Serial-Omics and Untargeted Fluxomics: From Tumors to Bodily Fluids to
Dried Blood Spots

* 3-Omics from one sample prep
* Value for reproducibility and precious sampling
* Interesting applications — blood spots, cells, breast tumors, etc.

* Untargeted metabolite and lipid 3C/*°N Fluxomics
* Beyond just what we know
* If we can identify it with high resolution, we can flux it

John M. Asara, Ph.D.
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Min Yuan, B.S. — Sr. Research Associate, Lab Manager

Contact and Info

Contact John Asara, jasara@bidmc.harvard.edu for project
discussion

Per unique sample for BIDMC & DF/HCC affiliates;

Prices and more info available at www.bidmcmassspec.org

Metabolomics

Targeted Metabolic Profiling (~300 targets) by SRM
* Central carbon metabolism
Glycolysis
TCA cycle
Pentose phosphate pathway
Amino acids
Nucleotides
Reactive oxygen species
Methionine metabolism, etc.

13C/15N Metabolic Flux Tracing (~150 targets)

13C/15N Isotopomer tracing of central carbon metabolites
(~70 targets)

Untargeted Metabolic Profiling by High Resolution LC-
MS/MS (>450 molecules)

Absolute quantitation with calibration curve or labeled internal
standard

Metabolomics Instrumentation

Thermo QExactive Orbitrap HF ™Metakolomics flux Heat Map

T
F

coupled to Agilent 1200 HPLC

AB/SCIEX QTRAP 6500 triple quadrupole
coupled to Shimadzu UF-HPLC

He Huang, Ph.D. — Research Fellow, Research Associate

Lipidomics
* Untargeted Lipidomic Profiling (>1,200 molecules) by
High Resolution LC-MS/MS
* 20 main classes, >90 sub-class of lipids
¢ Phospholipids, triglycerides, ceramides, etc.
* Individual lipid molecule ID and quantification
* Lipid class and fatty acid profiles
» 13C/15N Isotopomer tracing
« All identified lipid ions
* Targeted Lipid Profiling
* Coming soon
Multi-Omics Overlay Plot

Cross-Omics Distribution of Imatinib Treated Data

Lipidomics Instrumentation

Thermo QExactive Orbitrap Plus
coupled to Agilent 1200 HPLC

AB/SCIEX QTRAP 5500 triple quadrupole
coupled to Shimadzu UF-HPLC

Example of 13C isotopomer Flux

Mass Spectrometry Core: Metabolomics, Lipidomics and Proteomics
John M. Asara, Ph.D. - Director, Associate Professor of Medicine

Proteomics (PTM-omics)

Protein Identification from Gels and Solution
« SDS-PAGE gel slices or small regions
* On-bead digestion
* Solution based or protein pellets
Phosphoproteomics
¢ pTyr enrichment
* IMAC/TiO2 global Phospho enrichment
* Phospho-specific Ab
Post-Translation Modification Mapping of Proteins
¢ Ubiquitination, acetylation, methylation,
phosphorylation, etc.
Quantitation with SILAC and TMT labeling
Protein Complex analysis
* Immunoprecipitations
* Label-free Quantitation

Protein-Protein Interaction Network

PTM Site Map

Proteomics Instrumentation
Thermo QExactive Orbitrap HF

Lipidomics Heat Map COUpled to Proxeon EASY-nLCll nano-HPLC

Scaffold Quantitative Protein ID

Thermo hybrid Orbitrap Elite
coupled to Proxeon EASY-nLCll nano-HPLC

Phosphorylation Site Maps

Coming soon...

Thermo Fusion Lumos Tribrid MS

PO held up by pandemic




Integrating Different —Omics Approaches

Cell signaling to central carbon and fatty acid metabolism
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Breitkopf SB, et al. Metabolomics. 2017



Separate Omics experiments (Old)

Distribution of LC-MS/MS Based Tri-omics Data
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Breitkopf et. al., 2015, Anal. Chem.

Integrated (Serial) -Omics experiments (New)

Our current
approach

methyl-tert-butyl ether
(MTBE)

SDS-PAGE fxn

Non-polar Lipids
Thermo QExactive Plus

Targeted Polar Metabolltes
AB/SCIEX5500 QTRAP

Untargeted Polar Metabolites
Thermo QExactive HF

Thermo QExactive HF

Phophophopeptides & Global Proteins

Willmitzer lab, Max-Planck
Institute, Germany -Plants

Breitkopf et. al, 2017, Sci Reports

Ahrends lab, Univ. of Vienna-
stem cells




Integrated Serial-Omics Platform Workflow

Extract & snap
freeze tissue

5-10 mg frozen
tissue grind

extraction

Non-polar Lipids

Speed-Vac Dry
Resuspend in 50/50 IPA/MeOH

J

SRM, +/- switch, >300 unlabeled targets u

DDA, HCD, +/- switch, RP-C18

Applications

Tumors/Cell lines
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Platform for Untargeted Lipidomics/Metabolomics/Proteomics
Breitkopf SB, et al. Metabolomics. 2C
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Yuan M, et al. Nat Protoc. 2019. X 3 ¥,

