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Separate Omics experiments Serial-Omics experiments

Distribution of LC-MS/MS Based Tri-omics Data
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Serial-Omics Platform Workflow

5-10 mg frozen

Extract & snap . .
tissue grind

freeze tissue

extraction

Top Layer: Non-polar Lipids
Middle Layer: Polar Metabolites > U -
rine

Applications

* Breast/Lung Tumors
* Dried Blood Spots

Pellet: Protein, DNA

—

Polar Metabolites\

Non-polar Lipids 3
Speed-Vac Dry

Speed-Vac Dry Resuspend in H,0

Resuspend in 50/50 IPA/MeOH

u SRM, +/- switch, 300 unlabeled targets
185 13C/™>N targets, Amide-HILIC

DDA, HCD, +/- switch, RP-C18
13C lipid flux

=
5500/6500 -

|
1

)

MultiQuant
MetaboAnalyst

DDA, HCD, +/- switch

LipidSearch software
Elements software
MetaboAnalyst

FluxSearch
Elements, FluxSearch

Or Digest pellet with Trypsin .

 Hair

Peptides/Phosphopeptides

SDS-PAGE Gel Fractionation

Pellet dissolved in :_ﬂr_ljr‘ﬁ
lysis buffer/SDS-PAGE -

J

TMT labeling (126-131)

Fractionation
IMAC/TiO2
TMT labeling (126-131)

DDA, HCD, RP-C18

Mascot / Scaffold
MaxQuant



Steady-State Metabolic Profiling and Flux Analysis:
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Platform for Untargeted Lipidomics/Metabolomics/Proteomics
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Serial-Omics of Mouse Breast Tumor vs. Mammary Gland

Brcal-/-, P53-/- (G. Wulf, BIDMC)

mammary gland tissue
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Merging the Phosphoproteome-Metabolome-Lipidome.....
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Serial-Omics Integrated Data and Pathway Model (Lipidomics, Metabolomics and Proteomics)

Mouse Breast Tumor
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Serial-Omics of Lung Tumor vs Normal Mouse Lung Tissue
EGFR T790M model
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Serial-Omics of Dried Blood Spots

DBS (stored 2-3 years at RT)  MTBE extraction
Blood spot collection

Non-polar lipidomics

Polar metabolomics/peptidomics

proteomics/phosphoproteomics

# of Identifications

Stored for several years at RT, 25°C

~5 ulL blood

E Proteins @ Lipids 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,,0) 52% &
Albumin 10% of total signal

* No significant PO, info



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

~597 lipid ions

Lipid Classes identified:

Cer, CerG2, CerG3GNacl, DG, LPC, LPE, LPI,

LdMePE, MG, OAHFA,

SM, TG, cPA, dMePE, etc.

class profile

PA, PC, PE, Pet, PI, PS,

etabolite Name
U.88 Creatinine
0.94 Hypoxanthine
0.68 Edetic Acid
0.98 Niacinamide
0.98 Phosphoric acid
0.93 Alpha-D-Glucose 1,6-bisphosphate
0.86 Cytosine
0.91 2,3-Diphosphoglyceric acid
1 L-Isoleucine
0.85 Acetic acid, (aminooxy)-
1 3-Phosphoglyceric acid
0.99 L-Carnitine
1 DL-Phenylalanine
0.97 N-Methyl-a-aminoisobutyric acid
0.98 Phosphoenolpyruvic acid
0.95 Diethanolamine
0.99 2-Imidazolecarboxaldehyde
1 Creatine
0.87 Senecioic acid
0.93 4-Pyridoxic acid
0.99 Hexanoylcarnitine
0.97 Deoxygalactonojirimycin
0.91 Cadaverine
0.98 Citric acid
0.29 Glucaric acid
1 L-Glutamic acid
0.87 3-Hydroxydodecanoic acid
0.79 Myristoleic acid
0.61 Gamma-Aminobutyric acid
0.99 Succinic acid
1 L-Tyrosine
1 Adenosine monophosphate
1 L-Pipecolic acid
0.94 Adenine

M OF Corrtrmrms

Molecular Formula Dried Blood Spot (Log2 Peak Area)

C4H7N 30
C5H4N 40

C10H16N 208

C6H 6N 20
H304P

Top 35
untargeted

C6H14012P2

casvo metabolites by :

