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Learning Objectives

¢ 1) Describe the conditions and process for a typical biofilm formation

¢ 2) Discuss the current and future importance of biofilms in clinical medicine
¢ 3) Describe how medical biofilms are typically identified

¢ 4) Describe a current approach to biofilm treatment

e
F
L I just can't go with the flow anymore.
. e F & Lﬂuﬂfﬂrﬂl’u I've been thinking about joining a biofilm, 4 PR 4 WV .
-l e Drofesclom . .
Forensic DNA Associates
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Protection Exposed

Definition = Structured communities of microbia specics
embedded in a biopo]gmer matrix on a biotic or abiotic substrata

] Mag }JC one or severai organisms

n SCssile organisms:
° : @ Quorum sensing

» [lanktonic organisms: @ venC

- - most OF W;Hat we have dealt
Perister cells

with trac itiona”q

irst observed }33 Anton van Lccuwcnhoek @D resistant cells

m 1684 (Animacules in"scurf” on tee’ch) Q ) Tolerant cells

. . . o Matrix exopolysaccharides
= Stlckg ]aﬂer resns’cccl vinegar cleanmg poly

[irst scientific studg = 194% (Zobe]D 3y MPQPq  Fxtracellular DNA

T erm “Biomm” from BI“ (_osterton (1 978%}?;7/‘? @ Reactive Oxygen Species
Benefits of Biofilm [Tormation to Pacteria Y

Horizontal Gene Transfer
s Adherence to hospita})]e locale

Sgntrophic metabolism (Mutual depen&ence for nutrition)

s [Jorizontal gene transfer
s |Disecase reservoir

Source: Rita Chandki, Priyank Banthia, and Ruchi Banthia; Biofilms: A microbial home; J Indian Soc Periodontol. 2011 Apr-Jun; 15(2): 111-11
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Protection Exposed

*  Piotic substrata

n H umans (ang tissue) can serve
this role

¢ Abiotic substrata

u Any “implantc&’ material can be
a biofilm host

o [ ither way, biofilms are general!9

resistant to;
n  Piocides
s Antimicrobial chemotherapg
s [Jumoral defenses
, etc.

°
s (cllular defenses
° Fhagocytosis, etc.

EPS Matrix

Biofilm Formation

Conditioning Film Growth
&, @
T\ @ @ yynpion @®
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Substratum @;, o
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Source: Zeuko’O Menkem,E.; The Mechanisms of Bacterial Biofilm Inhibition and Eradication: The Search for Alternative Antibiofilm Agents; 5/24/22 In “Focus on Bacterial Biofilms"
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https://www.intechopen.com/books/11092

Protection Exposed

¢ [Planktonic bacterial cells are susceptibic Biofilms are “Supra-cellular”
to antibiotics, antibodies, and Phagocgtcs P ¢ g
L —~.

* Bio{:ilm ( ) cells are highly Protecte&
from all antibacterial agents, not 17 ]

FoolProoF, but quite good TOLERANCE RESISTANCE
MECHANISMS ; MECHANISMS

EFFLUX/

* Multidrug tolerance

) , ) SR SOS ... ' . por
Resnstance to both oPsonlzatlon and RESEONSE RESPONSE _
10 N N L ENZYMATIC
PhagOCHtOSIS O W A LD S o DEACTIVATION
. . . OF ATB
¢ |fthe ‘attached surface’ is immuno-inert’, i , : it
. s . TOXIN - Srss ' . s resistan
or (m aliving orgamsm) s . 4
immunocompromisec{, a biofilm will survive ¥ C PN
R ® ECM - HYPERMUTATOR
cven bcttcr o INHIBITS/RETAIN ¢ Treeep PHENOTYPE y
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.g 0. L] ce
n 50 do Ants . ~:. ".
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SR antibiotics

Source: Uruen,C., Chopo-Escuin,G., Tommassen, J., et.al.; Biofilms as Promoters of Bacterial Antibiotic Resistance and Tolerance, Antibiotics 2021, 10(1), 3
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Protection Exposed

¢+  (Common and famous biofilms

s | his way of bcing a microorganism, did NOT evolve to

causc€ us PI"OEDICITIS, or mess us UP

n ]t Iikclg was a response to a hostile environment

n Frol:ablg Prctty old
o 5+ Bi”ion y-o.

Source: Rather,M., Gupta,K., and Mandal, M.; Microbial biofilm: formation, architecture, antibiotic resistance, and control strategies; Braz J Microbiol. 2021 Dec; 52(4): 1701-1718
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Protection Exposed

¢ UBiquitous in nature.

s Occur anywhere “'ir
sufficient moisture [B
surFace come toget

° solicl/liqui& inte
e moist/soft

e tissue/ air
°

]iquid/air

Yellowstone N

i ... Rhodophyta spp. (Réd Algae) p
Lemonade Cre = s

Source: Pennisi, E; Giant viruses played a key role in early life, study in Yellowstone hot spring suggests DNA analyses reveal viruses have infected red algae—and spurred evolution—
for at least 1.5 billion years; 9 Apr 2024, Science

University of Massachusetts




Protection Exposed

rid Health Organizatio

r's o
<,i % of the yvorld Habitat Cultured (%)
microorganisms

are cultile Seawater 0.001-0.1
¢ \We think we have a Freshwater 0.25
handle on how many Mesotrophic Lakes 0.1-1.0

microorganisms there
are, but what we |

, <NOW I Estuarine Waters 0.1-3.0

1S Oﬂlg a gUCSS
Activated Sludge 1-15
Sediments 0.25
Soil 0.3

Source: World Health Organization; Threats of Biofilms (3/29/23)
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Environmental Biofilms

World Health Organization

l Initial adsorption of
macromolecules to surfaces
.

Protein

Polysaccharide

Divalent cations suchas
calclum and magnesium ions

* Sewage treatment

bioreactors
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-

I2X,_Protozoan

. Fungus

Biofilm development o - e 47
Microbes adhesion & maturity Aging biofilm /O f .
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!
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Source: World Health Organization; Threats of Biofilms (3/29/23)
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ID Biofilms

¢ Dental Plac]ue Cgstic Fibrosis
¢ I ndocarditis Otitis media

UNIVERSITY OF MARYLAND | NIST

* . l’_] l INSTITUTE FOR
(_/l rinary catneter mp ants aioTeCHoL0GY
RESEARCH
Peristaltic Pump
0.050’ OD Realistic
stainless steel tube Device-insert module 36 gauge Bladder Model

with barbed connectors electrical wires

: Artificial Urine [ | i
— -
Z=c Reservoir i

Insert into Insert into-

saline channel =~ Rolled-in 17 urine channel
Alexible device ! W = s s

]
X

e 17

Device-insert module

S b 34
I Assembly points

Dissected PCBE.__..E
Foley catheter

oley catheter with
inflated balloon

Silicone Bladder

Source: University of Maryland; Biofilm-fighting system for urinary catheters proves effective in simulated environment; April 2, 2021
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Range of Microorganisms

fctitn%mygl,‘,es spp.
* TgPica! microorgar”sms Pa;lggﬁghgsspp ................................ ,

utans

e EHEC -
{% V. cho/erael

S. aureus

HFIUMAN biofilms s, W

associated with Zo’,”a’i“e%f?:pi

S. aureus
S. epidermidis

* (6t5~ aurecus E. faecalis

K. pneumoniae
P, aeruginosa

S. aureus (W
* 61!'/7 cma’cnma’/s S.apaanss 89,

Streptococcus spp

g /s acms{mosa s , attachment maturation detachment
Z. influenzae | surfactants

. pneumoniae . > ’
M. catarhals adhesins exop.olysacc.hands erosion
P, aeruginosa 1 \ flagella matrix proteins sloughing
H. pylori | pll.llﬁm‘bnag eDNA enzymatic degradatlon
i teichoic acids cell lysis

Bacteroidetes 3 £ |
Enterobacteniaceae | :
Fusobacterium spp.["" :
Pseudomonaceae \ | §
3R DO
S. epidermidis c-di-GMP Qs sRNAs
E. coli alternative ot
K. Poumoniae |’ s transcriptional
P. aeruginosa factors 2-comp. systems regulators

Source: Adina Schulze, Fabian Mitterer, Joao P. Pombo- ¢t ; Biofilms by bacterial human pathogens: Clinical relevance — development, composition and regulation — therapeutical strategies;
Microbial Cell, Vol. 8, No. 2, pp. 28 - 56; doi: 10.15698/mic2021.02.741

University of Massachusetts



http://www-als.lbl.gov/index.php/science-highlights/science-highlights/466
http://www.microbialcell.com/issues/february-2021

Bacterial strain

. gta,p/w//ococcus aurcus

. Sta’pﬁq/ococcus c/p/c/crmld/s

. etrcptococcus prieumorniae
7 7

/ /steria monocytogenes

5uné/70/a/cr/3 ce/pac/a

/ scherichia coli

K/CéS/’C//S P/'ICUITIOI?I;?C

Fscudamonas Ipuf/ala

FSCU(/OI?ION«SS aeruginosa

FSCUdOmO/?SS )[]UOI’CSCC‘I?S

K hizobium /cgum/nosarum

/ actoéaci//us Ip/antarum

/ actococcus lactis

Biofilm Biology

Gram stain

Gram~Positive

Gram~Positive

Gram~Positive

Gram~Positive

Giram-n egative
Ciram-n egative
Gira m-negative

Gira m-negative

Giram-n egative

Gara m-negative

Gram~negative
Gram~Positive
Gram—Positive

TgPes of infections

C[’lronic biofilm infections:
infections in Paticnts with cgstic fibrosis

, right valve endocarditis, lung

I ndocarditis: catheter-related in{:cction,joint Prostl’rcsis infection
Lungimccctions, bacterial meningitis, acute or chronic otitis

(o-culture interactions with Fseudomonas, \Vibrio strains, listeriosis,

contamination of food Proc{ucts

OPPor'tunistic infections in Patients with blood cancer
Hcmolytic uremic sgnclromc, acute diarrheic sgndrome, urinary tract infections

Bactercmia, liver abscess, urinary tract infections
Urinarg tractinfection
Ostcomyc]itis, ventilator-associated Pneumonia, lung infections in Patients with

cystic fibrosis, oPPortunistic infections in neutropenic Patients, nosocomial
infections.