Targeted Metabolic Flux Analysis (SRM) Vuan M. ot al. Nat Protoc. 2012, ! s
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IsoSearch: Untargeted 13C/1°N Flux-Omics

13C glucose/*°N glutamine, etc

~—
— Elements/LipidSearch/Mascot ——— W {oXAY:-Lo]go;] —l
re

In-house softwa
Lipidomics Metabolomics Peptidomics

PC(18:0/18:1) Alanine AGFAGDDAPR, 2+

ofr

— — = T2211THHZcoh #1550 RT. 4174 AV 1 NL: 3.12E0
631 BT 2326 AV. | L 6 MED @ A TITI-IE RT. 12481267 AV T ML 30667 FTMS + p NSI Full ms [390.00-1500.00]
" H”Lw +400.0000] T FTMS + il ms [66 70001000 0000] T3
oy 006 100,
unlabeled unlabeled 3
- unlabeled
709 & 707
£ o0l £ 60
e I 489.23
789 62 B 2 50
= 304 e
E| 495.76
790 62 #1463 203 205 189.73
, J - 0 10] 49377 495,25 | 496 26
85 66 7 [ E
i 18766 i 1B gpqer T958 7onsa g0061 80263 mou m_sorer auas nwnl 81664 28 s W Eow 4324 crle e W0 e " = o gt A o 4T1.28 4T8.25 4T9T7 48227 484.54 48524 488,22 49023 49226 “9"‘7" | 49726 asg 30 50023 s017s
75 0 795 800 05 o 815 820 125 0 896 838 %00 2 %44 906 808 90 812 914 06 918 820 w2 24 926 928 930 82 04 536 88 M0 M2 476 478 480 482 484 486 488 430 432 484 486 438 500 502
v miz iz
R - 0 12464260 AV. 7 N 107E ST IomE $15002 R 4183 AV; 1 NL; 20087
100 788 62 100+ [ 13 Ll 100 Ciies
19163
90 13 90§ 90 13
C-Glucose . C-Glucose
7o 90 62 L )
15263 s 3
60 7963 3 0]
790 56 5
50 789 82 . 4 503 489.2)
foss Tones ™ 3
10 10166 i,
90367 g 4 ] 491
30 T86.60 805,67 € 403 3 49124 49224
20 anme ~ LLLL - 49023 |
suwu a “6 we a1 3 20 mm 76
10 7]33“ 787 69 J 1 k | l { | ullaﬁ 82366 82567 92767 02968 B2 M4 a4 104 "6 . 10 470.26 48126 - w L
[ ¥ S ., - oy T S Y VY 009 / RE gy wer 90t a0 s 26 anorr | 0376 48376 4p4 76 ape 23 48622 | ] j'““ 75 490,26 50023 01 24
785 790 800 815 820 825 830 o T T T T T T T T T T T T T T T T T T 0= trrerrprree bt LaMMAY e T T T
896 B9800 92 904 %6 906 910 912 M4 916 918 %20 922 94 W6 28 90 92 4 6 938 WD W2 478 480 482 484 486 480 450 a2 436 490 500 502

miz

PC(18:0/18:1) Alanine
2.5%x10%4
Bl 13C-Glc DMSO

Bl AKTi_16hrs
2.0x10% El 13C-Glc Rapa

El PI3Ki_16hrs
1.5%1084 1 Il DMSO_16hrs

Intensity

1.0x1084

Intensity
Intensity

5.0x107

0.0-



Thermo QExactive HF
MCF-7 cells / DMEM — Agilent 1200 HPLC ———

12C-Glucose

- ) — {l. 2 L N :
. i = * ) e .

MCF-7 cells / DMEM ~ Metabolites
Untargeted High

w/ *C[6]-Glucose //1
_— -
Resolution

Cell culture Extraction (+/-) LC-MS/MS Feature Detection
: |

|dentificati0n Score =1 — \/(Am/z % B)Z + (ART)2

e Glucose 990000

elements @OCCOO
for metabolomics > @ ’sosearCh GlycolyS|S N 6 PhOSphO-

Elements gluconolactone
Metabolites Lipids

metabolites ...

