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== Challenges Predicting Outcome in Biological System

COMPLEXITY SELF-ORGANIZED OPEN SYSTEM
Huge number of molecules inside Very well organized in a very dense The external environment can interfere with the
them, and highly diverse space. Every part must obey the rules to system. The system may be regulated

which it belongs

VISIT US www.scispec.co.th § scispec (8§ 02-454-8533



95 Integration of Multi-Omics Data

Genotype Phenotype ;
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multi-omics approach is needed to understand e i Eatres)
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1Global Cancer Facts and Figures from www.cancer.org 6
2Extrapolated from “Identifying and reporting adverse drug events in oncology,” Aleta J. Hong,
Matthew J . Fisher, Christina H. Georgopoulos BS , and Charles L . Bennett , MD. VISIT US WWW SCiSpeC co.th f scispec ‘. 02-454-8533
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Mass Spectrometry VS. Classical Chemistry Approaches

Mass Spectrometry-based

Rapidly growth
More accurate
Less expense in single run
Online sample preparation

High throughput

y ¥ o

- YY\ Y)&\Y Classical Chemistry
e T
\_/

« Dominate in toxicology/clinical lab

« Specificity and sensitivity are compromised
« More expensive

* Need own enzyme conjugated

« Time-consuming
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=% Emerging Technology and Guidance Responses

Regulatory Oversight

« 11,000 Laboratories Developed Test (LDTs) offered by 2,000 labs

* In vitro diagnostic devices (IVDs) compliance

« MS technology is growing and advancing, continuing performance improvement

« Complex biological samples can be used in automated sample preparation

8
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Genomics Vs Proteomics Approaches

MALDI-ToF on Genomics Analysis Orbitrap™ Technology on Proteomics Analysis

lon are
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=% Advance & Precision Translational Genomics

Agena
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Single Base Extension

Target Detection Applied Application

- Single Nucleotide Polymorphism (SNPs) ~ *  Pharmacogenetics
«  Insertions / Deletions *  Oncology

«  Copy Number Variation (CNV) *  Genetic disorders
«  Somatic mutation * Infectious disease
«  Methylation (Epigenetics) ¢ Drug resistance
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MassArray® System Workflow

PCR/SAP/Extension

T
4522.33

T T
4734.77 4947.2

\@aneumia SNPs fiawla wsanniseanuuy
Iwflwes dussuudanadfinganias “Agena CX”
YN PCR (Multiplexing) wazanuaignisyin
Single Base Extension

DA W ==

D D == [T,

i —— Il
—

Seq Detection

Resin Pretreatment uasszuy
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Data Analysis
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Assay Info | CallInfo | Peak Info | Area Infa |

Expected Peaks | Mame | Sequence | Mass

Probe UEP.13302 AAGGCAAAGAGATAAC 6185.10
Analyte C AAGGCAAAGAGATAAC G 6472.30
Analyte A AAGGCAAAGAGATAAC 6512.20
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Without
precision medicine

Patient

Some
benefit,

others
do not

Same therapy '

PR
Benefit No Adverse
Benefit  Effects

IR
PRt RiR

Up to 50% of patients do not benefit from first drug offered

Differences in response in genes that coded for drug-metabolite enzyme

=% Precision Medicine : Forthcoming Trend

Rifampin' resistance

With
precision medicine
4

Patient
Each

patient
benefits

DNA Tests '

Tailored therapy
"SR T
e C»

Table 2. Mu% patterns for the rpoB and katG genes found in 99 MDR isolates.

