, and Complete Protease Inhibitor Cocktail) by using 
20 ml of lysis buffer per 3.5g of wet cell weight. The suspen 
sion is placed into a glass vessel, and the vessel is immersed 
in boiling water for 4 min and then chilled on ice. The boiled 
suspension is centrifuged at 54,000 rpm for 30 min at 4° C. by 
using a 60Tirotor (Beckman Coulter) to remove the precipi 
tated material. rLCalb is purified from the filtered supernatant 
(0.2-msyringe filter) by anion exchange chromatography at 
4° C. on a HiTrap MonoQ column equilibrated with buffer A 
(20 mM Bis-Tris, adjusted to pH 6.0 at room temperature, and 



US 2016/0178652 A1 

0.5 mM dithiothreitol) and eluted using a linear gradient from 
0 to 32% buffer B (20 mMBis-Tris, adjusted to pH 6.0 at room 
temperature, 0.5 mM dithiothreitol, and 1 MNaCl). For the in 
vitro reconstitution of Clathrin, recombinant heavy chain (ex 
pressed in insect cells without light chain) is mixed with 
excess r Calb (expressed in bacteria) by using a weight ratio 
of 3:1 (equivalent to a molar ratio HC:LC of 1:2.4).just before 
cage or coat assembly for 40 min at room temperature. 
0298 Part V. Clathrin Coat Formation 

Reagents 

0299. 1. Coat formation buffer 

80 mM Mes hydrate pH 6.5 31.23g2 L 
20 mMNaCl 2.34 g/2 L 
2 mM EDTA 8 mL of 500 mM stock solution 2 L 

O.4 nM DTT 1.6 mL of 500 mM stock solution 2 L 

0300 2. Clathrin 
0301 3. AP-2 

Procedure 

0302 (1) Place a solution of clathrin and AP-2 into a 
dialysis chamber 
(0303 clathrin: AP-2=3:1 to 4:1 (w/w) 

0304 (2) Dialyze over night against coat formation buffer; 
replace buffer and dialyze for an additional 3–4 h. 

0305 (3) Transfer to a centrifuge tube, centrifuge to 
remove larger aggregates 
(0306 rotor: TLA-100.4, 12000 rpm, 4°  C., 10 min 

0307 (4) Transfer supernatant to fresh centrifuge tube, 
centrifuge to collect coats 
(0308) rotor: TLA-100.4, 65000 rpm, 4°  C., 12 min 

0309 (5) Immediately withdraw supernatant with a 1 mL 
pipette. 

0310 (6) Wash carefully with buffer around the pellet. 
0311 (7) Resuspend the pellet by adding buffer, allowing 
to stand at room temperature for 10-15 min, then slowly 
wash buffer over the pellet to resuspend using a micro 
pipettor (avoid foaming) 
0312 volume: 120-150 uL for a pellet of -3 mm diam 
eter 

Part VI. Clathrin Cage Formation 

Reagents 

0313 1. Cage Formation Buffer: 
0314) 20 mM Mes, pH 6.2 (3.9 g/l) (7.8 g/21) 
0315 2 mM CaCl2 (2ml of 1M/1) (4 ml of 1M/21) 
0316 0.02% NaN3 (2 ml of 10%/1) (4 ml of 10%/21) 
0317 0.5 mM DTT (1 ml of 500 mM/1) (2ml of 500mM/2 

1) 
0318 2. Clathrin 

Procedure 

0319 (1) Place a solution of Clathrin (0.5-1 mg/mL) into 
a dialysis chamber 

0320 (2) Dialyze over night against cage formation 
buffer; replace buffer and dialyze for an additional 3–4 h. 

0321 (3) Transfer to a centrifuge tube, centrifuge to 
remove larger aggregates 
0322 rotor: TLA-100.4, 12000 rpm, 4°  C., 10 min 
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0323 (4) Transfer supernatant to fresh centrifuge tube, 
centrifuge to collect coats 
0324 rotor: TLA-100.4, 65000 rpm, 4°  C., 12 min 

0325 (5) Immediately withdraw supernatant with a 1 mL 
pipette. 

0326 (6) Wash carefully with buffer around the pellet. 
0327 (7) Resuspend the pellet by adding buffer, allowing 
to stand at room temperature for 10-15 min, then slowly 
wash buffer over the pellet to resuspend using a micropi 
pettor (avoid foaming) 

0328 Production of Recombinant Auxilin 
0329. A protein chimera of glutathione transferase (GST) 
with bovine auxilin (spanning residues 547-910) is generated 
by fusion in the vector pGEX4T-1 and then used for expres 
sion in E. coli BL21 (Fotin et al., 2004a). The bacteria are 
grown in LB medium Supplemented with amplicillin to an 
OD600 0.5-0.6 at 37°  C. Protein expression is induced by 
addition of 1 mM IPTG (final concentration) and the cells 
grown for another 4h at 25° C. The cells (from 11 of culture) 
are centrifuged at 5000 rpm for 15 min at 4° C., and the pellet 
is kept frozen overnight. The pellet is resuspended in 25 ml of 
pGEX lysis buffer (20 mM HEPES, pH 7.6, 100 mMKC1, 0.2 
mM EDTA, 20% glycerol, 1 mM DTT, and half a tablet of 
Complete Protease Inhibitor Cocktail) and sonicated on ice 
using three consecutive sonication cycles of 60, 30, and 30s 
(standard microtip, 20% power). The sample is centrifuged at 
45,000 rpm for 1 h at 4°  C. by using a 60Ti rotor, and the 
supernatant mixed with 0.5 ml of a 50% (vol/vol) slurry of 
glutathione-Sepharose 4 beads (GE Healthcare). After 2 h of 
end-over-end rotation at 4° C., the beads are poured into a 
propylene Econo-Column (Bio-Rad), washed with 15 ml of 
pGEX lysis buffer, and then washed with 15 ml of 25 mM 
HEPES, pH 7.0, 100 mM NaCl, and 0.1 mM EGTA. Elution 
of GST-auxilin (in 2 ml) is achieved by supplementing the 
solution with 50 mM glutathione, adjusted to pH 8. These 
steps are carried out at 4° C. Release of the GST portion is 
achieved by incubation of 1 mg of GST-auxilin with 1 U of 
thrombinat room temperature for 6 h. Proteolysis is ended by 
addition of 1 mg of Pefabloc SC (Roche Applied Science). 
The 40-Da auxilin fragment is further purified using a Mono 
S column (Pharmacia, Peapack, N.J.). The sample is first 
dialyzed overnight against MES buffer A (50 mM MES, pH 
6.7, 1 mM EDTA, and 3 mM-mercaptoethanol), and then it is 
loaded onto the column (pre-equilibrated with MES buffer A) 
and eluted with a linear gradient of buffer A and with MES 
buffer B (50 mM MES, pH 6.7,500 mM NaCl, 1 mM EDTA, 
and 3 mM-mercaptoethanol) at a flow of 1 ml/min. The auxi 
lin sample is stored at 80° C. with 20% glycerol (final con 
centration). 
0330 Production of Recombinant Hsc70 
0331 N-terminal 6x-His-tagged bovine Hsc70 (full 
length) cloned into the pET21 avector is expressed in E. coli 
BL21. The bacteria are grown at 37° C. in LB supplemented 
with 0.1 mg/ml amplicillinto an OD600 of 0.5, transferred to 
28° C., and induced with 0.1 mM IPTG for 5 h. The cells are 
centrifuged at 5000 rpm for 15 min at 4° C., and the pellets 
from 11 culture resuspended in 25ml 50 mM Tris, pH 8.0,300 
mM NaCl, 1 mM ATP 2 mM MgCl2, 10 mM-mercaptoetha 
nol, and half a tablet of Complete Protease Inhibitor Cocktail 
without EDTA. The supernatant obtained after sonication and 
centrifugation (as with auxilin) is mixed with 1 ml of 50% 
(vol/vol) slurry of nickelnitrilotriacetic acid-agarose beads 
(QIAGEN, Valencia, Calif.) for 4h by endover-end rotation at 
4° C. The beads are placed into an Econo Pac column and then 



US 2016/0178652 A1 

washed with 30 ml of 50 mM Tris, pH 8.0, 300 mM. NaCl, 10 
mM-mercaptoethanol, 10 mM imidazole, 1 mM ATP, and 1 
mM MgCl2). Hsc70 is then eluted at 4° C. with 5-6 ml of the 
same solution supplemented with 200 mM imidazole. Frac 
tions of 1 ml are collected into microcentrifuge tubes com 
prising 401 of 0.1 M EGTA. The samples comprising 20% 
glycerol (final concentration) are stored at 80° C. 
0332. According to another illustrative embodiment, 
Clathrin and or Coatomer I/II proteins are extracted and pre 
pared from Clathrin and or Coatomer I/II coated vesicles 
obtained from non-rat, non-bovine organic tissue, including 
from human tissue, in whole or in part. In another embodi 
ment, Clathrin and or Coatomer I/II coated proteins are 
extracted and prepared from Clathrin and or Coatomer I/II 
coated vesicles obtained by donor/recipient tissue matching 
using established techniques. In another embodiment, Clath 
rin and or Coatomer I/II proteins are prepared, in whole or in 
part, by using stem cells, cloning and or other genetic manipu 
lation techniques known in the prior art to produce genetically 
matched tissue for a donor recipient. 
0333 According to one illustrative embodiment, the coat 
protein I (COPI) assembly process is carried out by preparing 
Coatomer Subunits from cytosolic preparations, including 
methods, but are not limited to, as essentially described in 
Spang, et al., Proc. Natl. Acad. Sci. USA. 1998 Sep. 15: 95 
(19): 11199-11204. Coatomer, a nanoscale element com 
prised of seven distinct Subunits (alpha, beta, beta', gamma, 
delta, epsilon and Zeta subunits, respectively) and ADP-ribo 
sylation factor (ARF, an N-myristylated Small GTP-binding 
protein) are the only cytoplasmic proteins needed. 
0334. In another illustrative embodiment, the coat protein 

I (COPI) assembly process is carried out by preparing 
Coatomer Subunits from cytosolic preparations, including 
methods, but are not limited to, as essentially described in 
Sheff, et al. The Journal Of Biological Chemistry, Vol. 271, 
No. 12, Issue Of March 22, Pp. 7230-7236, 1996 “Purifica 
tion of Rat Liver Coatomer (COPI)—Purification of rat liver 
Coatomer is accomplished through a Substantial modification 
of the method of Waters and Rothman (13). Unless otherwise 
noted, all operations are performed at 4° C. Approximately 
250 g of fresh liver from 10-15 adult Sprague-Dawley rats 
(Harlan Sprague-Dawley) are homogenized in 2 volumes of 
buffer (25 mM Tris, pH 7.5, 320 mM sucrose, 500 mM KC1, 
2 mM EDTA, 1 mM dithiothreitol) comprising protease 
inhibitors (2 mg/ml pepstatin A, antipain, and leupeptin; 1 
mM phenylmethylsulfonyl fluoride) using a polytron homog 
enizer with 1.5-cm cutter assembly at maximum speed for 
three 1-min bursts on ice with 1-min rests. The lysate is 
cleared by sequential centrifugation at 9000 3 g for 15 min 
followed by centrifugation of the supernatant at 100,000 3 g 
for 1 h. This material (S100) is stored at 270°  C. for up to 4 
months. For a typical purification, 150 ml of S100 is diluted 
6-fold with cytosol buffer (25 mM Tris, pH 7.5, 1 mM dithio 
threitol, 1 mM EDTA plus protease inhibitors as above). 
Protein concentration is 5 mg/ml. Ammonium sulfate is 
added to 25% of saturation and stirred for 15 min on ice, and 
then precipitate is removed by centrifugation, and the Super 
natant is brought to ammonium Sulfate at 45% of Saturation 
with stirring on ice. The precipitate is collected by centrifu 
gation and redissolved in 150 ml of cytosol buffer. An addi 
tional 120 ml of cytosol buffer is added and then 30 ml of 60% 
(w/v) polyethylene glycol 3350 in distilled H2O with gentle 
stirring. The mixture is incubated at 4° C. for 30 min, and the 
precipitate is collected by centrifugation at 10,000 3 g for 15 
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min. The precipitate is resuspended in 20 ml of G buffer (10 
mM Tris, pH 7.5, 0.2 mM ATP, 0.2 mM CaCl2), the insoluble 
material is removed by centrifugation, and the Supernatant is 
passed over a 20-ml column comprising 250 mg of DNase-I 
(Sigma) coupled to agarose (Affi-Gel-10, Bio-Rad, prepared 
according to the manufacturer's directions) to remove con 
taminating actin and actin binding proteins. Eluent is desalted 
into cytosol buffer using 10DG desalting columns (Bio-Rad) 
and applied to a 50-ml DEAE cellulose column (DE52, What 
man) equilibrated in cytosol buffer. COPI is eluted with a 
100-400 mM KCl gradient over 200 ml, with the elution of 
COPI followed by spot blot on nitrocellulose using EAGE 
antibody. In a final step, peak COPI fractions are pooled, 
diluted 1:1 with cytosol buffer, and applied to a 1-ml Mono-Q 
column (Pharmacia) equilibrated in cytosol buffer and 
mounted on a fast protein liquid chromatography apparatus 
(Pharmacia). The column is swished with 300 mM NaCl and 
then eluted with a 350-400 mM. NaCl gradient over 20 ml. 
COPI, as assayed by the presence of b-COP on a spot blot 
using EAGE antibody, eluted as a single peak. The presence 
and purity of COPI is confirmed by SDS-PAGE. An alterna 
tive final step is employed in preparing samples for two 
dimensional dimensional gels. Here, DEAE eluent is concen 
trated in a Centricon-30 microconcentration (Amicon) to 400 
ml and applied to a 24-ml Superose-6 (Pharmacia) column 
equilibrated in cytosol buffer with 50 mM KC1. As with 
Mono-Q, COPI eluted in a single peak. This final step pro 
duces a somewhat lower yield and comprises some contami 
nants between 30 and 100 KD by SDS-PAGE. For copurifi 
cation of labeled CHO cytosol and rat liver COPI, all 
quantities are divided by 3, 1 ml of labeled cytosol is added to 
50 ml of ratliver S100, and the Mono-Q column is used as the 
final step. 
0335 The increasing interest in the targeting of foreign 
moieties at sites in the body where their activity is required is 
addressed by the invention in one more embodiments. It is 
important that agents, like drugs, particularly those having 
undesirable side effects, are delivered to the site where they 
are Supposed to act. Many molecular species require that they 
be delivered in a site specific manner, often to particular cells, 
for example, polynucleotides (anti-sense or ribozymes), 
metabolic co-factors or imaging agents. One such system has 
been described by Wu et al., J. Biol. Chem., 263, 14621 
14624 and WO-A-9206180, in which a nucleic acid useful for 
gene therapy is conjugated with polylysine linked to galac 
tose which is recognized by the asialoglycoprotein cargo 
attachment elements on the Surface of cells to be targeted. 
However, there are many occasions, such as in the delivery of 
a cytotoxic drug, when it would not be satisfactory to use a 
delivery system in which the targeting and or masking moiety 
and or vector to be delivered is so exposed. This need is 
addressed by various delivery system embodiments of the 
invention that possess the flexibility to target a wide range of 
biologically active foreign moieties. 
0336. In one embodiment, the invention includes one or 
more elements having one or more Suitable sites for Subse 
quent attachment of a targeting and or masking moiety and or 
vector, and one or more elements having one or more Surfaces 
and or protein coats to which one or more targeting and or 
masking moieties and or vectors have already been attached. 
0337. In one embodiment, one or more masking moieties 
are attached to the Surface of one or more invention elements. 
These masking moieties prevent the recognition by a specific 
cell Surface and instead allows for intravenous administration 
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applications. For example, the Surface masking characteris 
tics may be provided by poly (ethylene glycol) (PEG) by 
using various PEG-PLA and PLGA mixtures. PEG conjuga 
tion masks the protein's Surface, reduces its renal filtration, 
prevents the approach of antibodies or antigen processing 
cells and reduces its degradation by proteolytic enzymes. In 
one embodiment, PEGylated elements significantly improve 
element stability and prevent leakage of agents from ele 
ments. Studies have shown that protein-based nanoparticles 
and liposomes without PEGs have a short circulation time due 
to rapid uptake by macrophages of the reticulo-endothelial 
system (RES), primarily in the liver and spleen. Finally, PEG 
conveys to molecules its physico-chemical properties and 
therefore modifies biodistribution and solubility of peptide 
and non-peptide nanoparticles. Thus, recent studies have used 
mostly nanoparticles with PEGs. The PEG coating is highly 
hydrated and this layer protects against interactions with 
molecular and biological components in the blood stream, as 
well as nonspecific binding to tissue. In one embodiment, one 
or more elements, in one or more configurations, are inter 
nally and or externally attached, coated, and treated, in whole 
or in part by using steric stabilizers including, but not limited 
to, steric stabilizers selected among dipalmitoyl phosphatidyl 
ethanolamine-PEG, PEG-stearate, the esters of the fatty acids 
from the myristic acid to the docosanoic acid with methyl 
ether PEG, the diacylphosphatidyl ethanolamines esterified 
with methyl ether PEG and the polylactates and the polygly 
colactates esterified with methyl ether PEG. In one embodi 
ment, one or more elements are not required to be PEGylated 
to efficaciously operate. 

0338. In another embodiment, one or more elements, and 
in one or more configurations are internally and or externally 
coated or treated in whole or in part with Surfactants, includ 
ing, but not limited to, Surfactant agents selected among Soy 
bean phosphatidylcholine, dioleyl phosphatidylcholine, 
dipalmitoyl phosphatidylcholine, hydrogenated Soy-bean 
phosphatidylcholine, phosphatidylethanolamine and phos 
phatidylserine), and or with coSurfactants, including, but not 
limited to coSurfactant agents selected among ethanol, pro 
panol, isopropanol, butanol, Sodium taurocholate, sodium 
glycocholate, propylene glycol, butyric acid and benzoic 
acid. 

0339. In one or more embodiments, ligands can be of one 
or more efficacious types, such as drugs, and may be bioengi 
neered, and or comprise isolated, recombinant, synthetic, and 
or cloned elements. 

0340. In one embodiment, one or more types of ligands 
may be functionalized and or attached in one or more ways to 
one or more elements. 

0341 In one embodiment, ligands are natural ligands of 
one or more types. In another embodiment, one or more types 
of natural ligands are modified and or functionalized. In 
another embodiment, invention element ligands and natural 
element ligands are combined to comprise one or more types 
of hybrid ligand elements. 

0342. In another embodiment, the course of a natural 
ligand and or invention ligand element during cellular signal 
ing, trafficking, downregulation, upregulation, endocytosis, 
exocytosis, and other cellular entry or exit, cellular inter- and 
or intra-actions, and the like, may be efficaciously controlled, 
regulated, and or modified by one or more elements to yield 
one or more diagnosis, cure, mitigation, treatment, prevention 
of disease, or other types of efficacious effects, and the like. 
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0343 Examples of some natural ligands, but not limited 
to, that may be subject to efficacious control, modification, 
and or regulation in one or more invention embodiments are 
listed below: 

0344 Toxins and lectins, e.g., 
(0345 Diptheria Toxin 
0346) Pseudomonas toxin 
0347 Cholera toxin 
0348 Ricin 
0349 Concanavalin A 
0350 Viruses, e.g., 
0351 Rous sarcoma virus 
0352 Semliki forest virus 
0353 Vesicular stomatitis virus 
0354 Adenovirus 
0355 Influenza 
0356 West Nile 
0357 Serum transport proteins and antibodies, e.g., 
0358 Transferrin 
0359 Low density lipoprotein 
0360 Transcobalamin 
0361 Yolk proteins 
0362 IgE 
0363 Polymeric Ig 
0364) Maternal Ig 
0365 IgG, via Fc receptors 
0366 Hormones and Growth Factors, e.g., 
0367 Insulin 
0368 Epidermal Growth Factor 
0369 Growth Hormone 
0370 Thyroid stimulating hormone 
0371 Nerve Growth Factor 
0372 Calcitonin 
0373) Glucagon 
0374 Prolactin 
0375 Luteinizing Hormone 
0376) Thyroid hormone 
0377 Platelet Derived Growth Factor 
0378 Interferon 
0379 Catecholamines 
0380 LDL 
0381 Neurotransmitters 
0382. Substance P 
0383. A neurotransmitter known to stimulate pain recep 
tOrs 

0384. In one or more embodiments, one or more elements 
are conjugated (bonded) with one or more other elements 
(e.g., ligands), agents, materials, and or Substances of one or 
more types, including those developed by 3" parties, which 
may be used singly or mixed together in one or more configu 
rations for medical and biological research, diagnosis, 
therapy, or prosthetic purposes. One or more biomedical ele 
ments such as ligands and other types of biomedical function 
alization elements may be directly and or indirectly attached, 
bonded, fastened, cross-linked, and or affixed to and or incor 
porated into one or more invention elements, as well as one or 
more non-invention and or natural elements. In one embodi 

ment, attachment is achieved via molecular tethers. In another 
embodiment, no molecular tether is involved. In one configu 
ration, a free radical molecule may be attached directly to one 
or more invention elements. In another embodiment, one or 
more elements may be bonded, fastened, and or affixed to one 
or more elements by being included in a modified protein 
sequence of one or more elements or bonded elements; by 
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using a spacer; by covalent bonding; by site directed 
mutagenesis; by genetically engineered mutation and or 
modification; by peptides; by proteins; by DNA; by antibod 
ies; by monoclonal antibodies; by recombinant elements; and 
via other bioengineering techniques and methods known in 
the art. 

0385 According to one embodiment, the protein amino 
acid sequence of one or more elements are modified to pro 
vide a site suitable for attachment thereto of an in vivo or in 

vitro targeting and or masking moiety. In one illustrative 
embodiment, one or more target-specific ligands and or tar 
geting moieties are directly attached to one or more elements 
via one or more amino acid groups, and or attached via one or 
more short molecular tethers. 

0386. In another embodiment, one or more functionaliza 
tion elements, of one or more types, comprise highly specific 
targeting agents, such as, but not limited to, antibodies, pep 
tides or Small molecules, large molecules, and other func 
tional ligands, such as fluorophores and permeation enhanc 
ers, and the so functionalized nanoparticles may target 
receptors, transporter, enzymes and or intracellular processes 
in vivo with high affinity and specificity. 

0387. In one illustrative embodiment, one or more ele 
ments such as diagnostic, therapeutic, prosthetic, and or assay 
agents, but not limited to, are delivered to a target in Vivo or in 
vitro using a variety of guidance techniques, including for 
example, optical (photonic), acoustic, electric, biological, 
chemical, mechanical reactions and forces, but not limited to, 
and one or more elements may be delivered singly and or in 
one or more configurations to one or more targets. 
0388. In another illustrative embodiment, one or more 
elements comprise one or more diagnostic agents like imag 
ing contrast or radioactive agents to perform site designation, 
site specificity, and site retention for targeted in vivo delivery 
of therapeutics; the latter may also comprise part of the same 
diagnostic payload. 

0389. In one illustrative embodiment, the invention 
enables targeted agent delivery systems that retain their struc 
tural integrity and that may also loiter for a calculated period 
of time at the targeted area of concern after delivery of agent 
payload. 

0390. In one illustrative embodiment, one or more ele 
ments comprise molecules arranged in specific patterns. The 
pattern of elements precisely mirrors or mimics a spatial or 
physical pattern a target cell in a human or animal body 
expects to see and will recognize, and one or more elements 
are accepted by the target cell, which can be a cancer cell or 
HIV infected cell, for example. 
0391. In one embodiment, gold metal nanoparticle probes 
with sensorligands and using electrical charges are bonded to 
one or more elements, and or attached to ligands, targeting 
moieties, and or vectors. The gold particles carry short strands 
of artificial DNA (oligonucleotides) tailored to match known 
segments of biological DNA that are implicated in, or linked 
to, disease. 
0392 Target-specific ligand binding and any Subsequent 
changes within or to one or more elements may be a result of 
either covalent or non-covalent interactions—the latter 

including hydrogen bonding, ionic interactions, Van der 
Waals interactions, and hydrophobic bonds—depending on 
the application, system design, receptor design, cargo type 
and or the interaction/application environment. 
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0393. In another illustrative embodiment, one or more 
elements, ligands, targeting moieties, vectors, and the like 
utilize the method of chirality. 
0394. In another illustrative embodiment, reactions and 
forces arise from one or more ligands and or targeting moi 
eties binding to targets, including covalent and non-covalent 
interactions, which ligands are tethered and or directly 
attached to one or more invention elements. Ligand binding to 
one or more specific targets may produce one or more con 
formational changes sufficient to deform and or rupture one 
or one or more elements in whole or in part, thereby causing 
one or more elements to be released. The targeting moieties 
can be selected by one of ordinary skill in the art keeping in 
mind the specific cell surface to be targeted. For example, if 
one wishes to target the asialoglycoprotein receptor on the 
hepatocytes in the liver, an appropriate targeting moiety 
would be clustered trigalactosamine. Once a specific target 
ing moiety has been selected for a particular cell to target, the 
different targeting moieties can be attached either by covalent 
linkage directly onto the Surface of one or more invention 
elements, or by indirect linkage via, for example, a biotin 
avidin bridge. In another embodiment, depolymerization 
(e.g., by cytosolic Hsc 70) of the Clathrin and or Coatomer 
element exposes one or more transmembrane proteins 
(V-SNARE) that direct one or more elements to their desti 
nations by binding to a specific T-SNARE protein on the 
target organelle. The fusion protein SNAP25 causes the one 
or more elements to fuse with the target membrane 
0395. In one embodiment, avidin is attached covalently to 
the Surface of one or more elements and a biotinylated ligand 
attaches non-covalently to the avidin. In another embodi 
ment, biotin is covalently attached to the surface of one or 
more invention elements, and then avidin is used as a bridge 
between the biotinylated polymer and the biotinylated ligand. 
Targeting agents may also include one or more biocom 
pounds, or portions thereof, that interact specifically with 
individual cells, Small groups of cells, or large categories of 
cells. Examples of useful targeting agents include, but are not 
limited to, low-density lipoproteins (LDSs), transferrin, 
asiaglycoproteins, gp120 envelope protein of the human 
immunodeficiency virus (HIV), and diphtheria toxin, anti 
bodies, and carbohydrates. A variety of agents that direct 
compositions to particular cells are known in the prior art 
(see, for example, Cotten et al., Methods Enzym, 1993, 217, 
618). 
0396. In another illustrative embodiment, one or more 
classical structural activity relationships (SARs) based drug 
discovery approaches are combined with one or more other 
techniques to form a specific case of targeted drug delivery, 
for example, but not limited to, one or more structural 
metabolism relationships (SMRs) that in combination with 
SARS are sometimes termed as retrometabolic drug design 
approaches. These active drugs are designed to undergo sin 
gular metabolic deactivation after they achieve their thera 
peutic roles, and may produce specific action at the site of 
application without affecting the rest of the body. 
0397. In another illustrative embodiment, one or more 
elements comprise one or more agent functionalities and or 
methods that produce targeting by changing molecular prop 
erties of an overall target molecule, as a result of enzymatic 
conversion, but also, for example, may involve one or more 
pharmacophores. These elements, sometimes referred to as 
the targetor (Tor) moiety, are converted by site-specific 
enzymes to active functions. In addition to the Tor moiety, one 
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or more other functions may be introduced into elements for 
in vivo use, which can be named as “protector functions” that 
serve as lipophilicity modifiers or protectors of certain func 
tional groups in therapeutic agent molecules. 
0398. In other illustrative embodiments, one or more other 
types of targeting delivery systems and methods can be used, 
for example, but not limited to, in whole or in part in one or 
more configurations: Surfactants (surface-active Substances) 
and or coSurfactants; enzymatic physical-chemical-based tar 
geting; site-specific enzyme-activated targeting; vectors, 
such as ligand-based, non-viral-based, and Protein/DNA 
polyplex vector targeting; receptor-based chemical targeting: 
organic and or inorganic synthetic elements; transmembrane 
proteins (V-SNARE); peptides, including peptides that cross 
cell membranes and home specifically to certain diseases; 
nanostructured dendrimers and hyperbranched polymers; 
molecular Trojan horses; adenovirus, herpes simplex virus, 
adeno-associated virus or other virus vectors for targeted 
delivery that do not cause toxicity; antibodies, including 
monoclonal antibodies; nanoparticles, including polymer 
nanoparticles like polymer, polybutylcyanoacrylate, and 
ethyl alcohol nanoparticles; immunotoxins; hormonal 
therapy; tissue-specific gene expression; gene therapy; pegy 
lated immunoliposomes; anti-sense therapy; biological ele 
ments and or agents, including biological elements and agents 
conjugated with other agents, such as transferrin, but not 
limited to such; chemical elements and agents; devices, sys 
tems, and or mechanisms; liposomes, including liposomes 
conjugated with transferrin, but not limited to such; confor 
mationally-constrained peptide drugs targeted at the blood 
brain barrier; endogenous blood brain barrier and or blood 
tumor capillary transporters; inhibiting and or modulating 
blood brain barrier active efflux transporters; air and or other 
gas bubbles; blood brain barrier breaking and or disrupting 
elements and agents; blood brain barrier tight junction sepa 
rating and or endocytoses elements and agents; vector-medi 
ated delivery of opioid peptides to the brain; brain drug deliv 
ery of peptides and protein drugs via vector-mediated 
transport at the blood brain barrier, neurotrophic, neuropro 
tective, and various peptides and drugs, and the like. 
0399. In another illustrative embodiment, one or more 
elements cross various in vivo biological barriers, such as the 
transmucosal passage, and may also cross the blood-brain 
barrier (BBB) and the blood-cerebrospinal fluid (CSF) barrier 
for targeted and or non-targeted in vivo delivery of CNS 
agents and elements. In one embodiment, one or more BBB 
passing elements comprise Small and or large molecule drugs. 
0400 Natural Clathrin, and in particular its ability to 
track vesicle proteins leaving a synapse into the extracellu 
lar space (Granseth, etal 2007) indicates that the protein is not 
immediately scavenged by phages and other "housecleaning 
elements in the brain, and further, may move freely about 
CNS spaces. In one embodiment, one or more elements effi 
caciously move through the CNS spaces and comprise in situ 
elements for remediation, removal, and or sequestration of 
one or more types of contaminants, toxic elements, undesir 
able organic or inorganic elements, and the like. 
04.01. In another embodiment, extensive modification and 
functionalization of agents and elements may not be required 
for CNS entrance and or BBB passage. Only minimal func 
tionalization may be required, depending on cargo and ele 
ment type. 
0402. In another embodiment, one or more CNS-entering 
and or BBB-passing elements of one or more types may 
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behave as a drug by themselves—i.e., they efficaciously oper 
ate alone without carrying additional elements, e.g., cargo 
elements. In another embodiment, one or more elements of 
one or more types carry one or more additional elements of 
one more types past the BBB. 
0403. In another illustrative embodiment, one or more 
elements enter the CNS and or cross the blood brain barrier 

for targeted delivery of agents and elements, including, but 
not limited to, Small and or large molecules, non-lipid-soluble 
micromolecules, macromolecules, light sources, hydrophilic 
and or hydrophobic agents, such as therapeutic, diagnostic, 
and prosthetic agents, and other structured cargo to specific 
cells and areas within the brain, and Such agents and or cargo 
may comprise one or more sensor agents, assay agents, diag 
nostic agents, prosthetic agents, and also may comprise 
agents like central nervous system drugs, antibiotics, and 
antineoplastic agents of one or more types, but are not limited 
to such. 