C3H80 10P 2

C6H13NO 2
C2H5NO3
C3H707P
C7H15NO 3
C9H1INO 2
C5H11INO 2
C3H50 6P
C4H11INO 2
C4H4N 20

C4HON 302

C5H802
C8HONO 4

abundance

C13H25NO 4

C6H13NO 4
C5H 14N 2
C6H807
C6H 1008
C5H9NO 4
C12H2403
C14H 260 2
C4H9NO 2
C4H60 4
C9H1INO 3

C10H 14N 50 7P

C6H11INO 2
C5H5N 5

~114 99N I

316 metabolites (untargeted +
targeted)

METABOLITES AFFECTED BY GEMDER
CREATIME DEFICIENCY, GUANIDINOACETATE..
RHABDOMYOLYSIS
HEART FAILURE
CRITICAL ILLHESS (MAJOR TRAUMA, SEVER
MY OCARDIAL ISCHEMIA
METHYLIMALOMIC ACIDURIA [RRA)
DIABETES MELLITUS (MODY),.
Z2,4-DIEMOYL-COA REDUCTASE DEFICIENCY
3-HYDROXYISOBUTYRIC ACIDURIA
CARMITIMNE DEFICIENCY, MYOPATHIC
FEEDING: \IEGANIANR[DD{
GLUTARIC ACIDURILA
HAWKINSIHURLA
PANCREATIC CAMCER
PREMENSTRUAL DYSPHORIC DISORDER
ISOVALERIC ACIDEMIA
HYPERBARIC OXY
3-METHYL- CROTONYL GLYCINURIA
3 METHYLGLUTACONIC ACIDURIA(TYPE IIJ
CARMITINE TRANSPORT EFECT. PRINA
CARHITIMNE ACYLCARNITINE TRANSLOCAS
HEPATIC ENCEPHALOPATHY
YPERORHMITHIMEMIA WITH GYRATE ATR é ;
L¥SINURIC PROTEIN INTOLERAN EiLPI
tYOCARDIAL INFARCTION
MEDIUM CHAIMN ACYL-COA DEHYDROGEMNASE. .
REFRACTORY LOCALIZATION-RELATED EPILEFSY
YPERAR Al ARGINASE
CARNITINE PALMITOYL TRANSFER,
LESCH-NYHAN SYNDROME

F value
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LONG CHAIN ACYL-COA DEHYDRC

TYR .

VALFROATE THERAPY: ANTICONVULASANT.,

METABOLITES AFFECTED BY EXERCISE

ERENT SEIZURE DISORDERS

NEONATAL THTRAHEPETIC CHOLESTASIS

GING-RELATED METABOLITES

ACUTE SEIZURES

EARLY MARKERS OF MYOCARDIAL INJURY

ASPHYXIA [DD]

PHENYLKETOHURIA

PYRUVATE DEHYDROGENASE DEFICIENCY [EZ)

CONTINUOUS AMBULATORY PERITONEAL DIALYSIS..
AHOK

£
MALNUTRITION
PROPIOHIC ACIDERIA
PLE S¥RUP URIME DISEASE
LONG CHAIN -3-HYDROXYACYL-COA..
SCHIZOPHREMIA
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Serial-Omics of Horse Urine and Mane Hair
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Horse mare urinary system

Serial-omics Molecule Distribution

474

46 Metabolites 10
| i | Proteins Lipids

333 pL specimen

MW & Peak Intensity Distribution of Horse Urine -Omics

Adapted from www.emaze.com
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Logl0(Peak Area)

Yuan et. al, PloS ONE, 2017



Proteomics
~50 proteins, 23
ectra, Horse DB

Metabolomics

Metabolite Sets Enrichment Overview

CITRIC ACID CYCLE

UREA CYCLE

ALANINE METABOLISK

TAURINE AND HYPOTAURINE METABOLISH

P value

Top 60 metabolites

Table II. Top 60 identified metabolites by intensity from

Horse mare polar

2-Hydroxy-4-trifluoromethyl benzoic acid
Creatinine

p-Cresol glucuronide

Buntansin A

Acetohydroxamic Acid

Monomethyl phenylphosphonate

Neoisoliquiritin

Geranylgeranylcysteine
4-Hydroxy-8-methoxy-2H-furo[2,3-]-1-benzopyran-2-one
N"-Hydroxysaxitoxin

