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BIINYBITZUU (System Biology)
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CHALLENGES PREDICTING OUTCOMES IN BIOLOGICAL SYSTEMS

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




GLUCOSE —<—— FRUCTOSE

GLUCOSE + NADP+<—— 6PGL + H* + NADPH

FADH, + Q8 =—— FAD + Q8H,

H,O + 5,10-MethyITHFe—= S5FormyITHF + H*
Biologist haven't yet adopted I
mathematics as a language that

enables them to describe the many
process that occur in parallel in a
cell using algorithms

Lack of high-throughput
technologies capable of
generate large-scale biological
data




Integration of Multi-Omics Data

NPVON  ona

1 .
ARREREE o it
.E., E g EEE E B 8 NAUNSTAARAAA - RNA
SRR N

R Proteins

Genotype Phenotype

GENOMICS

EPIGENOMICS

TRANSCRIPTOMICS

PROTEOMICS

Genomics Transcriptomics Q' Metabolites \ / METABOLOMICS
Epigenetics Proteomics Phenomics L
|
A Iti . hi ded t d tand Phenotype Variability
multi-omics approach is needed to understan g disases offieriaaties)
complex biological systems

EPIGENETICS OKIDANTS | CLEANSING
SAME GENETICS . groups
FERENCE RESISTANCE
l MENTAL HEALTH
AGE: 10 NERAL

5 »-'.v"-/n:-' & work foods to
influences Support
GENDER / ETHNICITY
VI':'?MI_NS
AMOUNT OF SLEEP g
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Epigenetic
MINERALS Indicators

DIFFERENT RISK FOR DISEASES DUE
TO LIFESTYLE & ENVIRONMENT PHYSICAL HEALTH




MULTI-OMICS

MULTI-SCALE DATA UNDERSTANDING BASIC UNDERSTANDING UNDERSTANDING METABOLIC
ACQUSITION DIFFERENCES CORRELATION IN DATA OR SIGNALING MECHANISMS
METADATA No Change From | fuL oo oa lose Nosel oat:
)1 [0 oo o)
!M A oo 090 092" -
DNA SEQUENCING 2 44l 4 XOER))
Constant Shift Deplofion ) %'é! | 8 | A 0S0p
L o || ), |

TRANSCRIPTOMICS

135 2-FO 371 86=PV.1772FO
°
¢ °
o ° L}

PROTEOMICS
ITERATE

[ 4

STAGE 1 STAGE 2 STAGE 3 STAGE 4

METABOLOMICS

PC1 (54%)
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STAGE 1: MULTI-SCALE DATA ACQUSITION
PROTEOMICS METABOLOMICS

TRANSCRIPTOMICS

METADATA DNA SEQUENCING

o 0
O~ E—>p->

L [ T]] Fr—
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STAGE 2: UNDERSTANDING BASIC DIFFERENCES

No Change _
From Control Dynamic
Change
Constant Shift _
Depletion

TraceFinder~

Tha Power to Know
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PROTEOMICS

Prokaryotic Eukaryotic

@l @
Polycistronic mRNA l mRNA

1
T H &€ & @

5’ cap 1 3’ Polyadenylate
P = Promotor
Mature mRNA
A/ l . E, ( E, ( i ( E, L.V-V.V-\ ¥ = Hyan

5’ cap 3’ Polyadenylate I = Intron
/\ T = Terminator
Normal Splicing Alternate Splicing G = Gene
/N O = Operon
C = coding sequences

Many Proteins ( E, ( Ez(E3( E, () (E1 ( Es(E4 ( ) (El( E, (E4 ( ) ( E, ( E, () PTMs = Post Translational Modifications

! o

promoter operator structural genes m
regulatory gene , | l — = = > Protein A Protein D
DNA[] | | | | | l | I [ l lm lm