, biocontrol- @t’/ﬁum Fusarium, antimicrobial Properties -

Biocontrol Proper‘ties —/ 'gt/v'um

Salmone”a infection

(Gastrointestinal tract infections

Source: Zeuko’O Menkem,E.; The Mechanisms of Bacterial Biofilm Inhibition and Eradication: The Search for Alternative Antibiofilm Agents; 5/24/22 In “Focus on Bacterial Biofilms"
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https://www.intechopen.com/books/11092

Biofilm Architecture

¢ The overall

architecture has Bulk fluid

Prote ctive la yers % "Streamer

- 2 ‘:\:‘\
] e
] . : -
Void 3
]
T Channel 4

Ft

B
!f.:, 3
o

@ SpringerLink

Source: De Beer ,D., Stoodley,P.; Microbial Biofilims, in; The Prokaryotes pp 904-937, 2006, Springer-Link
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https://link.springer.com/referenceworkentry/10.1007/0-387-30741-9_28#auth-Dirk-Beer
https://link.springer.com/referenceworkentry/10.1007/0-387-30741-9_28#auth-Paul-Stoodley
https://link.springer.com/referencework/10.1007/0-387-30741-9

* Steps;

*

*

*

*

*

*

*

Biofilm Formation

@ 5ubstratum

@ Macromolecule deposition at the substratum
by a combination of many transport mechanisms.
Cells may leave the surface or be Permanent]g
attached

Biofilm Measure

@ T hen, tl‘xeg cause quorum signals

@ Results in uP~regu|ation of various genes
(mang related to virulence) ona communit3~wicle

basis

® Attached cells secrete copious Polymers,
biofilm continues to accumulate

® Accumu]ating biofilm consumes ambient
nutrients, electron donors and accePtors, and

attracts other bacterial spccies or mammalian
cells. Frocesses governing biofilm Formation;
Blue line shows time course of net accumulation of

(1) Shear stress, cell signa!ing = detachment,

s]oughing off (Flanktonic), to move downstream biofilm on an iﬂitia”y clean substratum

(in(CVS = ’(:hrombocmbo!ism)

] AMERICAN
Source: courtesy G. McFeters and ASM.org image library MCHONOOCY

University of Massachusetts




Biofilm Biology

¢ [Tormative process
Is a “recruiting”
event much liicge the
construction of a
coral reef

* (Quite

c{eveiopmental over
time

¢ LOTOof

holes

Source: Coral Reef Ecosystems (2/1/2019)

University of Massachusetts




Biofilm Biology

¢ Each ]ager

contrlbutes
SPCC!]CIC

enablers in
medical biofilms /T\

Cell surface

Surface
hydrophobicity
Roughness
Charge
Porosity
Surface
Chemistry

hydrophobicity
Adhesins Cell Receptor

pH
Proteins
Platelets

Quorum sensing
molecules
Extracellular
polysaccharides

Source: Threats of Biofilms, WHO; 2/17/2020

University of Massachusetts



Biofilm Biology

s  Biofilms:
m Actasa chlrogel Extremelg hgérate& Polgmergel
s | xhibit \iscoelastic Properties
o [ lastic (solid) and viscus (]iquid~lii<e>
n With these consequences
e Secconds absorbs shear }39 behaving e]astica”g
e [TJours diags - shearis dissipatccl through ;
o V\iscus flow
] No detachment
i Streamlined

» Reduces c!rag

Top Layer: Dermis

Composition:
2% peptone (w/v)
0.5% bacteriological agar (w/v)
45% sterile saline (v/v)
5% laked horse blood (v/v)
50% cattle serum (v/v)

Void induced to mimic
dermis damage and exposure
of lower subcutaneous layer

Bottom Layer:

Subcutaneous Fatty Layer

Co

Source: Vyas,H., Xia,B., and Mai-Prochnow,A.; Clinically relevant in vitro biofilm models: A need to mimic and recapitulate the host environment, Jan. 2022

mposition:

2% peptone (w/v)

0.5% bacteriological agar (w/v)
68% sterile saline (v/v)

2% laked horse blood (v/v)
20% cattle serum (v/v)

10% pig fat (w/v)

mResec\Icthle

University of Massachusetts



https://www.researchgate.net/publication/358248982_Clinically_relevant_in_vitro_biofilm_models_A_need_to_mimic_and_recapitulate_the_host_environment?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ

Attachment and Formation

Variables

Properties of the
substratum

Properties of the bulk
fluid

Properties of the cell

Texture or roughness
Hydrophobicity
Conditioning film

Flow velocity
pH
Temperature
Cations
Presence

Cell surface
hydrophobicity
Fimbriae
Flagella

Extracellular polymeric
substances of
antimicrobial agents

E ResearchGate

Source: Ghazay,F., Alotaaibi,G., and Bukhari,M.; Factors Influencing Bacterial Biofilm Formation and Development, Research Gate, 2020

University of Massachusetts



https://www.researchgate.net/publication/354622938_Factors_Influencing_Bacterial_Biofilm_Formation_and_Development?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ

Establishment Factors

Species Colonization Efficiency
Anti-infective/Hostile Forces Genotypic Factors

Physio-Chemical Environment - (Eh) \ / Cyclic Stage

Biofilm Community Structure and

Function

e N

Mechanical Factors/Shear Force Substratum/Abiotic Surface

Nutrient Energy/Resource

Source: Zeuko’O Menkem,E.; The Mechanisms of Bacterial Biofilm Inhibition and Eradication: The Search for Alternative Antibiofilm Agents; 5/24/22 In “Focus on Bacterial Biofilms"

University of Massachusetts



https://www.intechopen.com/books/11092

Establishment Factors

Some

associated with HUMAN

stage in biofilm

bacterial pathogen

formation
V. cholerae P. aeruginosa S. aureus/ epidermidis
| s
flatg:;: lr\r/u;ul:uty, flagella/ twiching motility, hydrophobic surface,
attachment bt an'd type IV pili, teichoic acids,
chitin-binding factors (e Cup fimbrial adhesins and adhesins (e.g. Atl, Bap,
ShoA gty Crafi' lectins MSCRAMMs, SERAMS)
exopolysaccharide (VPS), exopolysaccharide (alginate, exopolysaccharide (PIA),
eDNA, Psl, Pel), eDNA,
proteinaceous factors eDNA, proteinaceous factors [e.g.
maturation : :
(RbmA, RbmC, Bap1) proteinaceous factors (e.g. SasG, Aap, and other adhesins
lipids CdrA, LecA/B), (see above)],
rhamnolipids teichoic acids
TR nucleases (Dns and Xds), Alginate !yése, exoproteases (e.g. SspA/ Esp,
proteases, rhamnolipids, SspN/ SepA, SplA-F, ScpA)
predicted sugar lyase cell lysis
(RbmD)

Source: Adina Schulze, Fabian Mitterer, Joao P. Pombo- &2 ; Biofilms by bacterial human pathogens: Clinical relevance — development, composition and regulation — therapeutical strategies;
Microbial Cell, Vol. 8, No. 2, pp. 28 - 56; doi: 10.15698/mic2021.02.741

University of Massachusetts


http://www-als.lbl.gov/index.php/science-highlights/science-highlights/466
http://www.microbialcell.com/issues/february-2021

Establishment Factors

Fcrccntagc of
ComPoncnts .
o S matrix
ome Microbial cells 2-5% (ohesion of the structure

DNA and RNA <1-2% Nutrient source

Exchange oFgenetic information

Examples

Cohesion of the structure
Nutricnt source
Fo]gsaccharides i—2% Water retention
Frotective barrier
Absorption of organic compounds and inorganic ions
Cohesion of the structure
Nutrient source
Structura] Froteins <1=2% Fro’ccctive barrier
Absorption of organic compouncls and inorganic ions

E]ectron donor and acceptor

E nzumes <i2% Enzgmatic activity
v, Nutrient Source
. ,d d
L’P] °an <1-2% Nutrient source

biosurfactants

bricates th j t, simple circulat t
Water (/IP o 97% LQU ricates c environmmen y SlmP e circula or9 535 cm

clis’cributing nutrients to microcolonies

Source: Zeuko’O Menkem,E.; The Mechanisms of Bacterial Biofilm Inhibition and Eradication: The Search for Alternative Antibiofilm Agents; 5/24/22 In “Focus on Bacterial Biofilms"

University of Massachusetts



https://www.intechopen.com/books/11092

Medical Biofilm Process

aStep 1.
¢ Surface conditioningiste!

ctances associated with the surface are not bacteria but
. Almost immediate]g after any device comes into

contact with an part of the human Bo&g) an organic lager deposits on
the water/solidinterface (Mittelman 1985)

n These organics are said to form a ”conclitioning lager” which
neutralizes excessive surface charge and surface free energy which
may Prevent a bacteria cell from aPProaching near enough to imitiate

attachment. |n addition, the adsorbed organic molecules often serve
as a nutrient source for bacteria

:’ frontiers
in Microbiology

Source: Bhagwat,G., O’Connor,W., Grainge,|, et.al.; Understanding the Fundamental Basis for Biofilm Formation on Plastic Surfaces: Role of Conditioning Films; Front. Microbiol., 24 June
2021, Sec. Microbial Physiology and Metabolism;Volume 12 - 2021

University of Massachusetts




+ Surface conditioningisks

Medical Biofilm Process

¢ Adsorption of organic molecules on a clean surface forms a conditioning film

Step. # ComPoncnts ( )
i Microbial cells 2-5
2 \Water 97
3 olysaccharides )
4 Froteins :n;;ni_ssi)rxclucling
5 DNA and KNA <i-2

Source: Rather,M., Gupta,K., and Mandal, M.; Microbial biofilm: formation, architecture, antibiotic resistance, and control strategies; Braz J Microbiol. 2021 Dec; 52(4): 1701-1718

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8578483/

Medical Biofilm Process

- N

* Aéhesion of “Pioneer” bacteriais_'ﬁ_pj

" A]Cter the Planktonic Gree-ﬂoating} bacteria “ ” <PO
the “}Doundarg ]agcr”

ar) attach and become entrained within

o A quiescent zone forms where How vc’/oc/z{g falls to zero
s Some of these cells will strike and adsorb to the surface for some finite time, and then desorb
e = reversible adsorption
° This attachment is based on:
o clectrostatic attraction
. Phgsical forces
+ not chemical attachments
s Whatfollows is « » attachment, which leads to “microcolonies”