12C-unlabeled peak list elemenefs Flux Analysis FﬁPm

> ] . 60000
LipidSearch

13C-labeled peak list

13C Isotopomer Patterns




101917Hhh 1 20B66-166 RT-10 98-11. 18V NLBA2ES

TrTMS - p Eol Fa a0 0 12 Targeted metabolomics Untargeted metabolomics
i C-unlabeled 9 g

N, SRM HR-LC-MS/MS
2.5%x10%

Relative Abundance
Peak Area
Inten5|ty

2.0x10%
M+1

Targeted LC-SRM

1.0x10% . d d |
N M2 g e Individual scan events
\\%197/‘( 494\97,‘ \'1;3597‘] 486.02 490,95  491.88 49395194 45 : . 0.0 ([ ] NO Spectra

\l\\\\l\Jw\\\ e 0 A U W
483 484 487 488 489 480 491 482 483 484 485

miz

101917HNN13@B47-211RT:10.98-11.1&V7 NL3.18E6

T:FTMS - p ESI Full ms [66.70-1000.00]
100 { aarss | M +5 3C-labeled CE0G20RHWY - acta: e Urknown) 8910 7 £3.0 - D\t Dete\PrectshLeb 201902013, 05_ 240Dt AD30620RHW i (sample 1)
w S 2 drea: 1.964¢h, Heioht: 2.331ed, RT: 860 nin

| Unlabeled

20000

S
=}

15000

@
3
L

M+7
M+6 -

|V|+4 ’/ \‘45999\ M+8
|

F -9
X
-
o
2l
Internsity

10000

Intensity

Relative Abundance
o
8

iy
S
L

A\

| R . ] 5000
M+0 M+2 M+3 287 uu | " lfagu %9 \\ M+9
e M s M3 (=)

- L N
[ as2es ) /7 N \ 434\97 /n 45597\| ‘r *‘ ‘.’/ h
! J

f | 49199 | 492090

Peak Area

R AR |
B TRty SIS ISR B T e TR T L P I SR
47 4

484 485 480 491 B 483
miz

111617Phh12CVES61-501RT:19.43-19.6AVB NL3.58E7

T:FTMS - p £81 Ful ms [140.0000-1400.0000] PC ( 16:0/16- 0) 120 [30620RHWT - lactate_13C3_nega [Unknown] 32.0 / 45.0 - U \nalyst DatatProjects\Lab 20192019_05_24\D atah DG0G20RHIWTwif (sampl
: : unlabeled

tiea 1.244e5, Height: 1.467ed, RT: 560 min
Labeled

1005

(0:9L/0:91)0d

Relative Abundance
Intensity

Peak Area

506.58

760.54.
79653 78358 | O 547936979495795 s5757.55_oon seen1 508087 | 807595035951053 v23e1esEa1sT 01773 1071 Tite, i
= : s T L R R 22 R = e ,
780~ 782 784 786 788 780 782 794 786 795 500 802 504 800 808 510 512 814 515 518 820

miz

111617Phh13CVERB3-524 5 T:19.45-19.6848 NL1.26E7
T:FTMS - p ESI Full ms [140.0000-1400.0000]

3C-labeled

M+0
Ve \.‘
| 778586 |
| /

Peak Area

Relative Abundance

M+3~30+
817.62
popil
\ ‘ 819.63

[ | 77956 | Bg
788.59 790 6l 809,59, 913,6,
%0 78859 0791'60793 61 802,64 810,60

5257
17&0 577 75:] 58 | ‘ l | T9562 7976p 063 80184 803.64 |
L | | | I [

L] e I ‘ l q,om"e"‘s"-‘m"‘q"m"é‘c ORI O RPNV P AP AR AN RPN Dok aDabl A D
773‘ ' ‘75‘677ﬂ7é2‘ ‘7;4' ‘ 7é5| ‘ ‘783 ' 7é2 796 ‘ ‘79‘5‘ ‘BG‘Q‘ IED‘E‘ ‘ EG‘Q‘ ‘ ‘505 808 ' 812 \‘b [§)I§,I§,’§,'§,'§J'§J§J§J§)’b ’§"§,'§J'§"§J'§J’§J’§Jﬁﬁﬁﬁﬁﬁﬁ’ﬁﬁﬁﬁ&é’ly@&’ﬁ@/

miz




DMSO 2DG 6AN DMSO Rapa C968 2DG (968 6AN Rapa DMSO 2DG (968 6AN Rapa 2DG Treatment

24h  16h 16h 16h 16h 16h 2h 2h 2h  2h 2h  24h 24h 24h 24h o Cyclic adenosine diphosphate ribose_12C
Cytidine 5'-triphosphate_13C5 ‘ PC(18:0/22:6)_13C1
I [ [ | | EEEEEEEEN < EEE 7-Oxocholesterol_13C5 | | PC(i6:0118:2)/13C8

/ // . . PE(18:1/18:1)_13C6
-_— L N ]

D-Fructose-1 ‘G—bisphosphat.ej 3C6 - Phenylethyl glumsi'nnl_ate_ﬂ 3Cs

o

1—1Z—OctadecengI—Q—docosahexaenoyl—sn—gI cero-3—phosphocholine_13C_01 — |
| 1-0-Hexadecyl-2-O-docosahexaenoyl-sn—glyceryl-3—phosphorylcholine_13C_01

2-Nitrophenol_12C

Gly-Leu_12C

Arecaidine_12C o

4-Aminomethylbenzoic acid_12C

Acetaminophen_12!