L] e r . e~ &
O O O O | o

mrva
protein  protein  protein protein

D




TYPE OF PROTEOMICS

Bottom-up VS Top-down Proteomics

Protein |dentification

Protein Modification

% Protein Quantitation
Top-down 5
proteomics § l l
E A L »
m/z
Protein mixture Separation of MS analysis of intact protein MS MS/MS
(Mass < 50 kDa) proteins (<50 kDa) (Intact protein mass) (Protein sequence)
I WHY g
Middle-down e S0 sete G
proteomics X N\»-:V\AA:I i ,\\f/‘:,_ > e g < =
) 14 [ U 1%
— S 1. Bottom-up lagniaunundusseziiaiuiy Ussnauiunisiigiudeyavun
Protein (mixture) Separation of MS analysis of peptides LC-MS MS/MS GLﬂg}jj@q%J‘U
(No mass limit) peptides (~2000- 20000 Da) (Intact peptide masses)  (Peptide sequences) ¢ , o
= =) =) o 1 (Y = C% 1
2. Bottom—up NI@ﬂ’]ﬁVIﬁ]%QﬂJULﬁEJG]']LL%u\'i PTMs 210U UMNDUNTITLRNIEUNIDYY
A . o [ a
SOt AT R Z V*s’ 5 z Lazn13 Fragmentation Tun1svin MS/MS Aguusaiuld
proteomics }( ~—— L:A A= \—-"‘\l e § = Y v & ' a ¢ Ao
E . 3. Tuwaueh Top-down lagnimuiauenanuuana1svedlusilonasunil
Digestion Time o o w a Y )
Protein (mixture) Separation of MS analysis of peptides LC-MS MS/MS aﬂ‘lﬂmgaqﬂUﬂiﬂagﬂJ‘[‘Iﬂ,ﬂa LAYNNUY
(No mass limit) peptides (~500 - 3000 Da) (Intact peptide masses)  (Peptide sequences) i

4. Top-down fn15uan Fragmentation NjuLsetiaendn vinlvsiaumna PTMs

denguuanylgnan
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TYPE OF PROTEOMICS

|

|

MIDDLE-DOWN
|

Centrifugal Filtration; IEF; SDS-PAGE; Affinity Chromatography; HPLC: Size Exclusion, lon-Exchange, Reverse Phase

|

Complete proteolysis
Length a.a: <20-25 a.a.
Mol. mass : 0.8-2.5 kDa

i Separation

RPLC-C18; Ion Exchange; Affinity; HILIC

L oms

ESI: Triple-quadrupole, Ion Trap (Linear or

3-dimensional), Q-TOF, LTQ-Orbitrap;
MALDI-TOF/TOF

|

Protonation state [M+nH]*" n: 1-3

i MS/MS

CID, PSD (LID), ETD, IRMPD

i Data processing

|

No proteolysis
Length a.a: >100 a.a.
Mol.Mass: >10 kDa

l Separation

RPLC:C4, C8, monolithic

iMs

ESI: Q-TOF, LTQ-FT-ICR,
LTQ-Orbitrap, Orbitrap-Fusion

|

Protonation state [M+nH]" n: > 10 - 15

i MS/MS

ETD, ECD, IRMPD

l Data processing

|

Limited proteolysis
Length: >20-25 a.a.
Mol.mass: 2.5-10 kDa

l Separation

RPLC:C18, C8, C5, C4; WCX; HILIC

| ws

ESI: Q-TOF, LTQ-FT-ICR,
LTQ-Orbitrap, Orbitrap-Fusion

|

Protonation state [M+nH]**:3<n<10-15

MS/MS

ETD, ECD, CID, UVPD

l Data processing

VISIT US

Bottom

Top
Down

A Peptide
Fragment lons

Gas-Phase
Peptide lons

Intact Protein

Gas-Phase
Protein lon

Protein
Fragment lons

Y

N-terminus

Q@ _

) O

www.scispec.co.th

Gas-Phase
Dissociation

lonization
Separation
Digestion

Gas-Phase
Dissociation

=]
=2
L

C-terminus
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¥

Isoelectric Focusing

SAMPLE PREPARATION

Lysate Preparation In-Solution Digestion

-Lysis -Reduction
-Fractionation -Alkylation
-Depletion -Digestion
-Enrichment
-Dialysis
Peptide
Extraction

In-Gel Digestion

-Reducion
-Alkylation
-Digestion

Rotate 90° 3.'::