OPEN @ ACCESS Freely available online

Gene / Mutation
Mutated codon

. . . . n
Multidrug Resistant Mycobacterium tuberculosis: A Spedfic Mutation Reino 2d change
. . . o .
Retrospective katG and rpoB Mutation Profile Analysis in - c6 - 16 ser-Leu @
I I f R f c . B .I TCG - TGG Ser - Trp 7
solates from a Reference Center in Brazi 513 CAA - CCA Gin - Pro 2
L. 5 ) ) ) -, L 516 GAC - GTC Asp - Val 3
Flavia A. D. de Freitas', Vagner Bernardo', Michel K. Gomgnimbou?, Christophe Sola?, Hélio R. Siqueira®, oAc.Tac oo N
P . o . . . - sp - Tyr
Marcia A. S. Pereira®, Fatima C. O. Fandinho?, Harrison M. Gomes®, Marcelo E. I. Aratjo®, Philip N. Suffys®, = e e A .
N o - is - Asp
Elizabeth A. Marques®, Rodolpho M. Albano'*
CAC- TAC His - Tyr 8
1 Departamento de Bioguimica, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil, 2 CNRS-Université Paris-Sud, Institut de Génétique et Microbiologie- .
Infection Genetics Emerging Pathogens Evolution Team, Orsay, France, 3 Faculdade de Ciéncias Médicas, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil, CAC - cGC His - Arg 2
4Centro de Referéncia Professor Hélio Fraga, Fundagéo Oswaldo Cruz, Rio de Janeiro, Brazil, 5 Laboratério de Biologia Molecular Aplicada a Micobacteria, Fundagéo CAC - TGC His - Cys 2
Oswaldo Cruz, Rio de Janeiro, Brazil - e —— R
511 CTG - CCG Leu - Pro 4
Abstract 475 TG - GGG Val - Gly 1
Background: Multidrug resistance is a critical factor in tuberculosis control. To gain better understanding of multidrug 522% TCG - TTC Ser - Phe 1
resistant tuberculosis in Brazil, a tive study was to compare ic diversity and drug resistance 530% TCA - TTC Ser - Phe 1
associated mutations in Mycobacterium tuberculosis isolates from a national reference center. 33 G- cc Lo P |
- eu - Pro
Methods and Findings: Ninety-nine multidrug resistant isolates from 12 Brazilian states were studied. Drug-resistance 545 CTG - CCG Leu - Pro 5
patterns were determined and the rpoB and katG genes were screened for mutations. Genotypic diversity was investigated So8* ACC - CCC Th - P T
by IS6110-RFLP and Luminex 47 spoligotyping. Mutations in rpoB and katG were seen in 91% and 93% of the isolates, - f - Pro
respectively. Codon 315 katG mutations occurred in 82.8% of the isolates with a predominance of the Ser315Thr ane ATG - ATT -lle 1
substitution. Twenty-fi lates were clustered in 11 groups with identical /S6770-RFLP patterns while 74 showed unique katG1 2 A deletion at position 60 26
atterns with no association between mutation frequencies or susceptibility profiles. The most prevalent spoligotypint
patte ith iation bety tation freq i ptibility profiles. The t prevalent spoligotyping . -
lineages were LAM (47%), T (17%) and Haarlen (12%). The Haarlen lineage showed a higher frequency of codon 516 rpoB 65 G deletion at position 241 2
mutations while codon 531 mutations prevailed in the other isolates. 17" AGC - ACC Ser - Thr 1
Conclusions: Our data suggest that there were no major multidrug resistant M. tuberculosis strains transmitted among 92-93* T insertion at position 325 1
patients referred to the reference center, indicating an independent acquisition of resistance. In addition, drug resistance 2™ C deletion at positon 54 1
associated mutation profiles were well established among the main spoligotyping lineages found in these Brazilian T e i
multidrug resistant isolates, providing useful data for patient management and treatment. aloton]atiposTon)
26" G deletion at positon 126 1
Citation: de Freitas FAD, Bernardo V, Gomgnimbou MK, Sola C, Siqueira HR, et al. (2014) Multidrug Resistant Mycobacterium tuberculosis: A Retrospective katG 107 G deletion at positon 368 1
and rpoB Mutation Profile Analysis in Isolates from a Reference Center in Brazil. PLoS ONE 9(8): €104100. doi:10.1371/journal.pone.0104100 & 6 deletion at positon 249 s
eletion at positon
Editor: Anil Kumar Tyagi, University of Delhi, India P
. - -
Received April 11, 2014; Accepted July 7, 2014; Published August 5, 2014 UiH U 2 0 (D £ U
Copyright: © 2014 de Fras et a. Tis s an open-accssaricle ditbuted undet the erms o th Creaive Commons Atibution Liense, which permic - GTG - GCG Val - Ala 1
and in any medium, provided the original author and source are credited. 93 GCC- ACC Ala - Thr 1
Data Ava my. The authors confirm that all data underlying the findings are fully available without restriction. Data is found in the body of the paper and in
the supplementary information. ka2 315 AGC - ACC Ser - Thr 75
Funding: Some of the authors received fundmg for this work. RMA received funding from the followmg Brazilian Agencies: Fundagao Carlos Chagas de Amparo a AGC - AAC Ser - Asn 3
Pesquisa (FAPER), Conselho Nacional de Cientifico e gico (CNP de de Pessoal de Nivel Superior AGC - ACA Ser - Th 3
(CAPES). The funders had no role in smdy design, data collection and analysis, decision to publlsh or preparation of the manuscript. - er - Thr
Competing Interests: The authors have declared that no competing interests exist. AGC - ATC Ser - lle 1
* Email: albano@uerj.br 463 CGG - CTG Arg -Leu 2
431 G deletion at positon 1293
399* GAA - GAG Glu - Glu 2
493" A deletion at positon 1525 1
439 G insertion at position 1365 1
485" G deletion at positon 1501 1