0404 In another embodiment, one or more elements are 
capable of circumventing the fluid-brain barriers by intracel 
lular routes related to three separate and distinct endocytic 
processes. The three endocytic processes from the least to the 
most specific are fluid- or bulk-phase endocytosis, adsorptive 
endocytosis, and receptor-mediated endocytosis. 
04.05 There are several transport mechanisms and tech 
niques known in the art to be involved in the uptake of nano 
particles by the brain across the BBB (Lockman et al. 2002, 
Begley, 2004, de Boer et al. 2007), one or more of which may 
be utilized in one or more invention embodiments. These 

mechanisms and techniques include: simple diffusion of lipo 
philic molecules, the BBB-specific influx transporters, 
including organic anion and cation transporters and transcy 
tosis or endocytosis. In one embodiment, one or more ele 
ments are internalized at the BBB by one or two different 
endocytosis mechanisms: receptor-mediated endocytosis 
(RME) and adsorptive-mediated endocytosis (AME). AME is 
triggered by an electrostatic interaction between the posi 
tively charged moiety of the peptide and the negatively 
charged region of the plasma membrane. In contrast, RME is 
specific to certain peptides such as insulin and transferrin. 
0406. In one embodiment, delivery through the blood 
brain barrier of one or more types of small or large molecule 
cargo elements, and or molecules with polar functional 
groups is accomplished via chimeric peptides. The latter are 
formed when a transportable vector, Such as cationized albu 
min, lectins, or a receptor-specific monoclonal antibody, is 
conjugated to a therapeutic compound that is normally not 
transported through the BBB. In one embodiment, conjuga 
tion of drugs to transport vectors is facilitated by, but not 
limited to, the use of avidin-biotin technology. In another 
embodiment, chimeric peptides are not required to pass 
through the blood-brain barrier, depending on cargo and ele 
ment types. 
0407. In another illustrative embodiment, one or more 
elements may be coated with one or more Surfactants and or 
coSurfactants, including, but not limited to, polysorbate 20, 
40, 60 and 80, and or with one or more other materials and 
Substances to cross various biological barriers, such as the 
transmucosal passage, and also to overcome the blood-brain 
barrier (BBB), the transmucosal passage, and the blood-cere 
brospinal fluid barrier (CSG) for targeted delivery of agents 
and elements nanoparticles. In another embodiment, Surfac 
tants and or coSurfactants are not required to achieve Such 
BBB-passing functionality, depending on cargo and element 
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type. E.g., in the prior art, it has been shown that using Such 
Surfactants and co-surfactants can cause an immunogenic 
response. 

0408. In another illustrative embodiment, one or more 
elements may be cationized to facilitate blood brain barrier 
passage. In another embodiment, cationization is not required 
to achieve Such functionality, depending on cargo and ele 
ment type. 
04.09. In another illustrative embodiment, one or more 
elements cross the blood brain barrier due to disruption of the 
barrier by acoustic techniques, such as by using ultrasound. 
0410. In another embodiment, Zonula occludens toxin and 

its eukaryotic analogue, Zonulin, (Zot) are protein ligands 
attached to one or more invention elements. Zonulin, the 
natural ligand of the Zot target receptor, interacts with these 
cargo attachment elements at the blood brain barrier, unlock 
ing the tight junctions (TJ) in the brain that regulate the 
blood-brain barrier at that receptor. TJ-unlocking allows pas 
sage of one or more elements through the BBB, and thereby 
enables delivery of Small and large molecules, non-lipid 
soluble micromolecules, macromolecules, light sources, and 
other structured cargo elements to the brain. In another 
embodiment, Zonulin is not required to pass through the 
blood-brain barrier, depending on cargo and element types. 
0411 Extracellular pathways circumventing the fluid 
brain barriers in humans are comparable in the CNS of 
rodents and a Subhuman primate. The most highly docu 
mented extracellular route is through the circumventricular 
organs (e.g., median eminence, organum Vasculosum of the 
lamina terminalis, Subfornical organ, and area postrema), all 
of which comprise fenestrated capillaries and, therefore, lie 
outside the BBB. In one embodiment, blood-borne macro 
molecules; specifically fluid-phase molecules released by the 
invention; escaping fenestrated vessels Supplying the circum 
Ventricular organs move extracellularly into adjacent brain 
areas located behind the BBB. 

0412. The potential intracellular and extracellular path 
ways that blood-borne substances carried within one or more 
elements may follow invarious embodiments for circumvent 
ing the fluid-brain barriers and entry to the CNS are therefore 
numerous, and various invention embodiments are used as 
appropriate. One invention embodiment, for example, uses 
the nasal cavity as a route for delivery of one or more types of 
drugs and other agents, especially for systemically acting 
drugs that are difficult to deliver via routes other than injec 
tion. Embodiments for the use of the nasal cavity for drug 
delivery also extend to circumventing the blood brain barrier. 
Drugs have been shown to reach the CNS from the nasal 
cavity by a direct transport across the olfactory region situ 
ated at the loft of the nasal cavity. It is the only site in the 
human body where the nervous system is in direct contact 
with the Surrounding environment. In one embodiment, the 
nasal route would be important for rapid uptake of one or 
more types of drugs used in crisis treatments and manage 
ment, Such as for acute pain, epilepsy, psychic agitation, and 
for one or more other types of centrally acting drugs where the 
pathway from nose to brain provides a faster and more spe 
cific therapeutic effect. Furthermore, in another embodiment, 
the trigeminal nerve and, in animals, the Vomeronasal organ 
also connects the nasal cavity with the brain tissue. One or 
more methods of nasal delivery to the CNS, which may also 
be used by the instant invention, but not limited to, are 
described in Dhuria, etal, 2008; Maetal, 2007; and Thorne et 
al. 1995. 
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0413. The nasal cavity has a relatively large absorptive 
Surface area and the high vascularity of the nasal mucosa 
ensures that absorbed compounds are rapidly removed 
(Mainardes, et al 2006). In one embodiment, two routes, 
singly or in combination, are used via which one or more 
types of molecules are transported from the olfactory epithe 
lium into the CNS and/or CSF. The first is the epithelial 
pathway, where one or more types of compounds pass para 
cellularly across the olfactory epithelium into the perineural 
spaces, crossing the cribriform plate and entering the Sub 
arachnoid space filled with CSF. From here the molecules can 
diffuse into the brain tissue or will be cleared by the CSF flow 
into the lymphatic vessels and Subsequently into the systemic 
circulation. The second embodiment utilizes the olfactory 
nerve pathway, where compounds may be internalized into 
the olfactory neurones and pass inside the neuron through the 
cribriform plate into the olfactory bulb. In another embodi 
ment, it is possible that further transport into the brain can 
occur by bridging the synapses between the neurons. After 
reaching the brain tissue, the drugs are cleared either via the 
CSF flow or via efflux pumps such as p-glycoprotein at the 
BBB into the systemic circulation. Despite the potential of the 
nasal route, there are some factors that limit the intranasal 
absorption of drugs. These barriers include the physical 
removal from the site of deposition in the nasal cavity by the 
mucociliary clearance mechanisms, enzymatic degradation 
in the mucus layer and nasal epithelium and the low perme 
ability of the nasal epithelium removed (Mainardes, et al 
2006). Colloidal carriers systems, such as nanoparticles and 
liposomes have demonstrated great efficacy in increasing 
drug bioavailability via the nasal route (Illum, 2002) In one 
invention embodiment, one or more elements comprise a 
colloidal carrier for enhanced nasal delivery of one or more 
elements, of one or more types. 
0414. Further, in one embodiment, it is possible to greatly 
improve the nasal absorption of one or more types of drugs 
and other elements by administering them in combination 
with an absorption enhancer that promotes the transport of the 
drug across the nasal membrane. Another invention embodi 
ment comprises a nasal drug-delivery system that combines 
an absorption enhancing activity with a bioadhesive effect, 
which increases the residence time of the formulation in the 

nasal cavity. In one embodiment, this method can be even 
more effective for improving the nasal absorption of polar 
drugs. In one or more embodiments, a wide range of absorp 
tion enhancer systems can be utilized. In another embodi 
ment, depending on cargo and element types, minimal func 
tionalization may be required to take advantage of nasal 
absorption for efficacious passage to brain cells. 
0415. In another illustrative embodiment, one or more 
elements and in one or more configurations comprise in vivo 
and or in vitro sensor systems, assay systems, therapeutic 
drugs and other Suitable methods to do genetic-based (trait 
based) and or phenotype (state-based) drug dosing. In one 
embodiment, drugs are delivered at optimally effective and 
safe doses per each individual. 
0416) The invention, in one embodiment, provides for 
individual patient factors such as genotype, phenotype, age, 
gender, ethnicity etc., to be taken into account by one or more 
elements and factored into dosing and administration consid 
eration. It has been demonstrated that inter-individual 

response variability can be 40-fold or more with practically 
all classes of psychotropic drugs. This makes it difficult to 
formulate rational guidelines for dosing and interpretation of 
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biological parameters (such as plasma or serum drug concen 
trations) that might be associated with a therapeutic response. 
Although much remains unknown, a number of factors have 
been characterized as important determinants of patient-to 
patient variability. These encompass genetics, disease state, 
nutritional status, concurrent use of drugs, and other pharma 
coactive Substances, including demographic factors such as 
age, gender, and ethnicity. Therefore, there is a requirement 
for in Vivo systems that analyze many of these factors and 
dynamically adjust dosing accordingly. 
0417. In one embodiment, one or more elements comprise 
one or more personalized medicine elements, and which ele 
ments’ efficacy may be increased, because responses arising 
from one or more individual variability factors; such as, but 
not limited to, genotype, phenotype, disease state, metabolic 
state, nutritional status, coninstant use of drugs, and other 
pharmacoactive substances, and also demographic factors 
Such as age, and ethnicity; are factored into the elements, 
pre-delivery and or post delivery. Side effect profiles may also 
be reduced via Such personalized medicine embodiments. 
0418. In one embodiment, one or more elements comprise 
one or more patented drugs; drugs that are about to go off 
patent; have already gone off patent (generics); and or their 
active metabolites, and which drugs’ efficacy may be benefi 
cially altered and or enhanced by use of the invention. These 
beneficial changes in the status of an existing drug may be 
achieved by the invention in one or more embodiments, for 
example, but not limited to: the ability to target specific areas 
in the body; to pass the blood brain barrier; to cross over into 
cells and their organelles; to fuse with cell membranes; to 
gain access to the cytosol, to offer the benefits of low antige 
nicity or minimal immunogenic effects; to modify, regulate, 
and or control cellular processes; to more efficiently and 
efficaciously carry drugs; and or to dynamically and or stati 
cally adjust the drug's responses and dosages arising from 
inter-individual variability due to one or more factors, such 
as, but not limited to, genotype, phenotype, disease state, 
metabolic state, nutritional status, coninstant use of drugs, 
and other pharmacoactive Substances, and also demographic 
factors such as age, gender, and ethnicity of the patient. New 
patent filings for about to go off patent drugs and drugs 
already off patent may be enabled by one or more invention 
embodiments. Such as affording increased drug efficacy, and 
or by enabling a better safety profile for the drug in question. 
0419. In various embodiments, the instant invention can 
carry one or more types of biomedical or healthcare elements, 
for example and without limitation: one or more therapeutic 
elements; pharmaceutical elements; diagnostic elements; 
assay elements; cosmetic elements; agents for treating one or 
more types of autoimmune diseases; agents for treating one or 
more types of infectious diseases; biological elements; radio 
active agents or nuclear medicine agents; contrast agents; 
nano-scale biosensors; restorative agents; regenerative 
agents; cell, tissue, organ or circulatory repair elements; drug 
discovery agents; drug designer agents; drug research and 
development agents; drug fabrication agents; drug control 
and regulation agents; drug modifier agents; targeted drug 
delivery agents; clinical drug trial agents; antibiotics; anti 
bacterials; vaccines; antiviral and anti-parasitic drugs; cyto 
statics; vitamins; proteins and peptides, including enzymes; 
hormones or other biological elements; prosthetic elements; 
intelligent nano-prostheses that Supplement or enhance cell, 
tissue, or organ functioning; Surgical elements; magnetic iron 
oxide nanoparticles; nano-scale biosensors; assays; diagnos 
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tic systems or nano-devices for in vivo delivery of targeted 
therapy to combat diseases, such as cancer and HIV, and the 
like, including other types and forms of drug elements for the 
diagnosis, cure, mitigation, treatment, prevention of disease. 
Some or all Such elements may operate under the control and 
influence of various other elements and or methods and com 

prise another type of invention platform. 
0420. In another illustrative embodiment, one or more 
elements in whole or in part, cure, mitigate, or treat one or 
more types of bodily injuries and insults, including traumatic 
injury, blood clots, and the like, but not limited to. 
0421. In one embodiment, nano-engineered scaffolds 
comprised of a plurality of elements are able to Support and 
promote cellular differentiation and growth in injured or 
degenerated regions. 
0422. In one illustrative embodiment, one or more ele 
ments comprise one or more types of Small and or large 
molecules and may utilize one or more methods to enter the 
CNS and or cross the blood brain barrier, in whole or in part, 
for delivery of one or more assay, diagnostic, therapeutic 
agents, and drugs, of one or more types, to cells and or 
targeted areas within the brain, like, for example: contrast 
agents; central nervous system drugs; antibiotics; antine 
oplastic agents, which may be used for treating malignant 
brain tumors (primary and or metastasized, of one or more 
types) or benign neoplasms; Parkinson's agents; Multiple 
Sclerosis agents; epilepsy agents; meningitis agents; Alzhe 
imer's disease agents; HIV infection agents; memory agents; 
stroke agents; coma agents; and the like; or comprise one or 
more psychotropic agents ortherapies of one or more types to 
study, diagnose, cure, mitigate, or treat of one or more types 
of mental health and illness, including, but not limited to, 
stress; anxiety; depression; mania; bipolar disorder; attention 
deficit (hyperactivity) disorder, panic attacks; phobias; addic 
tions; anger; rage; Suicidal thoughts and tendencies; Sub 
stance abuse disorder, post traumatic stress disorder, psycho 
ses; mental retardation; autism; delirium symptoms; 
Schizophrenia; neuroses; and or enhancing memory; cogni 
tion; cognitive functioning; the effects of cognitive therapy, 
and the like; including other types and forms of drug elements 
for the diagnosis, cure, mitigation, treatment, or prevention of 
one or more types of CNS diseases. In another illustrative 
embodiment, one or more elements enter the CNS, including 
crossing the blood brain barrier, in whole or in part, to diag 
nose, cure, mitigate, or treat one or more types of CNS inju 
ries and insults, including traumatic brain injury, blood clots, 
and the like, but not limited to. 
0423. In one embodiment, one or more elements promote 
neuroprotection by limiting the damaging effects of free radi 
cals generated after head injury, a major factor contributing to 
neuropsychiatric degenerative disorders (e.g., Alzheimer's). 
0424. In one embodiment, nano-engineered scaffolds 
comprised of a plurality of elements are able to Support and 
promote neuronal differentiation and growth in injured or 
degenerated brain regions. 
0425. In another illustrative embodiment, one or more 
elements comprise a light source, foruse, for example, but not 
limited to, in a photodynamic therapy (PDT) system for age 
related macular degeneracy (AMD). 
0426 Compounds Such as drugs, amino acids, carbohy 
drates, proteins, nucleotide bases, hormones, pesticides and 
co-enzymes have been Successfully used in the prior art for 
the preparation of selective recognition matrices. A wide 
variety of print molecules have been used in various imprint 
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ing protocols known in the art. Of all the imprinting strategies 
known in the art, it has become evident that the use of non 
covalent interactions between the print molecule and the 
functional monomers is the more versatile. The apparent 
weakness of these interaction types, when considered indi 
vidually, may be overcome by allowing a multitude of inter 
action points simultaneously. Together with the fast associa 
tion and dissociation kinetics of these bond types, so that in a 
short time many possible combinations can be checked before 
the correct partners associate, this protocol has proven advan 
tageous. Furthermore, the use of non-covalent interactions in 
the imprinting step closely resembles the recognition pattern 
observed in nature. Example invention molecular imprint 
embodiments in the art include, but are not limited to: 

0427 Fragmented polymer monoliths 
0428 Composite polymer beads 
0429 Polymer beads from suspension, emulsion or dis 
persion polymerization 

0430. In-situ polymerization 
0431 Polymer particles bound in thin layers 
0432 Polymer membranes 
0433 Surface-imprinted polymer phases 

0434. In one illustrative embodiment, the invention uses 
molecular-imprint technology, wherein biodegradable films 
are used as a pliable template for elements, which elements 
are pressed into a film and then removed, leaving a physical 
mold of the element's shape. In one embodiment, this can 
facilitate catalysis of certain reactions and may also be used 
for shape selective separations. In other embodiments, 
imprinted polymers may facilitate the fabrication of elements 
to achieve selective diffusion; as chromatographic Supports 
for the separation of enantiomers and oligonucleotides by 
invention elements; to provide the recognition element for an 
invention chemical sensor; and for the synthesis of polymeric 
materials that mimic biological cargo attachment elements 
and are targeted by invention elements, and or play a role in 
the design of new drugs. In one embodiment, this invention 
process provides for imprinted biodegradable capsule pro 
duction with target or site-specific feature sizes at the molecu 
lar level. Other invention embodiments may utilize imprinted 
membranes and thin films that also function as an artificial 

cell wall for the selective transport of targeted drugs, peptides 
and biologically important molecules. 
0435 Surface imprinting involves the following steps: 
The print molecule, usually a large one, is first allowed to 
form adducts with functional monomers in Solution and the 

formed elements are Subsequently allowed to bind to an acti 
vated Surface Such as silica wafers or glass Surfaces. Thus, 
with this technique, a designed imprinted (imaged) Surface is 
obtained. This approach should potentially be valuable for 
creating specific cell binding Surfaces. When preparing 
molecularly imprinted polymer monoliths against large 
imprint species, there is a risk of permanent entrapment of the 
template in the polymer after polymerization. When using 
thin polymeric layers or imprinted Surfaces this drawback 
may be overcome. 
0436. In one embodiment, imprinted nanocapsules using 
techniques known in the art and as discussed above, one or 
more elements utilize and or constitute a nanocapsule with 
manifold, multi-tiered capabilities for in vivo administration 
and targeted delivery. The imprinted nanocapsule is delivered 
in vivo to detect and target a particular in vitro imprinted 
biological element, which may be, but is not limited to, a 
particular type of receptor, protein, or cell, since its imprint 
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shape on the nanocapsule will only bind in vivo to that par 
ticular biological element target. The molecular-level imprint 
process thereby provides for targeting one or more elements 
using biodegradable nanocapsules for in vivo agent delivery. 
In addition, Vectors and targeting moieties, and blood brain 
barrier, transmucosal, and CSF barrier breaching elements, 
and other elements and Substances may also be attached to the 
Surface of the molecular imprint nanocapsule or otherwise be 
conjugated to it. 
0437. In another illustrative embodiment, one or more 
elements may be used in conjunction with molecularly 
imprinted polymers known in the art as recognition elements 
in biosensor-like devices. In one embodiment, imprinted 
polymer embodiments may be highly resistant sensing ele 
ment alternatives. 

0438. In another illustrative embodiment, one or more 
elements are encapsulated in whole or in part in one or more 
biodegradable controlled-release polymers, which polymers 
may also be conjugated with other elements and agents. The 
polymer capsule, and or one or more elements may also be 
coated with one or more surfactants and or coSurfactants and 

or with other materials and Substances. One or more targeting 
and or masking moieties and or other targeting vectors may 
also be attached on the polymer Surface, and or on one or more 
elements. 

0439. In one embodiment, one or more elements are put 
into one or more biodegradable controlled-release polymeric 
capsules, and these elements transform “dumb' polymeric 
delivery capsules into “smart’ systems. 
0440. In the instance of polymeric nanocapsules, which 
may be molecular imprinted or not, illustrative controlled 
release polymeric nanocapsule embodiments of the invention 
may include one or more of the following delivery systems, 
but not limited to, and in one or more configurations: 
0441 1. Diffusion-controlled systems 
0442. 2. Water penetration-controlled delivery devices 
0443 3. Chemically controlled systems 
0444 4. Drugs covalently attached to polymer backbone 
systems, which delivery systems can be further subdivided 
into Soluble systems and insoluble systems. Insoluble sys 
tems are used as a Subcutaneous or intramuscular implant 
for the controlled release of the chemically tethered thera 
peutic agent. Soluble systems are used in targeting appli 
cations. 

0445. 5. Drug release determined predominantly by ero 
sion systems, whereby certain polymers can undergo a 
hydrolysis reaction at decreasing rates from the Surface of 
a device inward, and under special circumstances the reac 
tion can be largely confined to the outer layers of a solid 
device. Two Such polymers are poly (ortho esters) and 
polyanhydrides, because the rates of hydrolysis of these 
polymers can be varied within very wide limits, consider 
able control over the rate of drug release can be achieved. 

0446 6. Poly (ortho esters) systems, which are highly 
hydrophobic polymers that comprise acid-sensitive link 
ages in the polymer backbone. 

0447 7. Polyanhydrides materials as bioerodible matrices 
for the controlled release of therapeutic agents. Aliphatic 
polyanhydrides hydrolyze very rapidly while aromatic 
polyanhydrides hydrolyze very slowly, and excellent con 
trol and regulate over the hydrolysis rate can be achieved 
by using copolymers of aliphatic and aromatic polyanhy 
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drides. In this way, erosion rates over many days have been 
demonstrated, and erosions rates measured in years have 
been projected. 

0448. The form in which the foreign moiety, vector and or 
cargo are held within one or more elements will depend on the 
release properties and methods required. For release at the 
targeted site, it will be important to ensure that the right 
conditions prevail, for example, to permit cell localization 
and internalization via receptor mediated endocytosis. 
0449 In one illustrative embodiment, the invention 
enables one or more types of delivery systems that engage in 
an iterative, interactive, and dynamic dialog with one or more 
targets; follow a sequence of actions governed by biological 
control laws and methods; and or use behaviors and methods 
as defined by graphs and or an algebra, for example, a Lie 
algebra. In one illustrative example, one or more elements 
follow an algorithm expressed by the invention, Such as in this 
illustrative embodiment: 

0450 1) One or more elements, that may be with or with 
out cargo elements, docks and or loiters on or near one or 
more cell membranes, 

0451) 2) One or more elements enter one or more target 
cells, while one or more other elements continue to loiter 
nearby or stay docked at the cell membrane. 

0452 3) The docked and or loitering element elements 
wait for a time period, 

0453 4) The targeted cell produces one or more reactions, 
for example, manufactures and or secretes an agent in 
response to the elements docking and or delivering its 
CargO, 

0454 5) The docked element and or loitering elements 
analyze the new cell behavior and or its secretions, 

0455 6) The docked element or loitering elements 
undergo a conformational change in response to the cells 
new behavior, 

0456 7) The docked element and or loitering elements 
self-adapt, producing yet another conformational change 
in the cell, and or releases another round of one or more 
agents that are taken up by the targeted cell, and, 

0457 8) The foregoing process is repeated as required to 
achieve an efficacious effect. 

0458 In another embodiment, one or more light sources 
comprised of one or more elements operate in an intelligently 
staged sequence or orchestrated series of actions, which may 
be multiplexed or done in parallel by using one or more light 
and thermal energy emitting sources and methods. By using 
one or more light and or thermal energy emitting sources, 
optical and orthermal energies from one or more light sources 
operate on one or more photosensitive and or thermal sensi 
tive elements comprising one or more elements that also 
comprise one or more entrapped agents. This method results 
in a staged series of overall actions that follow an intelligently 
ordered sequence of events. In an example embodiment, first 
a diagnostic agent from one or more elements is released by 
an optical and or thermal trigger, and the agent's positive 
finding of a disease, like cancer or HIV then causes one or 
more therapeutic agents to be released from the same and or 
other one or more other elements by one or more optical and 
or thermal triggers. Agent dosages are released in calculated 
amounts, and the dosages may be non-targeted or targeted. 
0459. In another illustrative embodiment, cavity-forming 
cargo elements have one or more compartments that in whole 
or in part are separated by one or more barriers, for example, 
but not limited to, one or more phospholipid membrane bar 
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riers and or one or more barriers comprised of molecular 
imprinted films. The barriers may exhibit structural transi 
tions due to internal or external stimuli. In one embodiment, 
agents or cargo entrapped within one or more elements 
remain sequestered within their respective compartments 
until a change in barrier permeability state is triggered by 
contact, for example, by a ligand, with one or more specific 
targets or sites. The Subsequent biochemical and or biological 
reactions cause the barriers to alter states into an opened State 
and release entrapped cargo and agents from one or more 
invention elements. In one example embodiment, binary mix 
tures of therapeutic and or diagnostic agents are mixed 
together as needed to dynamically and more efficaciously 
deal with a disease or disorder. 

0460. The invention, in one or more embodiments, com 
prises in whole or in part one or more elements, components, 
devices, systems, and the like, of one or more types, formed 
by using one or more engineering disciplines and related 
engineering technology disciplines of one or more types. 
Listed below are some such example invention embodiments, 
but are not limited to. 

0461. In one embodiment, the invention remedies the defi 
ciencies of prior art by providing one or more elements of one 
or more types, a plurality of which may also comprise one or 
more nanoscale platforms of one or more types. A platform 
according to the invention may be used, for example, in 
biomedical, electronics, telecommunications, and informa 
tion processing applications. 
0462 FIG. 6 is an exemplary energy level diagram 600 
illustrating the energy levels associated with a hyperfine inter 
action between electron and nuclear spin in the presence of 
magnetic fields of the type used to do ESR spin label studies, 
which may be done in vivo and in vitro in one invention 
embodiment. The hyperfine interaction is a strictly quantum 
mechanical phenomenon. In an atom, the electron possesses 
an intrinsic quantum mechanical quantity known as spin. The 
nucleus of an atom also possesses spin. Intrinsic spin tends to 
generate a spin magnetic moment that is capable of interact 
ing with other magnetic moments and fields. Generally, the 
spin magnetic moment of the nucleus does not interact with 
the spin magnetic moment of the electron. However, in the 
presence of a strong magnetic field, the spin magnetic 
moments of the electron and nucleus become coupled and 
interact. 

0463. In one illustrative embodiment, the electron is 
excited using pulses of electromagnetic radiation while main 
taining its spin configuration. The source of the electromag 
netic radiation may be, for example, an ordinary lamp, an 
LED, a time-varying magnetic field generator, a laser, or an 
electromagnetic field generator. A hyperfine interaction gives 
rise to electron nuclear double resonance (ENDOR) tech 
niques. According to one illustrative embodiment of the 
invention, room temperature EPR and ENDOR techniques 
known in the art are used for performing in vivo spin probe 
studies. 

0464. In another embodiment, one or more elements com 
prise one or more diagnostic agents, and during the same 
NMR/MRI, or EPR, or ESR, or ESEEM, or ENDOR, or PET, 
or SPECT, or OCT operation, one or more elements use 
quantum information processing techniques known in the art 
can modify, process, manipulate, encode and decode, input, 
output, transmit, communicate, store and read information 
using one or more modulated signals, methodologies, or car 
rier signals of one or more types. 
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0465. In one embodiment, one or more invention elements 
in one or more configurations, are bonded, tethered, or oth 
erwise incorporated into one or more invention and or non 
invention elements, comprising functionalized nanoscale ele 
ments, components, devices, systems, and or platforms such 
as, but not limited to, nano-lasers, quantum dots; photonic 
dots; nanoscale DNA chips; protein assay chips; assay ele 
ments; environmental, protein, phenotype, DNA, and or 
metabolic assay and analysis elements. 
0466. In another embodiment, one or more elements may 
comprise a bio-lasing structure, in vivo or in vitro. 
0467. In one embodiment, one or more elements in one or 
more configurations comprise nano-sensor elements; includ 
ing, but not limited to, radioactivity sensors; chemical sen 
sors; biological sensors; electromagnetic sensors; acoustic 
sensors; visible, infrared, and or ultraviolet wavelength sen 
sors; tactile sensors; pressure sensors; Volumetric sensors; 
flow sensors; and temperature sensors; and one or more of 
which sensors may constitute a bio-molecular device. 
0468. In one embodiment, one or more elements and or 
platforms utilize and or employ one or more types of trans 
mitter and or receiver elements as sensors and or for trans 

mission of information of one or more types in vivo and in 
vitro. 

0469. In another embodiment, one or more elements and 
in one or more configurations comprise one or more nanos 
cale elements, components, devices, systems, and or plat 
forms that input, read out, process, analyze, output and report 
on information gathered by one or more types of diagnostic, 
test, label, tag, reporter, sensor, and or assay elements. 
0470. In one embodiment, quantum dots and or photonic 
dots are released in vivo or in vitro from one or more ele 

ments, and the quantum dots and or photonic dots are coated 
in whole or in part in one or more Surfactants, coSurfactants, 
and other materials or sequestering Substances. 
0471. In one embodiment, quantum dots are tagged to one 
or more elements. The specific wavelength glow of the quan 
tum dots enables the identification of specific pathologies, 
disorders, metabolic states, proteins or DNA making it pos 
sible to diagnose various diseases. 
0472. In one embodiment, one or more nanoscale quan 
tum dot assays using tiny permutations of color tag a million 
or more different proteins or genetic sequences in a process 
called multiplexing. In one embodiment, one or more quan 
tum dots of various sizes are excited at the same wavelength 
but have different emission wavelengths, and act as probes in 
experiments where multiple fluorescent measurements need 
to be made simultaneously, Such as flow cytometry or confo 
cal microscopy. 
0473. In another illustrative embodiment, one or more 
elements are Sufficient to implement in vivo or in vitrogenetic 
and protein nanoscale optical biological assay systems and 
methods. In one illustrative configuration, one or more ele 
ments comprise one or more nano-scale DNA chips known in 
the art, and or one or more nano-scale DNA chips known in 
the art to detect DNA samples formed from bonding with the 
target DNA on a chip, and or reference DNA nano-chips. 
0474. In another illustrative configuration, one or more 
elements comprise one or more protein array techniques 
known in the art. The array Surfaces are designed to bind to 
one or more hydrophobic, hydrophilic (cation or anion) or 
specific ligands, and also include a protein array reader 
known in the art. 
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0475. In another illustrative embodiment, one or more 
elements are used in a multiplexed analysis system or method 
that provides a nanoscale replacement for DNA-chip technol 
ogy and can be used for the analysis of genetic variance, 
proteomics, and gene expression. 
0476. In another embodiment, one or more elements pro 
duce specific light emissions and or thermal energies caused 
by their coming into contact with a particular metabolic state, 
medical disorder, disease pathology, genotype, phenotype 
and or other specific stimuli. One or more entrapped agents 
carried by one or more elements are thereby selectively trig 
gered and released. In doing so, they form a targeted agent 
delivery system without exposing the entire body--or an 
indiscriminate area--to a similar dose of light, thermal energy, 
and or agents. The agents may be delivered in vivo by means 
known in the art. 