= (OO RO
= || PR
= | Rl

T | 'Q e
— § ..-. @ g :
5 g|| <0 . e
= |

Peptide Enrichment/Cleanup

>

MS Analysis

A) - E=mmm. Proteins Peptides
Separate | __ = - Digest _j f‘
’ = — — — < —_—
-
f— MS/MS Spectrum
Separate lonization
—_— (faa s e 8 88 *aswe > —_— —
Capillary electrophoresis
MS/MS Spectrum
Laser induced
C) \J ionization
g 8% " o % R - s 2,
e "—* e T
ProteinChip
D) MS/MS Spectrum
“ .' i I q ; : . I
—* LC Column — 44 .* & —+o o - W
& |8, g. e . I I |
o Q2 Q3 MS/MS Spectrum
Precursor ions Fragmentation Fragment
scanned ions scanned
E) SRM signal
I -‘ _ =
lonizaton © ® e I L I E |,f“-,||
' . . 'Y . -. ‘ T ' 1 - - E
[ | %‘
_ _ _ Time

a Q2 Q3
Peptide Fragmentation Fragment
selection selection
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APPLICATIONS

Biological Processes — Protein expression, Cellular protein
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SINGLE CELL PROTEOMICS

Water et he 9

A
@ 4 @@ = (::é?}\m

—
mPOP Digest Barcode

B+ Tryy. .
&Q}\ D\s‘,’)

Smallsamples @ _ ~— > Barcoded peptides Quantification Sequence Optimize
e.g., single cells O é.: &,o Mix MST - MS 2 +«—— DO-MS
L 1 1o solate &
Reference @0 . ol T
@ i K- nLC-ESI ' fragment
e.g. 5cells O%OOO L:o- \% > v IE : J = —> MaxQuant
Carrier 0000 % tﬁ: -";; ; :' | l
e.g.,100cels QOQOQO :% g . I : |3
0000 == - : HE l DART-ID
- o> o> o> > > > o ] | s

TFE I . — . — . !

384 well plate Peptide ions, m/z Barcodes Peptide fragments Data

. (Reporter ions)
Clean sample preparation

Single Cell Proteomics Aaanuymigvetgatagiu WesannsiauIn1syasnIsmaInuLuaussnsailingsn tansiiunIm

wanangszaulanadininnidile Jadununndesdnuilusilonlussduiwadingd
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QUANTITATIVE PROTEOMICS

i

| S
&
LABEL-FREE LABELLED
APEX T™T
Label-free _
emPAl |ICAT iTRAQ 180
NSAF AQUA  Dimethyl
QconCAT
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Sample Protein Separate (MS") Identify (Ms*)  Quantify poCwms?)

—> i-J,-llll]-J_

l"l 'Il — |

—> 11 lllll1

= ||
{J,Jllllj.

PeS—

~a
. Oq"« r=— ‘

: »@@—2 ~—’|||I "*‘llllll. ‘*%||I|||
- S® — —

NeuCode

Categories LABEL-FREE LABELLED
Time Sequential () Pooled
Sample Prep @ Pre-treatment +Labe||ed
Comparability Difficult (L)Easy
Bio-informatics Need Software/Labor
Cost () Cheap Expensive
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QUANTITATIVE PROTEOMICS or COMPARATIVE PROTEOMICS

Ly~ Y e'“i % Spiked Synthetic
P44, {WL i

N
)
’
$
ol

Peptide Labeling

W
B
e al

. 2 . Nominate §ignature peptides . .
Culture Contaln:SILf:gl)ed Amino Acids l from protein set Spl keTlde, QCOHC AT
Yk

Experiment Contrql *:"'
L?’ - = : " -
= . Heavy "°C
L 3 Arg and Lys

Assemble and design gene to
encode concatenated signature peptides
Synthesize gene and insert into expression vector

PROTEIN
PURIFICATION

Express protein labeled with stable isotopes
197 ¥
proisine £ 3 %\g — l AW AAANAAIAL 1115 I
PN R N
"m‘i
DIGESTION A (ﬁ'f
M I . L | . dy "‘ > Purify and quantify QconCAT protein
peptides PO eta b O I C a b e I n g Mix QconCAT and analyte proteins
Y D Proteolyse to completion
CHROMATOGRAPHY LA B E L LE D ; MS analysis of ion intensities
E *, of each heavy:light pair yields
MASS S I LAC 1 5 N 7 *,absolute amount of each protein
W  SPECTROMETRY y " ‘
[
MS/MS § -
spectrum _ i
!F. SEmEEmER
mass/charge
condition 1 condition 2