*associated with another mutated codon.
doi:10.1371/journal.pone.0104100.t002
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ey Core Applications

ONCOLOGY PHARMACOGENOMICS GENETIC INFECTIOUS
(CANCER) (PRECISION MED) DISORDERS APPLICATIONS
LUNG PGX 74 HEARING LOSS COVID-19
BREAST CYP2D6 NIPT
HPV CERVIX EPIGENETIC
(METHYLATION)
MELANOMA
COLON

“*ASSAY BY DESIGN : CUSTOMIZATION”
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Proteomics Precision and Accuracy for High-throughput

Challenges of large-scale precision medicine studies
* Multiple sample collection sites
« Thousands of samples

 LCMS laboratories across the world
Analytical
Variability
@ @ ¢ J
Y

Biological Case vs.
Variability controls

‘ Within one series of experiments
‘ Between series of experiments in one lab

Between laboratories, operators, continents

16
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- Study Design and Results

Standardized high-throughput capillary-flow LC-MS methods
Robustness of high-throughput (HT) capLC-MS separations
Reproducibility within one laboratory and multiple series of experiments

« Multi-site reproducibility of proteome profiling: cell lysate and crude plasma
» Deeper single-shot proteome profiling with Al data processing

Test samples Low-flow LC-MS setup
§ \ - G
Hel a protein digest Plasma protein digest § ﬂ‘&u L
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Multi-OMICs Workflow

MULTI-SCALE DATA UNDERSTANDING BASIC UNDERSTANDING UNDERSTANDING METABOLIC
ACQUSITION DIFFERENCES CORRELATION IN DATA OR SIGNALING MECHANISMS
NoGhange | Dynamic (5055 055 058 050 oer :
From Control Change 1&1&\ 0??” 089MH 088H 0.8%{‘
el
A4 QeI
: L L o K|
C N i ~
14 : ITERATE
N N
STAGE 1 STAGE 2 STAGE 3 STAGE 4
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Understanding Proteomics

Prokaryotic

Polycistronic mRNA l
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Translate from Coding Sequence

Eukaryotic
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P = Promotor

E = Exon

I = Intron

T = Terminator

G = Gene

O = Operon

C = coding sequences

PTMs = Post Translational Modifications

19



eg—80

Top-down
proteomics

Bottom-up
proteomics
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Down

Protein mixture
(Mass < 50 kDa)