DL-Malic acid 13C 05

3-Hydroxy—-3-methylglutaric acid_13C_03

530_05

GIyoeraldehyde-3-phosphalé_1303 s N-(4-Hydroxyphenyl)glycine_12C

2-Oxopentanedi6ic acid_13C5

D

iy

Glutamine_1305, | -t T / VAN
Phospho_ L-amino-butyrolactone,_13C2 - - ' '_ - /Malonic\act_12C

_13C_| ini PC(16:0/18:2)_13C4 \
.beta.—Nicotinamide adenine dinucleotide_13C_06 ||p|d5 and AT ¢ —— T . .
Diisodecyl phthalate 12C i . 4 / Myristoyl-L-carnitine_12C
Phenylethylamine_12C ) amino acids DL-ornithine_13C5 Glycerophosphocholine_13C2 Uridine 5'-diphosphoglucuronic acid_13C1
1,2-Dioleoyl-sn-glycero-3-phospho-L-serine_13C_05
2-Oleoyl- —stear_oyI—sn—gl5{cero—3—phosphosenr]e_13C 02 -10 10
2-Oleoyl-1-pal mnoyl-_sn-? goern—a-phosphosennej 3C 02
cis—4- }iydroxzy—_L— roline_13C_02 ]
1-Palmitoyl-Z-linoleoyl-sn-gl cerq—a—ghosphuchollnej30_02
1-Aminocyclopropanecarboxylic acid_12C o
;I] -T.Stetarcl'n —ﬁfarach|tjlono :Isz:sno lycero—3—phospho—1'-myo-inositol_13C_04 i
almitoyl sphingomyelin_13C_{ Acetohydroxamic acid_13C1 i i isulfi
2—0Ieo¥|— & amiic{rl—sn— lycero—3—phosphoserine_13C_07 4 N\ L-Cysteine-glutathione/ disulfide_13C2
1-Stearoyl-2—-arachidonoyl-sn-glycero—-3-phospho—1'-myo-inositol_13C_03
1,2-Dioleoyl-sn—glycero-3-phospho-1'-myo-inositol_13C_07
1,2—D|oleo¥l—sn—gchero—s—phospho—L—senneJ3(3,02 .
1-Palmito —2—hydrox¥—sn—?chero—S—phosphoelhanolammej 3C_03

ate2_ 0

Log10(Intensity)

N-Acetyl-L-alanine_
DL-Ornithine_13C_0!
N-Acetyl-L-methionine 330 _0032

L-Glutathione, reduced 13C Muramic acid_13C11

-5
Log2(2DG / DM%O) @ 16hr

6AN Treatment

beta-Hydroxypropionic acid_12C Decaethylene glycol_13C6
9

[o2)

6-Phosphogluconic acid_13C4

Decaethylene glycol_13C7 ) X
i L-Cysteine-glutathione disulfide_13C7

Diisodecyl phtha 3C_
Cholesterol_13C_0: .
1 —_Stearoyl—2—docosahexaenoyl—sn—glycero—S—phosphochol|ne_1 3C_o1
Trishydroxymethylaminomethane_ 12!
.beta.-Cyano-L-alanine_12C

{1 D-Asparagine_13C_01 \
Malonic acid_12C . " ]
Oxalic acid monoN-methylamide_12C 7-Oxocholesterol, 18C5 |
g—&mlnoval_enc 1a;_z’:éj_ﬂi . 05 NN\

-Asparagine LR .

2 3 4 5-Tetrafluorobenzyl alcohol_12C PC(16:0/18:2)_13€10.\, | -
Methedrone_12C . . e
4-Hydroxy—2-methoxybenzaldehyde_13C_05 Amlno aCIdS, -
2-Amino-2-methyl-1,3-propanediol_12C PC(16:0/18:2)_13C4 Adenosine 5'-diphosphate_13C4 L-Cysteine-glutathione disulfide_13C3

Phenaceturic acid_13 1-Carbon metabolism, 0 10

~

IDP_13C6", '

DL-Octopamme_1 3C8

NADH_13C10 W,

D

Di(2-nonyl) phthalate_13C4 R TR p

/ | 6-Phosphogluconic acid_13C1
1-Methyladenosine ~13C7

- L-Cysteine-g[utathione disulfide_13C6
Dot 6-Phosphogluconic acid_13C3

Log10(Intensity)
o

08
Ry drc 0" methomSensaidanyde. 1aC_08
= roxy—2-—metnoxybenzalae e H

D-Aspartic acid 13G.01 yae e and transducing

2-Amino-2-methyl-1,3—propanediol_13C_01 . . Rapamycin Treatment
Jramine_13C O oxidant signals Cytidine 5'-diphosphocholine_13C4 Uridine 5'-diphosphoglucuronic acid_13C1

Zoledronic acid_12C L-Cysteine-glutathione disulfide 13C2
S-Adenosyl-L-methionine_12C c aci ~Cysteine-glutathione disulfide_
B—Equyr%fl 2Iyé:cine_13‘.’:._1:)‘1 dceioacsit alc'dJ e L Methylsuccinic gcid_13C5
-Psicose_ : _alanil . ., )
5-Hydroxy—2-methylpyridine_13C_01 N-Acatyl-alanie_13C2 ) S DL-Octopamine_13C8
C 1-Methyladenosine_13C7