° Converts (bacteria that exhibit low concentration of cdx(}}\AF and have
not encountered surfaces initia | ) to cells Gjacteria that exhibit a
high concentration of c-di- ]M and have encountered surfaces initia

D Ej

Source: Rather,M., Gupta,K., and Mandal, M.; Microbial biofilm: formation, architecture, antibiotic resistance, and control strategies; Braz J Microbiol. 2021 Dec; 52(4): 1701-1718

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8578483/

Medical Biofilm Process

‘ @
’ rs=A

G]gcocalgx Formation{s_'ﬁpj
Biofilm bacteria excrete extracellular
Polymeric substances

m = stickg Polgmers
s hold the biofilm together
s cement it to the device wall

n trap scarce nutrients

Francolini, |., Horris, P.M:, and Stoodley, P.

n Protect bacteria from biocides

'SEP'PSeudomonas aeruginosa PAOT
- (Extracellular Polymer Substrate) (pMF230) biofilm grown on untreated
polyurethane

Source: Rather,M., Gupta,K., and Mandal, M.; Microbial biofilm: formation, architecture, antibiotic resistance, and control strategies; Braz J Microbiol. 2021 Dec; 52(4): 1701-1718

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8578483/

Medical Biofilm Process

¢ Gl ycoca | yx
n AH bacteria secrete some sort of

“Glycocabx)’, this is used to aid in the
formation of the Protcctivc “bubble” of a

biofilm
Complex cxopolgsacchari&cs
* Ac}hesion

C Bﬂ Flanktonic bacteria
u F11~ChP sur]cacc—~sensir;§ system

Present on microbial surfaces

. Frotection from
s Piocides
s Antibiotics
= Bac’ceriophage
m FreeJiving amoebae

= WBC

I ——

= ———— 5 2 eDNA SO
//../ Planktonic bacteria Lipid ﬁ
,‘ Polysaccharide S&gg

AHL

-

N

Water molecule
Protein oen

Planktonic cell @l
Biofilm cell @D
Persistent cell @D
Dead cell =

oy Water channel
Reversible  Irreversible

attachment h

Microcolony

Maturation Dispersion

Reversab!e adhesion initia”g
Then “ﬂathing” (non~Folar>

n Bis~(§'~5'>~cyclic dimeric guanosine
monophosphate (c~di~cl 4F> Is an
intracellular si naling molecule that P]ays a
vital role in eaﬁ events of biofilm formation
By restricting agc”a~mediated swimming
motilitg

L 4

Source: Rather,M., Gupta,K., and Mandal, M.; Microbial biofilm: formation, architecture, antibiotic resistance, and control strategies; Braz J Microbiol. 2021 Dec; 52(4): 1701-1718

University of Massachusetts


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8578483/

Medical Biofilm Process

¢ <5611C~Produced>
" Great]g assists in the microco]ong Formation, aided 59;
° f‘ligh concentration of c-di-(GMF
° Flage”a and type IV Pi]i»me&iatcc{ motilities
. ]mPor‘cant forinteractions betwcen;
. Microorgarsisms

. Sur‘Faccs

s cell—cell aggregations

. is crucial in;
s Piofilm maturation
n Stabilizing the 3-]) structure
n GrouPing cells togcther
n Fro’cccting from various stresses (host immune system resPonse>
] Antimicrobial protection

. Oxidativc damagc

Source: Rather,M., Gupta,K., and Mandal, M.; Microbial biofilm: formation, architecture, antibiotic resistance, and control strategies; Braz J Microbiol. 2021 Dec; 52(4): 1701-1718

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8578483/

Medical Biofilm Process

lStep 4.
¢ (limax Biofilm ¢ DiSPCVSiON
s (limax biofilm Activelg

s Reaches optimal size

u Extcmal orlganisms become rupturés5 \ |
F]anktonic, cave to colonize o mot’lit}j and EF@ d@%raciatxom
elsewhere dependent C}iSPCFSIOﬂ

] Ce”s nearest the surface become " OR’ Fassivelg

quiescent or die due to o Physical factors
ancl increase& waste . ‘iquid How~depen&ent (Jispersion to
) disperse the microorganisms
Mi bial I -5 9% . Starts anew cgc]e of biofilmformation
ICroplal cells - (o) -

s Some other gactors;

Water Up to 97 % . outgrown Popu!ation

Ponsaccharides 1-2 % *  intense competition
o lack of nutrients etc.

Proteins <1-2 % ( including enzymes)

DNA and RNA <1-2%

Source: Rather,M., Gupta,K., and Mandal, M.; Microbial biofilm: formation, architecture, antibiotic resistance, and control strategies; Braz J Microbiol. 2021 Dec; 52(4): 1701-1718

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8578483/

Biofilm Communication

*  Quorum sensing

- yorum-sensin
(] Cells secrete molecules Q &

. cyl-homoserine lactone
Nearby cells se ~" ,
m ear 9} ce si 563’56 quorum sensing system < )
population density n Gram~ncgative bacteria,
m Ke%u ates biofilm . Autoinducing PcPtidc (A]F)

architecture

%)orum SCHS]H%}SﬂStCm N

U Regu]ates gene expression iram-positive bacteria

s [TJorizontal gene transfer ¢ utoinducer-2 (A )sgstcm in

increases  10-600x both gram-neg. & positive
n Conj ugation B @ e s e @

s | ransfection
s | ransduction

@ Nitric oxide P\ Dispersal variant colls
)

Source: Zeuko’O Menkem,E.; The Mechanisms of Bacterial Biofilm Inhibition and Eradication: The Search for Alternative Antibiofilm Agents; 5/24/22 In “Focus on Bacterial Biofilms"

University of Massachusetts



https://www.intechopen.com/books/11092

Biofilm Communication

* ‘%t,p’ pheumoniae reside in biotilms on the

[}

mucous mem})ranes OF t!"lC oral cavitg an&

nasoph arynx Streptococcus pneumoniae AA [
P ) ) ) biofilm formation under
* Commumcate with each other f:)g secreting continuous flow
strain spechcic pe stide pheromones :?g5&:;’:#:?;};?;%?5?888
s monitor the M of the strain 1
Population =
s when a critical number of cells are B Wi
. [ = Ak L ‘h
Prescnt thcg decide to exchange DNA ok TR
= A subfraction of the cells lL)SC and Ay T
release DNA <t}1€ Aonors), whereas ST 2

the majority of the cells (the recipients} : L
become competent for natural 1@ asn

transformation and take up the DNA
released }35 the donors “ S

%3
Y
9
l AMERICAN &
Pl SOCIETY FOR &3
MICROBIOLOGY k',

*Source: Allegrucci,M., Hu,F.Z., and Sauer,K.; Phenotypic Characterization of Streptococcus pneumoniae Biofilm Development; April 2006
«Journal of Bacteriology188(7):2325-35

University of Massachusetts
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https://www.researchgate.net/publication/7231938_Phenotypic_Characterization_of_Streptococcus_pneumoniae_Biofilm_Development?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/journal/Journal-of-Bacteriology-1098-5530?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19

Biofilm Genetics

. Change indgene expression

of attached cells P
. . C“g““\o“ - (@ »-
. ]ncreased Production of glgcocalgx )\\:m & ‘.'O
. Changc in energy metabolism* &m‘
[ Fscuc{. aeruginosa changes
expression of 40 genes”® Mask bosya 1o 7pe o 1., @
3 Ormacrophagc (5 d'"'""’»'ly(-,,.\.id
[ \6‘511. aureus increases ° e

Cxprcssion of genes for
%l)&jcol}jsis, fermentation  (low

2
. . . . s
¢ ]ﬂcreased antimicrobial resistance P
& o | ogl0s
CON T S y
Psl dominant biofilm Pel dominant biofilm
Sth. aureus Ps. deruginosa

Differences in biofilm formation by;

Sth. aureus with a Psl- dominant, vs.

Ps. aeruginosa Pel-dominant strain & frontiers

IgG, immunoglobulin G in Microbiology

Source: Hotterbeekx, A., Kumar-Singh, S., Goossens, H., et.al Front. Cell. Infect. Microbiol., 03
April 2017.

University of Massachusetts




Impact on Healthcare

¢ |n American hospitals alone, healthcare- ¢+  Nosocomial (Hospital acquired)
associated infections (i.e., nosocomial infections) infections are the )[ourtﬁjcaa’in
account for an estimated 1.7 million infections and cause of death in the ( ].5. with 2
99,000 associated deaths / Yr. million cases armua”g or ~10% of

American Hospita! Patients) leacling

¢ 3%2% of all healthcare-associated infection = S patic
o ) e infecti to more than $5 billion in added
¢ 22%= Surgical site intections medical cost per annum
. 15 %= i p
o Oo Fncum??a , +  About 60~70% of nosocomial
¢ 4% =CVS infections infections are associated with some
¢  TheF uropean (entre for Disease Prevention tch of imPlantccl medical device
¥ j ,

and (_ontrol ([_ (_[D() (2007) said that every e |tis estimated that over 5 million

year some 3 million PCOPI,C n E,WOPca” Un’ion medical devices or implants are used

countries catch an infectious disease associated / yr.in the (].5. alone

with healthcare and that around 50,000 die as a

result

Source: Monina Klevens R, editor. Centers for Disease Control and Prevention Public Health Reports. Healthcare-associated infections and deaths in U.S. Hospitals. Vol. 1 2007.
European Centre for Disease Prevention and Control. Annual epidemiological report on communicable diseases in Europe. Stockholm; Sweden: 2007.