Digestion

Protein (mixture)
(No mass limit)

Gas-Phase
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Fragment lons

Type of Proteomics Approaches

:33
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Separation of MS analysis of intact protein MS MS/MS
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w—=8 Proteomics Workflow

Lysate Preparatlon

37
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-Fractionation
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— Applications

Bio-Markers — Discovery of disease, diagnostics, treatment, monitoring

>
X
N

W Vi ))J,
fﬁﬁ& Drug Targets — Evaluate biological processes with drug treatment, toxicity
Tl K

R

22
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Heavy chain

IdeS Digestion
Reduction

_>

Protein Mapping: Glycosylation
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=== Proteomics in Precision Medicine

WiEhoUERRapUR : .:"_‘f“h Ferceptin « Up to 50% of patients do not benefit from first drug
o Y Antibody offered

« Differences in response to the differences in genes

HER2
QT that code for drug-metabolite enzyme
LY »  30% of breast cancer case found an over expression
of HER2
No Signaling * Antibody drug names Herceptin® (trastuzumalb) can
/ \ / \ half the tumor when used with chemotherapy
CancerCell  Cancer Cell CancerCell  No Cancer » Characterization of antibody need a proteomics

Survival Growth Death Cell Growth
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w—® Proteomics Helps Advance the Understanding Cancer

O

Resisting cell death

\d

Invasion and ' .

E Genome instability metastasis .'
Q

@—’ 5\’4’\4 1 5 @/)f“

Protein
Peptide

Neutrophil

Energy

Nutrient

) Immune evasion
! Capt Oa
Deregulating cellular energetics @ Redox signaling

Replicative immortality

Immune Cell

Mitochondria

Vessel

—w © e PIR
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-- Orbitrap™ Trend Nowadays

- X7 {
y@ .
ol ) 4

Year Orbitrap ToF e 1
”"
2010 61 165
2011 87 189 Publication Growth on nature.com
2012 112 219
2013 188 255 S 250 Orbitrap, 19.3
2014 219 361 SED & 200
2015 380 516 =2 50
2016 625 734 é @ 10.0 ToF, 6.3
2017 794 830 SOF 50
2018 755 813 G800
2019 934 934 o S - ¢ 2 ¥ e © = 2 2 g
(@) o (@) (@) o (@) O o (@) (@) O (@)
2020 1042 971 N N N NN NN N N A
2021 1176 1042 YEAR
6373 7029

By the end of 2021, the publication ratios in each years, compared to those of 2010,
show superiority of the publication growth from Orbitrap technology 3 times higher than that of TOF.
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_2%® Hi-end Q-ToF Technology

\//_\

-’—l ~ Front funnel Collision Cell
Trapping gate i I
o - I L I (i
! Trapping funnel Quad Mass Filter IBC
Drift tube lon Pulser

o Rear funnel
lonization Source

lon Mobility Q-ToF
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ey Orbitrap™ Technology

* An ion packet of a selected m/z enters the field

* Increasing voltage squeezes ions

 Voltage stabilises and ion trajectories are also stabilized
« Angular spreading forms a ROTATING RING

° (r.¢) (2
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— Orbitrap™ Powered by Fourier Transform

* Free Induction Decay (FID)

— *
|

Time Domain ->Fourier Transform -> Spectrum (Frequency Domain)

30
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— Mass Resolution

Am (FWHM)

m - measured mass
Am - peak width measured at 50% peak intensity (Full Width Half Maximum)

S o
SE
gt

3-[(1H-indol-3-yl)methyl]-6,18-dimethyl-9-(2-methylpropyl)-12-(1-phenylethyl)-15-
(propan-2-yl)-1,4,7,10,13,16,19-heptaazacyclotricosane-2,5,8,11,14,17,20-heptone