4Hydroxyphenyl-2-propionicacid

cis-Mulberroside A

474 unique equine urine metabolites

Accession Molecular Formula Avg MS1 Log10 Peak Area

HMDB0O714  COHINO3
HMDBOOS21  CI10H1INO3
HMDBG0715  C8H5F303
HMDBO0O0562 C4HN 30
HMDB11686  C13H1607
HMDB35086  C1I1H8OS
HMDB14691  C2H5NO2
HMDB15068 C21H 26N 2052
HMDB30785 C25H2405
HMDB31868  C7H903P
HMDB37317  C21H2209
HMDB11678  C23H37NO35
HMDB32659  C12H805
HMDB33664 CI0H17N 705
HMDB41683 C9H1003
HMDB31726  C26H32014

N-Methylphthalimide CASNO:550-44-7 CIHNO 2
MALATE-ASPARTATE SHUTTLE 1e-03 Phlorizin HMVDB36634  C21H240 10
L-leucyl-L-proline HMDBI1175  C11H20N203
Benzocaine HMDB04%92  CSH1INO2
Vanilloloside HMDB32013  C14H2008
apo-[3-methylcrotonoyl-CoA:carbon-dioxide ligase (ADP-forming)] ~ HMDBS9607 ~ C7HISN 302
Trimethylamine N-oxide HMDB0OS25  C3HINO
Acetaminophen HMDBO18S9  C8HONO2
D-(-)-Isoascorbicacid CASNO:89-656 CEH806
HMDBO2013  C11H2INO4
HMDBO2028  COH1INOTS
INSULIN SIGHALLING ilocarpi HMDBIS217  C1IH16N202
Pyrogallol-2-O-glucuronide HMVDB60017 ~ C12H1409
PYRUVATE METABOLISH Horse mare polar metabolites (Targeted run) Accession Molecular Formula Avg Q3 Log10 Peak Area
2-Hydroxy-2-methylbutanedioicacid 02612 C5HBOS 77,
citrate C6HBO7
2Isopropylmalicacid C7HI205
1-Methyl-Histidine C7HIIN302
GLYCINE, SERINE AND THREOHINE METABOLISH betaine CSHIINO2
C6HE06

BETAINE METABOLISK
HISTIDINE METABOLISIM

ASPARTATE METABOLISM

METHIONINE METABOLISIM

(C4H405
Acetylcarnitine DL (C9H18NO4
allantoin (CAHBN403
GLUCONEOGENESIS Urea 00086 CHAN20
CBHIEN203
(C8H16N203
€02630 (C5H805
D-sedoheptulose-1-7-phosphate 05382 CTH15010P
Phenylpropiolicacid HMDBOOSG3  C9H602
DL-Pipecolicacid 00408 CBHIINO2
Citraconic acid 02226 C5H604
Ascorbic acid €00072 C6H806
3-hydroxybutericacid €01089 C4H803
Ng,NG-dimethyl-L-arginine 03626 C8H18N402
Kynurenic acid o717 C10H7NO3
p-hydroxybenzoate Co0156 C7H603
taurine €00245 C2H7NO3S
€00042 CaHB04
PANTHER GO-Slim Biological Process i C00956 CEH1INO4
Total # Genes: 45 Total # process hits: 101 Hoctdl AREILED (e
00864 COHIINOS
€00629 C6H1007
€00295 (CSHAN204
00064 (CSH10N203

ARGIMIME AMD PROLINE METABOLISK

BILE ACID BIOSYMTHESIS

Fold Enrichment

Click to get gene list for a category:
biological adhesion (GO:0022610)
M biological regulation (G0:0065007)
cellular component organization or biogenesis (GO:0071840)
M cellular process (GO:0009987)
developmental process (G0O:0032502)
M immune system process (G0:0002376)
M localization (60:0051179)
M metabolic process (G0:0008152)

# Unique Lipids

Triacylglycerides

Neoisoliquirtin
4-hydroxy-2-propionic acid
Cis-Mulberroside A
Phlorizin

Buntansin A

Mammeigin

} - Glycerophospholipids
multicellular organismal process {G0:0032501) Y phosp P

M reproduction (G0:0000003)

response to stimulus (GO:0050896]
I .
I |

Category

=—Plant derived




Serial-Omics of Horse Mane Hair

Works on human hair as well!