0477. In one illustrative embodiment, photonic energies 
from one or more elements thermally operate on one or more 
other elements that may have one or more entrapped materi 
als, such as, but not limited to, therapeutic, diagnostic, and or 
therapeutic agents within an aqueous interior, and or that may 
have one or more entrapped nanoparticles Such as liposomes, 
micelles, proteins, other biological and or bioengineered ele 
ments, including organic, inorganic, and synthetic materials, 
and or that may have one or more hydrophobic materials 
bound to a lipid bilayer membrane. The well-known perme 
ability increase at the phase transition temperature provides a 
means to trigger release of an entrapped agent, like, for 
example release of a therapeutic agent in locally heated tis 
sues. In one embodiment, efficient in vivo or in vitro release 
of entrapped agents at non-targeted and or targeted sites are 
triggered by light emitted by one or more light sources when 
the one or more elements comprise a photoisomerisable spe 
C1GS. 

0478. In another embodiment, the method of one or more 
LuxR proteins and lux bioluminescence genes and or other 
luminescent causing genes known in the art are utilized and 
are bioengineered and incorporated into one or more ele 
ments, ligands, targeting moieties, and or vectors, which may 
also be conjugated with one or more other elements, materi 
als, and Substances. In one embodiment, luminescent causing 
genes provide optical pumping sufficient to excite one or 
more quantum dots and or photonic dots. 
0479. In an illustrative embodiment, in vivo release from 
one or more cargo elements comprised of one or more 
entrapped liposomal and or non-liposomal-entrapped agents 
are optically triggered by photons emitted by light sources of 
one or more types. In one illustrative embodiment, one or 
more light sources produce specific light wavelength emis 
sions caused by their coming into contact with, for example, 
a specific disease at in vivo target site and causes diagnostic, 
therapeutic, and or prosthetic agents comprised in a photo 
sensitive invention delivery system to be triggered and 
released from one or more invention elements, thereby form 
ing a highly targeted drug delivery system. For example, in 
one embodiment, one or more cargo elements comprise an 
amphipathic lipid, such as a phospholipid, having two chains 
derived from fatty acid that allow the lipid to pack into a 
bilayer structure. One or more photosensitizers may be incor 
porated into the entrapped materials cavity and or mem 
branes. 

0480. In one illustrative embodiment, a phospholipid (1.2- 
(4'-n-butylphenyeaZo-4"(-phenylbutyroyl)-glycero-3-phos 
phocholine (Bis-AZo PC), is substituted with azobenzene 
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moieties in both acyl chains that can be photoisomerised by a 
fast nanolaser pulse. One or more other photoisomerisable 
species can be used in other embodiments. Agent release from 
one or more cargo elements occurs on the milliseconds times 
cale and photosensitised cargo elements thereby serve as light 
sensitive elements to allow for the triggered release of agents 
from one or more invention elements. In one embodiment, 
cholesterol additives may be used. The addition of cholesterol 
may have a marked effect on kinetics of agent release from 
cargo elements, and in some circumstances can result in Sub 
stantial enhancement of light sensitivity in one or more pho 
tosensitised elements comprising one or more invention ele 
ments. In another embodiment, thermal and photosensitive 
activation systems acting together comprise one or more ele 
mentS. 

0481. The invention, in one embodiment, comprises an in 
vitro and or in vivo nanoscale, biomolecular electronics ele 
ment and or nano-electronics element, i.e., bio-molecular 
devices, which may be employed in a scalable, intelligent, 
biomolecular electronics device platform and or a nano-elec 
tronics device platform. The platform may also be comprised 
of one or more non-invention elements and devices, such as 
crystals, conductors, insulators, semiconductors, MEMS, and 
circuits, but not limited to such. And further, the platform may 
also be coated in one or more surfactants and or coSurfactants 

and or metals, elements, materials and Substances. 

0482. In one embodiment, one or more elements and or 
platforms are used for biomolecular electronic and or nano 
electronic devices. Biological molecules, particularly pro 
teins and lipids are used to perform the basic properties nec 
essary for the functioning of biomolecular electronic devices. 
These biological materials conduct and transfer molecules 
from one location to another, are capable of major color 
changes on application of an electric field or light and can 
produce cascades that can be used for amplification of an 
optical or an electronic signal. All these properties can be 
applied to electronic Switches, gates, storage devices, biosen 
sors, biological transistors, to name just a few. In general, the 
electrical properties of bilayer lipid membranes are easily 
measurable for signal generation and transduction. In one 
embodiment, hybrid elements comprising cells with intact 
plasma membranes can be considered to act as tiny capacitors 
under the influence of an electric field. Whereas sufficiently 
high field strength may increase the membrane potential past 
a critical point leading to the breakdown of the membrane, 
experimental care must be taken. (Dielectric breakdown of 
biological membrane occurs at about 1 Volt across the mem 
brane.) On the other hand, the use of electrostatic potentials 
around the lipid molecules is very attractive, because they are 
controllable. 

0483. In one embodiment, one or more elements comprise 
nanoscale elements, components, devices, systems and or 
platforms, in one or more configurations, which form con 
nectors for carrying information from a storage, processing or 
communications element or device to another, of one or more 
types. 

0484. In one embodiment, one or more elements comprise 
one or more information processing elements, components, 
devices, systems and or platforms such as, for example, but 
not limited to, encoders and decoders, memory, logic gates, 
registers, circuits, wiring and connectors, input and output 
elements, analog to digital and digital to analog converters 
and system architectures known in the art. 
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0485. In one embodiment, one or more invention elements 
comprise nanoscale elements, components, devices, systems 
and or platforms that modify, process, manipulate, encode 
and decode, input, output, transmit, communicate, store and 
read various forms and types of information using a variety of 
Suitable techniques known in the art, in vivo and in vitro. 
0486 A scalable information-processing invention plat 
form may also include an encoder, e.g., a predetermined or 
specific DNA sequence that deliberately encodes at least a 
subset of the elements to take the form of specified sequence, 
as well as a decoder for reading information from at least a 
Subset of the protein-based information processing elements. 
Examples of such a bio-system decoderare, but not limited to, 
a dye-based protein assay, a quantum dot-based assay, or 
other protein assay methods known in the art. Another 
example of encoders/decoders is the use of NMR and ESR 
and other methods known in the art that can effect and discern 

protein behaviors and their physical characteristics. Another 
example of encoders/decoders is the use of photons of differ 
ent wavelengths and photo detectors. 
0487. In one embodiment, one or more elements comprise 
in vitro and or in vivo nanoscale information processing ele 
ments, components, devices, systems and or platform, which 
may follow and execute algorithms of one or more types 
expressed by or use biological control and regulate laws, 
processes, and or methods, and or geometrically derivedalgo 
rithms such as graphs and Lie algebras, including Clifford 
algebras, but not limited to. 
0488. In another embodiment, one or more elements com 
prise a cognitive information processing element, device, and 
or platform of one or more types that follow and execute 
algorithms expressed by or use biological control and regu 
late laws and or processes, and or geometrically derived algo 
rithms such as graphs and Lie algebras, including Clifford 
algebras, but not limited to. 
0489. In another embodiment, one or more elements com 
prise a hybrid digital and analog information processing ele 
ment, device, and or platform of one or more types, wherein 
enlisting the rich repertoire of biochemical reactions and 
adopting a nested hierarchical organization makes intermix 
ing of digital an analog processing possible in bio-computing 
applications. 
0490. In one embodiment, one or more elements comprise 
one or more nanoscale information processing elements, 
components, devices, systems and or platform that utilize 
photons emitted by invention light Sources of one or more 
types as the basis of computation and or transmission and 
communication. 

0491. According to one illustrative embodiment, one or 
more elements comprise one or more nano-computer ele 
ments, components, devices, systems and or platforms of one 
or more types that are programmable, and or autonomous 
acting, and or do cognitive processing, which bio-nano-com 
puters may also utilize self-replicating, self-adapting, self 
repairing, self-regulating, and or self-regenerating methods, 
and which are used for applications at the cellular, molecular, 
and nanoscale level that may include, but are not limited to, 
biomedical imaging, sensors, diagnostic systems, assay sys 
tems, therapeutic systems, drug delivery systems, prosthetic 
systems, cybernetic systems, cellular-level nano-fabrication 
systems, and inter- and intra-cellular imaging, repair, and 
engineering Systems, the monitoring, sensing, imaging, diag 
nosing, repairing, constructing, fabricating, and or control 
and regulating of organic and or inorganic elements, and 
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which bio-nano-computer elements and or platforms also 
may utilize and leverage biological control and regulate laws 
and or methods, and or geometrically derived algorithms such 
as graphs and Lie algebras, including Clifford algebras, but 
not limited to, in the performance of their tasks. 
0492. In one illustrative embodiment, one or more element 
chains are created via a molecular bridge group. To align the 
elements with respect to one another and also with respect to 
an external magnetic or electrical field. In one embodiment, 
one or more elements and or platforms and in one or more 
configurations are embedded in another material, like liquid 
crystal. 
0493. In one embodiment, one or more elements and or 
platforms and in one or more configurations are coated com 
pletely and or partially in a metal. 
0494. In another embodiment, one or more elements and 
or platforms and in one or more configurations are coated 
completely and or partially in reflective and or non-reflective 
coatings. 
0495. In one embodiment, one or more elements and or 
platforms and in one or more configurations are used to coat 
completely and or partially metals, crystals, insulators, con 
ductors, semiconductor components, wires, and devices. 
0496. In another illustrative embodiment, one or more 
elements and or platforms and in one or more configurations 
facilitate the externally and or mechanistically directed align 
ment of for example, but not limited to, biological elements, 
various other non-invention nanoparticles, carbon nanotubes, 
crystals, conductors, semiconductors, insulators, and or other 
devices, materials and Substances, which aligned assemblies 
may further be coated in one or more surfactants and or 
metals, elements, materials and Substances. 
0497. In one embodiment, one or more elements in one or 
more configurations include other types of nanoparticle ele 
ments such as, but not limited to, polymer-based, polybutyl 
cyanoacrylate-based, and cetyl alcohol-based nanoparticles, 
empty cage Fullerenes, endohedral Fullerenes, carbon nano 
tubes, cells, liposomes, capsids, dendrimers, micelles, and the 
like. 

0498. In another illustrative embodiment, one or more 
elements and or platforms of one or more types in whole or in 
part enable a shape programmable and or scaffolding system 
to which one or elements of one or more types, including 
natural and or non-invention elements are affixed and or fur 

ther form more one or more structures of one more types 
0499. In one embodiment, one or more elements and or 
platforms in one or more configurations form and or include 
optical elements such as, but not limited to, optics; optoelec 
tronic elements; photoelectric elements; photodetectors; and 
photosensitive elements, which optical elements may also be 
coated or treated in whole or in part with materials that affect 
their optical properties. 
0500. In one embodiment, one or more elements and or 
platforms and in one or more configurations form and or 
include imaging elements and sensors, such as, but not lim 
ited to, CCDs and CMOS optical elements. 
0501. In one embodiment, one or more elements and or 
platforms, in one or more configurations include and or com 
prise photonic to electrical energy conversion elements. 
0502. In one embodiment, one or more elements and or 
platforms form one or more electronic circuits, which circuit 
may also be comprised of one or more other elements such as 
empty Fullerenes, endohedral Fullerenes, nanotubes, crys 
tals, insulators, conductors, semiconductors, and or other 
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materials, Substances and devices, which circuits also may be 
coated in one or more Surfactants and or coSurfactants and or 
other materials and Substances. 

0503. In one embodiment, one or more elements and or 
platforms are Switched on or off and or change States by 
applying an electric field, and may also comprise one or more 
transistors or devices in another embodiment. 

0504. In another embodiment, one or more elements and 
or platforms and in one or more configurations; self-as 
semble, and or are shape-programmed, and or use biological 
control and regulate laws, processes and methods, and or use 
geometrically derived algorithms such as graphs and Lie 
algebras, including Clifford algebras, but not limited to, and 
or are mechanically assembled via lithography, and or utilize 
other externally directed techniques and methods known the 
art, and or some combination thereof; form natural positions 
that are associated with electronic circuits and or information 

processing devices, such as atomic and molecular scale 
device design, their interconnection, nanofabrication and cir 
cuit architectures. 

0505 According to one illustrative embodiment, one or 
more elements and or platforms comprise one or more crystal 
structures and elements, of one or more types. 
0506 According to one illustrative embodiment, one or 
more elements and or platforms comprise one or more desic 
cated elements, of one or more types. 
0507 According to one illustrative embodiment, one or 
more invention comprise one or more hydrated and or rehy 
drated elements and or platforms, of one or more types. 
0508 According to one illustrative embodiment, one or 
more elements and or platforms comprise one or more rehy 
dration elements and or platforms, of one or more types. 
0509 According to one illustrative embodiment, one or 
more elements and or platforms are embedded and or incor 
porated into one or more materials, Substances, devices, 
agents, devices, systems, organisms, and or mechanisms of 
one or more types. 
0510. In another illustrative embodiment, one or more 
elements and or platforms comprise one or more magnetic 
nanoparticles of one or more types. 
0511. In one embodiment, one or more elements and or 
platforms are nanoscale recording memory media or compo 
nents, which may incorporate metals, ferromagnetic materi 
als, and or ferroelectric materials and elements, and or may 
form into magnetic rings, and or may form vertically polar 
ized magnetic domains and or form magnetic domains on 
isolated islands of one or more types. 
0512. In one embodiment, one or more elements and or 
platforms are nanoscale photovoltaic cells or components of 
one or more types. 
0513. In one embodiment, one or more elements are 
nanoscale batteries or components of one or more type for 
storing electronic charge. 
0514. In one embodiment, one or more elements and or 
platforms comprise a nanoscale environmental hazard 
screening device, and or comprise an in situ remediation, 
removal and or sequestration component or system of one or 
more types. 
0515. In one embodiment, one or more elements and or 
platforms comprise an opto-electronic device, system or 
component of one or more types. 
0516. In one illustrative embodiment, embodiment, one or 
more elements comprise one or more nanoscale passive and 
or active linear or nonlinear optic components, and or particle 
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detectors, and or other elements Sufficient to implement in 
Vivo or in vitro optical system arrays and methods. 
0517. In another embodiment, one or more elements com 
prise in vivo or in vitro detection, diagnostic and tracking 
agents for chemical, biological, and or nuclear elements and 
activities, but not limited to such. 
0518. In one embodiment, one or more elements and or 
platforms comprise a spin-based electronics element or sys 
tem of one or more types. 
0519 In one embodiment, one or more elements and or 
platforms exploit the Coulomb blockade-like properties of 
self-assembled proteins, wherein a single particle at a time 
may move through a transmembrane protein-based channel. 
0520. In one embodiment, one or more elements and or 
platforms utilize and or exploit the Casimir effect, which is a 
small attractive force that acts between two closely parallel, 
uncharged conducting elements. It is due to quantum vacuum 
fluctuations of the electromagnetic field. 
0521. In some illustrative embodiments, one or more ele 
ments and or platforms and in one or more configurations are 
physically linked via molecular addends of one or more types, 
but are not limited to such addend types. 
0522. In other illustrative configurations, one or more ele 
ments and or platforms are functionally linked via photonic, 
chemical, electromagnetic, electrical and/or quantum (non 
classical) interactions of one or more types, including the 
Internet, to work and cooperate locally and/or remotely. 
0523. One or more elements and or platforms of one or 
more types may be encapsulated, packaged, stored, incorpo 
rated, and or utilize one or more methods known in the art, 
including for example, but not limited to: catheters; injec 
tions, including intramuscular injections; Syringes; droppers 
and bulbs; pills; intravenous means; oral means; anal means; 
capsules; nanocapsules; nanoparticles; nano-devices; pre 
Scriptions; hospital and medical Supplies; dental Supplies; 
non-prescriptions; medications; over the counter products 
and remedies; alternative medicine Supplies, systems, prod 
ucts and devices; hair care products; splints, casts, walkers, 
crutches, canes, wheelchairs, and other ambulatory aids; 
natural foods; vitamin and mineral Supplements; first aid 
products; emergency health care procedures, systems, 
devices, and products, including combat medicine; health 
care products; grafts; skin patches; bandages; adhesives; 
wraps; masks; markers; powders; granules; geriatric care 
products; pediatric care products; diagnostic devices, sys 
tems, and products; medical imaging devices, systems, and 
products; telemedicine devices, systems, and products; in 
Vivo monitoring systems, products, systems, and devices; in 
vitro monitoring systems, products, systems, and devices; 
laundry products; chemical, nuclear and biological sensors; 
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sensors; bio-sensors; environmental sensors; combat sys 
tems, clothing, uniforms, and protective gear, food prepara 
tion products; food testing and safety devices, systems, and 
products; food storage wraps, systems, devices, and products; 
water treatment devices, systems and products; waste storage, 
management, and treatment systems and products; sewerage 
systems and products; plumbing systems and products; bed 
and bath products; animal care and Veterinary products; ani 
mal feed; animal slaughter systems and products; cooking 
products; cookware; forensic devices, systems and products; 
home and office cleaning products; home products; office 
products; personal products; industrial products; home and 
office care products; paper products; personal hygiene prod 
ucts; sexual hygiene and safety products; sexual reproduction 
devices, systems, and products; sexual arousal products and 
devices; dental and dental care products; oral hygiene prod 
ucts, devices, and systems; robotic products, systems and 
devices; cybernetic devices; jewelry; novelties; solvents: 
agro-products; plants; animals; vehicles; biologicals; chemi 
cals; cells; tissue; organs; proteins; liposomes; phages; 
micelles; peptides; antibodies; monoclonal antibodies; DNA; 
RNA. IRNA, siRNA, RISC; cloning; human contact; micro 
electromechanical systems (MEMS) and other types of nano 
systems; food utensils; tools; appliances; consumer electron 
ics; paints and finishes; heating, ventilation and air 
conditioning systems; construction, building, home and 
office materials; water, milk; food and other edible or chew 
able Substances and items; prostheses; food and drink addi 
tives and Supplements; drinks; beverages; Soaps; creams; 
ointments; salves; topical agents; cosmetics; beautifying 
agents; liquids; fluids; oils; gels; adhesives; aerosols; vapors; 
airborne methods; pumps; fragrances and perfumes; textiles; 
sporting and athletic goods and devices; physical work out 
and training systems, devices, and products; sports medicine 
systems, devices, and products; recreational products and 
gear, shoes, clothing, and apparel; eyewear, sprays; dyes; 
biological elements; organ; implants; stents; prosthetic 
devices; artificial skin, blood, limbs, joints, bones, cells, eyes, 
organs, and other artificial body parts and biological ele 
ments; Subcutaneous means; incisions; Surgical means; and 
in-patient and out-patient medical procedures. 
0524. The above-described embodiments have been set 
forth to describe more completely and concretely the present 
invention, and are not to be construed as limiting the inven 
tion. It is further intended that all matter and the description 
and drawings be interpreted as illustrative and not in a limit 
ing sense. That is, while various embodiments of the inven 
tion have been described in detail, other alterations, which 
will be apparent to those skilled in the prior art, are intended 
to be embraced within the spirit and scope of the invention. 
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4 OS 41O 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Tyr Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys Arg Pro Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Ser Val Asp Pro Thir Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 

Arg Ala Asn Val Pro Asn Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Val Glin Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Asn. Wal Met Arg Ile Ser Pro Asp Glin 
515 52O 525 

Gly Glin Glin Phe Ala Gln Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asp Ile Thr Glin Ile Val Asp Val Phe Met Glu Tyr Asn Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ala Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ser 
565 st O sts 

Glu Gly Pro Leu Gln Thr Arg Lieu Lieu. Glu Met Asn Lieu Met His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asin Gln Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Arg Ala Lieu. Glu. His Phe Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 

Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Tyr Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Lieu. Glu. Cys Lieu. Arg Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Ile Cys Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Glu Gln Leu Ser Thr Glin Ser Lieu. Ile Glu Lieu Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Phe Glu Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Val His Phe Llys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Asn 
740 74. 7 O 

Cys Tyr Asp Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Asp Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu Gln Lys Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Lieu Pro Val Val Ile 
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Gly 

Ile 

Wall 

Arg 
865 

Asn 

Asp 

Glu 

Arg 
945 

Lell 

Thir 

Glu 

Lell 

Arg 

Asp 

Phe 

Wall 

Ala 

Ala 

Ile 

Ala 

Met 

Ile 

Phe 

Gly 

Luell 

Glu 

850 

Ile 

Ile 

Pro 

Pro 

Luell 

93 O 

Glu 

Ala 

Ala 

Lys 

Glin 

O25 

Luell 

Wall 

835 

His 

His 
915 

Ile 

Luell 

Ser 

Luell 

Phe 

995 

Ile 

Asn 

Met 

Ala 

Ile 

Ile 

Arg 

Lell 

Ala 

Thir 

Arg 

Ala 

Asn 

805 

Lieu. Asp 
82O 

Val Arg 

Arg Asn 

Glu Gly 

Ile Asp 
885 

Tyr Asp 
9 OO 

Lieu Ala 

Asn. Wall 

Val Arg 

Asn. Pro 

965 

Ser Glu 

98O 

Met Thir 

Wall 

Gly 

Arg 

Cys 

Ser 

Ser 

Arg 
950 

Thir 

Ala 

Asp 

Glin 

Lell 

855 

Glu 

Asn 

Arg 

Wall 

Asn 

935 

Arg 

Glin 

Asp 

Phe 

84 O 

Glu 

Asn 

Wall 

Ala 

92 O 

Glu 

Asp 

Arg 

Asp 

Luell 

1OOO 

Val Lieu. Asp Asn. Se 

Lieu. Luell 

Glu Tyr 

ASn Ile 

Phe Arg 

Glu. His 

Cys Asn 

Glin Lys 

Asp Asp 

Ser Gly 

Lieu Ala 

Gly Pro 

Ile 

Ile 

Ala 

Ile 

Glu Pr 

Gly Me 

Pro 

Asn 

Ala 

Lys 

Asn. As 

O 

Le 

O 

As 

O 

l 

O 

Ph. 

O 

15 

810 

Ser Glu Asp 
825 

Ser Thr Asp 

Lieu. Luell Luell 

Pro Ala Thr 

Asn. Pro Glu 

890 

Val Gly Lys 
905 

Tyr Glu Arg 

Asn. Ser Luell 

Pro Glu Lieu 

955 

Pro Lieu. Ile 

97O 

Pro Glu Glu 

985 

Pro Asn. Glu Lieu. Ile 

r Wall 

u. Thir Ala 

3 O 

in Air 

45 

e Se 

6 O 

y As 

o Al 

t Wa 

r Se 

p Gl 

g Gl 

r As 

in Al 

g Lieu. 

r Asn 

p Val 

in Luell 

a Wall 

l Lys 

r Tyr 

u Glu 

ul Ser 

in Arg 

a His 
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Wall 

Glu 

Pro 

860 

His 

Arg 

Gly 

Phe 

94 O 

Trp 

Asp 

Wall 

Phe Ser G 

Ile Lys A 

Asp Asn 

Glu Lieu P 

Asn. Thir S 

Asp Arg A 

Trp Ser G 

Glu Ala 

Met Glu W 

Lieu. Wall 

Tyr Val G 

Lieu. Ala G 

Ile Glin G 

Ile 

Lell 

845 

Trp 

Asn 

Phe 

Glin 

925 

Gly 

Glin 

Ser 

la 

O35 

yr 
OSO 

he 

O65 

815 

Lys Asn Lieu. 
83 O 

Wall Ala Glu 

Lieu. Glu Ala 

Ala Lieu Ala 

Lieu. Arg 
895 

Glu Lys 
91 O 

Glu 

Luell 

Ser Luel Ser 

Ser Wall 

Wall Wall 

97. 

Wall. Thir 

99 O 

His Arg 

Asp Arg 

Asp Ala 

Glu Glu 

Ala Wall 

Tyr Glu 

Lieu. Ala 

Asp Ser 

Wall Glin 

Tyr Lieu. 

Thir Glu 

Lieu. Glu 

Val Gly 

Luell 

96.O 

Glin 

Wall 

Glu Lieu. Lieu. 

Asn 

Thir 

Pro 

Ala 

Glin 

Phe 

Ala 

Glin 

Lell 

Glu 

Asp 
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Arg Cys Tyr Asp Glu Lys Met Tyr Asp Ala Ala Lys Lieu. Lieu. Tyr 
2O5 21 O 215 

Asn Asn Val Ser Asn. Phe Gly Arg Lieu Ala Ser Thr Lieu Val His 
22O 225 23 O 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Gly Ala Arg Lys Ala Asn 
235 24 O 245 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Val Asp Gly 
250 255 26 O 

Lys Glu Phe Arg Lieu Ala Glin Met Cys Gly Lieu. His Ile Val Val 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu. Ile ASn Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Thr Met Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Arg Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn e Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala e Ile Thir Met Met Asn His Pro Thir 
37O 375 38O 

Asp Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Tyr Tyr Arg Ala Ile Glin Phe Tyr Lieu. Glu 
4 OO 405 41 O 

Phe Llys Pro Lieu. Lieu. Lieu. Asn Asp Lieu. Lieu Met Val Lieu. Ser Pro 
415 42O 425 

Arg Lieu. Asp His Thir Arg Ala Val Asn Tyr Phe Ser Llys Val Lys 
43 O 435 44 O 

Glin Lieu Pro Lieu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Asn His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ser Lieu. Asn. Asn Lieu. Phe Ile Thr 
460 465 47 O 

Glu Glu Asp Tyr Glin Ala Lieu. Arg Thir Ser Ile Asp Ala Tyr Asp 
47s 48O 485 

Asn Phe Asp Asn. Ile Ser Lieu Ala Glin Arg Lieu. Glu Lys His Glu 
490 495 SOO 

Lieu. Ile Glu Phe Arg Arg Ile Ala Ala Tyr Lieu. Phe Lys Gly Asn 
5 OS 510 515 

Asn Arg Trp Llys Glin Ser Val Glu Lieu. Cys Llys Lys Asp Ser Lieu. 

Tyr Lys Asp Ala Met Glin Tyr Ala Ser Glu Ser Lys Asp Thr Glu 

Lieu Ala Glu Glu Lieu. Lieu. Glin Trp Phe Lieu. Glin Glu Glu Lys Arg 
550 555 560 

Glu Cys Phe Gly Ala Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg 
565 st O sts 
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Pro Asp Val Val Lieu. Glu Thir Ala Trp Arg His Asn. Ile Met Asp 
58O 585 590 

Phe Ala Met Pro Tyr Phe Ile Glin Val Met Lys Glu Tyr Lieu. Thr 

Llys Val Asp Llys Lieu. Asp Ala Ser Glu Ser Lieu. Arg Lys Glu Glu 

Glu Glin Ala Thr Glu Thr Glin Pro Ile Val Tyr Gly Glin Pro Gln 
625 63 O 635 

Lieu Met Lieu. Thir Ala Gly Pro Ser Val Ala Val Pro Pro Glin Ala 
64 O 645 650 

Pro Phe Gly Tyr Gly Tyr Thr Ala Pro Pro Tyr Gly Glin Pro Gln 
655 660 665 

Pro Gly Phe Gly Tyr Ser Met 
670 675 

<210s, SEQ ID NO 2 
&211s LENGTH: 164 O 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: UniProtKB/P53675 
309s. DATABASE ENTRY DATE: 2O09 - OS-26 

<313> RELEVANT RESIDUES IN SEQ ID NO: (1) . . (1640) 

<4 OOs, SEQUENCE: 2 

Met Ala Glin Ile Lieu Pro Val Arg Phe Glin Glu. His Phe Glin Lieu Gln 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Thir Ile Ile Asp Met Ser Asp Pro Met Ala Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Glu Ser Ala Ile Met Asin Pro Ala Ser Llys Val Ile 
65 70 7s 8O 

Ala Lieu Lys Ala Gly Llys Thr Lieu. Glin Ile Phe Asn. Ile Glu Met Lys 
85 90 95 

Ser Lys Met Lys Ala His Thr Met Ala Glu Glu Val Ile Phe Trp Llys 
1OO 105 11 O 

Trp Val Ser Val Asn Thr Val Ala Leu Val Thr Glu Thir Ala Val Tyr 
115 12 O 125 

His Trp Ser Met Glu Gly Asp Ser Glin Pro Met Lys Met Phe Asp Arg 
13 O 135 14 O 

His Thr Ser Leu Val Gly Cys Glin Val Ile His Tyr Arg Thr Asp Glu 
145 150 155 160 

Tyr Glin Llys Trp Lieu Lleu Lieu Val Gly Ile Ser Ala Glin Glin Asn Arg 
1.65 17O 17s 

Val Val Gly Ala Met Gln Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin 
18O 185 19 O 

Pro Ile Glu Gly His Ala Ala Ala Phe Ala Glu Phe Llys Met Glu Gly 
195 2OO 2O5 

Asn Ala Lys Pro Ala Thr Lieu Phe Cys Phe Ala Val Arg Asn Pro Thr 
21 O 215 22O 

Gly Gly Lys Lieu. His Ile Ile Glu Val Gly Glin Pro Ala Ala Gly Asn 



US 2016/0178652 A1 Jun. 23, 2016 
37 

- Continued 

225 23 O 235 24 O 

Gln Pro Phe Val Lys Lys Ala Val Asp Val Phe Phe Pro Pro Glu Ala 
245 250 255 

Glin Asn Asp Phe Pro Val Ala Met Glin Ile Gly Ala Lys His Gly Val 
26 O 265 27 O 

Ile Tyr Lieu. Ile Thr Llys Tyr Gly Tyr Lieu. His Lieu. Tyr Asp Lieu. Glu 
27s 28O 285 

Ser Gly Val Cys Ile Cys Met Asn Arg Ile Ser Ala Asp Thir Ile Phe 
29 O 295 3 OO 

Val Thr Ala Pro His Llys Pro Thr Ser Gly Ile Ile Gly Val Asn Thr 
3. OS 310 315 32O 

Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Asp Asn. Ile Val Asn 
3.25 330 335 

Tyr Ala Thr Asn Val Lieu. Glin Asn Pro Asp Lieu. Gly Lieu. Arg Lieu Ala 
34 O 345 35. O 

Val Arg Ser Asn Lieu Ala Gly Ala Glu Lys Lieu. Phe Val Arg Llys Phe 
355 360 365 

Asn. Thir Lieu. Phe Ala Glin Gly Ser Tyr Ala Glu Ala Ala Lys Val Ala 
37 O 375 38O 

Ala Ser Ala Pro Llys Gly Ile Lieu. Arg Thr Arg Glu Thr Val Glin Lys 
385 390 395 4 OO 

Phe Glin Ser Ile Pro Ala Glin Ser Gly Glin Ala Ser Pro Leu. Leu Gln 
405 410 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Lieu. Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys His Lieu Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Thir Thr Asp Pro Met Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 

Arg Ala Asn Val Pro Ser Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Phe Gln Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Gly Val Met Lys Ile Ser Pro Glu Glin 
515 52O 525 

Gly Lieu. Glin Phe Ser Arg Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asn Ile Ser Glin Ile Val Asp Ile Phe Met Glu Asn Ser Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ser Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ala 
565 st O sts 

Glu Gly Lieu. Lieu. Glin Thir Trp Lieu. Lieu. Glu Met Asn Lieu Val His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asn Llys Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Glin Ala Lieu. Glu. His Tyr Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 
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Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Phe Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Val Glu. Cys Lieu. His Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Lieu. CyS Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Glu Gln Lieu. Gly Thr Glin Ala Leu Val Glu Lieu Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Tyr Lys Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Wal His Lieu Lys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Ser 
740 74. 7 O 

Cys Tyr Asn Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Gly Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu. Glin Arg Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Thr Pro Ala Val Ile 
805 810 815 

Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Glu Val Ile Llys His Lieu. 
82O 825 83 O 

Ile Met Ala Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ser 
850 855 860 

Glin Ile Glin Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 

Lys Ile Tyr Ile Asp Ser Asn. Asn. Ser Pro Glu. Cys Phe Lieu. Arg Glu 
885 890 895 

Asn Ala Tyr Tyr Asp Ser Ser Val Val Gly Arg Tyr Cys Glu Lys Arg 
9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Llys Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Glu Ala 
93 O 935 94 O 

Arg Tyr Lieu Val Cys Arg Lys Asp Pro Glu Lieu. Trp Ala His Val Lieu 
945 950 955 96.O 

Glu Glu Thir Asn Pro Ser Arg Arg Glin Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thir Arg Asp Pro Glu Glu Ile Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
1010 1015 1 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
1025 1O3 O 1035 
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Arg Val Met Glu Tyr Ile Ser Arg Lieu. Asp Asn Tyr Asp Ala Lieu. 
O4 O O45 OSO 

Asp Ile Ala Ser Ile Ala Val Ser Ser Ala Lieu. Tyr Glu Glu Ala 
O55 O6 O O65 

Phe Thr Val Phe His Llys Phe Asp Met Asn Ala Ser Ala Ile Glin 
Of O O7 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Glin 

Ala Glin Lieu Gln Lys Asp Lieu Val Lys Glu Ala e Asn Ser Tyr 

Ile Arg Gly Asp Asp Pro Ser Ser Tyr Lieu. Glu Val Val Glin Ser 

Ala Ser Arg Ser Asn. Asn Trp Glu Asp Lieu Val Llys Phe Lieu. Glin 

Met Ala Arg Llys Lys Gly Arg Glu Ser Tyr Ile Glu Thr Glu Lieu. 