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2706312/#R41
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2706312/#R41

Biofilm Biology

¢ 107-10%x T doses of antimicrobials needed to kil
biofilm ( organisms) comParéd with
organisms

+ Biofilmis a molecular filter

o | ow metabolism of attached ;c”s

Metabolic heterogeneity Impaired penetration

’ ;B ¢DNA Polysaccharides
‘e “Lactamase etabolically active
* Recluces dru g ac’mv:tg y e e &N

{ * fi-Lactamase expression
// Efflux pumps O
\ O Q ¢
2 T

Adaptive responses

Iransient antimicrobia

Metabolically inactive
resistance
* Rec t

* De antibic el
* Dey target rsister ce i « SOS response
- * Stringent response
Bacterial phenotype Metabolic activity and
) Fast growth Mutant oxygen concentration
@ Slow growth @D Persister Low Higt
Source: Castaneda,P., McLaren,A., Tavaziva,G, et.al.; ; Clin Orthop Relat Res. 2016 Jul; 474(7): 1659-1664

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4887352/

Resistance to Immune System
Clearance

* Fhagocgtosis (macrophages, FMNS)
s Surface binding

m Engu]gecl

Biofilm resistance to

0 Ki”e& with cjigestive enzymes immune clearance andh
reactive oxygen molecules R o S
N 5% mm(;:5‘(““,m;él‘!ri‘ifff«i?i‘iﬁ.ﬁii?u\sa/‘ | m“ R
. Vaccinatecl rabbit to bacteria .;.::;.;::.:a%:hg&;; < S _ T
s |ncreased antibodg levels N e o e ——
s Noincrease in Phagocgtosis
* biomcilm . cili are less likely to be killed bg human FMN in vitro
s Resistant to active oxygen species Produced })9 FMNS
Source: Steadman,W., Chapman,P., Schuetz,M., et.l.:_ , Research Gate, Apr., 2023 ERESEMM[E

University of Massachusetts



https://www.researchgate.net/publication/370041173_Local_Antibiotic_Delivery_Options_in_Prosthetic_Joint_Infection?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ

Some Medically Important
Biofilms

¢ CDC estimate: (DC

m 65% of human bacterial infections invov

biofilms

° Dental P]aque
+ Biofilm made visible on teeth after chewing
. “Dental F!aque Disclosing Agerst” tablet

o |nfectious kiéneg stones

o | ndocarditis
o Cathctcrs
o Cgstic fibrosis

Biofilm Reveal

Source: Guided Biofilm Therapy (GBT), 2021

University of Massachusetts



Some Medically Important
Biofilms

¢ |n Pulpitis (dental)
s =infectionis of
the tooth and does not pass into the bone

Periodontitis

o
Qarries ‘“_\_.1‘ :

Biofilm

* ]n apical Perioclontitis

s = inflammation and the destruction of pen-
radicular tissues (cg.) root cementum,
Periodonta] ]igamemt, and a
eventua”y leac{ing to

veolar bone)

7 Implant rejection

. Likelg causative organisms;

Bacteria in
bone tissue

p-
- —~ #
' ,
: -~
==

[ Bioflm on
; implant

s Streptococcus mutans, Actinomyces,

/ actlof)acﬂ/us, Dialister, |~ ubacterium,
Olsenella, Bifidobacterium, Atopobium,
ropionibacterium, Scardovia, ’ 8

Abio trophia, Selenomonas, and Veillonella,
inclu&ingj Carbohy&rateﬂccrmcnting oral

«€:0,

, ~ 500,000 types of medical
streptococa . 1 ] bl }1
lmP ants are available on the
g]obal market
Source: Krukiewicz, K., Kazek-Kesik,A., Brzychczy, M.; ; Int J Mol Sci. 2022 Sep; 23(17): 9526

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9455909/

Some Medically Important
Biofilms

Orthopeciic have been linked to;

" Joint artl'mroplastg (joint I’GP[BCGH](’EHf) failure

" Osteosgntlwesis @)5!16 r'epair) failure
Main Pat}ﬁogens causing these infections incluc{e;

m . Gt%pﬁy/ococcus aureus
" Coagulase~negativc sta Phglococci (e.g., . ‘st‘:alp/{g/ococcus clplblcnmblis\,

" (_utibacterium acnes

Ogcnc}ing organisms use distinct mechanisms to to the implants, form .
, and a host’s

The resulting biofilms are not onlg localized on the Prosthctic, but can also sPreac! to the
sgnovial fluid, fibrous tissue, bone cement, and the bone itself

«  Note: Lsi'/l. aureus and Lcj-talp/{g/ococcus /ugduncns;ﬁs can invade osteoblasts
s Secretion of staphglococcal suPcrantigani‘(c Protcins % and 4 allows
Lsi'/[l. aureus to circumvent rccognition }39 the host’s toll-like receptor 2

Source: Krukiewicz, K., Kazek-Kesik,A., Brzychczy, M.; ; Int J Mol Sci. 2022 Sep; 23(17): 9526

University of Massachusetts


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9455909/

Some Medically Important
Biofilms

. 5carming [ lectron Micrograph
of tarter on a tooth

. Wmhernbdurecﬂzbactéﬁa,sahva
and carbohgdrates is known as
Plaque [tis a cause of tooth
decag(caﬁes)an&<xﬂwabolead
totheFormatknxogtmtarﬁjnk>
(calculus)

sciEncEphotoLiBrARY
Source: STEVE GSCHMEISSNER / SCIENCE PHOTO LIBRARY; 38.6 x 34.3 cm - 15.2 x 13.5 in (300dpi), 2024

University of Massachusetts



https://www.sciencephoto.com/contributor/sgs/

Some Medically Important
Biofilms

¢ |nfectious
n 15-20% involve (| ] s

s Dacterium —> biofilm —> Mineralization

s (ausative organisms have (Jrease

o (Urea> NH, +H,CO,

- Biomm concentrates ( |rease 2> Crgsta! formation

A J—
|

a2 Q \//,,C> o J

gSo @&

A$ 0 : ( /
Unstable zone: \,,_l/
homogenous
nucleation
Metastable zone:

heterogeneous Metastable zone
nucleation

(1) Supersaturation ——>  (2) Nucleation =~ ——— (3) Crystal growth ———> (4) Aggregation ————> Stone formation
ggregate

Healthly individuals (crystals <20 um in size) retention

Stone formers (crystals >20 um in size)

Source: Espinosa-Ortiz, E., Eisner,B., Lange,D., et.al.; Current Insights Into The Mechanisms and Management of Infectious Stones, Nature Reviews Urology, 11/18

University of Massachusetts




Some Medically Important
Biofilms

¢ Calcium Oxalate
+ bacterial biofilm

. ]mcectious kidneg
stone o Ny 6. 4
S You may be used ,Z.?:
to seeing them like |
this; -

(3
-

..
‘ 8

'f Vi £ \. -7 " o E .
e e NS O
: ;: J f"'“ m~ . - ‘h

sciEncephotoLiBrARY

Source: THOMAS DEERINCK, NCMIR / SCIENCE PHOTO LIBRARY ; Kidney Stone SEM, 40.9 x 30.7 cm - 16.1x 12.1 in (300dpi), 2024

University of Massachusetts



https://www.sciencephoto.com/contributor/tde/

Some Medically Important
Biofilms

¢ T ndocarditis
= Biomm of bacteria +

host components on
valve = vegetation

0 Requires Prior valve
irzjurg

m 200x increase in
antibiotic resistance

. Rabbit model:

s block biofilm formation
> acute virulent
infection

ER&seaIchGate
Source: Research Gate, 2021, Indwelling Cardiac Catheter

University of Massachusetts




Some Medically Important
Biofilms

L 4

s Mutation in chloride channel in epithelial cells

m *'stage
e |ntermittent infections

s 20d stage
° Fermanent infection with [seudomonas aeruginosa
e Mucoid type - overprocluce alginate
o Antibiotic resistance

University of Massachusetts




~ Medically Curious Biofilm

¢ (_utaneous | eishmaniasis
s More than half of all (]| wounds are colonized with biofilms;

° F S. areuginosa

Gram stain, the extra- Fluorescence in situ

Wet Ulcer polymeric substances  hybridization—bacteria in red SEM Biofilm
(EPS) is stained in due to Cyanine 3-tagged Eu-
pinkish orange with the  bacterial rRNA probe, EPS in
Safranin dye green due to Concanavalin A-

conjugated Alexa Fluor 488 and
tissue nuclei in blue due to DAPI
staining

Source: Kaluarachchi, T.D., Campbell,P., Wickremasinghe, R, et.al.;’, Possible clinical implications and future directions of managing bacterial biofilms in cutaneous leishmaniasis wounds;
Tropical Medicine and Health volume 50, Article number: 58 (2022)

University of Massachusetts



https://tropmedhealth.biomedcentral.com/

Some Medically Important
Biofilms

P M . . Microorganism Has been isolated from biofilms on
Icroorganisms Candida albicans Artificial voice prosthesis
‘ Cl Central venous catheter
common aSSOCiatC Intrauterine device
W itlj b iO i ms Oon Coagulase-negative Artificial hip prosthesis
staphylococci Artificial voice prosthesis

Central venous catheter
Intrauterine device
. Prosthetic heart valve

)
X 2 CVC Enterococcus spp. Artificial hip prosthesis
Central venous catheter
Intrauterine device

¢ Ar’ti‘FiCial hiP/VOiCC Prosthetic heart valve
L 2 u ri na ry Cat!"l Ct@ I~ Klebsiella pneumoniae Central venous catheter

Pseudomonas Artificial hip prosthesis
aeruginosa Central venous catheter
Staphylococcus aureus Artificial hip prosthesis

Central venous catheter
Intrauterine device

Prosthetic heart valve ResearchG
esearchGate

Source: Research Gate, 2021, Indwelling Cardiac Catheter

University of Massachusetts




Some Medically Important
Biofilms

CHARACTERISTIC

Form preferentially
on foreign bodies,
dead or damaged
tissue

CYSTIC FIBROSIS

PERIODONTITIS

CENTRAL VENOUS
CATHETER INFECTION

CHRONIC WOUNDS

The genetic defect in the
chloride ion channel
predisposes the lung to
infection

The tooth surface is not
as well-defended as are
vascularized tissues

Indwelling plastic and metal
surfaces are very vulnerable
to microbial colonization

Necrotic tissue could
provide nidus for biofilm
formation

Slow to develop

Persistent infection takes
years to establish

Typically manifests
gradually, later in life

Symptoms may take weeks
to manifest

Symptoms such as pain,
exudate and size wax and
wane over weeks to
months

Respond poorly or
only temporarily to
antimicrobials

Lung is never cleared of
bacteria despite aggressive
chemotherapy

Tetracycline, antiseptic
mouthwashes have little
efficacy

Preferred therapy is removal
of the infected catheter

Marginal response to
antibiotics; may
deteriorate when
antibiotics are stopped

Collateral damage to
neighboring healthy
tissue

Massive neutrophil
invasion contributes to
gradual loss of lung
function

Host responses and
bacterial virulence
factors lead to
progressive bone loss;
teeth fall out