1,000,000

100,000

@ Proteins

@ Metabolites

@ Lipids

Log10 (Peak Area)



Hair Shaft e

Top 50 Proteins (391 total) by Intensity D

391 protein IDs Asrector il
23 Spectra Sebaceous Gland

Hair Follicle

Horse DB ‘ — Hair Bulb

Hair Papilla
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PANTHER Protein Class
Total # Genes: 387 Total # protein class hits: 319

Click to get gene list for a category:

M calcium-binding_protein (PCO00&Q)
cell adhesion molecule {(PCOO0G3)
cell junction protein (PCO0070)
chaperone (PCOO0FZ)
cytoskeletal protein (PCO0085)
defense/immunity protein (FPCO0030)
enzyme modulator (PCO0095)

extracellular matrix protein (PC00102)
hydrolase (PCO0121)
M isomerase (PCO0135)

M |yase (PCO0144)
l membrane traffic protein (PCO0150)

M nucleic acid binding_ (PC00171)
oxidoreductase (PCO0176)
receptor (PCO0197)

I I M signaling molecule (PC00207)
I . I - I M transcription factor (PCO0218)

Category M transfer/carrier protein (PC00219)

**Chart tooltips are read as: Category name {Accession): # genes; Percent of .
gene hit against total # genes: Percent of gene hit against total # Protein B transmembrane receptor regulatory/adaptor

Class hits M transporter (PCO0227)

* A wide variety of proteins can be detected beyond just keratins, hair is complex!




Metabolomics Pathway Enrichment and Lipid Profile in Horse Mane Hair

492 lipid IDs

* Hair resembles fatty material....
TG

Arginine and Proline Metabolism
Phenylalanine and Tyrosine Metabalism
Alanine Metabolism

Urea Cycle

Warburg Effect

Glycine and Serine Metabolism
Butyrate Metabolism

7.50E10 Ammonia Recycling
Phenylacetate Metabolism
Ialate-Asparate Shuttle

Asparate Metabolism

Micotinate and Hicotinamide Metabolism
wsteine Metabolism

Ozidation of Branched Chain Fatty Acids
Purine Metabolism

Iitachondrial Beta-Ozidation of Short...
S.00E10 Propanoate ketabalism
Histidine Metabolism

Iethionine Metabolism

Mitochondrial Beta-Oxidation of Long...
Idethylhistidine kMetabolism

Pyruwvate Metabolism

Citric Acid Cycle

Glutarmate Metabolism

Ethanaol Degradation

25010 Gluconeogenesis
Mucleotide Sugars Metabalism

Riboflavin Metabolism

Betaine Metabolism

Glutathione Metabolism

Pantothenate and CoA Biosynthesis
Carnitine Synthesis

Transfer of Acetyl Groups into Mitochondria
Biotin Metabolism

Fatty acid Metabolism

Phytanic Acid Peroxisomal Oxidation
Thiamine Metabolism

IMitochondrial Beta-Ozidation of Medium...
Selenoamino Acid Metabolism

Fentose Phosphate Pathway

Cardiolipin Biosynthesis

ysine Degradation

Tablel. Chemical composition of integral hair lipid Starch and Sucrose Metabolism
Phosphatidylethanolamine Biosynthesis

Taurine and Hypotaurine Metabolism
Hair Whole hair ﬁn?l%o Sugar Metabolism
shaft (%) IRS (%) follicle (%) Inosital Metabaolism
Glucose-Alanine Cycle
Fatty acid 29.60 49.90 48.10 Ketone Body kMetabalism

Beta-Alanine Metabolism
Phytosphingosine 37.20 23.30 28.30
Ceramide 26.90 23.20 20.20
Cholasterol 5.10 2.50 3.70

0
Cholesterol sulfate 1.10 0.20 0.30 312 metabOIite IDS Eold Enrichment

Cholesterol oleate 0.20 0.80 0.30

)|

IRS, inner root sheath.

Lee et. al., 2005, J. Investig. Dermatol




Summary: Single Liquid-Liquid Extractions can be used for Multi-Omics from
Tumors, DBS, Urine, Hair, etc. —

LC-MS/MS
Needle Biopsy
y Methyl tert-butyl ether (MTBE) Untargeted Targeted
. [ \ lipidomics lipidomics
L —
i & Untargeted Targeted
~g i Metabolomics/peptidomics | metabolomics &
>
TUONUEM |7 Untargeted | TMT labeling Ti02
Dried Blood Strips — Proteomics (126-131) | phosphoproteomics
Protein pellet < Y
~5 i PENE Assay Development « Merge —omics data
” * Save money/reagents
* Reduce chemical waste
* Improve reproducibility
(one prep)
o * Biomarker discovery

SRM, PM, etc. * Robust assay development
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Applications in Horse Racing and Olympic Eventing
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