Ile Phe Ala Lieu Ala Lys Thir Ser Arg Val Ser Glu Lieu. Glu Asp 

Phe e Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 

Arg Cys Tyr Glu Glu Gly Met Tyr Glu Ala Ala Lys Lieu Lieu. Tyr 
2O5 21 O 215 

Ser Asn. Wal Ser Asn. Phe Ala Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Asn. Ser Arg Lys Ala Ser 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Met Asp Gly 
250 255 26 O 

Glin Glu Phe Arg Phe Ala Glin Lieu. Cys Gly Lieu. His Ile Val Ile 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu Met Cys Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Lieu. Lieu. Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Lieu. Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn e Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala Val Lieu. Thr Met Met Ser His Pro Thr 
37O 375 38O 

Glu Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Cys Tyr Arg Ala Lieu. Glin Phe Tyr Lieu. Asp 
4 OO 405 41 O 

Tyr Llys Pro Lieu. Lieu. Ile Asin Asp Lieu. Lieu. Lieu Val Lieu. Ser Pro 
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415 42O 425 

Arg Lieu. Asp His Thr Trp Thr Val Ser Phe Phe Ser Lys Ala Gly 
43 O 435 44 O 

Gln Leu Pro Leu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Ser His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ala Lieu. Asn His Lieu. Lieu. Thr Glu 
460 465 47 O 

Glu Glu Asp Tyr Glin Gly Lieu. Arg Ala Ser Ile Asp Ala Tyr Asp 
47s 48O 485 

Asn Phe Asp Asn. Ile Ser Lieu Ala Glin Gln Lieu. Glu Lys His Glin 
490 495 SOO 

Lieu Met Glu Phe Arg Cys Ile Ala Ala Tyr Lieu. Tyr Lys Gly Asn 
5 OS 510 515 

Asn Trp Trp Ala Glin Ser Val Glu Lieu. Cys Llys Lys Asp His Lieu. 
52O 525 53 O 

Tyr Lys Asp Ala Met Gln His Ala Ala Glu Ser Arg Asp Ala Glu 

Lieu Ala Glin Llys Lieu. Lieu. Glin Trp Phe Lieu. Glu Glu Gly Lys Arg 
550 555 560 

Glu Cys Phe Ala Ala Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg 
565 st O sts 

Pro Asp Met Val Lieu. Glu Lieu Ala Trp Arg His Asn Lieu Val Asp 
58O 585 590 

Lieu Ala Met Pro Tyr Phe Ile Glin Val Met Arg Glu Tyr Lieu Ser 
595 6OO 605 

Llys Val Asp Llys Lieu. Asp Ala Lieu. Glu Ser Lieu. Arg Lys Glin Glu 

Glu. His Val Thr Glu Pro Ala Pro Leu Val Phe Asp Phe Asp Gly 

His Glu 
64 O 

<210s, SEQ ID NO 3 
&211s LENGTH: 1583 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/EAXO3O47 
&309s. DATABASE ENTRY DATE: 2006 - 12 - 18 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) . . (1583) 

<4 OOs, SEQUENCE: 3 

Met Ala Glin Ile Leu Pro Val Arg Phe Glin Glu. His Phe Glin Leu Gln 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Thir Ile Ile Asp Met Ser Asp Pro Met Ala Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Glu Ser Ala Ile Met Asin Pro Ala Ser Llys Val Ile 
65 70 7s 8O 

Ala Lieu Lys Ala Gly Llys Thr Lieu. Glin Ile Phe Asn. Ile Glu Met Lys 
85 90 95 
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Ser Lys Met Lys Ala His Thr Met Ala Glu Glu Val Ile Phe Trp Llys 
1OO 105 11 O 

Trp Val Ser Val Asn Thr Val Ala Leu Val Thr Glu Thir Ala Val Tyr 
115 12 O 125 

His Trp Ser Met Glu Gly Asp Ser Glin Pro Met Lys Met Phe Asp Arg 
13 O 135 14 O 

His Thr Ser Leu Val Gly Cys Glin Val Ile His Tyr Arg Thr Asp Glu 
145 150 155 160 

Tyr Glin Llys Trp Lieu Lleu Lieu Val Gly Ile Ser Ala Glin Glin Asn Arg 
1.65 17O 17s 

Val Val Gly Ala Met Gln Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin 
18O 185 19 O 

Pro Ile Glu Gly His Ala Ala Ala Phe Ala Glu Phe Llys Met Glu Gly 
195 2OO 2O5 

Asn Ala Lys Pro Ala Thr Lieu Phe Cys Phe Ala Val Arg Asn Pro Thr 
21 O 215 22O 

Gly Gly Lys Lieu. His Ile Ile Glu Val Gly Glin Pro Ala Ala Gly Asn 
225 23 O 235 24 O 

Gln Pro Phe Val Lys Lys Ala Val Asp Val Phe Phe Pro Pro Glu Ala 
245 250 255 

Glin Asn Asp Phe Pro Val Ala Met Glin Ile Gly Ala Lys His Gly Val 
26 O 265 27 O 

Ile Tyr Lieu. Ile Thr Llys Tyr Gly Tyr Lieu. His Lieu. Tyr Asp Lieu. Glu 
27s 28O 285 

Ser Gly Val Cys Ile Cys Met Asn Arg Ile Ser Ala Asp Thir Ile Phe 
29 O 295 3 OO 

Val Thr Ala Pro His Llys Pro Thr Ser Gly Ile Ile Gly Val Asn Lys 
3. OS 310 315 32O 

Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Asp Asn. Ile Val Asn 
3.25 330 335 

Tyr Ala Thr Asn Val Lieu. Glin Asn Pro Asp Lieu. Gly Lieu. Arg Lieu Ala 
34 O 345 35. O 

Val Arg Ser Asn Lieu Ala Gly Ala Glu Lys Lieu. Phe Val Arg Llys Phe 
355 360 365 

Asn. Thir Lieu. Phe Ala Glin Gly Ser Tyr Ala Glu Ala Ala Lys Val Ala 
37 O 375 38O 

Ala Ser Ala Pro Llys Gly Ile Lieu. Arg Thr Arg Glu Thr Val Glin Lys 
385 390 395 4 OO 

Phe Glin Ser Ile Pro Ala Glin Ser Gly Glin Ala Ser Pro Leu. Leu Gln 
4 OS 41O 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Lieu. Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys His Lieu Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Thir Thr Asp Pro Met Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 

Arg Ala Asn Val Pro Ser Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 
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Glin Phe Gln Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Gly Val Met Lys Ile Ser Pro Glu Glin 
515 52O 525 

Gly Lieu. Glin Phe Ser Arg Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asn Ile Ser Glin Ile Val Asp Ile Phe Met Glu Asn Ser Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ser Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ala 
565 st O sts 

Glu Gly Lieu. Lieu. Glin Thir Trp Lieu. Lieu. Glu Met Asn Lieu Val His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asn Llys Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Glin Ala Lieu. Glu. His Tyr Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 

Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Phe Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Val Glu. Cys Lieu. His Ala Met Lieu. Ser 
660 665 67 O 

Ala ASn Ile Arg Glin Asn Lieu Gln Lieu. CyS Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Glu Gln Lieu. Gly Thr Glin Ala Leu Val Glu Lieu Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Tyr Lys Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Wal His Lieu Lys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Ser 
740 74. 7 O 

Cys Tyr Asn Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Gly Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu. Glin Arg Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Thr Pro Ala Val Ile 
805 810 815 

Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Glu Val Ile Llys His Lieu. 
82O 825 83 O 

Ile Met Ala Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ser 
850 855 860 

Glin Ile Glin Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 

Lys Ile Tyr Ile Asp Ser Asn. Asn. Ser Pro Glu. Cys Phe Lieu. Arg Glu 
885 890 895 

Asn Ala Tyr Tyr Asp Ser Ser Val Val Gly Arg Tyr Cys Glu Lys Arg 
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9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Llys Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Glu Ala 
93 O 935 94 O 

Arg Tyr Lieu Val Cys Arg Lys Asp Pro Glu Lieu. Trp Ala His Val Lieu 
945 950 955 96.O 

Glu Glu Thir Asn Pro Ser Arg Arg Glin Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thir Arg Asp Pro Glu Glu Ile Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
O1O O15 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
O25 O3 O O35 

Arg Val Met Glu Tyr Ile Ser Arg Lieu. Asp Asn Tyr Asp Ala Lieu. 
O4 O O45 OSO 

Asp Ile Ala Ser Ile Ala Val Ser Ser Ala Lieu. Tyr Glu Glu Ala 
O55 O6 O O65 

Phe Thr Val Phe His Llys Phe Asp Met Asn Ala Ser Ala Ile Glin 
Of O O75 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 
O85 O9 O O95 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Glin 

Ala Glin Lieu Gln Lys Asp Lieu Val Lys Glu Ala e Asn Ser Tyr 

Ile Arg Gly Asp Asp Pro Ser Ser Tyr Lieu. Glu Val Val Glin Ser 

Ala Ser Arg Ser Asn. Asn Trp Glu Asp Lieu Val Llys Phe Lieu. Glin 

Met Ala Arg Llys Lys Gly Arg Glu Ser Tyr Ile Glu Thr Glu Lieu. 

Ile Phe Ala Lieu Ala Lys Thir Ser Arg Val Ser Glu Lieu. Glu Asp 

Phe e Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 

Arg Cys Tyr Glu Glu Gly Met Tyr Glu Ala Ala Lys Lieu. Lieu. Tyr 

Ser Asn. Wal Ser Asn. Phe Ala Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Asn. Ser Arg Lys Ala Ser 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Met Asp Gly 
250 255 26 O 

Glin Glu Phe Arg Phe Ala Glin Lieu. Cys Gly Lieu. His Ile Val Ile 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu Met Cys Tyr Tyr Glin Asp Arg 
28O 285 29 O 
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Gly Tyr Phe Glu Glu Lieu. Ile Lieu. Lieu. Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Lieu. Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn. Ile Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala Val Lieu. Thr Met Met Ser His Pro Thr 
37O 375 38O 

Glu Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Cys Tyr Arg Ala Lieu. Glin Phe Tyr Lieu. Asp 
4 OO 405 41 O 

Tyr Llys Pro Lieu. Lieu. Ile Asin Asp Lieu. Lieu. Lieu Val Lieu. Ser Pro 
415 42O 425 

Arg Lieu. Asp His Thr Trp Thr Val Ser Phe Phe Ser Lys Ala Gly 
43 O 435 44 O 

Gln Leu Pro Leu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Ser His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ala Lieu. Asn His Lieu. Lieu. Thr Glu 
460 465 47 O 

Glu Glu Asp Tyr Glin Asp Ala Met Gln His Ala Ala Glu Ser Arg 
47s 48O 485 

Asp Ala Glu Lieu Ala Glin Llys Lieu. Lieu Gln Trp Phe Lieu. Glu Glu 
490 495 SOO 

Gly Lys Arg Glu. Cys Phe Ala Ala Cys Lieu. Phe Thr Cys Tyr Asp 
5 OS 510 515 

Lieu. Lieu. Arg Pro Asp Met Val Lieu. Glu Lieu Ala Trp Arg His Asn 
52O 525 53 O 

Lieu Val Asp Leu Ala Met Pro Tyr Phe Ile Glin Val Met Arg Glu 
535 54 O 545 

Tyr Lieu. Ser Llys Val Asp Llys Lieu. Asp Ala Lieu. Glu Ser Lieu. Arg 
550 555 560 

Lys Glin Glu Glu. His Val Thr Glu Pro Ala Pro Leu Val Phe Asp 
565 st O sts 

Phe Asp Gly His Glu 

<210s, SEQ ID NO 4 
&211s LENGTH: 1685 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/BAAO48O1 
&309s. DATABASE ENTRY DATE: 2004 - O1-10 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) . . (1685 

<4 OOs, SEQUENCE: 4 

Gln Glu Glu Thir Ile Thr Pro Asp Ser Ala Met Ala Glin Ile Leu Pro 
1. 5 1O 15 
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Ile Arg Phe Glin Glu. His Lieu. Glin Lieu. Glin Asn Lieu. Gly Ile Asin Pro 
2O 25 3O 

Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met Glu Ser Asp Llys Phe Ile 
35 4 O 45 

Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala Glin Val Val Ile Ile Asp 
SO 55 6 O 

Met Asn Asp Pro Ser Asn Pro Ile Arg Arg Pro Ile Ser Ala Asp Ser 
65 70 7s 8O 

Ala Ile Met Asn Pro Ala Ser Llys Val Ile Ala Lieu Lys Ala Gly Lys 
85 90 95 

Thr Lieu. Glin Ile Phe Asn Ile Glu Met Lys Ser Lys Met Lys Ala His 
1OO 105 11 O 

Thr Met Thr Asp Asp Val Thr Phe Trp Llys Trp Ile Ser Lieu. Asn Thr 
115 12 O 125 

Val Ala Lieu Val Thr Asp Asn Ala Val Tyr His Trp Ser Met Glu Gly 
13 O 135 14 O 

Glu Ser Glin Pro Val Llys Met Phe Asp Arg His Ser Ser Lieu Ala Gly 
145 150 155 160 

Cys Glin Ile Ile Asn Tyr Arg Thr Asp Ala Lys Glin Llys Trp Lieu. Lieu. 
1.65 17O 17s 

Lieu. Thr Gly Ile Ser Ala Glin Glin Asn Arg Val Val Gly Ala Met Glin 
18O 185 19 O 

Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin Pro Ile Glu Gly His Ala 
195 2OO 2O5 

Ala Ser Phe Ala Glin Phe Lys Met Glu Gly Asn Ala Glu Glu Ser Thr 
21 O 215 22O 

Lieu. Phe Cys Phe Ala Val Arg Gly Glin Ala Gly Gly Llys Lieu. His Ile 
225 23 O 235 24 O 

Ile Glu Val Gly Thr Pro Pro Thr Gly Asn Gln Pro Phe Pro Llys Lys 
245 250 255 

Ala Val Asp Val Phe Phe Pro Pro Glu Ala Glin Asn Asp Phe Pro Val 
26 O 265 27 O 

Ala Met Glin Ile Ser Glu Lys His Asp Val Val Phe Lieu. Ile Thir Lys 
27s 28O 285 

Tyr Gly Tyr Ile His Lieu. Tyr Asp Leu Glu Thr Gly Thr Cys Ile Tyr 
29 O 295 3 OO 

Met Asn Arg Ile Ser Gly Glu Thir Ile Phe Val Thr Ala Pro His Glu 
3. OS 310 315 32O 

Ala Thr Ala Gly Ile Ile Gly Val Asn Arg Lys Gly Glin Val Lieu. Ser 
3.25 330 335 

Val Cys Val Glu Glu Glu Asn Ile Ile Pro Tyr Ile Thr Asn Val Lieu. 
34 O 345 35. O 

Glin Asn Pro Asp Lieu Ala Lieu. Arg Met Ala Val Arg Asn. Asn Lieu Ala 
355 360 365 

Gly Ala Glu Glu Lieu. Phe Ala Arg Llys Phe Asn Ala Lieu. Phe Ala Glin 
37 O 375 38O 

Gly Asn Tyr Ser Glu Ala Ala Lys Val Ala Ala Asn Ala Pro Lys Gly 
385 390 395 4 OO 

Ile Leu Arg Thr Pro Asp Thr Ile Arg Arg Phe Glin Ser Val Pro Ala 
4 OS 41O 415 

Gln Pro Gly Glin Thr Ser Pro Leu Lleu Glin Tyr Phe Gly Ile Leu Lieu. 
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42O 425 43 O 

Asp Glin Gly Glin Lieu. Asn Llys Tyr Glu Ser Lieu. Glu Lieu. Cys Arg Pro 
435 44 O 445 

Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. Glu Lys Trp Lieu Lys Glu 
450 45.5 460 

Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly Asp Lieu Val Lys Ser Val 
465 470 47s 48O 

Asp Pro Thir Lieu Ala Lieu. Ser Val Tyr Lieu. Arg Ala Asn Val Pro Asn 
485 490 495 

Llys Val Ile Glin Cys Phe Ala Glu Thr Gly Glin Val Glin Lys Ile Val 
SOO 505 51O 

Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro Asp Trp Ile Phe Lieu. Lieu. 
515 52O 525 

Arg Asn. Wal Met Arg Ile Ser Pro Asp Glin Gly Glin Glin Phe Ala Glin 
53 O 535 54 O 

Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala Asp Ile Thr Glin Ile Val 
5.45 550 555 560 

Asp Val Phe Met Glu Tyr Asn Lieu. Ile Glin Gln Cys Thr Ala Phe Leu 
565 st O sts 

Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ser Glu Gly Pro Lieu. Glin Thr 
58O 585 59 O 

Arg Lieu. Lieu. Glu Met Asn Lieu Met His Ala Pro Glin Val Ala Asp Ala 
595 6OO 605 

Ile Lieu. Gly Asn Gln Met Phe Thir His Tyr Asp Arg Ala His Ile Ala 
610 615 62O 

Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin Arg Ala Lieu. Glu. His Phe 
625 630 635 64 O 

Thir Asp Lieu. Tyr Asp Ile Lys Arg Ala Val Val His Thr His Lieu. Lieu. 
645 650 655 

Asn Pro Glu Trp Lieu Val Asn Tyr Phe Gly Ser Lieu. Ser Val Glu Asp 
660 665 67 O 

Ser Lieu. Glu. Cys Lieu. Arg Ala Met Lieu. Ser Ala Asn. Ile Arg Glin Asn 
675 68O 685 

Lieu. Glin Ile Cys Val Glin Val Ala Ser Lys Tyr His Glu Gln Lieu. Ser 
69 O. 695 7 OO 

Thr Glin Ser Lieu. Ile Glu Lieu Phe Glu Ser Phe Lys Ser Phe Glu Gly 
7 Os 71O 71s 72O 

Lieu. Phe Tyr Phe Lieu. Gly Ser Ile Val Asin Phe Ser Glin Asp Pro Asp 
72 73 O 73 

Val His Phe Llys Tyr Ile Glin Ala Ala Cys Llys Thr Gly Glin Ile Llys 
740 74. 7 O 

Glu Val Glu Arg Ile Cys Arg Glu Ser Asn. Cys Tyr Asp Pro Glu Arg 
7ss 760 765 

Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. Thir Asp Gln Lieu Pro Lieu 
770 775 78O 

Ile Ile Val Cys Asp Arg Phe Asp Phe Val His Asp Lieu Val Lieu. Tyr 
78s 79 O 79. 8OO 

Lieu. Tyr Arg Asn. Asn Lieu Gln Lys Tyr Ile Glu Ile Tyr Val Glin Lys 
805 810 815 

Val Asn Pro Ser Arg Lieu Pro Val Val Ile Gly Gly Lieu. Lieu. Asp Wall 
82O 825 83 O 
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Asp Cys Ser Glu Asp Val Ile Lys Asn Lieu. Ile Lieu Val Val Arg Gly 
835 84 O 845 

Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu Val Glu Lys Arg Asn Arg 
850 855 860 

Lieu Lys Lieu. Lieu Lleu Pro Trp Lieu. Glu Ala Arg Ile His Glu Gly Cys 
865 87O 87s 88O 

Glu Glu Pro Ala Thr His Asn Ala Lieu Ala Lys Ile Tyr Ile Asp Ser 
885 890 895 

Asn Asn. Asn. Pro Glu Arg Phe Lieu. Arg Glu ASn Pro Tyr Tyr Asp Ser 
9 OO 905 91 O 

Arg Val Val Gly Llys Tyr Cys Glu Lys Arg Asp Pro His Lieu Ala Cys 
915 92 O 925 

Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu. Glu Lieu. Ile Asin Val Cys 
93 O 935 94 O 

Asn Glu Asn. Ser Lieu. Phe Llys Ser Lieu. Ser Arg Tyr Lieu Val Arg Arg 
945 950 955 96.O 

Lys Asp Pro Glu Lieu. Trp Gly Ser Val Lieu. Lieu. Glu Ser Asn Pro Tyr 
965 97O 97. 

Arg Arg Pro Lieu. Ile Asp Glin Val Val Glin Thr Ala Lieu. Ser Glu Thr 
98O 985 99 O 

Gln Asp Pro Glu Glu Val Ser Val Thr Val Lys Ala Phe Met Thr Ala 
995 1OOO 1005 

Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. Glu Lys Ile Val Lieu. 
O1O O15 O2O 

Asp Asn. Ser Val Phe Ser Glu. His Arg Asn Lieu. Glin Asn Lieu. Lieu. 
O25 O3 O O35 

Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr Arg Wal Met Glu Tyr 
O4 O O45 OSO 

Ile Asin Arg Lieu. Asp Asn Tyr Asp Ala Pro Asp Ile Ala Asn. Ile 
O55 O6 O O65 

Ala Ile Ser Asn. Glu Lieu. Phe Glu Glu Ala Phe Ala Ile Phe Arg 
Of O O7 O8O 

Llys Phe Asp Wall Asn. Thir Ser Ala Val Glin Val Lieu. Ile Glu. His 
O85 O9 O O95 

Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe Ala Glu Arg Cys Asn 

Glu Pro Ala Val Trp Ser Glin Lieu Ala Lys Ala Glin Lieu. Glin Llys 

Gly Met Wall Lys Glu Ala e Asp Ser Tyr Ile Lys Ala Asp Asp 

Pro Ser Ser Tyr Met Glu Val Val Glin Ala Ala Asn Thr Ser Gly 

Asn rp Glu Glu Lieu Val Llys Tyr Lieu Gln Met Ala Arg Llys Llys 

Ala Arg Glu Ser Tyr Val Glu Thr Glu Lieu. Ile Phe Ala Lieu Ala 

Llys Thr Asn Arg Lieu Ala Glu Lieu. Glu Glu Phe e Asn Gly Pro 

Asn Asn Ala His Ile Glin Glin Val Gly Asp Arg Cys Tyr Asp Glu 
2O5 21 O 215 
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Llys Met Tyr Asp Ala Ala Lys Lieu. Lieu. Tyr Asn. Asn. Wal Ser Asn 
22O 225 23 O 

Phe Gly Arg Lieu Ala Ser Thr Lieu Val His Lieu. Gly Glu Tyr Glin 
235 24 O 245 

Ala Ala Val Asp Gly Ala Arg Lys Ala Asn. Ser Thr Arg Thir Trp 
250 255 26 O 

Lys Glu Val Cys Phe Ala Cys Val Asp Gly Lys Glu Phe Arg Lieu. 
265 27 O 27s 

Ala Gln Met Cys Gly Lieu. His Ile Val Val His Ala Asp Glu Lieu. 
28O 285 29 O 

Glu Glu Lieu. Ile Asn Tyr Tyr Glin Asp Arg Gly Tyr Phe Glu Glu 
295 3OO 305 

Lell e Thr Met Lieu. Glu Ala Ala Lieu. Gly Lieu. Glu Arg Ala His 
310 315 32O 

Met Gly Met Phe Thr Glu Lieu Ala Ile Leu Tyr Ser Llys Phe Lys 
3.25 33 O 335 

Pro Glin Llys Met Arg Glu. His Lieu. Glu Lieu. Phe Trp Ser Arg Val 
34 O 345 350 

Asn e Pro Llys Val Lieu. Arg Ala Ala Glu Glin Ala His Lieu. Trp 
355 360 365 

Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr Glu Glu Tyr Asp Asn 
37O 375 38O 

Ala e Ile Thr Met Met Asn His Pro Thr Asp Ala Trp Llys Glu 
385 390 395 

Gly Glin Phe Lys Asp Ile Ile Thir Lys Val Ala Asn Val Glu Lieu. 
4 OO 405 41 O 

yr Arg Ala Ile Glin Phe Tyr Lieu. Glu Phe Llys Pro Lieu. Lieu 
415 42O 425 

Lieu. Asn Asp Lieu. Lieu Met Val Lieu. Ser Pro Arg Lieu. Asp His Thr 
43 O 435 44 O 

Arg Ala Val Asn Tyr Phe Ser Llys Val Lys Glin Lieu Pro Lieu Val 
445 450 45.5 

Llys Pro Tyr Lieu. Arg Ser Val Glin Asn His Asn. Asn Llys Ser Val 
460 465 47 O 

Asn Glu Ser Lieu. Asn. Asn Lieu. Phe Ile Thr Glu Glu Asp Tyr Glin 
47s 48O 485 

Ala Lieu. Arg Thr Ser Ile Asp Ala Tyr Asp Asn. Phe Asp Asn. Ile 
490 495 SOO 

Ser Lieu Ala Glin Arg Lieu. Glu Lys His Glu Lieu. Ile Glu Phe Arg 
5 OS 510 515 

Arg Ile Ala Ala Tyr Lieu. Phe Lys Gly Asn. Asn Arg Trp Llys Glin 
52O 525 53 O 

Ser Val Glu Lieu. Cys Llys Lys Asp Ser Lieu. Tyr Lys Asp Ala Met 

Glin Tyr Ala Ser Glu Ser Lys Asp Thr Glu Lieu Ala Glu Glu Lieu. 

Lieu. Glin Trp Phe Lieu. Glin Glu Glu Lys Arg Glu. Cys Phe Gly Ala 
565 st O sts 

Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg Pro Asp Val Val Lieu. 
58O 585 590 

Glu Thir Ala Trp Arg His Asn Ile Met Asp Phe Ala Met Pro Tyr 
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595 6OO 605 

Phe Ile Glin Val Met Lys Glu Tyr Lieu. Thir Llys Val Asp Llys Lieu. 
610 615 62O 

Asp Ala Ser Glu Ser Lieu. Arg Lys Glu Glu Glu Glin Ala Thr Glu 
625 63 O 635 

Thr Glin Pro Ile Val Tyr Gly Glin Pro Gln Leu Met Lieu. Thir Ala 
64 O 645 650 

Gly Pro Ser Val Ala Val Pro Pro Glin Ala Pro Phe Gly Tyr Gly 
655 660 665 

Tyr Thr Ala Pro Pro Tyr Gly Glin Pro Gln Pro Gly Phe Gly Tyr 
670 675 68O 

Ser Met 

685 

<210s, SEQ ID NO 5 
&211s LENGTH: 1682 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/EAW94395 
&309s. DATABASE ENTRY DATE: 2006 - 12 - 18 

<313> RELEVANT RESIDUES IN SEQ ID NO: (1) . . (1682) 

<4 OOs, SEQUENCE: 5 

Met Ala Glin Ile Lieu Pro Ile Arg Phe Glin Glu. His Lieu. Glin Lieu. Glin 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Val Ile Ile Asp Met Asn Asp Pro Ser Asn Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Asp Ser Ala Ile Met Asn Pro Ala Ser Llys Val Ile 
65 70 7s 8O 

Ala Lieu Lys Ala Gly Llys Thr Lieu. Glin Ile Phe Asn. Ile Glu Met Lys 
85 90 95 

Ser Lys Met Lys Ala His Thr Met Thr Asp Asp Val Thr Phe Trp Llys 
1OO 105 11 O 

Trp Ile Ser Lieu. Asn Thr Val Ala Lieu Val Thr Asp Asn Ala Val Tyr 
115 12 O 125 

His Trp Ser Met Glu Gly Glu Ser Glin Pro Val Lys Met Phe Asp Arg 
13 O 135 14 O 

His Ser Ser Lieu Ala Gly Cys Glin Ile Ile Asn Tyr Arg Thr Asp Ala 
145 150 155 160 

Lys Glin Llys Trp Lieu Lleu Lieu. Thr Gly Ile Ser Ala Glin Glin Asn Arg 
1.65 17O 17s 

Val Val Gly Ala Met Gln Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin 
18O 185 19 O 

Pro Ile Glu Gly His Ala Ala Ser Phe Ala Glin Phe Lys Met Glu Gly 
195 2OO 2O5 

Asn Ala Glu Glu Ser Thr Lieu. Phe Cys Phe Ala Val Arg Gly Glin Ala 
21 O 215 22O 

Gly Gly Lys Lieu. His Ile Ile Glu Val Gly Thr Pro Pro Thr Gly Asn 
225 23 O 235 24 O 
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Gln Pro Phe Pro Llys Lys Ala Val Asp Val Phe Phe Pro Pro Glu Ala 
245 250 255 

Glin Asn Asp Phe Pro Val Ala Met Glin Ile Ser Glu Lys His Asp Wall 
26 O 265 27 O 

Val Phe Lieu. Ile Thr Lys Tyr Gly Tyr Ile His Lieu. Tyr Asp Leu Glu 
27s 28O 285 

Thr Gly Thr Cys Ile Tyr Met Asn Arg Ile Ser Gly Glu Thir Ile Phe 
29 O 295 3 OO 

Val Thir Ala Pro His Glu Ala Thr Ala Gly Ile Ile Gly Val Asn Arg 
3. OS 310 315 32O 

Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Glu Asn. Ile Ile Pro 
3.25 330 335 

Tyr Ile Thr Asn Val Lieu. Glin Asn Pro Asp Lieu Ala Lieu. Arg Met Ala 
34 O 345 35. O 

Val Arg Asn. Asn Lieu Ala Gly Ala Glu Glu Lieu. Phe Ala Arg Llys Phe 
355 360 365 

Asn Ala Lieu. Phe Ala Glin Gly Asn Tyr Ser Glu Ala Ala Lys Val Ala 
37 O 375 38O 

Ala Asn Ala Pro Llys Gly Ile Lieu. Arg Thr Pro Asp Thir Ile Arg Arg 
385 390 395 4 OO 

Phe Glin Ser Val Pro Ala Gln Pro Gly Glin Thr Ser Pro Leu. Leu Gln 
4 OS 41O 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Tyr Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys Arg Pro Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Ser Val Asp Pro Thir Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 

Arg Ala Asn Val Pro Asn Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Val Glin Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Asn. Wal Met Arg Ile Ser Pro Asp Glin 
515 52O 525 

Gly Glin Glin Phe Ala Gln Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asp Ile Thr Glin Ile Val Asp Val Phe Met Glu Tyr Asn Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ala Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ser 
565 st O sts 

Glu Gly Pro Lieu. Glin Thr Arg Lieu. Lieu. Glu Met Asn Lieu Met His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asin Gln Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Arg Ala Lieu. Glu. His Phe Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 
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Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Tyr Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Lieu. Glu. Cys Lieu. Arg Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Ile Cys Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Glu Gln Leu Ser Thr Glin Ser Lieu. Ile Glu Lieu Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Phe Glu Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Val His Phe Llys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Asn 
740 74. 7 O 

Cys Tyr Asp Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Asp Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu Gln Lys Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Lieu Pro Val Val Ile 
805 810 815 

Gly Gly Lieu Lieu. Asp Val Asp Cys Ser Glu Asp Val Ile Lys Asn Lieu 
82O 825 83 O 

Ile Lieu Val Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ala 
850 855 860 

Arg Ile His Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 

Lys Ile Tyr Ile Asp Ser Asn. Asn. Asn Pro Glu Arg Phe Lieu. Arg Glu 
885 890 895 

Asn Pro Tyr Tyr Asp Ser Arg Val Val Gly Lys Tyr Cys Glu Lys Arg 
9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Asin Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Lieu. Ser 
93 O 935 94 O 

Arg Tyr Lieu Val Arg Arg Lys Asp Pro Glu Lieu. Trp Gly Ser Val Lieu 
945 950 955 96.O 

Lieu. Glu Ser Asn. Pro Tyr Arg Arg Pro Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thr Glin Asp Pro Glu Glu Val Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
1010 1015 1 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
1025 1O3 O 1035 

Arg Val Met Glu Tyr Ile Asn Arg Lieu. Asp Asn Tyr Asp Ala Pro 
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O4 O O45 OSO 

Asp Ile Ala Asn. Ile Ala Ile Ser Asn. Glu Lieu. Phe Glu Glu Ala 
O55 O6 O O65 

Phe Ala Ile Phe Arg Llys Phe Asp Wall Asn. Thir Ser Ala Val Glin 
Of O O7 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Lys 

Ala Glin Lieu Gln Lys Gly Met Val Lys Glu Ala e Asp Ser Tyr 

Ile Lys Ala Asp Asp Pro Ser Ser Tyr Met Glu Val Val Glin Ala 

Ala Asn. Thir Ser Gly Asn Trp Glu Glu Lieu Val Llys Tyr Lieu. Glin 

Met Ala Arg Llys Lys Ala Arg Glu Ser Tyr Val Glu Thr Glu Lieu. 