5 0 5
Log2(6AN / DMSO) @ 16hr

O

o)

.alpha.-Hydroxybutyric acid_12
N-Isobutyrylglycine_12C
- Asp-Met_ 13C_06 )

N6—2—4—1_m|nqphen&lelllyladenosmej 3C_03
Dodecanoic acid_13C_0

" D-Pipecolinic acid_13C_01
1H-Indole—-3—propanoic acid_13C_03

B Glyceric acid_13C_03
cis—4—Hydroxy-L—proline_13C_05
E—Hydroxyphenyllactlc acid_13C_01

ol d_13C_01

Aspartic acid_13(34‘| 5 v L
L-Propionyl;:arnilinbi_ﬂ 3Cc3 o . : . [/ :
N-Acetyl-alanijne_13C5 Toete N

2-Oxopentanedioic agid_13C5 " . ¢’ : H

[*]

Log10(Intensity)

Butyrylcarnitine_{3C8 e |\ \pe(eo:5/18:1)_13C8

lic acid. 13 ‘ S bC(16:0/18:2) 13C10|| ’ ) . : inic aci
C!‘llgme 5'-diphosphocholine_12C The OXIdatIVE' stress < i Lo ) Melhylsupcwc ac_ld_13C3
L-2-Hydroxyglutaric acid_13C_01 . ) . .

L-Cysteine—glutathione disulfide_13C_04 . . PC(16:0/18:1):13CH, E Indole-3-lactic acid_13C1
t—8y8§EEne—g=UEa§;ionegisuwge:}gg:gg h— biomarker, Cystelne- . D-Fructose-1,6-bisphosphate_13C5
~Cysteine—glutathione disulfide_13C_ . . - )

6-Phosphogluconic acid_13C_06 g lutathione disulfide Glycerophosphocholine_13C2 Cyclic adenosine diphosphate ribose_12C

6-Phosphogluconic acid_13C_05
3'—Hydrgx avanone_12C —1 0 10

Spermidine_13C_03 =3 oa(Rapa/ DMSO) @ 161
Many metabolites unique to untargeted metabolomics platform




2-DG Treatment E N Glucose F ) Lactate G 2 Cystemg—glutathlone H2 . Carnosine 205 A
spe Syeose N 2, . disulfide . BEE DMSO
99000 @80000 2 304 2 ™ 5 1 5 B 1.5
e ] 6-Phospho- _}G—Phospho— >h £ 2. £ £ Bl 2DG
¥ gluconolactone  gluconate ours g 201 3 © 1.0 = 104 A . ohre
¥ T 5 21 3 3 Bl G6AN 4
F6P o0 i . g £ £ 5 3
¥ Lactate oooooR|b§se 5P § 107 E N 5075_ E e g s 108
Glycolysis ecooErythrose-4P o o-“I_'_,__.+l 0ol 0 E
50m 54 2.0 ) ) ' 2.0m é o
Glucose 2 40 2 4] £, . z & i
£ 5 £, g =t g 1o
16 hours 5, 5, 5 101 % 101 < .
T ‘" s ] ‘T & o o >
E 104 5 14 50—5- v £ o5 =] Q‘x«?’ &
Fumarate NAD+ v = @
0- 0- 0.0 0.0
K_ Succinate Lactate T T "] 1
> 2 404 2 4 z z
SDH 5 2 a 3 1.5
/ Carnitine 24 hours % 301 £ 5 2™ £
i el o u
) Oxidative Carnosine £ 201 % 2 % o é o 2z 16hrs
£ .51 7]
Stress 5 1o E N E Zg 0.5 g ax10
mom 8
- . f . Oy T T T 0 0.0- 0.0~ s
Cysteine-Glutathione disulfide VI 5 o g
y KRR IS S S s K & ’\,bdb O S R L g 210
6AN Treatment 12 Fumarate J 12 Succinate K s, [ Carnitine | L. NAD+ £
%)
dcose  6AN Treatment ‘? Z £ 2 g
2 0.8 @ o - =
-é-;-lg- 6-Phospho- _ 6-Phospho- >hours & £ £ = g J .
v gluconolactone” gluconate 32 o0 %’02 %005 27 a 0@6 S o
=4 .. ©
.I.:-G.Ig. coo ORI ”__ A S g 5 E &
+—> Lactate Rlbgse 5P = 2 & 5
Glycolysis % 00 0.00 »]-'F —_—

Normalized Intensity
Normalized Intensity
Normalized Intensity
Normalized Intensity

eccoErythrose-4P 1.2 1.2 1.50 4
Glucose . . I oo E 2
16 hours 7 . , 24hrs
0.2 0.2 i 0.05 E 3%10
’
Fumarate NAD+ 00 00 _ , 2410
1.2 1.2 1.50:
\_ Succinate Lactate .
0.8 0. 1.0
: SDH Carnitine 24 hours
x Oxidative Carnosine 02 - 0.05
Stress
"y' 0.0 ! 0.00
& <