Formular : C,,HsgNgO-
Exact Mass: 786.4428

Low Resolution
R =786.6 = 1,000

0.786
AM
1 =0.786
High Resolution
R = 786.44258 = 140,000
0.0056
AM
1 = 0.0056

T
786
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=™ Mass Accuracy - Elemental Composition

o e Low Resolution ?”\/\ =
SO - Accuracy = 0.1572 x 108= 200 ppm #I =
o 786.4428 >"Ss N Formular : C,,HggNgO-
0 i /Z;_- Exact Mass: 786.4428
40 : A fﬁ
150 4
o ] g High Resolution o
" % Accuracy = 0.002 x 108 = 0.3 ppm 3
-] 786.4428 f ol o,
50 5 -4 1000 Da
o . ™
20 3 i ? 3 4 5
10 | l Mass Accuracy (ppm)

786I 788I 790I 792I 794I . )
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=% Mass Measurement by Q-ToF

M@@
1 2
Exact mass (1 ppm RMS) > Fems = \/TQ —nﬁ ()] at

Fragment

Precursor

13.8 RMS

/ '-
16 20 S50 -40 30 -20 -10 0 10 20 30 40 50

ppm Error

8 4 0 4 8 12

ppm Error
Figure 2. Mass measurement deviation distributions for precursor (3.9 rms ppm) and fragment ions (13.8 rms ppm} using the 6510 Q-TOF
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Mass Measurement by Orbitrap™

RT. 169-185 SM 7B

Relative Abundance

1005
G
a0
859
80
753
704
85
604
55
50
453
403
359
304
25
204
154
104

0:

RT: 1.72
+p ESI Ful
45119421

RT: 170
+ p ES1Ful
451 19427

0.1|ppm

431

0.06|ppm

0.2[ppm

0.1 ppm

RT: 177
+ p ESIFul

43119413
RT: 1.74 .

+p ESIFull
45119415

451
177

1.76

i RT:1.79

+p ESIFul
451 19416

0.06 ppm

1.79

0.2 ppm

RT: 182 .
+p ESI Ful
45119415

1.83

¢ RT: 154

451.19409

0.1

1.34

184

1

ppm

0.06 ppm

]

+p ESIFU RT: 187

+ p ESIFul
451 19415

0.04 ppm

431

85

1.86

187

RT: 1.59
+p ESI Ful

431194
RT: 182

+ p ES|Full
45119421

0.2 ppm

ppm

451

431

ML

8 27EG

miz=

451.19164-
RT- 104 , 151.19616

+ pESIFull M3
451 19413 IN-CTL-2

ppm

T T
182
Time {min}
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Comparative (Quantitative) Proteomics

Sl
&
LABEL-FREE LABELLED
|BAQ SplkeTldeS SILAC
Label-free
emPAl ICAT iTRAQ 180
NSAT AQUA Dimethyl
QconCAT

oY~
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Separate (M5") Identify (5% Cuantify pOCws?)

Categories LABEL-FREE LABELLED

Time Sequential Pooled
Sample Prep Pre-treatment Labelled
Comparability Difficult Easy
. Bio-informatics Need Software/Labor
;_ Cost Cheap Expensive

e -ae > — | i | N\
@ - ®® > |, - . a6

! . .
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ey Tandem Mass Tag (TMT)

a b
TMT-127N TMTpro-127N
0]
(o] 0. o] o 0 //k
ik H
MOMA\;\/ MOMVMM
0 Hheo 0 H H hep
TMT-127C TMTpro-127C @ Amine reactive group
O & Mass normalization group
(o] 0. (o] (o] O: * Reporter ion group
3 H 13 .
N\.O)*kfy\ﬁ)l*\é/ N‘\O)L’_‘/*\:JN/*\* * 150 postt!on
- 4 4 - % "N position
] HCD [s] HeD—/ | e Fragmentation site by HCD
TMT11plex TMTprodGplex
SRR Indefadndodndngndsdntuds et udd
A4 A A A dd A4 PP P YN