Label proteins (ICAT) or peptides
(iTRAQ) in vitro

Experiment Control

&

Ty -y
Chemical Labeling ‘;1/’ ‘1_-/" Enzymatic Labeling

i i 18
iITRAQ, D|methy|, TMT @%} '%3 heavyH:0 trypsin digestion bhH:0 O
¢ ¢ | JEN0000000 | 0000000 O
DIGESTION 000000 ) 0000000

\/
ﬁﬁ $ samples are mixed
v st |, S
(iTRAQ)

- 3-

MASS
SPECTROMETRY MS spectrum

mass/charge
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QUANTITATIVE PROTEOMICS EXAMPLE ~COTALS /)Twsvauoo
| )

7

+

v
g it

&

| \\“\\'\\r?/ \ ) Twsoauoo
> Cerebrospinal fluid (CSF)#saun ludunas

@

\
§

Brain

Ventricles

e U lulnsaned ansunasageduaun ludunas
e VMUUINUIDIMNS LULAYIEUDY

. Cerebrospinal fluid

e 1NUBIAYDDNINNAUDINIUNADALADAANT (BxHaua LUSAULST)
e SWIRENMTUMTDURUIUAUNTZLNA

Spinal cord

e AE1UNNLIALADALAIYIANLAE

a v a = IVL 9)/L 1 a
e  NARMIUAY 0.5 amnT L@ Le bdbNU 200 ua.
\
( Optimized sample preparation and data analysis for TMT proteomic analysis of cerebrospinal fluid applied to the identification of Alzheimer’s disease biomarkers,
Sophia Weiner et al., 2022




QUANTITATIVE PROTEOMICS EXAMPLE

e gusalgidu Bio-Marker g%5un15Uslspauadansianga tuas

+ 180nlY TMT Labeling @uiuniseaniuunisnaasdlunausnanainsdiuiuiin

Normalization Processes

A B
i%%%@@%@%ﬁ 7 7 AD + 8 control
! Tetenenne T
itedasd bl do g
pepmix (;:1:1.5:2:3:0:1:1.15:2 3:0:1:15: 2 3l 0:71:1.5:2:3:0:1:1.5:72:3:0:1:1.5:2:3|

7 Eor e | O] i G R . S [ U SR [ (-l (O (e O R (R ) G U8 (S (N B R - - R SN A (S TR T

Y Y e [ A A A O A A A A A

TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT TMT
TMTprO 15_p|ex 128C 129N 129C 130N 130C 131N 131C 132N 132C 133N 133C 126 127N 127C 128N 128C 129N 129C 130N 130C 131N 131C 132N 132C 133N 133C

pool samples individual samples
(Set 1) (Set 2)
A 5

Isolation interference[%]
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B 2090
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M o0

o
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=
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10 20
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PROCESSING SOFTWARE

Top-down proteomics

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.

Separation and
Quantitation
(usually either by MS
with intact proteins

Or with 2D gels).

IIIII
"l

Protein
' extraction

Biological sample

Enzymatic
Bottom-up proteomics digestion

MS/MS identification Q" 4
The peptide mixture undergoes MS/MS
fragmentation to obtain sequence data. -
Proteins are identified and quantified with | I Q;! - I |
peptides that have unique sequences. I T

el g

— o

PROTEIN DECONVOLUTION

PROSIGHTPD
MASH EXPLORER Bf BIOPHARMA FINDER ~ TOPIC SUITE/ TOPMG
b
PROTEOME DISCOVERER + SEQUEST® "!!Ihl" PROTEIN METRICS
¥ | by Dotmatics
MAXQUANT+ ANDROMEDA® i D PERSEUS

Scaffold

Proteome Software PEAKS



STAGE 2: UNDERSTANDING BASIC DIFFERENCES

No Change _
From Control Dynamic
Change
Constant Shift _
Depletion

TraceFinder~

Tha Power to Know
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METABOLOMICS