Infection may disseminate to
blood and other locations in
body

Normal healing process of
cell differentiation and
migration is arrested

Source: DiDomenico,E., Oliva,A., and Guembe,M.; The Current Knowledge on the Pathogenesis of Tissue and Medical Device-Related Biofilm Infections;
Microorganisms 2022, 10(7), 1259

University of Massachusetts




Medical Biofilm Process

¢ +

1

n [ ailed organism
o Was trging to live somewhere and couldn’t

n [lanktonic organism seeking new focal Poiﬂt

s Ratio of FF:FBFmag determine success or
failure in treating some Patients

Note: = Planktonic,
PEF = Biofilm planktonic

&
Source: DiDomenico,E., Oliva,A., and Guembe,M.; The Current Knowledge on the Pathogenesis of Tissue and Medical Device-Related Biofilm Infections; HVI\D\PH
Microorganisms 2022, 10(7), 1259 F

University of Massachusetts



Medical Biofilm Process

¢ Petter way to test for antimicrobial susceptibilitg

+ MBEC
m Minimal Biomm Elimination Concentration

media and bacteria (test biofilm)

_I I I I_I I I r l Fins with biofilm
r_l | I | I | ITI ‘ I | I | rl l | id with Pins and biofilm Placed various

concentrations of antimicrobials

I | | | | | | | | | | | | | | | I l [ id with pins Placcd (shake) in trouglﬁs containing

—I | | | | | | ‘ l Biofilm eliminated from some Pins

:' frontiers
in Microbiology

Source: Okae,Y., Nishitani,K., Sakamoto,A., et.al.; Estimation of Minimum Biofilm Eradication Concentration (MBEC) on In Vivo Biofilm on Orthopedic Implants in a Rodent Femoral Infection
Model; Front. Cell. Infect. Microbiol., 01 July 2022, Sec. Bacteria and Host, Volume 12 - 2022

University of Massachusetts



Medical Biofilm Process

* Most chronic or long»-term diseases are
microbic

s (VS
e H1i = Cjth epidermidis
+ Pest biofilm Procﬂucer in the world

o #2 =( an. albicans
= OF

° Undersi&e of a denture
C Catheter

o Diofilm@ 8 sec.

'.\'frontiers
in Microbiology
Source: Okae,Y., Nishitani,K., Sakamoto,A., et.al.; Estimation of Minimum Biofilm Eradication Concentration (MBEC) on /n Vivo Biofilm on Orthopedic Implants in a Rodent Femoral Infection
Model; Front. Cell. Infect. Microbiol., 01 July 2022, Sec. Bacteria and Host, Volume 12 - 2022

University of Massachusetts



Medical Biofilm Process

. Clinical | ab (Consequences

General Problems

Specific Examples

= 0.1% of total population

False Negative: Swab and plate | MAKI Simultaneous blood
cultures
Viable, Non-Cultivable Biofilm (P8F) | CRBSI Luminal Brush
Phenotype
Underestimated Colony Count | Reporting Blood Cultures VAP
Numbers Planktonic cells

Loss of Susceptibility MBEC 1,000x MIC

MBEC>MIC (ahvags for Biofims )

"' frontiers
in Microbiology

Source: Okae,Y., Nishitani,K., Sakamoto,A., et.al.; Estimation of Minimum Biofilm Eradication Concentration (MBEC) on /n Vivo Biofilm on Orthopedic Implants in a Rodent Femoral Infection

Model; Front. Cell. Infect. Microbiol., 01 July 2022, Sec. Bacteria and Host, Volume 12 - 2022

University of Massachusetts




Detection of Biofilms

Man of the initial ideas for the detection of
hictilne came from the Problcm of O e — Only 10% of bacteria
IR in the mechanical world [ a _ i :i‘c’";'i‘:

==-—=m _ —— RN :
— __%\ \\-\\ Liquid sampling and

90% of bacteria LGNS analysis do not fully
\ :\,\\ inform on microbial

N
b 7 contamination levels
These cannot be N \/
5\

*

(General categories include;

*

Fl’l sical: when the total biomass of the
b'o%ilm can be obtained from dxy orwet

weight measurements. _
detected by liquid [URS

Chcmical: Use d!jcs orfluorochromes that & -/ sampling and analysis —
can bind to or adsorb onto biofilm
componcnts.

*

*

Microscopical: An imagin moc}alit}j is used
to detect the formation of biofilm (ie.,
whenever a microscope is used) (CLSM,
SEMAFM, TEM ESCM STXM
E)iologica]: [ _stimation of cell viability n
measurin% and cjetecting biofilm formation

(QFCK

Most of these cannot work in medicine

*

*

Source: Achinas,S., Yska,S., Charalampogiannis, et.al.; A Technological Understanding of Biofilm Detection Techniques: A Review; Materials 2020, 13(14), 3147, 7/15/2020

University of Massachusetts




Source:

Detection of Biofilms

Advantages Disadvantage

(Some examples)

Static (microtitre
plates)

Dynamic

Single species, mixed
species and microcosm
models

In Vivo
modelling

Ex Vivo
modelling

Cleaver,L., and Garnett,J.; How to study biofilms: technological advancements in clinical biofilm research ; Front. Cell. Infect. Microbiol. 13:1335389

Cheap, easy, quick
Batch culture
Different substrates can be added and removed for imaging

Flow cells — Constant nutrient flow, equipment is autoclavable, cheap
and easy to set up. Bioreactors — Constant nutrient flow, additional
biofilm analysis, ability to expose biofilms to different
nutrients/antimicrobials etc.

Microfluidics — Mimic in vivo biofilms in vitro, real-time imaging and
growth dynamics, small inoculating and growth medium volumes,
exposing biofilms to different nutrients/ antimicrobials etc.

Single species biofilms optimise biofilm models, multispecies models
mimic in vivo/infections, microcosm patient samples model infection
directly from infection site.

and translational

Explanted material more easy to work with, preservation of tissue
structures, ability to detect host-responses.

University of Massachusetts

Not true mature biofilms
Limited nutrient availability

Flow cells — Contamination can be introduced
easily. Bioreactors — Unacceptably large
variation between biofilm of the same
inoculum composition or sample type.
Microfluidics — Risk of contamination , can be
significantly more expensive than

basic models

Single species are not always the way bacteria
grow naturally, chosen multispecies are
representative and not complete microbiome.

Moral and ethical
issues with animal testing

Donor availability,
, difficult to image biofilms deep in
tissue samples (Grivel and Margolis, 2009) .

} frontiers

in Microbiology



Detection of Biofilms

. Gcncra”y fall into three (5)

categories;
n Qualitative

VIEDIC. VICES BRUN-BUISSON METHOD

Catheter - inside/outside

Release of the microbial cells

P , o]
o | evine tcchnlquc / e e : |
, Catheter — outside Sopsg vnnﬂmg_ sonicating
S 3 I nge D_;é
n Scmi~Qua ntitative Blamateric ¥
— e —

« Mokt =

| Qua ntitativc >15 CFU/mL - Colonization >10° CFU/mL - Colonization

QUALITATIVE SEMI-QUANTITATIVE QUANTITATIVE

o Brun-Buisson Method

Microtiter Plate Method

Trypticase Soy Broth (TSB) @37 C.,
diluted 1:50 with TSB-1% glucose
medium and 150 pL
washed with 200 pl of phosphate-
buffered saline (PBS; 7 mM Na,HPO,, 3
mM NaH,PO,, and 130 mM NaCl, pH 7.4)
Adherent bacteria fixed with methanol
(p.a.) and stained with 0.1% crystal violet

Source: Kunwa(.,l,-%,o\,H.Lc/aY.v.glrl).,t?ﬁclaﬁ.ml.,r]c'c.al.; Detection of biofilm formation among Pseudomonas aeruginosa isolated from burn patients; Burns Open; Volume 5, Issue 3, July 2021, 125-9

Tube Adherent Method
Better

University of Massachusetts



https://www.sciencedirect.com/journal/burns-open/vol/5/issue/3

Detection of Biofilms

¢ Some otherisolation methods; (Molecular)

] Matr1x~assas’te& laser desor tion/iomzation time~ O]C~nght mass

spectrometry (MAL DETOF MS)
o [ nhanced| DI (MAL DI-2, IR MALDI-2, IFs-L DF, MetA-L DI, NIMS)

n Congo Rc& Agar (CRA} assay (S!ime Productivit9>

/ / and
incubated @ 57 C 24 hr. Phenotgpic ]D

n Detect:on of biofilm-associated genes <1caACD bap, etc>

" NanoDES ] (nano d e Rayleigh P
u SER& <5urfac<‘ Ewh anced Raman 5P<‘ctrosco }\Zﬂ/‘ :;.;.'.-..-.{:‘.:-_.

(3 L
\ Photolu C /e
Molecules in Metallic
Plasmon Fiel N

= SR-FTIR A et

n Fluorescense

S]MS (S forMass S )50“& or Liquid

Source: Achek,R., Hotzel,H., Nabi,l, et.al.; Phenotypic and Molecular Detection of Biofilm Formation in Staphylococcus aureus Isolated from Different Sources in Algeria,
Pathogens. 2020 Feb; 9(2): 153, 2020

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7168657/

Detection of Biofilms

¢ nanOD E..S I S. oneidensis Mixed B. subtilis

MR1 biofilm 3610

* Nanosprag Desorption Electrosprag lonization

mass spec’crometrﬂ
Optical image

¢ nanoD S| IMS biofilm images showing;
s Riboflavin (vitamin B 12, which Plags an

.......... > Riboflavin‘
essential role in extracellular electron m/z377
transfer })3 kg/newane//a oncidensis MK~ i >

] T:attg acids ............................................................................. > FattyAc'd
n Fhosphatidglethanolamincs ) .. e _. :
T PE(180)
m/z 686

Source: Zhang J, Brown J, Scurr DJ, Bullen A, MacLellan-Gibson K, Williams P, Alexander MR, Hardie KR, Gilmore IS, Rakowska PD, et al. 2020. Cryo-OrbiSIMS for 3D
molecular imaging of a bacterial biofilm in its native state. Anal Chem. 92(13):9008-9015

University of Massachusetts


https://doi.org/10.1021/acs.analchem.0c01125
https://doi.org/10.1021/acs.analchem.0c01125

Open-channel microfluidic platform, SR-
FTIR spectromicroscopy

. A robust, label-free method to Probe the chemical unclcrrinnings of
clcvcloPing bacterial biomms—dgna mic communities of cells that stick
to other bacteria or surfaces in water.