126.1277 127.1310 1291377 131.1444 132.1478 133.1511
127.1247] 79,1314 130.134 131.1381 133144 1143J
i AJ L J L
i - 4 it - ] 1 - J ¥ r ! Jd L -

. 00 | — | w—" e o N e k] | W— e —
g 126 127C 128C 131C 132C 133C
E 127N 129N 130N 131N 133N 134N
g : _ : : : :
126.0 127.0 128.0 120.0 130.0 130 132.0 133.0 1340
miz
B *, * *
s s NN
L & * L8 N o* & b
N N N , |
* * * *
a g g J & A ]
126 127N 127C 128N 128C 129N 129C 130N
* &* * *
&® & * * * * * ¥
N ] [, Now® * N N * N * N *
* * *{ % * * *( * * LA
A @ O W< O
130C 131N 131C 132N 132C 133N 133C 134N

TANDEM MASS TAG (TMT) iflumafianis@iaaannlalaunssn laafiinguseasd

Tunsszyzfiauazisunaaasldstuluaiagwnasuagiunie)nu

2ENUUUASILSAIABUSHN Thermo Fisher Scientific
usiaz Plex snanuiinisunufiaaalalalni
1sznavuaia NHS-Ester (R), Spacer (N) uaz MS/MS reporter (M)

iawiszlaauanunyazdTuaaaildinanidaia N uazladu

127.1247610 127.1310809

127.1247610 127.1310809

GAebly GEEARY Gl dy QU
LT AN LI 128 TMT-10 127-N TMT-10 127-C
z Resolution >15,000 FWHM  _
£
Mz
Mz
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TMT-Based Approach to Quantify

] ; PROSIGHTPD PROTEIN
Top-down proteomics DECONVOLUTION
MS/MS for identification

Purified proteins are either enzymatically digested (2D gel

spots) for MS/MS fragmentation or intact proteins are just

MS/MS fragmented to obtain sequence data for identification.
= |
. MASH Bf BIOPHARMA TOPIC SUITE/ TOPMG

A EXPLORER FINDER

(usually either by MS

&
— - Separation and
— — i —— Quantitation
with intact proteins
Or with 2D gels).

S
PROTEOME DISCOVERER + SEQUEST® .|!!|Hi|. PROTEIN METRICS
= || + MASCOT® | by Dotmatics
‘
Biological sample
. Enzymatic Q\ MAXQUANT+ ANDROMEDA® ' PERSEUS
Bottom-up proteomics digestion it ]
MS/MS identification q——_r L
The peptide mixture undergoes MS/MS
fragmentation to obtain sequence data. -
Proteins are identified and quantified with I 1 QJ;I I
1

peptides that have unique sequences.

oo e [l Skyline Scaffold

Proteome Software PEAKS)

-
38
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Quantitative Proteomics for Cancer Biomarkers
Discovery

A Enrichment of Iow abundant

‘ - A A : Remove high abundance protein from crude plasma
o] P

_______ Coopaions  coecobcien  Ommion B: Label-free approach after in-solution digestion
B Label-free quantitation Cc Label-based quantitation | D Targeted Proteomics
Discovery Il’roteomlcs . g\ i
B  Baan \E'SLG C: Label-base quantitation
Protein Extraction ] Reduction, Alkylation & Digestion :
“’aﬁ’##ﬁf D: MS/MS experiment with labelled synthetic peptide.

Reduction H v
;. iTRAQ 4-plex TMT 6-plex

S,

Proteins

WHS 9
Alkylation ._N::S O 250 350
affgﬁ ﬂﬁ.ﬁ MN’S_N.HM - 203 217 300 281 =% i
a?g - NHSf'sm:s" kS 200 " 155 1 e @ 250
Dot Pool of labeled peptides 9 150 112 1 k3 200 183 190 b
Orbitrap Fusion o 87 EE- 150
‘S 100 =
O
d;yﬁo Orbitrap Fusion " &Ra S 2 50 zZ 50
Chromatogram and Spectral count 0 0

Sample A Sample B Sample B et e

u Total Proteins m20% CV = 10% C\ S AT i

TMT 6-plex

WENHNE

N e o e
L e R e casamenss oo {10
; 100 e
%% ' foh L
o
3 .