Juns@nensessesasiadniinduannnssuiunisusesaneluwad
ausanalaauuinit wanluladindidunisdnwaistiluanaiauingaindl 1500 anadu
U4ASID19638A31 N15%1 SMALL MOLECULE PROFILING agu@naliitiuuaviaianniaaiinuu

wmalulagaraaren “realngd wailulaiind” dusunisdnviusivelautduiunuasunlasnieluwaduuuissalng

ENDOGENOUS (thadunslu) wiunsaazily luiu lawnawmas draalalng dinia aasluy

EXOGENOUS (1indunguen) 1uen d15Wy a15eana1eluaawinasy a1sn19ndngng
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TWO BASIC APPROACHES

n

Biological Pathway
Flavonoids, Hormones
Quantifiable

 Many known & more <

Unknown

T : B 1 ¢

-

e
——
[

[I—

N
y

* Relative abundances of
hundreds compounds

Potentially a powerful

henotypin
P yp J Metabolome P | ISR Nucleotides | Ao Sl
Analysis is tough acids u.p.dnme;

Metabolites

Analysis is easy

[ J
a4
[ J

Phenotype/Function
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METABOLIC PATHWAYS

18NN WALRIaT93 NI UADIEIUITANSIVIUANULANFAI LA

{slycan Biosynthesis
and Metabolism

. vianvunailassasradulelsuss viselolauisiu vinlnaesldiasasilanininy

" Nucleotide
Metabolism

azLRngIluNITIYN
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» Tunsustvilavesumiuslandndusesonfugiudayaainnalowna 5Iuas

Metabolism of
Other Amino Acids

ﬁf-l.wimi - sukuunsiin MSnieliinunalaseasialaagnegnaas

o 22 NH,
O\\//o e NN
Metabolism of H NA < 1)
OH N -
N

Cofactors and Vitamins
H

Low resolution

oy ! Biosynthesis of HN__NH__~_ _OH o
secondary Metabolites || lcl I
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7
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BIO SAMPLES FROM Human Metabolome Database hjmﬁ k(jb

ot . o a ¢ 0o w
YN lAUa laniinsiany * NM99BNLUUNITIATISUAIALYUIN
- 3 Replicates \Uuag19108 wugi19 5 Replicates

mf"]a 91 * Principle Component Analysis (PCA) Antglun1siwsignlusing
U luduna 445
11818 1245
Uaane 2603
Bhly 3678
9U915Y 6810

9
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METABOLOMICS WORKFLOW

—0 B8
==

Sample
Collection

Sample Preparation Data Acquisition

Wik Data Processing

O

ﬂ

Spectral Interpretation

1S @K

-r-ll 5 i L ' -..--.-:I

|
MS" Spectral Tree

t-MS/MS

Intensity

.

Pathways Analysis

Sk }
........ F °s "]
Lists of e
| - . ists 0
Pathways Metabolites Trends Statistical Analysis Compounds Compound Identification




lWsunsuuszananatazgutayadmiulumlulaiing

Reactome
KEGG LIGAND Database httD /[www.reactome. Ol’g/
 ChemSpider  + mzCloud v T e U 0eono dien et Human Metabolome Database
« Metabolika
http://www.hmdb.ca/

4 Pathways e — =
£ . KEGG Filter Pathway mapping Brite rnapping Get title Get entry Clear
o B|OCyC Chemical Substances and Reactions

.
KEGG LIGAND contains our knowledge on the universe of chemical substances and reactions that B | OcyC

are relevant to life, It is a composite database consisting of COMPOUND, GLYCAM, REACTION,
RPAIR, RCLASS, and ENZYME databases, whose entries are identified by C, G, R, RP, R, and EC

'
nurmbers, respectively, ENZYME is derived from the IUBMB/TUPAS Enzyme Momenclature, but the h'l:'l: . b IOC C Or
others are internally developed and maintained. . .