. Lawrence

Livermore
National
Laboratory

b Berkeley

UNIVERSITY OF CALIFORNIA

. C‘ouplﬁina synchrotron radiation-based ]:oqricr transform infrared
(5K~Tf”€> spcctromicroscop from ALS Beam]ine 4.3 with the

irst oren~channel microfluidic p atform could imPact several scientific
(Jiscip ines.

Modulated
infrared beam

° SR-FTIR sPcctromicroscoPH comtinuouslg monitors the changinf
Y

contents in living samples without labeling, a tcdmiciuc used to stu
cl(jnamic processes in bacteria living in agueous environments as theg To detector
respond to stimuli and form evolving biofilms.

. Thc OP6n~channci microfluidic PIatForm maintains the Func’ciona!itﬂ of

living cells while enabling high~qualit9 5R~FT]K spectromicroscopg.

=P , , , , Constant-
]t minimizes ]K sxgna! interference by contro”mg the water film . .
it . Objective head
aimmensions. i
T I » L ine » L died Sterile Feeder reservoir
o evaluate this tec nique’s Poten’cla ,researchers studied: air dl’ﬁplEt

Antibiotic resistance in biofilms. Bg maintaining !iving bacteria in biofilm

overa ]ong Period of time, rescarchers capturegmolecular and structural [.._"l—..r > o ._‘é#

cl’]angeﬁ in [ CL/ibioxCilms ch;ring a(‘laptation to miton13ci11 antibioticsi a 7

potent DNA crosslinker. QOutlet cells Inlet

Berkeley Lab, Lawrence Livermore

National Lab, and UC Berkeley

Source: H-Y. Holman, et al., Anal. Chem. 81, (20) 8564 (2010) , http://www-als.Ibl.gov/index.php/science-highlights/science-highlights/466

University of Massachusetts


http://www-als.lbl.gov/index.php/science-highlights/science-highlights/466

Detection of Biofilms

* Orbitrap MS (Mass \Spéctromet@) - Slice -2 Slice 3-4  Slice 5-6 _ Slice 7-8
° Frozen~h3dratec{ F 5cudomonas acrug/hosa

' 20 pm

biofilm. 5 Adenine
,,,,,,, ~
(a) ,a nucleic acid marker that can” }
originate from both the bacterial cqtoplasm

and the extracellular DNA Presént in the

extracellular matrix.

’(b) , markers for the
bacterial membrane and only associated with
bacterial cells and macrovesicles.

() (5-Nitro-8- 9dro><9 uino!ine)
is an extracellular signaling moleculc) but
because of its Phgsical Proper’cies] a Eigh
Propor’cion is associated with the cell
envelope and any macrovesicles that had
been SEed into the biofilm matrix ACS

v Chemistry for Life

ey
",

Source: Zhang J, Brown J, Scurr DJ, Bullen A, MacLellan-Gibson K, Williams P, Alexander MR, Hardie KR, Gilmore IS, Rakowska PD, et al. 2020. Cryo-OrbiSIMS for 3D
molecular imaging of a bacterial biofilm in its native state. Anal Chem. 92(13):9008-9015

University of Massachusetts



https://doi.org/10.1021/acs.analchem.0c01125
https://doi.org/10.1021/acs.analchem.0c01125

Detection of Biofilms

¢ Some otherisolation methods; " . SR B
mA+Rbm mC+Bap

n Microscopg
= NMK

= uC ] Queec T )
]maging

u MS ] DAPI+RbmA DAPRme DA+Bap1

. nanoDESl (A) CLSM images of Vibrio cholerea

+ Spectroscopy (SERS, SRATIR) P saieng aidooninss s co, oy

. FIUOFCSCCHCC ]magi ng CLSM (B) 3D bi;)film architecture with colors as in (A)

] MCT Lo “"‘C.Zo_nfocal_ Laser '-|"

« NMR e Scanning Microscopy '* g
LD] (L D ] ) 2(D, r_esultsainndazsj([:)ori}rtr;?)%eh ¥ -__;_.__|_’

Source: Achek,R., Hotzel,H., Nabi,l, et.al.; Phenotypic and Molecular Detection of Biofilm Formation in Staphylococcus aureus Isolated from Different Sources in Algeria,
Pathogens. 2020 Feb; 9(2): 153, 2020

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7168657/

SSMACAD

* Thrcc—clxmcnslonal reconstruction of a bxnary
culture biofilm collected }33 confocallaser
scanning mlcroscop Blomm z-direction
“helglﬁt” is 25 Jm. Ti’]e biofilm comprlscs the

]’_)dCtCFIaI SPCC!CS & /6[7516/3

anumonlac< FCCH) dﬂd l 56(140”70/’735
acrugmosa <FCCD W!’]ICI‘I thC bCCﬂ v15ua]ued

using;

¢ Pcacs 1{:|c onoclonal nntlbody
ryugat uantum ots (QDS)

«  SSMAC/OE

. (Unlike traditional luorochrome stains,
is and
, = multi-color emitted light from
OPDs of varying size (witha smgic excitation

wavele :’sg’(ttﬁ)

Source: James D. Bryers; Medical Biofilms; Biotechnol Bioeng. 2008 May 1; 100(1): 1-18.

University of Massachusetts


https://pubmed.ncbi.nlm.nih.gov/?term=Bryers%20JD%5BAuthor%5D
http://www-als.lbl.gov/index.php/science-highlights/science-highlights/466
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18366134

Inhibition of Biofilms

Resistance Mechanism Characteristics
T he capsule is an imPor’cant part of the biofilm in both (sram positive and negative bacteria. Jts
contribution to the maturation step relies on the electrostatic and hgclrogcn bonds established
on the matrix and the abiotic surface. The composition in glycoprotein and Polysacchari&es

G]ycocalgx varies with biofilm Progrcssion, Permit’cing athogens to live in difficult environments. T}‘xe
antimicrobial resistance is suPPor'tccl by the gl cocalgx with the external Iaycr acquiring
antimicrobial compounds, serving as adherent gjor exoenzymes and Protecting against
antibacterial activitu.

The presence of heav metals, such as cadmium, mickel, silver, zing, copper, cobalt induces

Enzgme mediated

) cliversi’cg of resistant p cno’cgl:)cs. T his causes the enzgmatic reduction of ionic Particles
resistance

meéfating the transformation of texic melecules to nentoxic erinactive.

T he bacterial metabolic activity and growth rate are influenced by the nutrients and oxygen
Mctabolism and growth rate concentrations within biofilms. = can limit the metabolic activitg inside the biofilm resulting in the
heterogeneity reduction of the growing rate of strains. These microbial communities increase the level of

antimicrobial resistance inclucing the expression of certain genes in different conditions.

Ce”s of the Biomm’s Persistent strains are resPonsibIe for e]ici’cing multidrug forbearance. The
Cenu]ar Persistcncc glycocalgx imProves Protection of the immune system in&ucing the growth of bacterial biofilm
competing ror antibiotic targets with multi-medicament resistance rotein synthesis.
peting for antibiotic targets with multi-med tresist protein synth

Source: Zeuko’O Menkem,E.; The Mechanisms of Bacterial Biofilm Inhibition and Eradication: The Search for Alternative Antibiofilm Agents; 5/24/22 In “Focus on Bacterial Biofilms

University of Massachusetts



https://www.intechopen.com/books/11092

Inhibition of Biofilms

Resistance Mechanism Characteristics

Metabolic state

onru m sensing (QS)

Stress response

External membrane

structure

E1C1qux systems

The ool (Bioﬁlm exposcd to bactericidal agent), = modifies bacterial enve]opc
T he EEREES
@'assisting the MDRK Phenotypc Thc stress response cells disp]ag increase resistance to imPaircd

[T he mar operons are involved in the control of various genes’ expression in .

factors within hours of exposure. Tl‘xe exposure of bacterial strains to causes the
diversified rcgu]atorg genes (ong and soxR) to exhibit Persistcncc of the intracellular redox Potential
and the activation of stress response.

QS regulates the l‘:eterogeneous organization with nutrient supplg during the cell migration Proceclure.
QS &é]ticicncg is linked with thinner microbial biofilm growth consequentlg lowering the EFS

production.

The stress response YRR - cntive factor for cell damage more than rePair. Biomm stress =

starvation, | or % temperature, high osmo]ality and | PH A” = due to the stress
response in immobilized strains result in increased resistance to antibiotics.

The lipopolgsacclﬁaride ]ager prevents hgdrophilic antimicrobials from entering through the outer
membrane while the external membrane proteins rcjcct P\gdrophobic molecules

Thc efflux pumps = bacterial endurance, inherent and gained resistance to diverse antimicrobials. =
overProduc’cion of efflux pumps regu]ating the multi-medicament non~compliances. ]:_Fﬂux pumps are

major Plager in the MDKR of Gram~negative bacteria.