Cysteine-Glutathione disulfide SLRCIIN

o
o
=3

110

=1

DCFDA (ROS) Fluorescence Intensity

Normalized Intensity
[=]
LS

Normalized Intensity
Normalized Intensity
Normalized Intensity
N
h

o
o




DMSO 2DG Rapa PC(16:0/16:1)_24hrs

Relative Intensity (%)

LPC(16:0)_24hrs

2-DG inhibits higher order Lipid Flux
Rapamycin is less inhibitory
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Untargeted Metabolite Flux B Untargeted Lipid Flux

~2369

2C and BCisotopomers
® Lipid

Targeted
metabolite

2 5
3 3
£ €
>3 >
= 4
o o

Untargeted
metabolite

Huang et al, 2020, Anal Chem., in review




Proteome Software, Inc. has now included IsoSearch in new Elements 2.2 Metabolomics Software
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LipidSearch 4.1.3 Classes Scaffold Elements 2.2

classkey Lipid Name Group Lipid Name

LPC lysophosphatidylcholine Glycosphingolipids Ceramides
platelet-activating factor CerP Ceramides phosphate
phosphatidylcholine GM3 Gangliosides
Methyl phosphatidylchaline GM2 Gangliosides
LPE lysophosphatidylethanclamine GM1 Gangliosides H
lysodimethylphosphatidylethanolamine S GD1a Ganiliosides LI pl d S E | emen t5
phosphatidylethanolamine GD1b Gangliosides
Bis-methyl phosphatidylethanolamine GD2 Gangliosides
dimethylphosphatidylethanolamine GD3 Gangliosides 1 3 5 3 Li p i d I D S
LPS lysophosphatidylserine GTla Gangliosides
phosphatidylserine GT1b Gangliosides
Bis-methyl phosphatidy lserine GTic Gangliosides
LPG lysophosphatidylghycerol GT2 Gangliosides
phosphatidylghycerol GT3 Gangliosides
Bis-methyl phosphatidylghycerol GOlc Gangliosides
LP1 lysophosphatidylinosiol GQalb Gangliosides
phosphatidylinositol Steroid ChE Cholesterol Ester
phosphatidylinositol ZyE zymosterol
phosphatidylinositol StE Stigmasterolester
phosphatidylinositol SiE Sitosterol ester
LPEt lysophosphatidylethanol AGIcSIE AcylGlcSitosterol ester
phosphatidylethancl D7ChE Deuterated Cholesterol Ester
P-Acid LPA lysophosphatidicacid Coenzyme Co Coenzyme
BisMeLPA Bis-methyl lysophosphatidicacid Fatty esters OAHFA {O-acyl)-1-hydroxy fatty acid
phosphatidicacid WE wax exters
Bis-methyl phosphatidic acid AcCa Acyl Carnitine
cyclic phosphatidicacid Glycoghycerolipid MGMG Monogalactosylmonoacylghycerol
LPMe lysophosphatidylmethanol MGDG Monogalactosyldiacylghycerol
phosphatidylmethanol DGMG Digalactosylmonoacylghycerol
SM sphingomyelin DGDG Digalactosyldiacylghycerol
lysosphingomyelin SOMG Sulfoquinovosylmonoacylghycerol Logz Rati 0 (13C/12C)
sphingomyelin{phytosphingosine) 3QbG Sulfoquinovosyldiacylghycerol
MG monoglyceride Neutral glycerclipid (deuterated) DSDG Deuterated dighyceride
diglyceride D5TG Deuterated triglyceride
triglyceride
FA fatty acid
CL i
50 Sphingosne PC(16:0/18:1(92) Arachidyl carnitine
Sphingosine phosphate
ds 50G1 Glucosylsphingosine 6.00E+09 6.00E+08
Simple Glcseries
Simple Glcseries 5.00E+09 5.00E+08
Simple Glcseries
CerG2GNACL Simple Glcseries 4.00E+09 4.00E+08
CerG3GNAC1 Simple Glcseries
CerG3GNAC2 Simple Glcseries 3.00E+09 3.00E+08
ST Sulfatide

Log10 Intensity
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13C Lipidomics
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Our Goal is To Perform Serial-Omics from Tumor Biopsies, DBS, Urine, etc.