An Integrated Quantitative Proteomics Workflow for Cancer Biomarker Discovery and Validation in

Plasma, Kumar V, et al. S
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ﬂ/@@ Stage 2: Understanding the Basic Differences

Complex studies/Large datasets Complex acquisition methods

100’s of raw files

® TMT - SPS MS8

Results need to presented ® Glycopeptides — HCD-triggered->

by sample, not raw file CID->EThcD
Statistics and proper study ® Cross-linking - MS2/MS2/MS3
design are required ® Top down - CID, ETD, HCD,

EThcD, UVPD Customizable workflows

Complex biology s Results interpretation
® >10,000 protein IDs

How to denote significantly
® Microbiome changing proteins/peptides?

® PTMs What is already known about

Pathway analysis proteins of interest?

® Proteoform analysis How do we make biological

Protein structure Biological annotation conclusions? Powerful visualization tools

40
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— Two Basic Approaches

BIOCHEMISTRY -

; =
. Many known & more -— “ —————— | N | * BiOIOgiC.al Pathway
Unknown ] : k « Flavonoids,
* Relative abundances L f Hormqr)es
of hundreds == — + Quantifiable
compounds V4 ; % \ . Analysis is easy
« Potentially a powerful RO o
phenolyping D EEE )
* Analysis is tough Metabolites

Phenotype/Function

41
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F Metabolomics Workflow

b e Data Processing
— . b — %" — el Spectral Interpretation
o
Sample _ o aliiniii ol
Collection Sample Preparation Data Acquisition MS" Spectm, Tiia

<

Pathways Analysis

Metabodiom.

Intensity

E

' =
e ] TR f; =~ 0]
. NH
Path Metabolit Trend Statistical Analysis Lists of
athways etabolites rends Compounds Compound Identification
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— Orbitrap™ Identifies Biomarker for Early Cancer

s

1-Amino-propan-2-ol
2-Amino-1-propancl! 5-Oxo-L-proline Alpha-N-phenylacetyl-
Trimathylamine N-oxida (Pyroglutamic acid) L-giutamine Camitine Histidine Valerylcamnitine
[ &
2 3 3 1
i a s H . N 5
a 5 . . 9 3' ] i
z. £i T Tl oI - 7| TH A
5% 5 5 . Ea ; 54 £
g= £ £¥- | € g - g4
2 z o -} ' B =3 . 8
2; . 2t 2 : | zha H zs) B
- H I B i £ | i
|| =i @ : = Q-c =& ~ g 5, . = =
é - g ) g| * wl % s Al d : ;] ]
PLASMA SAMPLE s = E i £ 4 g_
PROTEIN PRECIPITATION CENTRIFUGATION o= T .,- T ——— T T El 1
. 3 1| | e HECLC Cemrals HSCLL Canteabi MECLE Coapgls MECLC o NSCLE Conrgls. ReoLC
Organic solvent containing Samples are spun PROTEIN ==
internal standard is added at 10,000 RPM. PRECIPITATION \ .’I \ Laucing Malic acid Thiomorpholine
for sample cleanup. PLASMA SAMPLE ‘ [M-HCOOH] adduct [M+NH4] adduct Methionine Propionylcarnitine 3-carboxylate Tyrosine
g q z
3 i & i 1 £l . . ]
H
l - %] g g 5]
| - I il & ° 7§ i g 73 73
t t = to BoE ]
96-WELL PLATE FORMAT b g% s e ¥ gt . g ;
‘ | 8% [¢ 83 5% By 5. a
= mamg = Samples transfer to plate | = z" g 21 £a 5%
( ‘ format for analysis. / g 5 g ] 1] 3| I 5] b
| I‘I i1 E3 Ez. 3 3 E
| RS Rl i o i i
2t . ] g | H i ]
0 E— ) ! i i ; L E— .
= ‘ = Comwols WSELL Compoks  NESSLE Comus MSELE 3 Corooks MSELE Eosbok  WSOLE Combols  WSGLE