Source: Zeuko’O Menkem,E.; The Mechanisms of Bacterial Biofilm Inhibition and Eradication: The Search for Alternative Antibiofilm Agents; 5/24/22 In “Focus on Bacterial Biofilms

University of Massachusetts


https://www.intechopen.com/books/11092

Inhibition of Biofilms

T here are six (6) broad classes of natural comPounds ;

1) Phenolics Steps to inhibit Biofilm Formation

]nc]uc{ing: Pheno]ic acids, quinones, flavonoids, flavones, flavonols, tannins,

and coumarins

2) | ssential oils

YT id Prevention of Disruption of Disruption of
?) 1 erpenoids adhesion survival of attach formed Biofilm
4) | ectins Prevent the adhesion of biofilm Disrupting the formed
Y Allealod bacteria Disrupting the survival of biofilm
5) Alkaloids OOO bacteria and the formation
6) Fo[\gpeptic{cs & Po]gacet\glcncs OOO of biofilm © 0
T hese act on biofilms }33 six main mechanisms @) OO © e
_ o) ®'® SPrenst® #
i)fjui)stratc (Jeprivation 80 - o 90 000 0
o 09 0 0 0

L) Mcmbranc disruption & & ii

3) Bin(‘limg to the adhesin complcx and cell wall
4) Binﬂing to Proteins
5) Intemcting with cukargotic DNA

6) B]ocking viral fusion

Use of adhesion disruption Use of Cu/Ag nanoparticles, Use of compounds like
agents antibiotics and antimicrobials  Dispersin, DNase | etc

Source: Rabin N, Zheng Y, Opoku-Temeng C, et.al.; Biofilm formation mechanisms and targets for developing antibiofilm agents; Future Medicinal Chemistry. 2015;7(4):493-512

University of Massachusetts



Inhibition of Biofilms

Source

/ 56[1(/0/710/785

aeruginosa

Allium sativum| .
( ( j[i!'/lt )

| s. acruginosa

S. acruginosa
JeTUgNosd

. Stalp/zq/ococcus

aurecus

Onganum vuLga re/ .
((;)rffzgl?/?())

[ 5. acruginosa

(mono’cerpcnoicl)

gCﬂCS) and bOC‘(Iﬂ

ExPcrtmcntaI
details
]t the in
the initial stages of biofilm formation as it
/m//fro (I SABC reduces ]_:__FS formation

D i<noc1<out stram) ]t controls the exPressmn of virulence
factors hence interfere with the QS

sy stem

Jnvitro(FMNs
ki ngassags) and i [t inhibits small regulatory RNA

6;\/0] molecules (rsmY rst and rna”D ’chat
irx\c[;;ioor:wa;yice operate in the later Phase of Qé
model) S’g”a]mg
Jn vitro (q FPCR for
relative )

]t mam]y

CXPFCSSIOH O{:

las]/]asK Mac}ﬁincry

T he Posttranslatlona] inhibition agamst

Las] which effects AHL Productlon

modclmg OF PrOtCIﬂS

l asl and l asK

Source: Rabin N, Zheng Y, Opoku-Temeng C, et.al.; Biofilm formation mechanisms and targets for developing antibiofilm agents; Future Medicinal Chemistry. 2015;7(4):493-512

University of Massachusetts



Inhibition of Biofilms

Source F_xPcrimcntal
details

Fo/ggonum Cuslpfo/ai'um //7 vitro crgsta] violet ]t decreases the release of <DNA and

(anthraquinonc) %;ﬁbo]d @/ZL;CC./ Sth. aurcus %(élr:w/\assaly aIm:I ke cid A, ica A
cum palmatum | anaiysts c”tb, agrA, 5ortascA, and sarA
Jn
(_andida albicans vitro (microdilution TE@ is }39

Kh. palmatum [ . (_andida kruse/ assay, kinase assay) targeting cellularkinase signa]ing
( th ] ) (C?/?I/?C:JC /i’/%/f/iﬂ;/*xé} ( andyda and molecular ]t acts on Planktonic cells ]33 reducing
anthroquinone &a Knotwccay parapsilosis docking for emodin hgphai formation.

(_andida trolp/ca//}s in (CK 2 (Autodock |t acts as a compc’ci’cive inhibitor of (CK 2
\/ina)

Rheum officinale il - [t the Proc{uction of
o ; Jnvitro((]_ SM extracellular Protcins and
(//7(,7/3 n /\ hubarb ) — N L )
(o K not ) Sth. aurcus assays and Congo olysaccharlde intercellular adhesin
a K notwee e
red assay} Eﬁlﬂhlblts on

Polyvinyl chloride surfaces

Source: Rabin N, Zheng Y, Opoku-Temeng C, et.al.; Biofilm formation mechanisms and targets for developing antibiofilm agents; Future Medicinal Chemistry. 2015;7(4):493-512

University of Massachusetts




Inhibition of Biofilms

E_xpcrimcntal
Seurce details
]‘c decreases AHL Procluction
]‘c the exhibition of
. (Proteases, e]as’tase,
[Hordeum vu{garc é{/?&\zzg:nd Pgocgaﬂiﬂ,rhamno]ipid a]ginatq and

[d.(sprout//zg) E’ aeruginosa yrovi ridine)
@ar/@y) qFCRFor Q’5~ rc the swimming and
related gcncs) L
¢ actnvntg
]’c negativclg rcgulates the exPression of

las], lasR, rhl] and rHRgenes
//7 vitro broth
( allistemon microdilution assay, ]t Pro&uction,
citrinus((_urtis) Sth. aurcus CILSM, TEM thus inhibiting biofilm formation

skeels leaves ana]ysis Methicillin- ]t the

resistant

Source: Rabin N, Zheng Y, Opoku-Temeng C, et.al.; Biofilm formation mechanisms and targets for developing antibiofilm agents; Future Medicinal Chemistry. 2015;7(4):493-512

University of Massachusetts




Treatment of Biofilms

¢ Antibiotic tolerance in biofilms is
markcc”y different than that of

Planktonic cells

¢ Currcnt]9 available antimicrobials are
wocfu”g |nadcquatc to treat biofilm-
associated infections

. Stratcgics relate to four major stages
in biofilm dcvelopment;

s Surface modcling, breaking the
P]anktonic attachment

u RcPrcssing microbial adhesins

" Targeting the biofilm

microenvironment

u Degracling EFS, accelerate

dispersa]

©
@y Release biofilm

aggregates’
Planktonic
cells 7~
==
° \ €] \ Persisters
> Al
A. Initial adhesion B. Adherence C. Proliferation and maturation D. Dlspersal

Bacteria-surface Biofilm EPS
interactions
DNA, Polysaccharides

|

components : Proteins,

Quorum sensing system: Agr, LuxI/R,
Lasl/R, RhlI/R, CqS and LuxPQ)
Autoinducers (AIPs, AHLs, Al-2)

EPS remodelling
Active dispersal

\
A. Surface modeling or breaking the interaction

B. Repressing microbial adhesins, inhibiting EPS
production, inhibition of cell division

T —

C. Targeting biofilm microenvironment, social interactions
and targeting dormant cells (persisters)

D. Degrading EPS and accelerating biofilm dispersal

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

* Some ]:actors’

m
m
m
m

4 Kx

*

*

Sfap/M//OCOCCUS cp/a/crm/a//s, 62,‘/7 aurecus, and /D scudomonas acrug/nosa are the 1cad|ng
organlsms to contencl wnth

Ang rusaturc in the mucous laycr eXposes bacteria to the host cplthellum and infection of

mucosa surFaces

]nvadlng) organlsms have had to to overcome the CPitLlélldl wa” host~m1cro}>10me a varlet3 of

l(‘ukocgtcs anc{ complcment

BlOIC Ims decrease the CF]CICICHCg of both macrophages and FMNS

= 1. Aggrcssivc Plﬁgsiceﬂ removal of biofilms =

2.1 ocalized dclivcrg of hig% and sustained antimicrobial chcmothcrapg

|ntravenous catheters are usua”g treated using a “Jock therapg" which involves the treatment of a hig]ﬁ dose of antibiotics into the lumen
of the catheter for several hours

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

+  DBiofilm Antibiotic T olerance; Fremmmemmmee e :

m = aﬁohgsiological state of \zmgxoramgs &
biofil

| Decreased uptake i

m cell Populations

. i — »
that is temPorarg and non- : 1 Alteration of drug
lq bl Slow penetration of j 2. Neutralization of drug

{ drugs i 3. Target alteration A @
entable A. N —
. ) mechanical A
[ (,o mmun itg level barrier ~
~ high eDNA chelation =
| | Cc”ularlevel
S Metabolically
- - . active cells
Metabolically
o less active
cells
-~ Altered
/’r;\icroenvlronmenl

persisters

Concentration gradient of oxygen,
nutrients of exogenic substances

low

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

. B]O{:llm ! reatment; A. Antibiofilm agents B. Therapeutic techniques
A f Organic nanoparticles
. Aﬂ’tibiogilm Agents (- e S e L
Micelle iposome Jendrimer

. ue0” NN \ /7
Natural Compounds _ _ : A
Natural compounds Synthesized organic compounds e 5 (
g L oV
Sgnthetlc Orga nics

¢ Inorganic nanoparticles
Mesoporous silica Carbon
[ ] EFS Degra d crs “-\“ nanoparticle nanatube r*.-:’r:pz:;::a n.:rc%;:vilf . _1“;,:“,“
o Antimicrobial Fepticies ﬁ ’ o .
i 3 —— o — —
° Aﬂti~ QS Antimicrobial peptides Nanoparticies

o Anti-cellular 9 L Qg) ,‘ E

° Secondarg Metabolites 2 W wop {4, //

,-1 5
Homoserine a?\ P % o v
[ ] lactones b
Autoinducer 2
° Anti-quorum sensing Compounds targeting cellular Photodynamic Phage therapy
molecules components therapy

GSONA - G-; : -

R, .4 X gANA !
° SIRIRE tn Gheolis = = |
’ . ~
= s,

. / e
Secondary metabolites Compounds targeting cellular

. metabolism CRISPR/Cas Vaccines

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

. Anti~5iogi]m Agents;

] Mostlg extracted from natural sources

Agent (lass Munctions

Class | the biofilm EFS and decrease the growth of cells
| the of bacteria and the formation of
Class Il biofilm Phcnotgpe
Class II| both the of bacteria with biofilm Phcnotgpc as
well as the
Class IV the mature biofilms

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

¢ Anti-Microbial Agents
Name of the ComPound THPC Mode of Action

T riton X-100 surfactant auto]gsis, targeting EFS ) 51!'/7 aureus
Tween 80 surfactant N/A

uarternary ammonium - ) )
Q‘ J surfactant Ce“ ]3515 and death several bacteria
compoumds

Fs. aeruginosa, Sth. aureus

oloxamer containing non- metalloproteinase
F S surfactant EFS P

. ) Fs. aeruginosa
jonic sur‘Factant moclu]atlon
. 61!'/7 aureus, , Sa/monc//a

enteritidis, and [ isteria

monocytogcncs

Khamno]ipic‘s bio-surfactant N A

EDTA chelators damage to cell wall

Fs. aeruginosa
(Chitosan biomaterial membrane damage Fes. aeruginosa
Seconclarg metabolite

from Ci’crus limonoids quorum sensing %%éﬁa%
Cyc]o(]:rgnl{dcu) inhibit PSS Sth. clpidcrrmdlﬁs
Cal‘xuitamgcins N A A. baumanii