LC-MS/MS
Needle Biopsy
- Methyl tert-butyl ether (MTBE) Untargeted Targeted
lipidomics lipidomics
L\b Untargeted Targeted
Metabolomics/peptidomics | metabolomics
>
N — Untargeted | TMT labeling TiO2
Dried Blood Strips S Proteomics (126-131) | phosphoproteomics
~5 4l Assay Development * Merge —omics data
e e Save money/reagents
* Reduce chemical waste
x i i | * Biomarker discovery
B [ S e Robust assay deve/opment



Mouse Breast Tumor vs. Mammary Gland

Brcal-/-, P53-/-

tumor tissue
(cancer)

Log10 {Intensity)

P53-/-, Brcal -/-

Distribution of 3,650 Phosphopeptides (pSTY)
(IMAC, No fractionation)
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Distribution Lipids
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Merging the Phosphoproteome-Metabolome-Lipidome.....
Breitkopf SB, Taveira MO, Yuan M, Wulf GM, Asara JM. Sci Rep. 2017
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B LipidSearch results

A Total Lipids

306 956

C Elements results

D Total Metabolites

E Targeted Metabolites

o

F Untargeted Metabolites
128| 388 39

() Mammary Gland

(_) Breast Tumor

O Mammary Gland

Total Protein

BreastTumor
™ Kinase
g activity in
tumor

Total Phosphosites

Mouse Breast

Glucose

10 mg tissue

DPTOR

RICTOR _mTOR mTOR RAPTOR

P53-/-, Brcal-/-

Transcription
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W
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v
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W
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4
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\ AN Citrate

» FASynthes|s Ma,ate T Isocvrltrate ‘
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i+ Lipid
1
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Urea . !
Fuma‘rate ClU’U“”e

Voo
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R(BT/MG)<0
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Tumor concentrated in kinase activity (PO4)
Mammary gland high TG content
Tumor high TCA cycling and AA content

Breltkopf et al, 2017, Sci. Reports




Serial-Omics of Dried Blood Spots — A step towards tumor biopsies

]S MTBE extraction

lipidomics

metabolomics/
peptidomics
proteomics/
phosphoproteomics

# of Identifications

Stored for several years at RT, 25°C

~5 plL blood

E Proteins OLipids B Metabolites

Collaboration with CT Analytical, Bethany CT



Analysis of the MTBE protein precipitate and Dried Blood Spot paper

DBS, post tryptic digestion

170 proteins

C.g Zip tip
TiO2 tip
LC-MS/MS

170 DBS proteins identified:

 Hemoglobin (a,B,0) 52% &
Albumin 10% of total signal

* No significant PO, info



Dried Blood Spot Lipidomics & Metabolomics by LC-MS/MS

class profile

Lipid Classes identified:

~597 lipid ions

Cer, CerG2, CerG3GNacl, DG, LPC, LPE, LPI,
LdMePE, MG, OAHFA, PA, PC, PE, Pet, PI, PS, SM,
TG, cPA, dMePE, etc.

Molecular Formula Dried Blood Spot (Log2 Peak Area)

U.38 Creatinine C4H7N 30

0.94 Hypoxanthine C5H4N 40

0.68 Edetic Acid C10H 16N 20 8

0.98 Niacinamide C6HEN 20 METABOLITES AFFECTED BY GEMDER
0.98 Phosphoric acid H30 4P . CREATINE DEFICIENCY, GU;;HLI\JINOACETATE_._
0.93 Alpha-D-Glucose 1,6-bisphosphate C6H 140 12P 2 . CRITICAL ILLMESS (MAJOR TR:LR?RT E}EgEE
0.86 Cytosine C4H5N 30

0.91 2,3-Diphosphoglyceric acid C3H8010P2 T 3 5 MEE:‘L\;LE’\'}“ELSOGgLflchﬁgﬁf&Bd\pgiAJ

. 2,4-DIENOYL-COA REDUCTASE DEFICIENCY
1 L-Isoleucine C6H 13NO 2

3-HYDROXYISOBUTYR
B ) CARMITINE DEFICIENCY,
0.85 Acetic acid, (aminooxy)- C2H5NO 3 . 9. FEEgII_rLlJ(_'I:‘_:A\élIEgﬁgi;SU'{IIJAJ
1 3-Phosphoglyceric acid C3H707P meta bOllteS by 1 16 u nta rgeted +200 ta rgeted HAWKINSINURIA
0.99 L-Carnitine C7H15NO 3 A PREMENSTRUAL ".%E%;E%EEEL%EEEE\
1 DL-Phenylalanine CY9H11INO 2 a b un d ance X . HYBERBARIC OXYGEN EXFOSURE
0.97 N-Methyl-a-aminoisobutyric acid C5H11INO 2 9. | I I eta b O I Ites 3METHYLGLUTACOHIC ACIDURIA (TYPE II).

Lo CARNITINE TRANSPORTER DEFECT. PRIMARY
0.98 Phosphoenolpyruvic acid C3H50 6P . CARNITINE-ACYLCARNITINE TRANSLOCASE
0.95 Diethanolamine

C4H1INO 2 HEPATIC ENCEPHALOPATHY
. IYPERORNITHILIENIA WITH GYRATE ATROPHY HOGA
0.99 2-Imidazolecarboxaldehyde C4H4N 20 . LYSIHURIC PR@J&EAHLLEE?,?Q{‘RCT‘O,..