AUTOMATED DATA REVIEW

Data is processed and reports

geoeratdusing JASCkCale, L ANALYSIS BY LC-MS OO O 25 Control ‘ 50 Early Lung Cancer (IA-1IB)

Quan, or Xcalibur software.
14% Male . 28% Male
Age 50-78 Age 53-86
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Proteomics Analysis Metabolomics Analysis

Data Analysis Data Analysis

Completely coordinated (ideal) Roll up from peptides to proteins to Roll up from metabolite IDs to to
behavior pathways Using Law of Parsimony pathway Using Law of Parsimony

Generic Integration Algorithm

Differential metabolites Differential proteins

Non coordinated behavior
EMERGENT PROPERTIES

44
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— Stage 4: Understand the Pathway and Metabolism

MODULE INSTITUTION
2D Grapher SRI
o Add Column to Timeseries UTK
e usz.ﬂ s o et by et Biodata Viewer SRI
v y | BioGrid UTK
ooy | D N BioMat Bridge SRI
/e | R Y BioNets UNC
/::‘:mg' - : BioPack VT
o s BioSens UCSB
e —~ \ 1 BioSketchPad U Penn/BBN
ﬁ \\ il 5 BioSmokey UTK
e - \\ \/ % Sl BioSpreadsheet UTK
Cuspase s - b BioWarehouse SRI
m}‘“ — — %:K‘E::’ BioWarehouse Query SRI
T miJ\ . gi § “/\m; BioWarehouse2SBML Harvard
ﬁl&sm‘hg}’:)k BioWave NYU
| Cellx Indiana
Pt Charon U Penn
Clone Updater TJU
CoBi CFDRC
Convert Data to Graph UTK
DBAgent SRI
ESS UTK
Fluxor Computational Analyzer Harvard
Fluxor Spreadsheet Harvard
FTF
GCMConverter
GCMMerger
GeneCite WRAIR
ITE RATE GeneScreen UCLA
Geneways Columbia
Get Column from Timeseries UTK
Get Rows from Timeseries UTK
Graphviz LBL
Graph Viewer UTK
Homologue Finder LBL
Hybrid Automata Symbolic Reachability Tool Stanford
lcDNA UCLA
Jdesigner KGl

STAGE 4
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Case Study : Breast Cancer

« Background : Breast Cancer (BC) is the most commonly cancer. Mammography and
ultrasonography are main clinical screening

» Experiment : 216 participants, including BC, benign and healthy control (HC). Plasma samples were
collected to perform untargeted metabolomics and proteomics

« Goal : Find alternative and explore the possibility of specific metabolic signature.

Benign cyst

BREAST ULTRASOUND

7

Xeray

Compression
Plates

¥-ray Detector -
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Integrative analysis of plasma metabolomics and proteomics reveals the metabolic ] :
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25® Metabolomics Pipeline & Result
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25 Proteomics — Metabolomics Networking
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« A total of 2103 proteins encoded by 1538 genes were
identified, of which 1934 proteins encoded by 1407
genes were quantified

« Potentially biomarkers
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oS summary

« The alanine, aspartate and glutamate pathways, glutamine and glutamate metabolic pathways, and
arginine biosynthesis pathways were the critical biological metabolic pathways in BC

» Proteomics identified 29 upregulated and 2 downregulated proteins in BC

» Aspartate aminotransferase (GOT1), L-lactate dehydrogenase B chain (LDHB), glutathione synthetase
(GSS), and glutathione peroxidase 3 (GPX3) were closely involved in these metabolic pathways

49
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