Ile Phe Ala Lieu Ala Lys Thir Asn Arg Lieu Ala Glu Lieu. Glu Glu 

Phe e Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 

Arg Cys Tyr Asp Glu Lys Met Tyr Asp Ala Ala Lys Lieu. Lieu. Tyr 
2O5 210 215 

Asn Asn Val Ser Asn. Phe Gly Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Gly Ala Arg Lys Ala Asn 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Val Asp Gly 
250 255 26 O 

Lys Glu Phe Arg Lieu Ala Glin Met Cys Gly Lieu. His Ile Val Val 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu. Ile ASn Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Thr Met Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Arg Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn e Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala e Ile Thir Met Met Asn His Pro Thir 
37O 375 38O 

Asp Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Tyr Tyr Arg Ala Ile Glin Phe Tyr Lieu. Glu 
4 OO 405 41 O 

Phe Llys Pro Lieu. Lieu. Lieu. Asn Asp Lieu. Lieu Met Val Lieu. Ser Pro 
415 42O 425 
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Arg Lieu. Asp His Thir Arg Ala Val Asn Tyr Phe Ser Llys Val Lys 
43 O 435 44 O 

Glin Lieu Pro Lieu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Asn His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ser Lieu. Asn. Asn Lieu. Phe Ile Thr 
460 465 47 O 

Glu Glu Asp Tyr Glin Ala Lieu. Arg Thir Ser Ile Asp Ala Tyr Asp 
47s 48O 485 

Asn Phe Asp Asn. Ile Ser Lieu Ala Glin Arg Lieu. Glu Lys His Glu 
490 495 SOO 

Lieu. Ile Glu Phe Arg Arg Ile Ala Ala Tyr Lieu. Phe Lys Gly Asn 
5 OS 510 515 

Asn Arg Trp Llys Glin Ser Val Glu Lieu. Cys Llys Lys Asp Ser Lieu. 

Tyr Lys Asp Ala Met Glin Tyr Ala Ser Glu Ser Lys Asp Thr Glu 

Lieu Ala Glu Glu Lieu. Lieu. Glin Trp Phe Lieu. Glin Glu Glu Lys Arg 
550 555 560 

Glu Cys Phe Gly Ala Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg 
565 st O sts 

Pro Asp Val Val Lieu. Glu Thir Ala Trp Arg His Asn. Ile Met Asp 
58O 585 590 

Phe Ala Met Pro Tyr Phe e Glin Val Met Lys Glu Tyr Lieu. Thr 
595 6OO 605 

Llys Val Asp Ala Ile Lys Glu Lys Val Asp Llys Lieu. Asp Ala Ser 
610 615 62O 

Glu Ser Lieu. Arg Lys Glu Glu Glu Glin Ala Thr Glu Thr Glin Pro 
625 63 O 635 

Ile Val Tyr Gly Glin Pro Gln Leu Met Lieu. Thir Ala Gly Pro Ser 
64 O 645 650 

Val Ala Val Pro Pro Glin Ala Pro Phe Gly Tyr Gly Tyr Thr Ala 
655 660 665 

Pro Pro Tyr Gly Glin Pro Gln Pro Gly Phe Gly Tyr Ser Met 
670 675 68O 

<210s, SEQ ID NO 6 
&211s LENGTH: 1675 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/EAW94399 
&309s. DATABASE ENTRY DATE: 2006 - 12 - 18 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) . . (1675) 

<4 OOs, SEQUENCE: 6 

Met Ala Glin Ile Lieu Pro Ile Arg Phe Glin Glu. His Lieu. Glin Lieu. Glin 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Val Ile Ile Asp Met Asn Asp Pro Ser Asn Pro Ile Arg Arg 
SO 55 6 O 
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Pro 

65 

Ala 

Ser 

Trp 

His 

His 

145 

Wall 

Pro 

Asn 

Gly 
225 

Gln 

Glin 

Wall 

Thir 

Wall 

3. OS 

Wall 

Asn 

Ala 

385 

Phe 

Lell 

Glu 

Asp 

Ile 

Luell 

Ile 

Trp 
13 O 

Ser 

Glin 

Wall 

Ile 

Ala 

21 O 

Gly 

Pro 

Asn 

Phe 

Gly 
29 O 

Thir 

Gly 

Ile 

Arg 

Ala 

37 O 

Asn 

Glin 

Phe 

Glu 

Lys 
450 

Luell 

Ser 

Met 

Ser 

115 

Ser 

Ser 

Gly 

Glu 

195 

Glu 

Phe 

Asp 

Luell 

Thir 

Ala 

Glin 

Thir 

Asn 

355 

Luell 

Ala 

Ser 

Gly 

Luell 

435 

Trp 

Wall 

Ala 

Ala 

Lys 

Luell 

Met 

Luell 

Trp 

Ala 

18O 

Gly 

Glu 

Luell 

Pro 

Phe 

26 O 

Ile 

Pro 

Wall 

Asn 

34 O 

Asn 

Phe 

Pro 

Wall 

Ile 

42O 

Luell 

Lys 

Asp 

Gly 
85 

Ala 

Asn 

Glu 

Ala 

Lell 

1.65 

Met 

His 

Ser 

His 

Lys 
245 

Pro 

Thir 

Ile 

His 

Lell 

3.25 

Wall 

Lell 

Ala 

Lys 

Pro 

4 OS 

Lell 

Lys 

Ser 

Ser 

70 

His 

Thir 

Gly 

Gly 
150 

Lell 

Glin 

Ala 

Thir 

Ile 

23 O 

Wall 

Glu 

310 

Ser 

Lell 

Ala 

Glin 

Gly 
390 

Ala 

Lell 

Pro 

Glu 

Wall 

Ala 

Thir 

Thir 

Wall 

Glu 

135 

Lell 

Lell 

Ala 

Lell 

215 

Ile 

Ala 

Ala 

Met 

295 

Ala 

Wall 

Glin 

Gly 

Gly 
375 

Ile 

Glin 

Asp 

Wall 

Asp 
45.5 

Asp 

Ile 

Luell 

Met 

Ala 

12 O 

Ser 

Glin 

Thir 

Ser 

Phe 

Glu 

Wall 

Met 

Gly 

Asn 

Thir 

Asn 

Ala 

360 

Asn 

Luell 

Pro 

Glin 

Luell 

44 O 

Pro 

Met 

Glin 

Thir 

105 

Luell 

Glin 

Ile 

Gly 

Ser 

185 

Phe 

Wall 

Asp 

Glin 

265 

Arg 

Ala 

Wall 

Pro 

345 

Glu 

Arg 

Gly 

Gly 
425 

Glin 

Luell 

Thir 

Asn 

Ile 

90 

Asp 

Wall 

Pro 

Ile 

Ile 

17O 

Wall 

Ala 

Phe 

Gly 

Wall 
250 

Ile 

Ile 

Ile 

Gly 

Glu 

330 

Asp 

Glu 

Ser 

Thir 

Glin 

Glin 

Glin 

Glu 

Luell 

Pro 

Phe 

Asp 

Thir 

Wall 

ASn 

155 

Ser 

Asp 

Glin 

Ala 

Thir 

235 

Phe 

Ser 

His 

Ser 

Ile 

315 

Glu 

Luell 

Luell 

Glu 

Pro 

395 

Thir 

Luell 

Gly 

Cys 

Ala 

54 

- Continued 

Ala Ser Llys Val 

Asn 

Wall 

Asp 

Lys 
14 O 

Ala 

Arg 

Phe 

Wall 

22O 

Pro 

Phe 

Glu 

Lell 

Gly 
3 OO 

Ile 

Glu 

Ala 

Phe 

Ala 

Asp 

Ser 

Asn 

Arg 

Ser 

460 

Lell 

Ile 

Thir 

Asn 

125 

Met 

Arg 

Glin 

Lys 
2O5 

Arg 

Pro 

Pro 

Tyr 
285 

Glu 

Gly 

Asn 

Lell 

Ala 

365 

Ala 

Thir 

Pro 

Lys 
445 

Glu 

Ser 

Glu 

Phe 

11 O 

Ala 

Phe 

Thir 

Glin 

Wall 

19 O 

Met 

Gly 

Thir 

Pro 

His 
27 O 

Asp 

Thir 

Wall 

Ile 

Arg 
35. O 

Arg 

Ile 

Luell 

Tyr 
43 O 

Glin 

Glu 

Wall 

Met 

95 

Trp 

Wall 

Asp 

Asp 

Asn 

17s 

Ser 

Glu 

Glin 

Gly 

Glu 
255 

Asp 

Luell 

Ile 

Asn 

Ile 

335 

Met 

Wall 

Arg 

Luell 

415 

Glu 

Luell 

Luell 

Ile 

8O 

Arg 

Ala 

160 

Arg 

Glin 

Gly 

Ala 

Asn 

24 O 

Ala 

Wall 

Glu 

Phe 

Arg 

Pro 

Ala 

Phe 

Ala 

Arg 
4 OO 

Glin 

Ser 

Luell 

Gly 

Luell 

Jun. 23, 2016 
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465 470 47s 48O 

Arg Ala Asn Val Pro Asn Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Val Glin Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Asn. Wal Met Arg Ile Ser Pro Asp Glin 
515 52O 525 

Gly Glin Glin Phe Ala Gln Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asp Ile Thr Glin Ile Val Asp Val Phe Met Glu Tyr Asn Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ala Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ser 
565 st O sts 

Glu Gly Pro Lieu. Glin Thr Arg Lieu. Lieu. Glu Met Asn Lieu Met His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asin Gln Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Arg Ala Lieu. Glu. His Phe Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 

Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Tyr Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Lieu. Glu. Cys Lieu. Arg Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Ile Cys Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Glu Gln Leu Ser Thr Glin Ser Lieu. Ile Glu Lieu Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Phe Glu Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Val His Phe Llys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Asn 
740 74. 7 O 

Cys Tyr Asp Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Asp Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu Gln Lys Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Lieu Pro Val Val Ile 
805 810 815 

Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Asp Val Ile Lys Asn Lieu. 
82O 825 83 O 

Ile Lieu Val Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ala 
850 855 860 

Arg Ile His Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 
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Lys Ile Tyr Ile Asp Ser Asn. Asn. Asn Pro Glu Arg Phe Lieu. Arg Glu 
885 890 895 

Asn Pro Tyr Tyr Asp Ser Arg Val Val Gly Lys Tyr Cys Glu Lys Arg 
9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Asin Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Lieu. Ser 
93 O 935 94 O 

Arg Tyr Lieu Val Arg Arg Lys Asp Pro Glu Lieu. Trp Gly Ser Val Lieu 
945 950 955 96.O 

Lieu. Glu Ser Asn. Pro Tyr Arg Arg Pro Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thr Glin Asp Pro Glu Glu Val Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
O1O O15 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
O25 O3 O O35 

Arg Val Met Glu Tyr Ile Asn Arg Lieu. Asp Asn Tyr Asp Ala Pro 
O4 O O45 OSO 

Asp Ile Ala Asn. Ile Ala Ile Ser Asn. Glu Lieu. Phe Glu Glu Ala 
O55 O6 O O65 

Phe Ala Ile Phe Arg Llys Phe Asp Wall Asn. Thir Ser Ala Val Glin 
Of O O7 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Lys 

Ala Glin Lieu Gln Lys Gly Met Val Lys Glu Ala e Asp Ser Tyr 

Ile Lys Ala Asp Asp Pro Ser Ser Tyr Met Glu Val Val Glin Ala 

Ala Asn. Thir Ser Gly Asn Trp Glu Glu Lieu Val Llys Tyr Lieu. Glin 

Met Ala Arg Llys Lys Ala Arg Glu Ser Tyr Val Glu Thr Glu Lieu. 

Ile Phe Ala Lieu Ala Lys Thir Asn Arg Lieu Ala Glu Lieu. Glu Glu 

Phe e Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 

Arg Cys Tyr Asp Glu Lys Met Tyr Asp Ala Ala Lys Lieu. Lieu. Tyr 

Asn Asn Val Ser Asn. Phe Gly Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Gly Ala Arg Lys Ala Asn 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Val Asp Gly 
250 255 26 O 
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Lys Glu Phe Arg Lieu Ala Glin Met Cys Gly Lieu. His Ile Val Val 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu. Ile ASn Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Thr Met Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Arg Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn e Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala e Ile Thir Met Met Asn His Pro Thir 
37O 375 38O 

Asp Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Tyr Tyr Arg Ala Ile Glin Phe Tyr Lieu. Glu 
4 OO 405 41 O 

Phe Llys Pro Lieu. Lieu. Lieu. Asn Asp Lieu. Lieu Met Val Lieu. Ser Pro 
415 42O 425 

Arg Lieu. Asp His Thr Arg Ala Val ASn Tyr Phe Ser Llys Val Lys 
43 O 435 44 O 

Glin Lieu Pro Lieu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Asn His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ser Lieu. Asn. Asn Lieu. Phe Ile Thr 
460 465 47 O 

Glu Glu Asp Tyr Glin Ala Lieu. Arg Thir Ser Ile Asp Ala Tyr Asp 
47s 48O 485 

Asn Phe Asp Asn. Ile Ser Lieu Ala Glin Arg Lieu. Glu Lys His Glu 
490 495 SOO 

Lieu. Ile Glu Phe Arg Arg Ile Ala Ala Tyr Lieu. Phe Lys Gly Asn 
5 OS 510 515 

Asn Arg Trp Llys Glin Ser Val Glu Lieu. Cys Llys Lys Asp Ser Lieu. 

Tyr Lys Asp Ala Met Glin Tyr Ala Ser Glu Ser Lys Asp Thr Glu 

Lieu Ala Glu Glu Lieu. Lieu. Glin Trp Phe Lieu. Glin Glu Glu Lys Arg 
550 555 560 

Glu Cys Phe Gly Ala Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg 
565 st O sts 

Pro Asp Val Val Lieu. Glu Thir Ala Trp Arg His Asn. Ile Met Asp 
58O 585 590 

Phe Ala Met Pro Tyr Phe Ile Glin Val Met Lys Glu Tyr Lieu. Thr 
595 6OO 605 

Llys Val Asp Llys Lieu. Asp Ala Ser Glu Ser Lieu. Arg Lys Glu Glu 

Glu Glin Ala Thr Glu Thr Glin Pro Ile Val Tyr Gly Glin Pro Gln 
625 63 O 635 

Lieu Met Lieu. Thir Ala Gly Pro Ser Val Ala Val Pro Pro Glin Ala 
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164 O 1645 1650 

Pro Phe Gly Tyr Gly Tyr Thr Ala Pro Pro Tyr Gly Glin Pro Gln 
1655 1660 1665 

Pro Gly Phe Gly Tyr Ser Met 
1670 1675 

<210s, SEQ ID NO 7 
&211s LENGTH: 1679 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/EAW94397 
&309s. DATABASE ENTRY DATE: 2006 - 12 - 18 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) . . (1679 

<4 OO > SEQUENCE: 7 

Met Ala Glin Ile Lieu Pro Ile Arg Phe Glin Glu. His Lieu. Glin Lieu. Glin 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Val Ile Ile Asp Met Asn Asp Pro Ser Asn Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Asp Ser Ala Ile Met Asn Pro Ala Ser Llys Val Ile 
65 70 75 8O 

Ala Lieu Lys Gly Ile Lys Glu Ser Gly Lys Thr Lieu. Glin Ile Phe Asn 
85 90 95 

Ile Glu Met Lys Ser Lys Met Lys Ala His Thr Met Thr Asp Asp Val 
1OO 105 11 O 

Thr Phe Trp Llys Trp Ile Ser Lieu. Asn Thr Val Ala Leu Val Thr Asp 
115 12 O 125 

Asn Ala Val Tyr His Trp Ser Met Glu Gly Glu Ser Gln Pro Val Lys 
13 O 135 14 O 

Met Phe Asp Arg His Ser Ser Lieu Ala Gly Cys Glin Ile Ile Asn Tyr 
145 150 155 160 

Arg Thr Asp Ala Lys Glin Llys Trp Lieu. Lieu. Lieu. Thr Gly Ile Ser Ala 
1.65 17O 17s 

Glin Glin Asn Arg Val Val Gly Ala Met Glin Lieu. Tyr Ser Val Asp Arg 
18O 185 19 O 

Llys Val Ser Glin Pro Ile Glu Gly His Ala Ala Ser Phe Ala Glin Phe 
195 2OO 2O5 

Lys Met Glu Gly Asn Ala Glu Glu Ser Thr Lieu Phe Cys Phe Ala Val 
21 O 215 22O 

Arg Gly Glin Ala Gly Gly Llys Lieu. His Ile Ile Glu Val Gly. Thr Pro 
225 23 O 235 24 O 

Pro Thr Gly Asn Gln Pro Phe Pro Llys Lys Ala Val Asp Val Phe Phe 
245 250 255 

Pro Pro Glu Ala Glin Asn Asp Phe Pro Val Ala Met Glin Ile Ser Glu 
26 O 265 27 O 

Lys His Asp Val Val Phe Lieu. Ile Thr Lys Tyr Gly Tyr Ile His Leu 
27s 28O 285 

Tyr Asp Leu Glu Thr Gly Thr Cys Ile Tyr Met Asn Arg Ile Ser Gly 
29 O 295 3 OO 
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Glu Thir Ile Phe Val Thr Ala Pro His Glu Ala Thr Ala Gly Ile Ile 
3. OS 310 315 32O 

Gly Val Asn Arg Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Glu 
3.25 330 335 

Asn. Ile Ile Pro Tyr Ile Thr Asn Val Lieu. Glin Asn Pro Asp Lieu Ala 
34 O 345 35. O 

Lieu. Arg Met Ala Val Arg Asn. Asn Lieu Ala Gly Ala Glu Glu Lieu. Phe 
355 360 365 

Ala Arg Llys Phe Asn Ala Lieu. Phe Ala Glin Gly Asn Tyr Ser Glu Ala 
37 O 375 38O 

Ala Lys Val Ala Ala Asn Ala Pro Lys Gly Ile Lieu. Arg Thr Pro Asp 
385 390 395 4 OO 

Thir Ile Arg Arg Phe Glin Ser Val Pro Ala Gln Pro Gly Glin Thir Ser 
4 OS 41O 415 

Pro Lieu. Lieu. Glin Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn 
42O 425 43 O 

Llys Tyr Glu Ser Lieu. Glu Lieu. Cys Arg Pro Val Lieu. Glin Glin Gly Arg 
435 44 O 445 

Lys Glin Lieu. Lieu. Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser 
450 45.5 460 

Glu Glu Lieu. Gly Asp Lieu Val Lys Ser Val Asp Pro Thr Lieu Ala Lieu. 
465 470 47s 48O 

Ser Val Tyr Lieu. Arg Ala Asn Val Pro Asn Llys Val Ile Glin Cys Phe 
485 490 495 

Ala Glu Thr Gly Glin Val Glin Lys Ile Val Lieu. Tyr Ala Lys Llys Val 
SOO 505 51O 

Gly Tyr Thr Pro Asp Trp Ile Phe Leu Lieu. Arg Asn Val Met Arg Ile 
515 52O 525 

Ser Pro Asp Glin Gly Glin Glin Phe Ala Gln Met Lieu Val Glin Asp Glu 
53 O 535 54 O 

Glu Pro Leu Ala Asp Ile Thr Glin Ile Val Asp Val Phe Met Glu Tyr 
5.45 550 555 560 

Asn Lieu. Ile Glin Glin Cys Thr Ala Phe Lieu. Lieu. Asp Ala Lieu Lys Asn 
565 st O sts 

Asn Arg Pro Ser Glu Gly Pro Lieu. Glin Thr Arg Lieu. Lieu. Glu Met Asn 
58O 585 59 O 

Lieu Met His Ala Pro Glin Val Ala Asp Ala Ile Lieu. Gly Asn Glin Met 
595 6OO 605 

Phe Thr His Tyr Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala 
610 615 62O 

Gly Lieu. Lieu. Glin Arg Ala Lieu. Glu. His Phe Thr Asp Lieu. Tyr Asp Ile 
625 630 635 64 O 

Lys Arg Ala Val Val His Thr His Lieu. Lieu. Asn. Pro Glu Trp Lieu Val 
645 650 655 

Asn Tyr Phe Gly Ser Lieu. Ser Val Glu Asp Ser Lieu. Glu. Cys Lieu. Arg 
660 665 67 O 

Ala Met Lieu. Ser Ala Asn. Ile Arg Glin Asn Lieu. Glin Ile Cys Val Glin 
675 68O 685 

Val Ala Ser Lys Tyr His Glu Gln Leu Ser Thr Glin Ser Lieu. Ile Glu 
69 O. 695 7 OO 
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Lieu. Phe Glu Ser Phe Lys Ser Phe Glu Gly Lieu Phe Tyr Phe Leu Gly 
7 Os 71O 71s 72O 

Ser Ile Val Asin Phe Ser Glin Asp Pro Asp Val His Phe Llys Tyr Ile 
72 73 O 73 

Glin Ala Ala Cys Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys 
740 74. 7 O 

Arg Glu Ser Asn. Cys Tyr Asp Pro Glu Arg Val Lys Asn. Phe Lieu Lys 
7ss 760 765 

Glu Ala Lys Lieu. Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg 
770 775 78O 

Phe Asp Phe Val His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu. 
78s 79 O 79. 8OO 

Glin Llys Tyr Ile Glu Ile Tyr Val Glin Llys Val Asn Pro Ser Arg Lieu. 
805 810 815 

Pro Val Val Ile Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Asp Wall 
82O 825 83 O 

Ile Lys Asn Lieu. Ile Lieu Val Val Arg Gly Glin Phe Ser Thr Asp Glu 
835 84 O 845 

Lieu Val Ala Glu Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro 
850 855 860 

Trp Lieu. Glu Ala Arg Ile His Glu Gly Cys Glu Glu Pro Ala Thr His 
865 87O 87s 88O 

Asn Ala Lieu Ala Lys Ile Tyr Ile Asp Ser ASn Asn ASn Pro Glu Arg 
885 890 895 

Phe Lieu. Arg Glu Asn Pro Tyr Tyr Asp Ser Arg Val Val Gly Lys Tyr 
9 OO 905 91 O 

Cys Glu Lys Arg Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly 
915 92 O 925 

Glin Cys Asp Lieu. Glu Lieu. Ile Asin Val Cys Asn. Glu Asn. Ser Lieu. Phe 
93 O 935 94 O 

Llys Ser Lieu. Ser Arg Tyr Lieu Val Arg Arg Lys Asp Pro Glu Lieu. Trp 
945 950 955 96.O 

Gly Ser Val Lieu. Lieu. Glu Ser Asn Pro Tyr Arg Arg Pro Lieu. Ile Asp 
965 97O 97. 

Glin Val Val Glin Thr Ala Leu Ser Glu Thr Glin Asp Pro Glu Glu Val 
98O 985 99 O 

Ser Val Thr Val Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. 
995 1OOO 1005 

Ile Glu Lieu. Lieu. Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser 
O1O O15 O2O 

Glu. His Arg Asn Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Llys 
O25 O3 O O35 

Ala Asp Arg Thr Arg Val Met Glu Tyr Ile Asn Arg Lieu. Asp Asn 
O4 O O45 OSO 

Tyr Asp Ala Pro Asp Ile Ala Asn. Ile Ala Ile Ser Asn. Glu Lieu. 

Phe Glu Glu Ala Phe Ala Ile Phe Arg Llys Phe Asp Wall Asn. Thr 

Ser Ala Val Glin Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg 
O85 O9 O O95 

Ala Tyr Glu Phe Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser 
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- Continued 

Asp Ala Tyr Asp Asin Phe Asp Asn. Ile Ser Lieu Ala Glin Arg Lieu. 
490 495 SOO 

Glu Lys His Glu Lieu. Ile Glu Phe Arg Arg Ile Ala Ala Tyr Lieu. 
5 OS 510 515 

Phe Lys Gly Asn. Asn Arg Trip Lys Glin Ser Val Glu Lieu. Cys Llys 
52O 525 53 O 

Lys Asp Ser Lieu. Tyr Lys Asp Ala Met Glin Tyr Ala Ser Glu Ser 
535 54 O 545 

Lys Asp Thr Glu Lieu Ala Glu Glu Lieu. Lieu Gln Trp Phe Lieu. Glin 
550 555 560 

Glu Glu Lys Arg Glu. Cys Phe Gly Ala Cys Lieu Phe Thr Cys Tyr 
565 st O sts 

Asp Lieu. Lieu. Arg Pro Asp Val Val Lieu. Glu Thir Ala Trp Arg His 
58O 585 590 

Asn Ile Met Asp Phe Ala Met Pro Tyr Phe Ile Glin Val Met Lys 
595 6OO 605 

Glu Tyr Lieu. Thir Lys Val Asp Llys Lieu. Asp Ala Ser Glu Ser Lieu. 
610 615 62O 

Arg Lys Glu Glu Glu Glin Ala Thr Glu Thr Gln Pro Ile Val Tyr 
625 63 O 635 

Gly Glin Pro Gln Leu Met Lieu. Thir Ala Gly Pro Ser Val Ala Val 
64 O 645 650 

Pro Pro Glin Ala Pro Phe Gly Tyr Gly Tyr Thr Ala Pro Pro Tyr 
655 660 665 

Gly Glin Pro Gln Pro Gly Phe Gly Tyr Ser Met 
670 675 

<210s, SEQ ID NO 8 
&211s LENGTH: 1569 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/AAB4O909 
309s. DATABASE ENTRY DATE: 1997 - O1-15 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) . . (1569) 

<4 OOs, SEQUENCE: 8 

Met Ala Glin Ile Leu Pro Val Arg Phe Glin Glu. His Phe Glin Leu Gln 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Thir Ile Ile Asp Met Ser Asp Pro Met Ala Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Glu Ser Ala Ile Met Asin Pro Ala Ser Llys Val Ile 
65 70 7s 8O 

Ala Lieu Lys Ala Gly Llys Thr Lieu. Glin Ile Phe Asn. Ile Glu Met Lys 
85 90 95 

Ser Lys Met Lys Ala His Thr Met Ala Glu Glu Val Ile Phe Trp Llys 
1OO 105 11 O 

Trp Val Ser Val Asn Thr Val Ala Leu Val Thr Glu Thir Ala Val Tyr 
115 12 O 125 
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- Continued 

His Trp Ser Met Glu Gly Asp Ser Glin Pro Met Lys Met Phe Asp Arg 
13 O 135 14 O 

His Thr Ser Leu Val Gly Cys Glin Val Ile His Tyr Arg Thr Asp Glu 
145 150 155 160 

Tyr Glin Llys Trp Lieu Lleu Lieu Val Gly Ile Ser Ala Glin Glin Asn Arg 
1.65 17O 17s 

Val Val Gly Ala Met Gln Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin 
18O 185 19 O 

Pro Ile Glu Gly His Ala Ala Ala Phe Ala Glu Phe Llys Met Glu Gly 
195 2OO 2O5 

Asn Ala Lys Pro Ala Thr Lieu Phe Cys Phe Ala Val Arg Asn Pro Thr 
21 O 215 22O 

Gly Gly Lys Lieu. His Ile Ile Glu Val Gly Glin Pro Ala Ala Gly Asn 
225 23 O 235 24 O 

Gln Pro Phe Val Lys Lys Ala Val Asp Val Phe Phe Pro Pro Glu Ala 
245 250 255 

Glin Asn Asp Phe Pro Val Ala Met Glin Ile Gly Ala Lys His Gly Val 
26 O 265 27 O 

Ile Tyr Lieu. Ile Thr Llys Tyr Gly Tyr Lieu. His Lieu. Tyr Asp Lieu. Glu 
27s 28O 285 

Ser Gly Val Cys Ile Cys Met Asn Arg Ile Ser Ala Asp Thir Ile Phe 
29 O 295 3 OO 

Val Thr Ala Pro His Llys Pro Thir Ser Gly Ile Ile Gly Val ASn Llys 
3. OS 310 315 32O 

Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Asp Asn. Ile Val Asn 
3.25 330 335 

Tyr Ala Thr Asn Val Lieu. Glin Asn Pro Asp Lieu. Gly Lieu. Arg Lieu Ala 
34 O 345 35. O 

Val Arg Ser Asn Lieu Ala Gly Ala Glu Lys Lieu. Phe Val Arg Llys Phe 
355 360 365 

Asn. Thir Lieu. Phe Ala Glin Gly Ser Tyr Ala Glu Ala Ala Lys Val Ala 
37 O 375 38O 

Ala Ser Ala Pro Llys Gly Ile Lieu. Arg Thr Arg Glu Thr Val Glin Lys 
385 390 395 4 OO 

Phe Glin Ser Ile Pro Ala Glin Ser Gly Glin Ala Ser Pro Leu. Leu Gln 
4 OS 41O 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Lieu. Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys His Lieu Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Thir Thr Asp Pro Met Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 

Arg Ala Asn Val Pro Ser Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Phe Gln Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Gly Val Met Lys Ile Ser Pro Glu Glin 
515 52O 525 

Gly Lieu. Glin Phe Ser Arg Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
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53 O 535 54 O 

Asn Ile Ser Glin Ile Val Asp Ile Phe Met Glu Asn Ser Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ser Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ala 
565 st O sts 

Glu Gly Lieu. Lieu. Glin Thir Trp Lieu. Lieu. Glu Met Asn Lieu Val His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asn Llys Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Glin Ala Lieu. Glu. His Tyr Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 

Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Phe Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Val Glu. Cys Lieu. His Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Lieu. CyS Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Lys Glin Lieu. Gly Thr Glin Ala Lieu Val Glu Lieu. Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Tyr Lys Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
705 710 715 72O 

Phe Ser Glin Asp Pro Asp Wal His Lieu Lys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Ser 
740 74. 7 O 

Cys Tyr Asn Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Gly Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu. Glin Arg Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Thr Pro Ala Val Ile 
805 810 815 

Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Glu Val Ile Llys His Lieu. 
82O 825 83 O 

Ile Met Ala Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ser 
850 855 860 

Glin Ile Glin Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 

Lys Ile Tyr Ile Asp Ser Asn. Asn. Ser Pro Glu. Cys Phe Lieu. Arg Glu 
885 890 895 

Asn Ala Tyr Tyr Asp Ser Ser Val Val Gly Arg Tyr Cys Glu Lys Arg 
9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Llys Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Glu Ala 
93 O 935 94 O 



US 2016/0178652 A1 

65 

- Continued 

Arg Tyr Lieu Val Cys Arg Lys Asp Pro Glu Lieu. Trp Ala His Val Lieu 
945 950 955 96.O 

Glu Glu Thir Asn Pro Ser Arg Arg Glin Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thir Arg Asp Pro Glu Glu Ile Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
O1O O15 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
O25 O3 O O35 

Arg Val Met Glu Tyr Ile Ser Arg Lieu. Asp Asn Tyr Asp Ala Lieu. 
O4 O O45 OSO 

Asp Ile Ala Ser Ile Ala Val Ser Ser Ala Lieu. Tyr Glu Glu Ala 
O55 O6 O O65 

Phe Thr Val Phe His Llys Phe Asp Met Asn Ala Ser Ala Ile Glin 
Of O O7 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 
O85 O9 O O95 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Glin 

Ala Glin Lieu Gln Lys Asp Lieu Val Lys Glu Ala e Asn Ser Tyr 

Ile Arg Gly Asp Asp Pro Ser Ser Tyr Lieu. Glu Val Val Glin Ser 

Ala Ser Arg Ser Asn. Asn Trp Glu Asp Lieu Val Llys Phe Lieu. Glin 

Met Ala Arg Llys Lys Gly Arg Glu Ser Tyr Ile Glu Thr Glu Lieu. 