. damaging membrane - Z
Fhlorotannm Permcabilitg/ cell lgsis MR&A m\D\Py

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

¢ Anti-Microbial Agents

Namc of the ComPound Tch Moclc of Action
a—amg]asc enzyme degradc FFS MRSA
Fo]yamine ﬂorspermidine Polgamine interacts with EFS COIIE?%’ZE:CUS
[D-amino acids amino acid target quM E. CO/I: Sth. aureus
N~ace‘c9]c35teine/NAC amino acid de%ra&e E‘FCIS Rapic”g growing
polysaccharide [yco acterium
ESP (Serine protease) enzymes degrac]e EFS Protein ‘SLA aureus
i content
DNase | enzymes degrac]e <DNA L. col, Sth. aureus

tea-tree oil

metabolism

. 5t/7 aureus

Froteasc from &
acrugfnosa

cnzgmcs

degrac{e EFS Protein

content

Sth. aureus m\[)@

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

. Anti~MicrobialAgents:

Compound"Molecule Mode of Action
extracts inhibits Q9 Fs. acruginosa
extracts inhibit| ask and | uxR Fs. acruginosa
|solimonic acid cell-cell signaling F. col
|solimonic acid reduce | uxR DNA binding Mspp.
swimming motility . col
Hordenie ik e ik M s acrigiess

Autoinducing PePtic{e type | CAIP-D inhibit Q§ ,i/) aureus

RNA —inhibiting Peptide RIP) inhibit Q5 ;iﬁ aureus

, d Lasl/K, Rhil/K ,
Qperentm ccreas@»ipéismns E‘J acruginosa m\D\Py

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955104/

Treatment of Biofilms

¢  Triclosan; (Acting as an )
] Broad—spectrum
s [revents tgpe—” Fat’cy acid sgnthesis
o (UISTDA aPProve& antibacterial and anthcunga] agent used in toothpaste

¢ (_ombination of triclosan and tobramycin led to a 100-fold B in viable &
acruz/nos&Persistent cells &uring 8 h of incubation, and resulted in complete

cradication after 24 h
s | riclosan alone had no aPPreciaHe effect

¢ T riclosanff tobramycin’s cgicacy in terms of ki”ing multiP]c PBurkholderia

cenocc‘]pada and ., th. aureus clinical isolates grown as biofilms

¢  Triclosan exhibited synergy with gentamicin and strcPtomycin

*Note: Burkholderia Cc!pacfa complex (Most common human organisms of the 20 in the COmP]CX> Pur
cenocepacia, Bur. multivorans, Bur. vietnamiensis, Bur. dolosa, %ur. cepacia m\D\Py
t( :l/s tic ﬁ 7/§r05/'5/) J

Source: Krukiewicz,K., Kazek-Kesik,A., Brzchczy-Wioch,M..; et.al.; Recent Advances in the Control of Clinically Important Biofilms; Int J Mol Sci. 2022 Sep; 23(17): 9526

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9455909/

Treatment of Biofilms

*

¢ Antlmlcroblal FcPtldcs (AMFs)
Short (12-100 AAs)
n Catlomc
n Amphipat}nic
" Far’c of the innate immunit\zj of })acteria animals and Plants

(] MOA inhibition of at’cachment ki ”mg of P]anktomc ce”s and/or eradication of mature
biofilms

¢ Nisin; (Another )
[ FDA"BPPrOVCd: CJRAS (genera”y recognize& as saFe>
m Active agains’c 6trcpf:ococcus pncumoniac ( /ostndfoidcs di #’ci/c, ‘stﬁ aurcus(M RSA)

L] Nism Z GN oral Pathogens such as /Dor g’me’/va/is, For mtennec]la Agg'rcgat;[)actcr
actlnochctcmcom/t'ans and Fcponcma Jcnt/cola

Source: Krukiewicz, K., Kazek-Kesik,A., Brzchczy-Wioch,M..; et.al.; Recent Advances in the Control of Clinically Important Biofilms; IntJ Mol Sci. 2022 Sep; 23(17): 9526

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9455909/

Treatment of Biofilms

*

. Frotcolytic Enzgmes;
" At’cachmeﬂt surface = Polgsaccharidesj Protcins) or nucleic acid
m o= Frotease/enzyme may interfere
" Bromclain, actinidin, Papain} Proteinase K, and trgpsin = Denta] Biomms
s DNAses = antibiofilm for, . Sth. aureus, Fs. aeruginosa, L coli. Acinetobacter

baumannii, [1a cmolp/n'/us influenzae, and Klebs. ’pncumoniac

s [Ticin, (sum*xg&ry] Protease) from the latex of ﬁg trees, was shown to disrupt, itlll
aureus and Sth. clp/a/cnﬂfcﬁs biofilms and act as an ac{juvant for anti-biofilm effects of
antibiotics

Source: Krukiewicz, K., Kazek-Kesik,A., Brzchczy-Wioch,M..; et.al.; Recent Advances in the Control of Clinically Important Biofilms; IntJ Mol Sci. 2022 Sep; 23(17): 9526

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9455909/

Treatment of Biofilms

. Other Catcgorics of Actions:

s Vaccines
s Diomaterials and Nanopar’ticles

. Fhotodgnamic Therapg

n Synthetic Microbiologg (Fabricate& Devises)
o Bacteriophage Rx = * e . G
s Small Molecule

= [ilicides antibiofim agents —— —GHD rare> ~—GHD
s (urlicides

s Piomimetic Antﬁ/\c{hesion

\’ 8. QS inhibitors \ @t;ngs
AS o

Source: Krukiewicz, K., Kazek-Kesik,A., Brzchczy-Wioch,M..; et.al.; Recent Advances in the Control of Clinically Important Biofilms; IntJ Mol Sci. 2022 Sep; 23(17): 9526

University of Massachusetts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9455909/

Treatment of Biofilms

* Flant~based

Inhibition of Decreasing
synthesis hydrophobicity
AP P roac }7 €S: of virulence factors index

m Non~}1uman

Cleavage of

and medical peptidoglycan

aPPlications

- secondary messengers

Plant based antibiofilm
strategies

Interfere in
Ras/cAMP pathway
Disrupt Neutralization &
ecological and disassembly of
biochemical changes lipopolysaccharides

Reduction in
elastase, protease,

lipase activity

Source: Shrestha,L., Fan, H.M., Tao, H.R.; et.al.; Recent Strategies to Combat Biofilms Using Antimicrobial Agents and Therapeutic Approaches; Pathogens. 2022 Mar; 11(3): 292

University of Massachusetts
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The Future

. Biomms may have been with life on [~ arth as long as there has been life on

Ea rth

¢ | he estimated global economic impact of biofilms is over $5 tri”ion/Yr.

* Thcrc is a 2-dimensional Framewori( termed the Hiofilm Kesearch-|ndustrial

ngagemerzt ramework < ) ]COF ClBSSi{ljlﬂg CX!St!ﬂg blO]Cllm

techno]ogics § -
£ 5 Wounly ':,a.::ern
s | his system organizes biofilm 2o | "L @n“ echnolggics™
§ T Agcnt—base En":t?n m?sl L an 9"“:“":' ro::::ln
across sectors based 2 - o < omraccurdcyg
I3 Mal atical fenty
and conformation to " piantlots ‘,@' "“?f fesridntific knowledg‘é"‘"""”.
Research
= Note: Some of the “medical technologlesﬂ insight s oihe . qranne O

more robust ([ Dental biofilms), and o m.h""“ < o mmalncmo

Soil

]
less (\/\/ou ncl moclels) 5 ,m@,e id “':&r:am..ms

23 M'ly StatiegF single spp. mc}

[ d

t 3 t:I orrasion P dm :@s Food safety: e

E':E Quadrant 1 etudy 3 i 2 'm’l?t\l‘”um

Eal T r
Early-stage Mature / COTS
Prototype ISO/BS/EN
Low TRL High TRL

Industrial utility
Source: Flemming, H-C. Ey\/\/ingcnder,J.; +Nat. Rev. Microbiol. 8, 623-63% (2010)
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The Future

+ Biofilm tec!ﬁnologies of the near-term;
n ]maging

® SUPer hldl’] resolution (5(‘ ond the diffraction limit of 11651) live cell i 1ma%mg IS NOW Becommg
mcreasmglg available with resolutions from 100 nm to 20 nm <1n the XY Pl me)

° Label?ree lmagmgtcchmqucs such as (_oherent Anti- Stokcs aman Pcctroscopg

( )
e MALDIMS

s Sensors

SPACE BIOFILMS

e Microelectrodes and Planar optoées 7, OH, Flclc”g
e Nanobots — on their way

Artlftcral mtclltgcncc (/\D/machmc lcarnlng (M]_)

Omlcs, complcx data sets
o 724-])j imaging
e Cryo-FM
o nCT

Source: Coenye,T..Kjellerup,B., Stoodley,P, et.al.; The future of biofilm research — Report on the ‘2019 Biofilm Bash’; Biofilm. 2020 Dec; 2: 100012

University of Massachusetts
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The Future

. Questions at the eclge of the enve]ope;
n Antimicrobial/ biofilm interaction
e \We still do not know how this works
o 7 AClCl ‘ ’
o 7 Add ‘Potentiators’

e 7 ‘immunomodulation’
‘QQ

e | bacterial adhesion and biofilm build up

o 7 ‘Probiotics’

. Bioﬁ]ms are the Predominant

Source: Coenye,T..Kjellerup,B., Stoodley,P, et.al.; The future of biofilm research — Report on the 2019 Biofilm Bash’; Biofilm. 2020 Dec; 2: 100012

University of Massachusetts
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The Future

. Bioﬁlms are the Predominant lhcestglc of the Predominant

lifeforms on earth (microorganisms) I

. Througl‘w this mo&alitgj microorganisms thrive in every spot

on our Planet that can sustain any definition of life

¢ \When we encounter microorganisms, we are %oping to

defeat 3BHillion years of evolution with our few million years
‘QQ‘

of evolution
st isjust unhkcly
s \We havejust covered MANY ways that we are
s Dutitis taking almost FVIERY technologg we hava
.

Source: Coenye,T..Kjellerup,B., Stoodley,P, et.al.; The future of biofilm research — Report on the 2019 Biofilm Bash’; Biofilm. 2020 Dec; 2: 100012

University of Massachusetts


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7798458/
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