ELPI
: WMEDIUM CHAIN ACYL-C 04 DEHYDROGEHNASE...
1 Creatine C4HSN 302 R REFRACTORY LOCALIZATION-RELATED EPILEPSY
L _HYPERAR . ARGINASE...
0.87 Senecioicacid C5H802 CARNITINE PAl}E“QéEEbJEﬁ%%ﬁFD%%’SE
0.93 4-Pyridoxic acid C8HONO 4 - LONG CHAIN ACYL-COA DEHYDROGENASE ..
L ROSIHEMIA |
0.99 Hexanoylcarnitine C13H25NO 4 g . VALPROATE THERAPY: ANTICOMVULASANT...
097 Deoxgalactonoiimyci # Untargeted metabolomics N i e
91 . H 14N 2 . MECMATAL INTRAHEPATIC CHOLESTASIS
0.9 C:"d_"’“’e"_'"e c5 AGING-RELATED METABOLITES
0.98 Citric acid C6H807

X - . ACUTE SEIZURES
029 Glucaric acid Con100s ‘ helpful for non-cell applications

N : PHENYLKETONURIA
1 L-Glutamic acid C5H9NO 4 . PYRUWATE DEHYDROGENASE DEFICIENCY (E3)

0.87 3-Hydroxydodecanoic acid C12H2403 CONTINUBUS AMBULATORY PERITONEAL DU%I-\IIOS;(SM
0.79 Myristoleic acid C14H260 2 . PRopl’t\:’lﬁchHggﬁnlgmg
0.61 Gamma-Aminobutyric acid C4H9NO 2 . LUr-lGM&%E-§L§%723§¢IAECQEEG§€
0.99 Succinic acid C4H604 SCHIZOPHRENIA
1 L-Tyrosine C9H 1INO 3
1 Adenosine monophosphate C 10H 14N 50 7P
1 L-Pipecolic acid C6H 11INO 2
0.94 Adenine C5H5N 5
0.87 Serricornin C11H2202

IC ACIDURIA
MYOPATHIC
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Min Yuan, B.S. — Sr. Research Associate, Lab Manager

Contact and Info

Contact John Asara, jasara@bidmc.harvard.edu for project
discussion

Per unique sample for BIDMC & DF/HCC affiliates;

Prices and more info available at www.bidmcmassspec.org

Metabolomics

Targeted Metabolic Profiling (~300 targets) by SRM
* Central carbon metabolism
Glycolysis
TCA cycle
Pentose phosphate pathway
Amino acids
Nucleotides
Reactive oxygen species
Methionine metabolism, etc.
13C/15N Metabolic Flux Tracing (~150 targets)
13C/15N Isotopomer tracing of central carbon metabolites
(~70 targets)
Untargeted Metabolic Profiling by High Resolution LC-
MS/MS (>450 molecules)
Absolute quantitation with calibration curve or labeled internal
standard

Metabolomics Instrumentation

Thermo QExactive Orbitrap HF ™Metakolomics flux Heat Map

T
F

coupled to Agilent 1200 HPLC

AB/SCIEX QTRAP 6500 triple quadrupole
coupled to Shimadzu UF-HPLC

" - g e

Example of 13C isotopomer Flux

He Huang, Ph.D. — Research Fellow, Research Associate

Lipidomics
* Untargeted Lipidomic Profiling (>1,200 molecules) by
High Resolution LC-MS/MS
* 20 main classes, >90 sub-class of lipids
¢ Phospholipids, triglycerides, ceramides, etc.
* Individual lipid molecule ID and quantification
* Lipid class and fatty acid profiles
» 13C/15N Isotopomer tracing
« All identified lipid ions
* Targeted Lipid Profiling
* Coming soon
Multi-Omics Overlay Plot

Cross-Omics Distribution of Imatinib Treated Data

Lipidomics Instrumentation

Thermo QExactive Orbitrap Plus
coupled to Agilent 1200 HPLC

AB/SCIEX QTRAP 5500 triple quadrupole
coupled to Shimadzu UF-HPLC

D

Mass Spectrometry Core: Metabolomics, Lipidomics and Proteomics
John M. Asara, Ph.D. - Director, Associate Professor of Medicine

Proteomics (PTM-omics)

Protein Identification from Gels and Solution
« SDS-PAGE gel slices or small regions
* On-bead digestion
* Solution based or protein pellets
Phosphoproteomics
¢ pTyr enrichment
* IMAC/TiO2 global Phospho enrichment
* Phospho-specific Ab
Post-Translation Modification Mapping of Proteins
¢ Ubiquitination, acetylation, methylation,
phosphorylation, etc.
Quantitation with SILAC and TMT labeling
Protein Complex analysis
* Immunoprecipitations
* Label-free Quantitation

Protein-Protein Interaction Network

PTM Site Map

Proteomics Instrumentation
Thermo QExactive Orbitrap HF

Lipidomics Heat Map COUpled to Proxeon EASY-nLCll nano-HPLC

Scaffold Quantitative Protein ID

Thermo hybrid Orbitrap Elite
coupled to Proxeon EASY-nLCll nano-HPLC
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