Ile Phe Ala Lieu Ala Lys Thir Ser Arg Val Ser Glu Lieu. Glu Asp 

Phe e Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 

Arg Cys Tyr Glu Glu Gly Met Tyr Glu Ala Ala Lys Lieu. Lieu. Tyr 
2O5 21 O 215 

Ser Asn. Wal Ser Asn. Phe Ala Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Asn. Ser Arg Lys Ala Ser 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Met Asp Gly 
250 255 26 O 

Glin Glu Phe Arg Phe Ala Glin Lieu. Cys Gly Lieu. His Ile Val Ile 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu Met Cys Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Lieu. Lieu. Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Jun. 23, 2016 
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Tyr Ser Llys Phe Llys Pro Glin Llys Met Lieu. Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn. Ile Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala Val Lieu. Thr Met Met Ser His Pro Thr 
37O 375 38O 

Glu Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Cys Tyr Arg Ala Lieu. Glin Phe Tyr Lieu. Asp 
4 OO 405 41 O 

Tyr Llys Pro Lieu. Lieu. Ile Asin Asp Lieu. Lieu. Lieu Val Lieu. Ser Pro 
415 42O 425 

Arg Lieu. Asp His Thr Trp Thr Val Ser Phe Phe Ser Lys Ala Gly 
43 O 435 44 O 

Gln Leu Pro Leu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Ser His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ala Lieu. Asn His Lieu. Lieu. Thr Glu 
460 465 47 O 

Lys Glu Asp Tyr Glin Asp Ala Met Gln His Ala Ala Glu Ser Arg 
47s 48O 485 

Asp Ala Glu Lieu Ala Glin Llys Lieu Lieu Gln Trp Phe Lieu. Glu Glu 
490 495 SOO 

Gly Lys Arg Glu. Cys Phe Ala Ala Cys Lieu. Phe Thr Cys Tyr Asp 
5 OS 510 515 

Lieu. Lieu. Arg Pro Asp Met Val Lieu. Glu Lieu Ala Trp Arg His Asn 
52O 525 53 O 

Lieu Val Asp Leu Ala Met Pro Tyr Phe Ile Glin Val Met Arg Glu 
535 54 O 545 

Tyr Lieu. Ser Llys Val Asp Llys Lieu. Asp Ala Lieu. Glu Ser Lieu Pro 
550 555 560 

Pro Ser Lys Arg Ser Met 
565 

<210s, SEQ ID NO 9 
&211s LENGTH: 1639 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/AAH518OO 
&309s. DATABASE ENTRY DATE: 2006 - 10 - O 6 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) . . (1639) 

<4 OOs, SEQUENCE: 9 

Met Ala Glin Ile Lieu Pro Ile Arg Phe Glin Glu. His Lieu. Glin Lieu. Glin 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Val Ile Ile Asp Met Asn Asp Pro Ser Asn Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Asp Ser Ala Ile Met Asn Pro Ala Ser Llys Val Ile 
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- Continued 

Ala Lieu Lys Ala Gly Llys Thr Lieu. Glin Ile Phe Asn. Ile Glu Met Lys 
85 90 95 

Ser Lys Met Lys Ala His Thr Met Thr Asp Asp Val Thr Phe Trp Llys 
1OO 105 11 O 

Trp Ile Ser Lieu. Asn Thr Val Ala Lieu Val Thr Asp Asn Ala Val Tyr 
115 12 O 125 

His Trp Ser Met Glu Gly Glu Ser Glin Pro Val Lys Met Phe Asp Arg 
13 O 135 14 O 

His Ser Ser Lieu Ala Gly Cys Glin Ile Ile Asn Tyr Arg Thr Asp Ala 
145 150 155 160 

Lys Glin Llys Trp Lieu Lleu Lieu. Thr Gly Ile Ser Ala Glin Glin Asn Arg 
1.65 17O 17s 

Val Val Gly Ala Met Gln Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin 
18O 185 19 O 

Pro Ile Glu Gly His Ala Ala Ser Phe Ala Glin Phe Lys Met Glu Gly 
195 2OO 2O5 

Asn Ala Glu Glu Ser Thr Lieu. Phe Cys Phe Ala Val Arg Gly Glin Ala 
21 O 215 22O 

Gly Gly Lys Lieu. His Ile Ile Glu Val Gly Thr Pro Pro Thr Gly Asn 
225 23 O 235 24 O 

Gln Pro Phe Pro Llys Lys Ala Val Asp Val Phe Phe Pro Pro Glu Ala 
245 250 255 

Glin Asn Asp Phe Pro Val Ala Met Glin Ile Ser Glu Lys His Asp Wall 
26 O 265 27 O 

Val Phe Lieu. Ile Thr Lys Tyr Gly Tyr Ile His Lieu. Tyr Asp Leu Glu 
27s 28O 285 

Thr Gly Thr Cys Ile Tyr Met Asn Arg Ile Ser Gly Glu Thir Ile Phe 
29 O 295 3 OO 

Val Thir Ala Pro His Glu Ala Thr Ala Gly Ile Ile Gly Val Asn Arg 
3. OS 310 315 32O 

Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Glu Asn. Ile Ile Pro 
3.25 330 335 

Tyr Ile Thr Asn Val Lieu. Glin Asn Pro Asp Lieu Ala Lieu. Arg Met Ala 
34 O 345 35. O 

Val Arg Asn. Asn Lieu Ala Gly Ala Glu Glu Lieu. Phe Ala Arg Llys Phe 
355 360 365 

Asn Ala Lieu. Phe Ala Glin Gly Asn Tyr Ser Glu Ala Ala Lys Val Ala 
37 O 375 38O 

Ala Asn Ala Pro Llys Gly Ile Lieu. Arg Thr Pro Asp Thir Ile Arg Arg 
385 390 395 4 OO 

Phe Glin Ser Val Pro Ala Gln Pro Gly Glin Thr Ser Pro Leu. Leu Gln 
4 OS 41O 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Tyr Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys Arg Pro Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Ser Val Asp Pro Thir Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 
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Arg Ala Asn Val Pro Asn Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Val Glin Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Asn. Wal Met Arg Ile Ser Pro Asp Glin 
515 52O 525 

Gly Glin Glin Phe Ala Gln Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asp Ile Thr Glin Ile Val Asp Val Phe Met Glu Tyr Asn Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ala Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ser 
565 st O sts 

Glu Gly Pro Lieu. Glin Thr Arg Lieu. Lieu. Glu Met Asn Lieu Met His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asin Gln Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Arg Ala Lieu. Glu. His Phe Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 

Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Tyr Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Lieu. Glu. Cys Lieu. Arg Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Ile Cys Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Glu Gln Leu Ser Thr Glin Ser Lieu. Ile Glu Lieu Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Phe Glu Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Val His Phe Llys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Asn 
740 74. 7 O 

Cys Tyr Asp Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Asp Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu Gln Lys Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Lieu Pro Val Val Ile 
805 810 815 

Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Asp Val Ile Lys Asn Lieu. 
82O 825 83 O 

Ile Lieu Val Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ala 
850 855 860 

Arg Ile His Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 
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Lys Ile Tyr Ile Asp Ser Asn. Asn. Asn Pro Glu Arg Phe Lieu. Arg Glu 
885 890 895 

Asn Pro Tyr Tyr Asp Ser Arg Val Val Gly Lys Tyr Cys Glu Lys Arg 
9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Asin Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Lieu. Ser 
93 O 935 94 O 

Arg Tyr Lieu Val Arg Arg Lys Asp Pro Glu Lieu. Trp Gly Ser Val Lieu 
945 950 955 96.O 

Lieu. Glu Ser Asn. Pro Tyr Arg Arg Pro Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thr Glin Asp Pro Glu Glu Val Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
O1O O15 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
O25 O3 O O35 

Arg Val Met Glu Tyr Ile Asn Arg Lieu. Asp Asn Tyr Asp Ala Pro 
O4 O O45 OSO 

Asp Ile Ala ASn Ile Ala Ile Ser ASn Glu Lieu Phe Glu Glu Ala 
O55 O6 O O65 

Phe Ala Ile Phe Arg Llys Phe Asp Wall Asn. Thir Ser Ala Val Glin 
Of O O7 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Lys 

Ala Glin Lieu Gln Lys Gly Met Val Lys Glu Ala e Asp Ser Tyr 

Ile Lys Ala Asp Asp Pro Ser Ser Tyr Met Glu Val Val Glin Ala 

Ala Asn. Thir Ser Gly Asn Trp Glu Glu Lieu Val Llys Tyr Lieu. Glin 

Met Ala Arg Llys Lys Ala Arg Glu Ser Tyr Val Glu Thr Glu Lieu. 

Ile Phe Ala Lieu Ala Lys Thir Asn Arg Lieu Ala Glu Lieu. Glu Glu 

Phe e Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 

Arg Cys Tyr Asp Glu Lys Met Tyr Asp Ala Ala Lys Lieu. Lieu. Tyr 

Asn Asn Val Ser Asn. Phe Gly Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Gly Ala Arg Lys Ala Asn 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Val Asp Gly 
250 255 26 O 

Lys Glu Phe Arg Lieu Ala Glin Met Cys Gly Lieu. His Ile Val Val 
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265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu. Ile ASn Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Thr Met Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Arg Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn e Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala e Ile Thir Met Met Asn His Pro Thir 
37O 375 38O 

Asp Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Tyr Tyr Arg Ala Ile Glin Phe Tyr Lieu. Glu 
4 OO 405 41 O 

Phe Llys Pro Lieu. Lieu. Lieu. Asn Asp Lieu. Lieu Met Val Lieu. Ser Pro 
415 42O 425 

Arg Lieu. Asp His Thir Arg Ala Val Asn Tyr Phe Ser Llys Val Lys 
43 O. 435 44 O 

Glin Lieu Pro Lieu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Asn His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ser Lieu. Asn. Asn Lieu. Phe Ile Thr 
460 465 47 O 

Glu Glu Asp Tyr Glin Ala Lieu. Arg Thir Ser Ile Asp Ala Tyr Asp 
47s 48O 485 

Asn Phe Asp Asn. Ile Ser Lieu Ala Glin Arg Lieu. Glu Lys His Glu 
490 495 SOO 

Lieu. Ile Glu Phe Arg Arg Ile Ala Ala Tyr Lieu. Phe Lys Gly Asn 
5 OS 510 515 

Asn Arg Trp Llys Glin Ser Val Glu Lieu. Cys Llys Lys Asp Ser Lieu. 

Tyr Lys Asp Ala Met Glin Tyr Ala Ser Glu Ser Lys Asp Thr Glu 

Lieu Ala Glu Glu Lieu. Lieu. Glin Trp Phe Lieu. Glin Glu Glu Lys Arg 
550 555 560 

Glu Cys Phe Gly Ala Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg 
565 st O sts 

Pro Asp Val Val Lieu. Glu Thir Ala Trp Arg His Asn. Ile Met Asp 
58O 585 590 

Phe Ala Met Pro Tyr Phe Ile Glin Val Met Lys Glu Tyr Lieu. Thr 
595 6OO 605 

Llys Val Asp Llys Lieu. Asp Ala Ser Glu Ser Lieu. Arg Lys Glu Glu 

Glu Glin Ala Thr Glu Thr Glin Pro Ile Val Tyr Gly Asn Lieu Ser 
625 63 O 635 

Lell 
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<210s, SEQ ID NO 10 
&211s LENGTH: 1626 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/AAB4O908 
309s. DATABASE ENTRY DATE: 1997 - O1-15 

<313> RELEVANT RESIDUES IN SEQ ID NO: (1) . . (1626) 

<4 OOs, SEQUENCE: 10 

Met Ala Glin Ile Leu Pro Val Arg Phe Glin Glu. His Phe Glin Leu Gln 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Thir Ile Ile Asp Met Ser Asp Pro Met Ala Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Glu Ser Ala Ile Met Asin Pro Ala Ser Llys Val Ile 
65 70 7s 8O 

Ala Lieu Lys Ala Gly Llys Thr Lieu. Glin Ile Phe Asn. Ile Glu Met Lys 
85 90 95 

Ser Lys Met Lys Ala His Thr Met Ala Glu Glu Val Ile Phe Trp Llys 
1OO 105 11 O 

Trp Val Ser Val Asn Thr Val Ala Lieu Val Thr Glu Thir Ala Val Tyr 
115 12 O 125 

His Trp Ser Met Glu Gly Asp Ser Glin Pro Met Lys Met Phe Asp Arg 
13 O 135 14 O 

His Thr Ser Leu Val Gly Cys Glin Val Ile His Tyr Arg Thr Asp Glu 
145 150 155 160 

Tyr Glin Llys Trp Lieu Lleu Lieu Val Gly Ile Ser Ala Glin Glin Asn Arg 
1.65 17O 17s 

Val Val Gly Ala Met Gln Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin 
18O 185 19 O 

Pro Ile Glu Gly His Ala Ala Ala Phe Ala Glu Phe Llys Met Glu Gly 
195 2OO 2O5 

Asn Ala Lys Pro Ala Thr Lieu Phe Cys Phe Ala Val Arg Asn Pro Thr 
21 O 215 22O 

Gly Gly Lys Lieu. His Ile Ile Glu Val Gly Glin Pro Ala Ala Gly Asn 
225 23 O 235 24 O 

Gln Pro Phe Val Lys Lys Ala Val Asp Val Phe Phe Pro Pro Glu Ala 
245 250 255 

Glin Asn Asp Phe Pro Val Ala Met Glin Ile Gly Ala Lys His Gly Val 
26 O 265 27 O 

Ile Tyr Lieu. Ile Thr Llys Tyr Gly Tyr Lieu. His Lieu. Tyr Asp Lieu. Glu 
27s 28O 285 

Ser Gly Val Cys Ile Cys Met Asn Arg Ile Ser Ala Asp Thir Ile Phe 
29 O 295 3 OO 

Val Thr Ala Pro His Llys Pro Thr Ser Gly Ile Ile Gly Val Asn Lys 
3. OS 310 315 32O 

Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Asp Asn. Ile Val Asn 
3.25 330 335 

Tyr Ala Thr Asn Val Lieu. Glin Asn Pro Asp Lieu. Gly Lieu. Arg Lieu Ala 
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34 O 345 35. O 

Val Arg Ser Asn Lieu Ala Gly Ala Glu Lys Lieu. Phe Val Arg Llys Phe 
355 360 365 

Asn. Thir Lieu. Phe Ala Glin Gly Ser Tyr Ala Glu Ala Ala Lys Val Ala 
37 O 375 38O 

Ala Ser Ala Pro Llys Gly Ile Lieu. Arg Thr Arg Glu Thr Val Glin Lys 
385 390 395 4 OO 

Phe Glin Ser Ile Pro Ala Glin Ser Gly Glin Ala Ser Pro Leu. Leu Gln 
4 OS 41O 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Lieu. Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys His Lieu Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Thir Thr Asp Pro Met Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 

Arg Ala Asn Val Pro Ser Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Phe Gln Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Gly Val Met Lys Ile Ser Pro Glu Glin 
515 52O 525 

Gly Lieu. Glin Phe Ser Arg Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asn Ile Ser Glin Ile Val Asp Ile Phe Met Glu Asn Ser Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ser Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ala 
565 st O sts 

Glu Gly Lieu. Lieu. Glin Thir Trp Lieu. Lieu. Glu Met Asn Lieu Val His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asn Llys Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 

Glin Ala Lieu. Glu. His Tyr Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 

Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Phe Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Val Glu. Cys Lieu. His Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Lieu. CyS Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Lys Glin Lieu. Gly Thr Glin Ala Lieu Val Glu Lieu. Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Tyr Lys Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Wal His Lieu Lys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Ser 
740 74. 7 O 
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Cys Tyr Asn Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Gly Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu. Glin Arg Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Lys Val Asn Pro Ser Arg Thr Pro Ala Val Ile 
805 810 815 

Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Glu Val Ile Llys His Lieu. 
82O 825 83 O 

Ile Met Ala Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ser 
850 855 860 

Glin Ile Glin Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 

Lys Ile Tyr Ile Asp Ser Asn. Asn. Ser Pro Glu. Cys Phe Lieu. Arg Glu 
885 890 895 

Asn Ala Tyr Tyr Asp Ser Ser Val Val Gly Arg Tyr Cys Glu Lys Arg 
9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Llys Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Glu Ala 
93 O 935 94 O 

Arg Tyr Lieu Val Cys Arg Lys Asp Pro Glu Lieu. Trp Ala His Val Lieu 
945 950 955 96.O 

Glu Glu Thir Asn Pro Ser Arg Arg Glin Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thir Arg Asp Pro Glu Glu Ile Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
O1O O15 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
O25 O3 O O35 

Arg Val Met Glu Tyr Ile Ser Arg Lieu. Asp Asn Tyr Asp Ala Lieu. 
O4 O O45 OSO 

Asp Ile Ala Ser Ile Ala Val Ser Ser Ala Lieu. Tyr Glu Glu Ala 
O55 O6 O O65 

Phe Thr Val Phe His Llys Phe Asp Met Asn Ala Ser Ala Ile Glin 
Of O O7 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 
O85 O9 O O95 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Glin 
1 OO 105 11 O 

Ala Glin Lieu Gln Lys Asp Lieu Val Lys Glu Ala Ile Asn. Ser Tyr 
115 12 O 125 

Ile Arg Gly Asp Asp Pro Ser Ser Tyr Lieu. Glu Val Val Glin Ser 
13 O 135 14 O 
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Ala Ser Arg Ser Asn. Asn Trp Glu Asp Lieu Val Llys Phe Lieu. Glin 
145 15 O 155 

Met Ala Arg Llys Lys Gly Arg Glu Ser Tyr Ile Glu Thr Glu Lieu. 
16 O 1.65 17 O 

Ile Phe Ala Lieu Ala Lys Thir Ser Arg Val Ser Glu Lieu. Glu Asp 
17s 18O 185 

Phe Ile Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 
190 195 2OO 

Arg Cys Tyr Glu Glu Gly Met Tyr Glu Ala Ala Lys Lieu. Lieu. Tyr 
2O5 21 O 215 

Ser Asn. Wal Ser Asn. Phe Ala Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Asn. Ser Arg Lys Ala Ser 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Met Asp Gly 
250 255 26 O 

Glin Glu Phe Arg Phe Ala Glin Lieu. Cys Gly Lieu. His Ile Val Ile 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu Met Cys Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Lieu. Lieu. Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Lieu. Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn e Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala Val Lieu. Thr Met Met Ser His Pro Thr 
37O 375 38O 

Glu Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Cys Tyr Arg Ala Lieu. Glin Phe Tyr Lieu. Asp 
4 OO 405 41 O 

Tyr Llys Pro Lieu. Lieu. Ile Asin Asp Lieu. Lieu. Lieu Val Lieu. Ser Pro 
415 42O 425 

Arg Lieu. Asp His Thr Trp Thr Val Ser Phe Phe Ser Lys Ala Gly 
43 O 435 44 O 

Gln Leu Pro Leu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Ser His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ala Lieu. Asn His Lieu. Lieu. Thr Glu 
460 465 47 O 

Lys Glu Asp Tyr Glin Gly Lieu. Arg Ala Ser Ile Asp Ala Tyr Asp 
47s 48O 485 

Asn Phe Asp Asn. Ile Ser Lieu Ala Glin Gln Lieu. Glu Lys His Glin 
490 495 SOO 

Lieu Met Glu Phe Arg Cys Ile Ala Ala Tyr Lieu. Tyr Lys Gly Asn 
5 OS 510 515 

Asn Trp Trp Ala Glin Ser Val Glu Lieu. Cys Llys Lys Asp His Lieu. 
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52O 525 53 O 

Tyr Lys Asp Ala Met Gln His Ala Ala Glu Ser Arg Asp Ala Glu 
535 54 O 545 

Lieu Ala Glin Llys Lieu. Lieu. Glin Trp Phe Lieu. Glu Glu Gly Lys Arg 
550 555 560 

Glu Cys Phe Ala Ala Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg 
565 st O sts 

Pro Asp Met Val Lieu. Glu Lieu Ala Trp Arg His Asn Lieu Val Asp 
58O 585 590 

Lieu Ala Met Pro Tyr Phe Ile Glin Val Met Arg Glu Tyr Lieu Ser 
595 6OO 605 

Llys Val Asp Llys Lieu. Asp Ala Lieu. Glu Ser Lieu Pro Pro Ser Lys 
610 615 62O 

Arg Ser Met 
625 

<210s, SEQ ID NO 11 
&211s LENGTH: 1639 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/EAW94398 
&309s. DATABASE ENTRY DATE: 2006 - 12 - 18 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) . . (1639 

< 4 OO SEQUENCE: 11 

Met Ala Glin Ile Lieu Pro Ile Arg Phe Glin Glu. His Lieu. Glin Lieu. Glin 
1. 5 1O 15 

Asn Lieu. Gly Ile Asn Pro Ala Asn Ile Gly Phe Ser Thr Lieu. Thr Met 
2O 25 3O 

Glu Ser Asp Llys Phe Ile Cys Ile Arg Glu, Llys Val Gly Glu Glin Ala 
35 4 O 45 

Glin Val Val Ile Ile Asp Met Asn Asp Pro Ser Asn Pro Ile Arg Arg 
SO 55 6 O 

Pro Ile Ser Ala Asp Ser Ala Ile Met Asn Pro Ala Ser Llys Val Ile 
65 70 7s 8O 

Ala Lieu Lys Ala Gly Llys Thr Lieu. Glin Ile Phe Asn. Ile Glu Met Lys 
85 90 95 

Ser Lys Met Lys Ala His Thr Met Thr Asp Asp Val Thr Phe Trp Llys 
1OO 105 11 O 

Trp Ile Ser Lieu. Asn Thr Val Ala Lieu Val Thr Asp Asn Ala Val Tyr 
115 12 O 125 

His Trp Ser Met Glu Gly Glu Ser Glin Pro Val Lys Met Phe Asp Arg 
13 O 135 14 O 

His Ser Ser Lieu Ala Gly Cys Glin Ile Ile Asn Tyr Arg Thr Asp Ala 
145 150 155 160 

Lys Glin Llys Trp Lieu Lleu Lieu. Thr Gly Ile Ser Ala Glin Glin Asn Arg 
1.65 17O 17s 

Val Val Gly Ala Met Gln Lieu. Tyr Ser Val Asp Arg Llys Val Ser Glin 
18O 185 19 O 

Pro Ile Glu Gly His Ala Ala Ser Phe Ala Glin Phe Lys Met Glu Gly 
195 2OO 2O5 

Asn Ala Glu Glu Ser Thr Lieu. Phe Cys Phe Ala Val Arg Gly Glin Ala 
21 O 215 22O 
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Gly Gly Lys Lieu. His Ile Ile Glu Val Gly Thr Pro Pro Thr Gly Asn 
225 23 O 235 24 O 

Gln Pro Phe Pro Llys Lys Ala Val Asp Val Phe Phe Pro Pro Glu Ala 
245 250 255 

Glin Asn Asp Phe Pro Val Ala Met Glin Ile Ser Glu Lys His Asp Wall 
26 O 265 27 O 

Val Phe Lieu. Ile Thr Lys Tyr Gly Tyr Ile His Lieu. Tyr Asp Leu Glu 
27s 28O 285 

Thr Gly Thr Cys Ile Tyr Met Asn Arg Ile Ser Gly Glu Thir Ile Phe 
29 O 295 3 OO 

Val Thir Ala Pro His Glu Ala Thr Ala Gly Ile Ile Gly Val Asn Arg 
3. OS 310 315 32O 

Lys Gly Glin Val Lieu. Ser Val Cys Val Glu Glu Glu Asn. Ile Ile Pro 
3.25 330 335 

Tyr Ile Thr Asn Val Lieu. Glin Asn Pro Asp Lieu Ala Lieu. Arg Met Ala 
34 O 345 35. O 

Val Arg Asn. Asn Lieu Ala Gly Ala Glu Glu Lieu. Phe Ala Arg Llys Phe 
355 360 365 

Asn Ala Lieu. Phe Ala Glin Gly Asn Tyr Ser Glu Ala Ala Lys Val Ala 
37 O 375 38O 

Ala Asn Ala Pro Llys Gly Ile Lieu. Arg Thr Pro Asp Thir Ile Arg Arg 
385 390 395 4 OO 

Phe Glin Ser Val Pro Ala Gln Pro Gly Glin Thr Ser Pro Leu. Leu Gln 
4 OS 41O 415 

Tyr Phe Gly Ile Lieu. Lieu. Asp Glin Gly Glin Lieu. Asn Llys Tyr Glu Ser 
42O 425 43 O 

Lieu. Glu Lieu. Cys Arg Pro Val Lieu. Glin Glin Gly Arg Lys Glin Lieu. Lieu. 
435 44 O 445 

Glu Lys Trp Lieu Lys Glu Asp Llys Lieu. Glu. Cys Ser Glu Glu Lieu. Gly 
450 45.5 460 

Asp Lieu Val Lys Ser Val Asp Pro Thir Lieu Ala Lieu. Ser Val Tyr Lieu 
465 470 47s 48O 

Arg Ala Asn Val Pro Asn Llys Val Ile Glin Cys Phe Ala Glu Thr Gly 
485 490 495 

Glin Val Glin Lys Ile Val Lieu. Tyr Ala Lys Llys Val Gly Tyr Thr Pro 
SOO 505 51O 

Asp Trp Ile Phe Lieu. Lieu. Arg Asn. Wal Met Arg Ile Ser Pro Asp Glin 
515 52O 525 

Gly Glin Glin Phe Ala Gln Met Lieu Val Glin Asp Glu Glu Pro Lieu Ala 
53 O 535 54 O 

Asp Ile Thr Glin Ile Val Asp Val Phe Met Glu Tyr Asn Lieu. Ile Glin 
5.45 550 555 560 

Glin Cys Thir Ala Phe Lieu. Lieu. Asp Ala Lieu Lys Asn. Asn Arg Pro Ser 
565 st O sts 

Glu Gly Pro Lieu. Glin Thr Arg Lieu. Lieu. Glu Met Asn Lieu Met His Ala 
58O 585 59 O 

Pro Glin Val Ala Asp Ala Ile Leu Gly Asin Gln Met Phe Thr His Tyr 
595 6OO 605 

Asp Arg Ala His Ile Ala Glin Lieu. Cys Glu Lys Ala Gly Lieu. Lieu. Glin 
610 615 62O 
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Arg Ala Lieu. Glu. His Phe Thr Asp Lieu. Tyr Asp Ile Lys Arg Ala Val 
625 630 635 64 O 

Val His Thr His Leu Lieu. Asn Pro Glu Trp Leu Val Asn Tyr Phe Gly 
645 650 655 

Ser Lieu. Ser Val Glu Asp Ser Lieu. Glu. Cys Lieu. Arg Ala Met Lieu. Ser 
660 665 67 O 

Ala Asn. Ile Arg Glin Asn Lieu. Glin Ile Cys Val Glin Val Ala Ser Lys 
675 68O 685 

Tyr His Glu Gln Leu Ser Thr Glin Ser Lieu. Ile Glu Lieu Phe Glu Ser 
69 O. 695 7 OO 

Phe Llys Ser Phe Glu Gly Lieu Phe Tyr Phe Leu Gly Ser Ile Val Asn 
7 Os 71O 71s 72O 

Phe Ser Glin Asp Pro Asp Val His Phe Llys Tyr Ile Glin Ala Ala Cys 
72 73 O 73 

Llys Thr Gly Glin Ile Lys Glu Val Glu Arg Ile Cys Arg Glu Ser Asn 
740 74. 7 O 

Cys Tyr Asp Pro Glu Arg Val Lys Asn. Phe Lieu Lys Glu Ala Lys Lieu. 
7ss 760 765 

Thir Asp Gln Lieu Pro Lieu. Ile Ile Val Cys Asp Arg Phe Asp Phe Val 
770 775 78O 

His Asp Lieu Val Lieu. Tyr Lieu. Tyr Arg Asn. Asn Lieu Gln Lys Tyr Ile 
78s 79 O 79. 8OO 

Glu Ile Tyr Val Glin Llys Val ASn Pro Ser Arg Lieu Pro Val Val Ile 
805 810 815 

Gly Gly Lieu. Lieu. Asp Wall Asp Cys Ser Glu Asp Val Ile Lys Asn Lieu. 
82O 825 83 O 

Ile Lieu Val Val Arg Gly Glin Phe Ser Thr Asp Glu Lieu Val Ala Glu 
835 84 O 845 

Val Glu Lys Arg Asn Arg Lieu Lys Lieu. Lieu. Lieu Pro Trp Lieu. Glu Ala 
850 855 860 

Arg Ile His Glu Gly Cys Glu Glu Pro Ala Thr His Asn Ala Lieu Ala 
865 87O 87s 88O 

Lys Ile Tyr Ile Asp Ser Asn. Asn. Asn Pro Glu Arg Phe Lieu. Arg Glu 
885 890 895 

Asn Pro Tyr Tyr Asp Ser Arg Val Val Gly Lys Tyr Cys Glu Lys Arg 
9 OO 905 91 O 

Asp Pro His Lieu Ala Cys Val Ala Tyr Glu Arg Gly Glin Cys Asp Lieu 
915 92 O 925 

Glu Lieu. Ile Asin Val Cys Asn. Glu Asn. Ser Lieu. Phe Llys Ser Lieu. Ser 
93 O 935 94 O 

Arg Tyr Lieu Val Arg Arg Lys Asp Pro Glu Lieu. Trp Gly Ser Val Lieu 
945 950 955 96.O 

Lieu. Glu Ser Asn. Pro Tyr Arg Arg Pro Lieu. Ile Asp Glin Val Val Glin 
965 97O 97. 

Thr Ala Leu Ser Glu Thr Glin Asp Pro Glu Glu Val Ser Val Thr Val 
98O 985 99 O 

Lys Ala Phe Met Thr Ala Asp Lieu Pro Asn. Glu Lieu. Ile Glu Lieu. Lieu. 
995 1OOO 1005 

Glu Lys Ile Val Lieu. Asp Asn. Ser Val Phe Ser Glu. His Arg Asn 
1010 1015 1 O2O 

Lieu. Glin Asn Lieu. Lieu. Ile Lieu. Thir Ala Ile Lys Ala Asp Arg Thr 
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O25 O3 O O35 

Arg Val Met Glu Tyr Ile Asn Arg Lieu. Asp Asn Tyr Asp Ala Pro 
O4 O O45 OSO 

Asp Ile Ala Asn. Ile Ala Ile Ser Asn. Glu Lieu. Phe Glu Glu Ala 
O55 O6 O O65 

Phe Ala Ile Phe Arg Llys Phe Asp Wall Asn. Thir Ser Ala Val Glin 
Of O O7 O8O 

Val Lieu. Ile Glu. His Ile Gly Asn Lieu. Asp Arg Ala Tyr Glu Phe 

Ala Glu Arg Cys Asn. Glu Pro Ala Val Trp Ser Glin Lieu Ala Lys 

Ala Glin Lieu Gln Lys Gly Met Val Lys Glu Ala e Asp Ser Tyr 

Ile Lys Ala Asp Asp Pro Ser Ser Tyr Met Glu Val Val Glin Ala 

Ala Asn. Thir Ser Gly Asn Trp Glu Glu Lieu Val Llys Tyr Lieu. Glin 

Met Ala Arg Llys Lys Ala Arg Glu Ser Tyr Val Glu Thr Glu Lieu. 

Ile Phe Ala Lieu Ala Lys Thir Asn Arg Lieu Ala Glu Lieu. Glu Glu 

Phe e Asn Gly Pro Asn. Asn Ala His Ile Glin Glin Val Gly Asp 

Arg Cys Tyr Asp Glu Lys Met Tyr Asp Ala Ala Lys Lieu. Lieu. Tyr 
2O5 21 O 215 

Asn Asn Val Ser Asn. Phe Gly Arg Lieu Ala Ser Thr Lieu Val His 

Lieu. Gly Glu Tyr Glin Ala Ala Val Asp Gly Ala Arg Lys Ala Asn 

Ser Thr Arg Thr Trp Lys Glu Val Cys Phe Ala Cys Val Asp Gly 
250 255 26 O 

Lys Glu Phe Arg Lieu Ala Glin Met Cys Gly Lieu. His Ile Val Val 
265 27 O 27s 

His Ala Asp Glu Lieu. Glu Glu Lieu. Ile ASn Tyr Tyr Glin Asp Arg 
28O 285 29 O 

Gly Tyr Phe Glu Glu Lieu. e Thr Met Lieu. Glu Ala Ala Lieu. Gly 
295 3OO 305 

Lieu. Glu Arg Ala His Met Gly Met Phe Thr Glu Lieu Ala Ile Lieu. 
310 315 32O 

Tyr Ser Llys Phe Llys Pro Glin Llys Met Arg Glu. His Lieu. Glu Lieu. 
3.25 33 O 335 

Phe Trp Ser Arg Val Asn e Pro Llys Val Lieu. Arg Ala Ala Glu 
34 O 345 350 

Glin Ala His Lieu. Trp Ala Glu Lieu Val Phe Lieu. Tyr Asp Llys Tyr 
355 360 365 

Glu Glu Tyr Asp Asn Ala e Ile Thir Met Met Asn His Pro Thir 
37O 375 38O 

Asp Ala Trp Llys Glu Gly Glin Phe Lys Asp Ile Ile Thr Llys Val 
385 390 395 

Ala Asn Val Glu Lieu. Tyr Tyr Arg Ala Ile Glin Phe Tyr Lieu. Glu 
4 OO 405 41 O 
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Phe Llys Pro Lieu. Lieu. Lieu. Asn Asp Lieu. Lieu Met Val Lieu. Ser Pro 
415 42O 425 

Arg Lieu. Asp His Thir Arg Ala Val Asn Tyr Phe Ser Llys Val Lys 
43 O 435 44 O 

Glin Lieu Pro Lieu Val Llys Pro Tyr Lieu. Arg Ser Val Glin Asn His 
445 450 45.5 

Asn Asn Llys Ser Val Asn. Glu Ser Lieu. Asn. Asn Lieu. Phe Ile Thr 
460 465 47 O 

Glu Glu Asp Tyr Glin Ala Lieu. Arg Thir Ser Ile Asp Ala Tyr Asp 
47s 48O 485 

Asn Phe Asp Asn. Ile Ser Lieu Ala Glin Arg Lieu. Glu Lys His Glu 
490 495 SOO 

Lieu. Ile Glu Phe Arg Arg Ile Ala Ala Tyr Lieu. Phe Lys Gly Asn 
5 OS 510 515 

Asn Arg Trp Llys Glin Ser Val Glu Lieu. Cys Llys Lys Asp Ser Lieu. 

Tyr Lys Asp Ala Met Glin Tyr Ala Ser Glu Ser Lys Asp Thr Glu 

Lieu Ala Glu Glu Lieu. Lieu. Glin Trp Phe Lieu. Glin Glu Glu Lys Arg 
550 555 560 

Glu Cys Phe Gly Ala Cys Lieu. Phe Thr Cys Tyr Asp Lieu. Lieu. Arg 
565 st O sts 

Pro Asp Val Val Lieu. Glu Thir Ala Trp Arg His Asn. Ile Met Asp 

Phe Ala Met Pro Tyr Phe Ile Glin Val Met Lys Glu Tyr Lieu. Thr 

Llys Val Asp Llys Lieu. Asp Ala Ser Glu Ser Lieu. Arg Lys Glu Glu 

Glu Glin Ala Thr Glu Thr Glin Pro Ile Val Tyr Gly Asn Lieu Ser 
625 63 O 635 

Lell 

<210s, SEQ ID NO 12 
&211s LENGTH: 248 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: UniProtKB/PO 94.96 
309s. DATABASE ENTRY DATE: 2O09 - OS-26 

<313> RELEVANT RESIDUES IN SEQ ID NO: (1) ... (248) 

<4 OOs, SEQUENCE: 12 

Met Ala Glu Lieu. Asp Pro Phe Gly Ala Pro Ala Gly Ala Pro Gly Gly 
1. 5 1O 15 

Pro Ala Lieu. Gly Asn Gly Val Ala Gly Ala Gly Glu Glu Asp Pro Ala 
2O 25 3O 

Ala Ala Phe Lieu Ala Glin Glin Glu Ser Glu Ile Ala Gly Ile Glu Asn 
35 4 O 45 

Asp Glu Ala Phe Ala Ile Lieu. Asp Gly Gly Ala Pro Gly Pro Glin Pro 
SO 55 6 O 

His Gly Glu Pro Pro Gly Gly Pro Asp Ala Val Asp Gly Val Met Asn 
65 70 7s 8O 

Gly Glu Tyr Tyr Glin Glu Ser Asn Gly Pro Thr Asp Ser Tyr Ala Ala 
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Ile 

Trp 

Arg 

Glu 

145 

Asn 

Ile 

Ala 

Thir 

Ser 

225 

Lell 

Ser 

Arg 

Lys 
13 O 

Trp 

Arg 

Gly 

Ala 

Glu 

21 O 

Glin 

Glu 

115 

Glin 

Wall 

Tyr 

Glu 

195 

Trp 

Glin 

Glin 

Wall 

Glu 

Glu 

Ala 

Ala 

Wall 

18O 

Glu 

Glu 

Ala 

Ala 

PRT 

<4 OOs, SEQUENCE: 

Met Ala Asp Asp 
1. 

Glu 

Ser 

Gly 

Ser 

65 

Asn 

Thir 

Arg 

Arg 

Glu 

145 

Phe 

Ala 

Glu 

Ser 

SO 

Glu 

Gly 

Glin 

Luell 

Glu 

13 O 

Glin 

Ala 

Ile 

35 

His 

Asp 

Pro 

Glu 

Glin 

115 

Wall 

Glin 

Glu 

Ala 

Ala 

Met 

Ala 

Pro 

Glu 

Ala 

Glu 

Glin 

85 

Asp 

Glin 

Ala 

Arg 

Asp 
1.65 

Thir 

Ala 

Arg 

Pro 

245 

SEQ ID NO 13 
LENGTH: 

TYPE : 

ORGANISM: Homo sapiens 
PUBLICATION INFORMATION: 

DATABASE ACCESSION NUMBER: UniProtKB/PO9497 
DATABASE ENTRY DATE: 

RELEVANT RESIDUES IN SEO ID NO : 

229 

13 

Phe 

5 

Glu 

Gly 

Ala 

Gly 

Asp 
85 

Glu 

Lell 

Pro 

1.65 

Arg 

Met 

Glu 

Glin 

150 

Glu 

Asn 

Phe 

Wall 

Asp 
23 O 

Lell 

Gly 

Asp 

Ile 

Pro 

Thir 

70 

Gly 

Ser 

Asp 

Asn 

150 

Asp 

Lell 

Glu 

Trp 
135 

Asp 

Ala 

Ile 

Wall 

Ala 

215 

Wall 

Wall 

Phe 

Pro 

Glu 

Ala 

55 

Thir 

Tyr 

Ile 

Ala 

Asp 
135 

Ala 

Glin 

Arg 
12 O 

Glu 

Phe 

Asn 

Asn 

Arg 

Ser 

His 

Phe 

Ala 

Asn 

4 O 

Glin 

Wall 

Ala 

Arg 

Ala 

12 O 

Luell 

Ile 

Asp 

Ser 

105 

Luell 

Glu 

Glin 

His 
185 

Asp 

Luell 

Arg 

Ser 

Ala 

25 

Asp 

Pro 

Asn 

Ala 

Lys 
105 

Ser 

Glu 

Asn 

Ile 

90 

Glu 

Glu 

Lys 

Luell 

Lys 

Pro 

Ile 

Cys 

Met 

2009 - O5-26 

Ser 

Ala 

Glu 

Gly 

Gly 

Ile 

90 

Trp 

Glu 

Asn 

Ile 

17O 

Pro 

Ala 

Ala 

Glin 

155 

Glin 

Cys 

Asp 

Asp 

Arg 
235 

Ser 

Phe 

Gly 

Pro 

Asp 

Ala 

Arg 

Wall 

Trp 

Arg 
155 

Gly 

80 

- Continued 

Glu 

Lell 

Ile 

14 O 

Lys 

Pro 

Glu 

Phe 

22O 

Ser 

(1) ... (229) 

Glu 

Lell 

Phe 

Thir 

6 O 

Wall 

Glin 

Glu 

Thir 

Asn 

14 O 

Ile 

Ser 

Asp 
125 

Thir 

Phe 

Ser 

Ser 

Asn 

Wall 

Ser 

Ala 

Gly 
45 

Ser 

Phe 

Ala 

Glu 

Glu 

125 

Glin 

Ala 

Wall 

Ile 

11 O 

Ala 

Glu 

Ala 

Luell 

19 O 

Ser 

Pro 

Luell 

Gly 

Glin 

Ala 

Gly 

Glin 

Asp 

Glin 

11 O 

Glin 

Arg 

Asp 

Ala 

95 

Arg 

Asn 

Luell 

Ala 

Asp 
17s 

Glu 

Pro 

Ile 

Ala 

15 

Glin 

Pro 

Ala 

Glu 

Arg 
95 

Arg 

Glu 

Glin 

Ser 

17s 

Ser 

Glu 

Asn 

160 

Wall 

Glin 

Gly 

Ser 

Ser 

24 O 

Pro 

Glu 

Ala 

Gly 

Ala 

Luell 

Trp 

Ser 

Ala 

160 

Glu 
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81 

- Continued 

a Phe Val Lys Glu Ser Lys Glu Glu Thr Pro Gly Thr Glu Trp 
18O 185 19 O 

Glu Lys Val Ala Glin Lieu. Cys Asp Phe Asin Pro Llys Ser Ser Lys Glin 
195 2OO 2O5 

Cys Lys Asp Val Ser Arg Lieu. Arg Ser Val Lieu Met Ser Lieu Lys Glin 
21 

Thir P. 

225 

< 4 OOs 

Met A. 

Pro A. 

Ala A 

Asp G 

His G 
65 

Ile Se 

Trp Air 

O 215 22O 

o Lieu. Ser Arg 

SEQ ID NO 14 
LENGTH: 236 

TYPE PRT 

ORGANISM: Homo sapiens 
PUBLICATION INFORMATION: 

DATABASE ACCESSION NUMBER: NCBI/NPOO1 O7 O145 
DATABASE ENTRY DATE: 2008-05 - O1 

RELEVANT RESIDUES IN SEO ID NO : (1) ... (236) 

SEQUENCE: 14 

a Glu Lieu. Asp Pro Phe Gly Ala Pro Ala Gly Ala Pro Gly Gly 
5 1O 15 

a Lieu. Gly Asn Gly Val Ala Gly Ala Gly Glu Glu Asp Pro Ala 
2O 25 3O 

a Phe Lieu Ala Glin Glin Glu Ser Glu Ile Ala Gly Ile Glu Asn 
35 4 O 45 

u Ala Phe Ala Ile Lieu. Asp Gly Gly Ala Pro Gly Pro Glin Pro 
55 6 O 

y Glu Pro Pro Gly Gly Pro Asp Ala Val Asp Gly Val Met Asn 
70 7s 8O 

u Tyr Tyr Glin Glu Ser Asn Gly Pro Thr Asp Ser Tyr Ala Ala 
85 90 95 

r Glin Val Asp Arg Lieu. Glin Ser Glu Pro Glu Ser Ile Arg Llys 
1OO 105 11 O 

g Glu Glu Gln Met Glu Arg Lieu. Glu Ala Lieu. Asp Ala Asn. Ser 
115 12 O 125 

Arg Lys Glin Glu Ala Glu Trp Llys Glu Lys Ala Ile Lys Glu Lieu. Glu 
13 

Glu Tr 

145 

ASn Air 

Ile Gl 

Ser Se 

Asn. Pr 

21 

Wall Le 

225 

O 135 14 O 

p Tyr Ala Arg Glin Asp Glu Gln Lieu. Glin Llys Thr Lys Ala Asn 
150 155 160 

g Val Ala Asp Glu Ala Phe Tyr Lys Glin Pro Phe Ala Asp Wall 
1.65 17O 17s 

y Tyr Val Ala Ala Glu Glu Ala Phe Val Asn Asp Ile Asp Glu 
18O 185 19 O 

r Pro Gly Thr Glu Trp Glu Arg Val Ala Arg Lieu. Cys Asp Phe 
195 2OO 2O5 

o Llys Ser Ser Lys Glin Ala Lys Asp Val Ser Arg Met Arg Ser 
O 215 22O 

u Ile Ser Lieu Lys Glin Ala Pro Lieu Val His 
23 O 235 

SEO ID NO 15 
LENGTH: 1224 

TYPE PRT 

ORGANISM: Homo sapiens 
PUBLICATION INFORMATION: 

Jun. 23, 2016 
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- Continued 

<3O8> DATABASE ACCESSION NUMBER: UniProtKB/P53621 
309s. DATABASE ENTRY DATE: 2O09 - OS-26 

<313> RELEVANT RESIDUES IN SEQ ID NO: (1) . . (1224) 

<4 OOs, SEQUENCE: 15 

Met Lieu. Thir Lys Phe Glu Thir Lys Ser Ala Arg Val Lys Gly Lieu. Ser 
1. 5 1O 15 

Phe His Pro Lys Arg Pro Trp Ile Lieu. Thir Ser Lieu. His Asn Gly Val 
2O 25 3O 

Ile Glin Lieu. Trp Asp Tyr Arg Met Cys Thr Lieu. Ile Asp Llys Phe Asp 
35 4 O 45 

Glu. His Asp Gly Pro Val Arg Gly Ile Asp Phe His Lys Glin Glin Pro 
SO 55 6 O 

Lieu. Phe Val Ser Gly Gly Asp Asp Tyr Lys Ile Llys Val Trp Asn Tyr 
65 70 7s 8O 

Llys Lieu. Arg Arg Cys Lieu. Phe Thr Lieu. Lieu. Gly His Lieu. Asp Tyr Ile 
85 90 95 

Arg Thr Thr Phe Phe His His Glu Tyr Pro Trp Ile Leu Ser Ala Ser 
1OO 105 11 O 

Asp Asp Glin Thir Ile Arg Val Trp Asn Trp Glin Ser Arg Thr Cys Val 
115 12 O 125 

Cys Val Lieu. Thr Gly His Asn His Tyr Val Met Cys Ala Glin Phe His 
13 O 135 14 O 

Pro Thr Glu Asp Lieu Val Val Ser Ala Ser Lieu. Asp Gln Thr Val Arg 
145 150 155 160 

Val Trp Asp Ile Ser Gly Lieu. Arg Llys Lys Asn Lieu. Ser Pro Gly Ala 
1.65 17O 17s 

Val Glu Ser Asp Val Arg Gly Ile Thr Gly Val Asp Lieu. Phe Gly Thr 
18O 185 19 O 

Thir Asp Ala Val Val Llys His Val Lieu. Glu Gly His Asp Arg Gly Val 
195 2OO 2O5 

Asn Trp Ala Ala Phe His Pro Thr Met Pro Leu. Ile Val Ser Gly Ala 
21 O 215 22O 

Asp Asp Arg Glin Val Lys Ile Trp Arg Met Asn. Glu Ser Lys Ala Trip 
225 23 O 235 24 O 

Glu Val Asp Thr Cys Arg Gly His Tyr Asn. Asn Val Ser Cys Ala Val 
245 250 255 

Phe His Pro Arg Glin Glu Lieu. Ile Lieu. Ser Asn. Ser Glu Asp Llys Ser 
26 O 265 27 O 

Ile Arg Val Trp Asp Met Ser Lys Arg Thr Gly Val Glin Thr Phe Arg 
27s 28O 285 

Arg Asp His Asp Arg Phe Trp Val Lieu Ala Ala His Pro Asn Lieu. Asn 
29 O 295 3 OO 

Lieu. Phe Ala Ala Gly His Asp Gly Gly Met Ile Val Phe Llys Lieu. Glu 
3. OS 310 315 32O 

Arg Glu Arg Pro Ala Tyr Ala Val His Gly Asn Met Lieu. His Tyr Val 
3.25 330 335 

Lys Asp Arg Phe Lieu. Arg Glin Lieu. Asp Phe Asn. Ser Ser Lys Asp Wall 
34 O 345 35. O 

Ala Val Met Gln Lieu. Arg Ser Gly Ser Llys Phe Pro Val Phe Asn Met 
355 360 365 

Ser Tyr Asn Pro Ala Glu Asn Ala Val Lieu. Lieu. Cys Thr Arg Ala Ser 



US 2016/0178652 A1 Jun. 23, 2016 
83 

- Continued 

37 O 375 38O 

Asn Lieu. Glu Asn. Ser Thr Tyr Asp Lieu. Tyr Thir Ile Pro Lys Asp Ala 
385 390 395 4 OO 

Asp Ser Glin Asn Pro Asp Ala Pro Glu Gly Lys Arg Ser Ser Gly Lieu 
4 OS 41O 415 

Thir Ala Val Trp Val Ala Arg Asn Arg Phe Ala Val Lieu. Asp Arg Met 
42O 425 43 O 

His Ser Lieu. Lieu. Ile Lys Asn Lieu Lys Asn. Glu Ile Thr Lys Llys Val 
435 44 O 445 

Glin Val Pro Asn. Cys Asp Glu Ile Phe Tyr Ala Gly Thr Gly Asn Lieu. 
450 45.5 460 

Lieu. Lieu. Arg Asp Ala Asp Ser Ile Thr Lieu. Phe Asp Val Glin Glin Lys 
465 470 47s 48O 

Arg Thr Lieu Ala Ser Val Lys Ile Ser Llys Val Llys Tyr Val Ile Trp 
485 490 495 

Ser Ala Asp Met Ser His Val Ala Lieu. Lieu Ala Lys His Ala Ile Val 
SOO 505 51O 

Ile Cys Asn Arg Llys Lieu. Asp Ala Lieu. Cys Asn. Ile His Glu Asn. Ile 
515 52O 525 

Arg Val Lys Ser Gly Ala Trp Asp Glu Ser Gly Val Phe Ile Tyr Thr 
53 O 535 54 O 

Thir Ser Asn His Ile Llys Tyr Ala Val Thir Thr Gly Asp His Gly Ile 
545 550 555 560 

Ile Arg Thr Lieu. Asp Lieu Pro Ile Tyr Val Thr Arg Val Lys Gly Asn 
565 st O sts 

Asn Val Tyr Cys Lieu. Asp Arg Glu. Cys Arg Pro Arg Val Lieu. Thir Ile 
58O 585 59 O 

Asp Pro Thr Glu Phe Llys Phe Llys Lieu Ala Lieu. Ile Asn Arg Llys Tyr 
595 6OO 605 

Asp Glu Val Lieu. His Met Val Arg Asn Ala Lys Lieu Val Gly Glin Ser 
610 615 62O 

Ile Ile Ala Tyr Lieu. Glin Llys Lys Gly Tyr Pro Glu Val Ala Lieu. His 
625 630 635 64 O 

Phe Val Lys Asp Glu Lys Thr Arg Phe Ser Lieu Ala Lieu. Glu. Cys Gly 
645 650 655 

Asn. Ile Glu Ile Ala Lieu. Glu Ala Ala Lys Ala Lieu. Asp Asp Lys Asn 
660 665 67 O 

Cys Trp Glu Lys Lieu. Gly Glu Val Ala Lieu. Lieu. Glin Gly Asn His Glin 
675 68O 685 

Ile Val Glu Met Cys Tyr Glin Arg Thr Lys Asn. Phe Asp Llys Lieu. Ser 
69 O. 695 7 OO 

Phe Lieu. Tyr Lieu. Ile Thr Gly Asn Lieu. Glu Lys Lieu. Arg Llys Met Met 
7 Os 71O 71s 72O 

Lys Ile Ala Glu Ile Arg Lys Asp Met Ser Gly His Tyr Glin Asn Ala 
72 73 O 73 

Lieu. Tyr Lieu. Gly Asp Val Ser Glu Arg Val Arg Ile Lieu Lys Asn. Cys 
740 74. 7 O 

Gly Glin Llys Ser Lieu Ala Tyr Lieu. Thir Ala Ala Thr His Gly Lieu. Asp 
7ss 760 765 

Glu Glu Ala Glu Ser Lieu Lys Glu Thir Phe Asp Pro Glu Lys Glu Thir 
770 775 78O 
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Ile 

Ile 

Phe 

Ala 

Ala 

Lell 

865 

Asp 

Gly 

Gly 

Asp 

Asp 
945 

Glin 

Pro 

Arg 

Glu 

Lell 

Ile 

Glu 

Ile 

Wall 

Lell 

Ile 

Asn 

- Continued 

Pro Asp Ile Asp Pro Asn Ala Lys Lieu. Lieu Gln Pro Pro Ala Pro 
79 O 79. 8OO 

Met Pro Leu Asp Thr Asn Trp Pro Leu Lieu. Thr Val Ser Lys Gly 
805 810 815 

Phe Glu Gly. Thir Ile Ala Ser Lys Gly Lys Gly Gly Ala Lieu Ala 
82O 825 83 O 

Asp Ile Asp Ile Asp Thr Val Gly. Thr Glu Gly Trp Gly Glu Asp 
835 84 O 845 

Glu Lieu. Glin Lieu. Asp Glu Asp Gly Phe Val Glu Ala Thr Glu Gly 
850 855 860 

Gly Asp Asp Ala Lieu. Gly Lys Gly Glin Glu Glu Gly Gly Gly Trp 
87O 87s 88O 

Val Glu Glu Asp Lieu. Glu Lieu Pro Pro Glu Lieu. Asp Ile Ser Pro 
885 890 895 

Ala Ala Gly Gly Ala Glu Asp Gly Phe Phe Val Pro Pro Thr Lys 
9 OO 905 91 O 

Thir Ser Pro Thr Glin Ile Trp Cys Asn Asn Ser Gln Leu Pro Val 
915 92 O 925 

His Ile Lieu Ala Gly Ser Phe Glu Thir Ala Met Arg Lieu. Lieu. His 
93 O 935 94 O 

Glin Val Gly Val Ile Glin Phe Gly Pro Tyr Lys Gln Leu Phe Leu 
950 955 96.O 

Thr Tyr Ala Arg Gly Arg Thr Thr Tyr Glin Ala Leu Pro Cys Lieu. 
965 97O 97. 

Ser Met Tyr Gly Tyr Pro Asn Arg Asn Trp Lys Asp Ala Gly Lieu. 
98O 985 99 O 

Asin Gly Val Pro Ala Val Gly Lieu Lys Lieu. Asn Asp Lieu. Ile Glin 
995 1OOO 1005 

Leu Gln Lieu. Cys Tyr Glin Lieu. Thir Thr Val Gly Llys Phe Glu 
O1O O15 O2O 

Ala Val Glu Lys Phe Arg Ser Ile Lieu Lleu Ser Val Pro Lieu. 
O25 O3 O O35 

Val Val Asp Asn Lys Glin Glu Ile Ala Glu Ala Glin Gln Lieu. 
O4 O O45 OSO 

Thir Ile Cys Arg Glu Tyr Ile Val Gly Lieu Ser Val Glu Thr 
O55 O6 O O65 

Arg Llys Llys Lieu Pro Lys Glu Thir Lieu. Glu Glin Gln Lys Arg 
Of O O7 O8O 

Cys Glu Met Ala Ala Tyr Phe Thr His Ser Asn Lieu Gln Pro 
O85 O9 O O95 

His Met Ile Lieu Val Lieu. Arg Thir Ala Lieu. Asn Lieu. Phe Phe 
1 OO 105 11 O 

Lieu Lys Asn. Phe Llys Thir Ala Ala Thr Phe Ala Arg Arg Lieu. 
115 12 O 125 

Glu Lieu. Gly Pro Llys Pro Glu Val Ala Glin Glin Thr Arg Llys 
13 O 135 14 O 

Lieu. Ser Ala Cys Glu Lys Asn Pro Thr Asp Ala Tyr Glin Lieu. 
145 15 O 155 

Tyr Asp Met His Asn Pro Phe Asp Ile Cys Ala Ala Ser Tyr 
16 O 1.65 17 O 

84 
Jun. 23, 2016 
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- Continued 

Arg Pro Ile Tyr Arg Gly Llys Pro Val Glu Lys Cys Pro Lieu. Ser 
1175 118O 1185 

Gly Ala Cys Tyr Ser Pro Glu Phe Lys Gly Glin Ile Cys Arg Val 
11.90 11.95 12 OO 

Thir Thr Val Thr Glu Ile Gly Lys Asp Val Ile Gly Lieu. Arg Ile 
12O5 121 O 1215 

Ser Pro Leu Glin Phe Arg 
122O 

<210s, SEQ ID NO 16 
&211s LENGTH: 1224 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/NP OO4362 
309s. DATABASE ENTRY DATE: 2008-05-11 

<313> RELEVANT RESIDUES IN SEQ ID NO: (1) . . (1224) 

<4 OOs, SEQUENCE: 16 

Met Lieu. Thir Lys Phe Glu Thir Lys Ser Ala Arg Val Lys Gly Lieu. Ser 
1. 5 1O 15 

Phe His Pro Lys Arg Pro Trp Ile Lieu. Thir Ser Lieu. His Asn Gly Val 
2O 25 3O 

Ile Glin Lieu. Trp Asp Tyr Arg Met Cys Thr Lieu. Ile Asp Llys Phe Asp 
35 4 O 45 

Glu. His Asp Gly Pro Val Arg Gly Ile Asp Phe His Lys Glin Gln Pro 
SO 55 6 O 

Lieu. Phe Val Ser Gly Gly Asp Asp Tyr Lys Ile Llys Val Trp Asn Tyr 
65 70 7s 8O 

Llys Lieu. Arg Arg Cys Lieu. Phe Thr Lieu. Lieu. Gly His Lieu. Asp Tyr Ile 
85 90 95 

Arg Thr Thr Phe Phe His His Glu Tyr Pro Trp Ile Leu Ser Ala Ser 
1OO 105 11 O 

Asp Asp Glin Thir Ile Arg Val Trp Asn Trp Glin Ser Arg Thr Cys Val 
115 12 O 125 

Cys Val Lieu. Thr Gly His Asn His Tyr Val Met Cys Ala Glin Phe His 
13 O 135 14 O 

Pro Thr Glu Asp Lieu Val Val Ser Ala Ser Lieu. Asp Glin Thr Val Arg 
145 150 155 160 

Val Trp Asp Ile Ser Gly Lieu. Arg Llys Lys Asn Lieu. Ser Pro Gly Ala 
1.65 17O 17s 

Val Glu Ser Asp Val Arg Gly Ile Thr Gly Val Asp Lieu. Phe Gly Thr 
18O 185 19 O 

Thir Asp Ala Val Val Llys His Val Lieu. Glu Gly His Asp Arg Gly Val 
195 2OO 2O5 

Asn Trp Ala Ala Phe His Pro Thr Met Pro Leu. Ile Val Ser Gly Ala 
21 O 215 22O 

Asp Asp Arg Glin Val Lys Ile Trp Arg Met Asn. Glu Ser Lys Ala Trip 
225 23 O 235 24 O 

Glu Val Asp Thr Cys Arg Gly His Tyr Asn. Asn Val Ser Cys Ala Val 
245 250 255 

Phe His Pro Arg Glin Glu Lieu. Ile Lieu. Ser Asn. Ser Glu Asp Llys Ser 
26 O 265 27 O 

Ile Arg Val Trp Asp Met Ser Lys Arg Thr Gly Val Glin Thr Phe Arg 
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- Continued 

27s 28O 285 

Arg Asp His Asp Arg Phe Trp Val Lieu Ala Ala His Pro Asn Lieu. Asn 
29 O 295 3 OO 

Lieu. Phe Ala Ala Gly His Asp Gly Gly Met Ile Val Phe Llys Lieu. Glu 
3. OS 310 315 32O 

Arg Glu Arg Pro Ala Tyr Ala Val His Gly Asn Met Lieu. His Tyr Val 
3.25 330 335 

Lys Asp Arg Phe Lieu. Arg Glin Lieu. Asp Phe Asn. Ser Ser Lys Asp Wall 
34 O 345 35. O 

Ala Val Met Gln Lieu. Arg Ser Gly Ser Llys Phe Pro Val Phe Asn Met 
355 360 365 

Ser Tyr Asn Pro Ala Glu Asn Ala Val Lieu. Lieu. Cys Thr Arg Ala Ser 
37 O 375 38O 

Asn Lieu. Glu Asn. Ser Thr Tyr Asp Lieu. Tyr Thir Ile Pro Lys Asp Ala 
385 390 395 4 OO 

Asp Ser Glin Asn Pro Asp Ala Pro Glu Gly Lys Arg Ser Ser Gly Lieu 
4 OS 41O 415 

Thir Ala Val Trp Val Ala Arg Asn Arg Phe Ala Val Lieu. Asp Arg Met 
42O 425 43 O 

His Ser Lieu. Lieu. Ile Lys Asn Lieu Lys Asn. Glu Ile Thr Lys Llys Val 
435 44 O 445 

Glin Val Pro Asn. Cys Asp Glu Ile Phe Tyr Ala Gly Thr Gly Asn Lieu. 
450 45.5 460 

Lieu. Lieu. Arg Asp Ala Asp Ser Ile Thr Lieu. Phe Asp Val Glin Glin Lys 
465 470 47s 48O 

Arg Thr Lieu Ala Ser Val Lys Ile Ser Llys Val Llys Tyr Val Ile Trp 
485 490 495 

Ser Ala Asp Met Ser His Val Ala Lieu. Lieu Ala Lys His Ala Ile Val 
SOO 505 51O 

Ile Cys Asn Arg Llys Lieu. Asp Ala Lieu. Cys Asn. Ile His Glu Asn. Ile 
515 52O 525 

Arg Val Lys Ser Gly Ala Trp Asp Glu Ser Gly Val Phe Ile Tyr Thr 
53 O 535 54 O 

Thir Ser Asn His Ile Llys Tyr Ala Val Thir Thr Gly Asp His Gly Ile 
5.45 550 555 560 

Ile Arg Thr Lieu. Asp Lieu Pro Ile Tyr Val Thr Arg Val Lys Gly Asn 
565 st O sts 

Asn Val Tyr Cys Lieu. Asp Arg Glu. Cys Arg Pro Arg Val Lieu. Thir Ile 
58O 585 59 O 

Asp Pro Thr Glu Phe Llys Phe Llys Lieu Ala Lieu. Ile Asn Arg Llys Tyr 
595 6OO 605 

Asp Glu Val Lieu. His Met Val Arg Asn Ala Lys Lieu Val Gly Glin Ser 
610 615 62O 

Ile Ile Ala Tyr Lieu. Glin Llys Lys Gly Tyr Pro Glu Val Ala Lieu. His 
625 630 635 64 O 

Phe Val Lys Asp Glu Lys Thr Arg Phe Ser Lieu Ala Lieu. Glu. Cys Gly 
645 650 655 

Asn. Ile Glu Ile Ala Lieu. Glu Ala Ala Lys Ala Lieu. Asp Asp Lys Asn 
660 665 67 O 

Cys Trp Glu Lys Lieu. Gly Glu Val Ala Lieu. Lieu. Glin Gly Asn His Glin 
675 68O 685 
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Ile 

Phe 

7 Os 

Lell 

Gly 

Glu 

Ile 

Ile 

Phe 

Ala 

Ala 

Lell 

865 

Asp 

Gly 

Gly 

Asp 

Asp 
945 

Glin 

Pro 

Arg 

Glu 

Lell 

Ile 

Glu 

Wall 

69 O. 

Luell 

Ile 

Glin 

Glu 

770 

Pro 

Met 

Phe 

Asp 

Glu 

850 

Gly 

Wall 

Ala 

Thir 

His 

93 O 

Glin 

Thir 

Ser 

Asn 

Luell 

1010 

Ala 

1025 

Wall 

104 O 

Thir 

105.5 

Arg 
1070 

Glu 

Ala 

Luell 

Lys 

Ala 

Asp 

Pro 

Glu 

Ile 

835 

Luell 

Asp 

Glu 

Ala 

Ser 

915 

Ile 

Wall 

Met 

Gly 
995 

Glin 

Wall 

Wall 

Ile 

Met 

Luell 

Glu 

Gly 
740 

Ser 

Glu 

Ile 

Luell 

Gly 

Asp 

Glin 

Asp 

Glu 

Gly 
9 OO 

Pro 

Luell 

Gly 

Ala 

Tyr 

Wall 

Cys 

Ile 

Ile 

72 

Asp 

Lell 

Ser 

Asp 

Asp 
805 

Thir 

Ile 

Lell 

Ala 

Asp 
885 

Gly 

Thir 

Ala 

Wall 

Arg 
965 

Gly 

Pro 

Lieu. Cys 

Glu Lys 

Asp Asn 

Arg 

Luell 

Thir 

Arg 

Wall 

Ala 

Lell 

Pro 

79 O 

Thir 

Ile 

Asp 

Asp 

Lell 

Lell 

Ala 

Glin 

Gly 

Ile 

950 

Gly 

Ala 

Tyr 

Phe 

Lys 

Glu 

Pro 

Glin Arg Thr 
695 

Gly Asn Lieu. 

Lys Asp Met 

Ser Glu Arg 
74. 

Tyr Lieu. Thr 
760 

Lys Glu Thr 
775 

Asn Ala Lys 

Asn Trp Pro 

Ala Ser Lys 
825 

Thr Val Gly 
84 O 

Glu Asp Gly 
855 

Gly Lys Gly 

Glu Lieu. Pro 

Glu Asp Gly 
905 

Ile Trp Cys 
92 O 

Ser Phe Glu 

935 

Glin Phe Gly 

Arg Thr Thr 

Pro Asn Arg 
985 

Val Gly Lieu Lys Lieu. Asn Asp Lieu. Ile Glin 

Gln Lieu. Thir 

1015 

Arg Ser Ile 

Glin Glu Ile 

1045 

Tyr Ile Val 
106 O 

Lys Glu Thr 
1075 

Lys 

Glu 

Ser 

73 O 

Wall 

Ala 

Phe 

Luell 

Luell 

810 

Gly 

Thir 

Phe 

Glin 

Pro 

890 

Phe 

Asn 

Thir 

Pro 

Tyr 

Asn 

Thir 

Luell 

Ala 

Gly 

Luell 

ASn 

Lys 

Gly 

Arg 

Ala 

Asp 

Luell 

79. 

Luell 

Glu 

Wall 

Glu 

Glu 

Phe 

ASn 

Ala 

Tyr 
955 

Glin 

Trp 

Wall 

Lell 

Glu 

Lell 

Glu 

87 

- Continued 

Phe 

7 OO 

Lell 

His 

Ile 

Thir 

Pro 

Glin 

Thir 

Gly 

Gly 

Glu 

860 

Glu 

Lell 

Wall 

Ser 

Met 

94 O 

Ala 

Lys 

Asp 

Arg 

Lell 

His 
765 

Glu 

Pro 

Wall 

Gly 

Trp 
845 

Ala 

Gly 

Asp 

Pro 

Glin 

925 

Arg 

Glin 

Lell 

Asp 

Lys 

Lys 

Glin 

Lys 
7 O 

Gly 

Pro 

Ser 

Ala 

83 O 

Gly 

Thir 

Gly 

Ile 

Pro 

91 O 

Luell 

Luell 

Luell 

Pro 

Ala 

99 O 

1005 

Ser 

1035 

Ala 

1 OSO 

Ser 

1065 

Glin 

108 O 

Gly Lys 

Wall 

Glin 

Wall 

Glin 

Luell Ser 

Met Met 

72O 

Asn Ala 

73 

Asn. Cys 

Lieu. Asp 

Glu Thir 

Ala Pro 

8OO 

Lys Gly 
815 

Lieu Ala 

Glu Asp 

Glu Gly 

Gly Trp 

Ser Pro 

895 

Thr Lys 

Pro Wall 

Lieu. His 

Phe Lieu. 

96.O 

Cys Lieu. 
97. 

Gly Lieu. 

Phe Glu 

Pro Leu 

Gln Lieu. 

Glu Thir 
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- Continued 

Ile Cys Glu Met Ala Ala Tyr Phe Thr His Ser Asn Lieu Gln Pro 
O85 O9 O O95 

Val His Met Ile Lieu Val Lieu. Arg Thr Ala Lieu. Asn Lieu. Phe Phe 
OO O5 10 

Llys Lieu Lys Asn. Phe Llys Thr Ala Ala Thr Phe Ala Arg Arg Lieu. 

Lieu. Glu Lieu. Gly Pro Llys Pro Glu Val Ala Glin Glin Thr Arg Llys 

Ile Lieu. Ser Ala Cys Glu Lys Asn Pro Thr Asp Ala Tyr Glin Lieu 
45 SO 55 

Asn Tyr Asp Met His Asn Pro Phe Asp Ile Cys Ala Ala Ser Tyr 
60 65 70 

Arg Pro Ile Tyr Arg Gly Llys Pro Val Glu Lys Cys Pro Lieu. Ser 
7s 8O 85 

Gly Ala Cys Tyr Ser Pro Glu Phe Lys Gly Glin e Cys Arg Val 

Thir Thr Val Thr Glu Ile Gly Lys Asp Val Ile Gly Lieu. Arg Ile 
2O5 21 O 215 

Ser Pro Leu Glin Phe Arg 
22O 

<210s, SEQ ID NO 17 
&211s LENGTH: 1233 

212. TYPE PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: NCBI/NP OO109 1868 
309s. DATABASE ENTRY DATE: 2008-05-11 

<313> RELEVANT RESIDUES IN SEQ ID NO: (1) . . (1233) 

<4 OOs, SEQUENCE: 17 

Met Lieu. Thir Lys Phe Glu Thir Lys Ser Ala Arg Val Lys Gly Lieu. Ser 
1. 5 1O 15 

Phe His Pro Lys Arg Pro Trp Ile Lieu. Thir Ser Lieu. His Asn Gly Val 
2O 25 3O 

Ile Glin Lieu. Trp Asp Tyr Arg Met Cys Thr Lieu. Ile Asp Llys Phe Asp 
35 4 O 45 

Glu. His Asp Gly Pro Val Arg Gly Ile Asp Phe His Lys Glin Glin Pro 
SO 55 6 O 

Lieu. Phe Val Ser Gly Gly Asp Asp Tyr Lys Ile Llys Val Trp Asn Tyr 
65 70 7s 8O 

Llys Lieu. Arg Arg Cys Lieu. Phe Thr Lieu. Lieu. Gly His Lieu. Asp Tyr Ile 
85 90 95 

Arg Thr Thr Phe Phe His His Glu Tyr Pro Trp Ile Leu Ser Ala Ser 
1OO 105 11 O 

Asp Asp Glin Thir Ile Arg Val Trp Asn Trp Glin Ser Arg Thr Cys Val 
115 12 O 125 

Cys Val Lieu. Thr Gly His Asn His Tyr Val Met Cys Ala Glin Phe His 
13 O 135 14 O 

Pro Thr Glu Asp Lieu Val Val Ser Ala Ser Lieu. Asp Glin Thr Val Arg 
145 150 155 160 

Val Trp Asp Ile Ser Gly Lieu. Arg Llys Lys Asn Lieu. Ser Pro Gly Ala 
1.65 17O 17s 

Val Glu Ser Asp Val Arg Gly Ile Thr Gly Val Asp Lieu. Phe Gly Thr 
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18O 185 19 O 

Thir Asp Ala Val Val Llys His Val Lieu. Glu Gly His Asp Arg Gly Val 
195 2OO 2O5 

Asn Trp Ala Ala Phe His Pro Thr Met Pro Leu. Ile Val Ser Gly Ala 
21 O 215 22O 

Asp Asp Arg Glin Val Lys Ile Trp Arg Met Asn. Glu Ser Lys Ala Trip 
225 23 O 235 24 O 

Glu Val Asp Thr Cys Arg Gly His Tyr Asn. Asn Val Ser Cys Ala Val 
245 250 255 

Phe His Pro Arg Glin Glu Lieu. Ile Lieu. Ser Asn. Ser Glu Asp Llys Ser 
26 O 265 27 O 

Ile Arg Val Trp Asp Met Ser Lys Arg Thr Gly Val Glin Thr Phe Arg 
27s 28O 285 

Arg Asp His Asp Arg Phe Trp Val Lieu Ala Ala His Pro Asn Lieu. Asn 
29 O 295 3 OO 

Lieu. Phe Ala Ala Gly His Asp Gly Gly Met Ile Val Phe Llys Lieu. Glu 
3. OS 310 315 32O 

Arg Glu Arg Pro Ala Tyr Ala Val His Gly Asn Met Lieu. His Tyr Val 
3.25 330 335 

Lys Asp Arg Phe Lieu. Arg Glin Lieu. Asp Phe Asn. Ser Ser Lys Asp Wall 
34 O 345 35. O 

Ala Val Met Gln Lieu. Arg Ser Gly Ser Llys Phe Pro Val Phe Asn Met 
355 360 365 

Ser Tyr Asn Pro Ala Glu Asn Ala Val Lieu. Lieu. Cys Thr Arg Ala Ser 
37 O 375 38O 

Asn Lieu. Glu Asn. Ser Thr Tyr Asp Lieu. Tyr Thir Ile Pro Lys Asp Ala 
385 390 395 4 OO 

Asp Ser Glin Asn Pro Asp Ala Pro Glu Gly Lys Arg Ser Ser Gly Lieu 
4 OS 41O 415 

Thir Ala Val Trp Val Ala Arg Asn Arg Phe Ala Val Lieu. Asp Arg Met 
42O 425 43 O 

His Ser Lieu. Lieu. Ile Lys Asn Lieu Lys Asn. Glu Ile Thr Lys Llys Val 
435 44 O 445 

Glin Val Pro Asn. Cys Asp Glu Ile Phe Tyr Ala Gly Thr Gly Asn Lieu. 
450 45.5 460 

Lieu. Lieu. Arg Asp Ala Asp Ser Ile Thr Lieu. Phe Asp Val Glin Glin Lys 
465 470 47s 48O 

Arg Thr Lieu Ala Ser Val Lys Ile Ser Llys Val Llys Tyr Val Ile Trp 
485 490 495 

Ser Ala Asp Met Ser His Val Ala Lieu. Lieu Ala Lys His Glu. His Ser 
SOO 505 51O 

Cys Pro Lieu Pro Lieu. Thir Ala Ile Val Ile Cys Asn Arg Llys Lieu. Asp 
515 52O 525 

Ala Lieu. Cys Asn. Ile His Glu Asn. Ile Arg Val Llys Ser Gly Ala Trip 
53 O 535 54 O 

Asp Glu Ser Gly Val Phe Ile Tyr Thr Thr Ser Asn His Ile Llys Tyr 
5.45 550 555 560 

Ala Val Thir Thr Gly Asp His Gly Ile Ile Arg Thr Lieu. Asp Lieu Pro 
565 st O sts 

Ile Tyr Val Thr Arg Val Lys Gly Asn. Asn Val Tyr Cys Lieu. Asp Arg 
58O 585 59 O 
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Glu Cys Arg Pro Arg Val Lieu. Thir Ile Asp Pro Thr Glu Phe Llys Phe 
595 6OO 605 

Llys Lieu Ala Lieu. Ile Asn Arg Llys Tyr Asp Glu Val Lieu. His Met Val 
610 615 62O 

Arg Asn Ala Lys Lieu Val Gly Glin Ser Ile Ile Ala Tyr Lieu Gln Lys 
625 630 635 64 O 

Lys Gly Tyr Pro Glu Val Ala Lieu. His Phe Wall Lys Asp Glu Lys Thr 
645 650 655 

Arg Phe Ser Lieu Ala Lieu. Glu. Cys Gly Asn. Ile Glu Ile Ala Lieu. Glu 
660 665 67 O 

Ala Ala Lys Ala Lieu. Asp Asp Lys Asn. Cys Trp Glu Lys Lieu. Gly Glu 
675 68O 685 

Val Ala Lieu. Lieu. Glin Gly Asn His Glin Ile Val Glu Met Cys Tyr Glin 
69 O. 695 7 OO 

Arg Thr Lys Asn. Phe Asp Llys Lieu. Ser Phe Lieu. Tyr Lieu. Ile Thr Gly 
7 Os 71O 71s 72O 

Asn Lieu. Glu Lys Lieu. Arg Llys Met Met Lys Ile Ala Glu Ile Arg Llys 
72 73 O 73 

Asp Met Ser Gly His Tyr Glin Asn Ala Lieu. Tyr Lieu. Gly Asp Val Ser 
740 74. 7 O 

Glu Arg Val Arg Ile Lieu Lys Asn. Cys Gly Glin Llys Ser Lieu Ala Tyr 
7ss 760 765 

Lieu. Thir Ala Ala Thr His Gly Lieu. Asp Glu Glu Ala Glu Ser Lieu Lys 
770 775 78O 

Glu Thr Phe Asp Pro Glu Lys Glu Thir Ile Pro Asp Ile Asp Pro Asn 
78s 79 O 79. 8OO 

Ala Lys Lieu. Lieu Gln Pro Pro Ala Pro Ile Met Pro Lieu. Asp Thir Asn 
805 810 815 

Trp Pro Leu Lieu. Thr Val Ser Lys Gly Phe Phe Glu Gly Thr Ile Ala 
82O 825 83 O 

Ser Lys Gly Lys Gly Gly Ala Lieu Ala Ala Asp Ile Asp Ile Asp Thr 
835 84 O 845 

Val Gly Thr Glu Gly Trp Gly Glu Asp Ala Glu Lieu Gln Lieu. Asp Glu 
850 855 860 

Asp Gly Phe Val Glu Ala Thr Glu Gly Lieu. Gly Asp Asp Ala Lieu. Gly 
865 87O 87s 88O 

Lys Gly Glin Glu Glu Gly Gly Gly Trp Asp Val Glu Glu Asp Lieu. Glu 
885 890 895 

Lieu Pro Pro Glu Lieu. Asp Ile Ser Pro Gly Ala Ala Gly Gly Ala Glu 
9 OO 905 91 O 

Asp Gly Phe Phe Val Pro Pro Thr Lys Gly. Thir Ser Pro Thr Glin Ile 
915 92 O 925 

Trp. Cys Asn. Asn. Ser Glin Lieu Pro Val Asp His Ile Lieu Ala Gly Ser 
93 O 935 94 O 

Phe Glu Thir Ala Met Arg Lieu. Lieu. His Asp Glin Val Gly Val Ile Glin 
945 950 955 96.O 

Phe Gly Pro Tyr Lys Gln Leu Phe Leu Glin Thr Tyr Ala Arg Gly Arg 
965 97O 97. 

Thir Thr Tyr Glin Ala Leu Pro Cys Lieu Pro Ser Met Tyr Gly Tyr Pro 
98O 985 99 O 
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Asn Arg Asn Trp Lys Asp Ala Gly Lieu Lys Asn Gly Val Pro Ala Val 
995 1OOO 1005 

Gly Lieu Lys Lieu. Asn Asp Lieu. Ile Glin Arg Lieu. Glin Lieu. Cys Tyr 
O1O O15 O2O 

Gln Lieu. Thir Thr Val Gly Llys Phe Glu Glu Ala Val Glu Lys Phe 
O25 O3 O O35 

Arg Ser Ile Lieu. Lieu. Ser Val Pro Lieu. Lieu Val Val Asp Asn Llys 
O4 O O45 OSO 

Glin Glu Ile Ala Glu Ala Glin Glin Lieu. Ile Thir Ile Cys Arg Glu 
O55 O6 O O65 

Tyr e Val Gly Lieu. Ser Val Glu Thr Glu Arg Llys Llys Lieu Pro 

Lys Glu Thir Lieu. Glu Glin Glin Lys Arg Ile Cys Glu Met Ala Ala 

Tyr Phe Thr His Ser Asn Lieu Gln Pro Val His Met Ile Leu Val 

Lieu. Arg Thr Ala Lieu. Asn Lieu. Phe Phe Llys Lieu Lys Asn. Phe Llys 

Thir Ala Ala Thr Phe Ala Arg Arg Lieu. Lieu. Glu Lieu. Gly Pro Llys 

Pro Glu Val Ala Glin Glin Thr Arg Lys Ile Lieu. Ser Ala Cys Glu 

Lys ASn Pro Thr Asp Ala Tyr Gln Lieu. ASn Tyr Asp Met His Asn 

Pro Phe Asp Ile Cys Ala Ala Ser Tyr Arg Pro e Tyr Arg Gly 

Llys Pro Val Glu Lys Cys Pro Leu Ser Gly Ala Cys Tyr Ser Pro 

Glu Phe Lys Gly Glin Ile Cys Arg Val Thir Thr Val Thr Glu Ile 
2O5 21 O 215 

Gly Lys Asp Val Ile Gly Lieu. Arg Ile Ser Pro Lieu. Glin Phe Arg 
22O 225 23 O 

<210s, SEQ ID NO 18 
&211s LENGTH: 95.3 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
&3 OO PUBLICATION INFORMATION: 

<3O8> DATABASE ACCESSION NUMBER: UniProtKB/P53618 
309s. DATABASE ENTRY DATE: 2O09 - O5 - OS 

<313> RELEVANT RESIDUES IN SEO ID NO : (1) ... (953) 

<4 OOs, SEQUENCE: 18 

Met Thr Ala Ala Glu Asn Val Cys Tyr Thr Lieu. Ile Asn Val Pro Met 
1. 5 1O 15 

Asp Ser Glu Pro Pro Ser Glu Ile Ser Lieu Lys Asn Asp Lieu. Glu Lys 
2O 25 3O 

Gly Asp Wall Lys Ser Llys Thr Glu Ala Lieu Lys Llys Val Ile Ile Met 
35 4 O 45 

Ile Lieu. Asn Gly Glu Lys Lieu Pro Gly Lieu. Lieu Met Thir Ile Ile Arg 
SO 55 6 O 

Phe Val Lieu Pro Lieu. Glin Asp His Thir Ile Llys Llys Lieu. Lieu. Lieu Val 
65 70 7s 8O 

Phe Trp Glu Ile Val Pro Llys Thr Thr Pro Asp Gly Arg Lieu. Lieu. His 
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85 90 95 

Glu Met Ile Lieu Val Cys Asp Ala Tyr Arg Lys Asp Lieu Gln His Pro 
1OO 105 11 O 

Asn Glu Phe Ile Arg Gly Ser Thr Lieu. Arg Phe Lieu. Cys Llys Lieu Lys 
115 12 O 125 

Glu Ala Glu Lieu. Lieu. Glu Pro Lieu Met Pro Ala Ile Arg Ala Cys Lieu. 
13 O 135 14 O 

Glu. His Arg His Ser Tyr Val Arg Arg Asn Ala Val Lieu Ala Ile Tyr 
145 150 155 160 

Thir Ile Tyr Arg Asn. Phe Glu. His Lieu. Ile Pro Asp Ala Pro Glu Lieu. 
1.65 17O 17s 

Ile His Asp Phe Lieu Val Asn. Glu Lys Asp Ala Ser Cys Lys Arg Asn 
18O 185 19 O 

Ala Phe Met Met Lieu. Ile His Ala Asp Glin Asp Arg Ala Lieu. Asp Tyr 
195 2OO 2O5 

Lieu. Ser Thr Cys Ile Asp Glin Val Glin Thr Phe Gly Asp Ile Leu Gln 
21 O 215 22O 

Lieu Val Ile Val Glu Lieu. Ile Tyr Llys Val Cys His Ala Asn Pro Ser 
225 23 O 235 24 O 

Glu Arg Ala Arg Phe Ile Arg Cys Ile Tyr Asn Lieu. Lieu. Glin Ser Ser 
245 250 255 

Ser Pro Ala Wall Lys Tyr Glu Ala Ala Gly Thr Lieu Val Thir Lieu. Ser 
26 O 265 27 O 

Ser Ala Pro Thir Ala Ile Lys Ala Ala Ala Glin Cys Tyr Ile Asp Lieu. 
27s 28O 285 

Ile Ile Lys Glu Ser Asp Asn. Asn. Wall Lys Lieu. Ile Val Lieu. Asp Arg 
29 O 295 3 OO 

Lieu. Ile Glu Lieu Lys Glu. His Pro Ala His Glu Arg Val Lieu. Glin Asp 
3. OS 310 315 32O 

Lieu Val Met Asp Ile Lieu. Arg Val Lieu. Ser Thr Pro Asp Lieu. Glu Val 
3.25 330 335 

Arg Llys Llys Thr Lieu. Glin Lieu Ala Lieu. Asp Lieu Val Ser Ser Arg Asn 
34 O 345 35. O 

Val Glu Glu Lieu Val Ile Val Lieu Lys Lys Glu Val Ile Llys Thr Asn 
355 360 365 

Asn Val Ser Glu. His Glu Asp Thr Asp Llys Tyr Arg Glin Lieu. Lieu Val 
37 O 375 38O 

Arg Thr Lieu. His Ser Cys Ser Val Arg Phe Pro Asp Met Ala Ala Asn 
385 390 395 4 OO 

Val Ile Pro Val Lieu Met Glu Phe Lieu. Ser Asp Asn. Asn. Glu Ala Ala 
4 OS 41O 415 

Ala Ala Asp Val Lieu. Glu Phe Val Arg Glu Ala Ile Glin Arg Phe Asp 
42O 425 43 O 

Asn Lieu. Arg Met Lieu. Ile Val Glu Lys Met Lieu. Glu Val Phe His Ala 
435 44 O 445 

Ile Llys Ser Wall Lys Ile Tyr Arg Gly Ala Lieu. Trp Ile Lieu. Gly Glu 
450 45.5 460 

Tyr Cys Ser Thr Lys Glu Asp Ile Glin Ser Val Met Thr Glu Ile Arg 
465 470 47s 48O 

Arg Ser Lieu. Gly Glu Ile Pro Ile Val Glu Ser Glu Ile Llys Lys Glu 
485 490 495 
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Ala Gly Glu Lieu Lys Pro Glu Glu Glu Ile Thr Val Gly Pro Val Glin 
SOO 505 51O 

Lys Lieu Val Thr Glu Met Gly Thr Tyr Ala Thr Glin Ser Ala Leu Ser 
515 52O 525 

Ser Ser Arg Pro Thr Llys Lys Glu Glu Asp Arg Pro Pro Lieu. Arg Gly 
53 O 535 54 O 

Phe Lieu. Lieu. Asp Gly Asp Phe Phe Val Ala Ala Ser Lieu Ala Thir Thr 
5.45 550 555 560 

Lieu. Thir Lys Ile Ala Lieu. Arg Tyr Val Ala Lieu Val Glin Glu Lys Llys 
565 st O sts 

Lys Glin Asn. Ser Phe Val Ala Glu Ala Met Lieu Lleu Met Ala Thir Ile 
58O 585 59 O 

Lieu. His Lieu. Gly Llys Ser Ser Lieu Pro Llys Llys Pro Ile Thir Asp Asp 
595 6OO 605 

Asp Wall Asp Arg Ile Ser Lieu. Cys Lieu Lys Val Lieu. Ser Glu. Cys Ser 
610 615 62O 

Pro Lieu Met Asn Asp Ile Phe Asn Lys Glu. Cys Arg Glin Ser Lieu. Ser 
625 630 635 64 O 

His Met Lieu. Ser Ala Lys Lieu. Glu Glu Glu Lys Lieu. Ser Glin Llys Llys 
645 650 655 

Glu Ser Glu Lys Arg Asn Val Thr Val Glin Pro Asp Asp Pro Ile Ser 
660 665 67 O 

Phe Met Glin Lieu. Thir Ala Lys Asn. Glu Met Asn. Cys Lys Glu Asp Glin 
675 68O 685 

Phe Glin Lieu. Ser Lieu. Lieu Ala Ala Met Gly Asn. Thr Glin Arg Lys Glu 
69 O. 695 7 OO 

Ala Ala Asp Pro Lieu Ala Ser Lys Lieu. Asn Llys Val Thr Glin Lieu. Thr 
7 Os 71O 71s 72O 

Gly Phe Ser Asp Pro Val Tyr Ala Glu Ala Tyr Val His Val Asin Glin 
72 73 O 73 

Tyr Asp Ile Val Lieu. Asp Val Lieu Val Val Asn. Glin Thir Ser Asp Thr 
740 74. 7 O 

Lieu. Glin Asn. Cys Thr Lieu. Glu Lieu Ala Thir Lieu. Gly Asp Lieu Lys Lieu. 
7ss 760 765 

Val Glu Lys Pro Ser Pro Lieu. Thir Lieu Ala Pro His Asp Phe Ala Asn 
770 775 78O 

Ile Lys Ala Asn. Wall Lys Val Ala Ser Thr Glu Asn Gly Ile Ile Phe 
78s 79 O 79. 8OO 

Gly Asn. Ile Val Tyr Asp Wal Ser Gly Ala Ala Ser Asp Arg Asn. Cys 
805 810 815 

Val Val Lieu. Ser Asp Ile His Ile Asp Ile Met Asp Tyr Ile Glin Pro 
82O 825 83 O 

Ala Thr Cys Thr Asp Ala Glu Phe Arg Gln Met Trp Ala Glu Phe Glu 
835 84 O 845 

Trp Glu Asn Llys Val Thr Val Asn. Thir Asn Met Val Asp Lieu. Asn Asp 
850 855 860 

Tyr Lieu Gln His Ile Leu Lys Ser Thr Asn Met Lys Cys Lieu. Thr Pro 
865 87O 87s 88O 

Glu Lys Ala Lieu. Ser Gly Tyr Cys Gly Phe Met Ala Ala Asn Lieu. Tyr 
885 890 895 










