4 = ~

Specialized
entry point

e mzVault

Database Identifier Caontent

COMPOUND|C number |Chermical compound structures [KEGS COMPOUND

° Metab0| | ka GLYCAM |G number |Glycan structures KEGG GLYCAN KEG G

 Mass Lists
Optional Import from
ChemSpider

LIGAND REACTION |R number |Biochemical reactions
Pathways RPAIR RP number |Reactant pair alignments
KEGS REACTION

e http://www.genome.jp/kegg/kegg2.html

@ Search [LIGAND  v| for

®bfind made O bget mode

P M o LIGAND Relational Database y
Plant Metaholic Network g ) . . . ) ) -
i The prirmary database of KEGG LIGAMND is a relational database with the KegDraw interface, which . R
1 1 4 " g

P is used to generated the secondary (flat file) database for DBGET. A read-only copy of the LIGAND
About PMN Databases Downloads Tools Useful Sites Submit Data Feedback relational database is made publicl\,r accessible.

& search COMPOUND

) h Exact Mass v ||504.159] MetEXplore
http://metexplore.toulouse.inra.fr/metexplore/
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http://www.reactome.org/
http://www.hmdb.ca/
http://biocyc.org/
http://www.genome.jp/kegg/kegg2.html
http://plantcyc.org/

4

ALY ?

U

Mmlausnluladinddedn

Metabolite profiling for plant functional genomics

Arabidopsis thaliana— model species. Quantified and identified many metabolites and related different genotypes to their metabolic
profiles (by GC-MS)

Fiehn et al.(2000). Metabolite profiling for plant functional genomics. Nature Biotechnology, 18, 1157-1161
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CASE STUDY:

Sample collection
STOP metabolism

Cold methanol

Hot Ethanol or Methanol
Freeze clamping for plants
Liquid nitrogen (-196'C)
Spike to check recovery

Arabidopsis thaliana

How to get metabolites out of the cell
Solvent extraction and storage

e Methanol (hot or cold)

e Methanol/chloroform/water

e Hot ethanol

e Ball milling or grinding with mortar/pestle
e Store at-80'C

Metabolite fingerprinting

bp-090506-075 294 (3.314) Cm (172:503) 1: TOF MS ES-
: : 7.38e3
100- Arabidopsis petraca Wales
32
0-frrety =...-..-...'.-..'.'.:..LMW....-........!-...........
bp-090506-066 342 (3.854) Cm (118:486) Arabidopsis petraea Sweden 1: TOF MS ES-
i 7.38e3
=
D | + I Il mfz

60 80 100 120 140 160 180 200 220 9240 260 9280 300 320 340 360 880 400 420
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CASE STUDY: Arabidopsis thaliana

Unsupervised

Principal Component Analysis (PCA)

Supervised
Partial Least Squares
-Discriminant Analysis (PLS-DA)

Hierarchical Cluster Analysis (HCA)

Trygg et al. 2007
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oonm
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Metabolite Clusters

Treatment Clusters

B w
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N
r'-_\L\ el el =

guanosine monophosphate
citrulline

P dihydroxyacetone phosphate
glutamic acid

fructose 6-phosphate
glucose 6-phosphate
asparagine

ribose 5-phosphate
aspartic acid

arginine
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urea
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sucrose
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adenosine

lcn

»

gq

recovery
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alanine

proline
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fructose
glutamine

malic acid
pyruvic acid
citric acid
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|leucine
tryptophan
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STAGE 2: UNDERSTANDING BASIC DIFFERENCES — WRAP UP

Complex studies/Large datasets Complex acquisition methods
®* TMT - SPS MS3

100’s of raw files

® Glycopeptides — HCD-triggered->

CID->EThcD pr—

® Cross-linking — MS2/MS2/MS3 — o

Results need to presented

by sample, not raw file
Statistics and proper study

design are required ® Top down - CID, ETD, HCD,

EThcD, UVPD
Study management Customizable workflows
Complex biology Results interpretation

* >10,000 protein IDs How to denote significantly
* Microbiome changing proteins/peptides?
* PTMs What is already known about S
* Pathway analysis proteins of interest? N $ ;‘,:'
 Proteoform analysis How do we make biological 5

conclusions?

* Protein structure ——
Biological annotation Powerful visualization tools




STAGE 3: UNDERSTANDING CORRELATION IN DATA

g
o

Metabolomics Analysis

Data Analysis

Roll up from metabolite IDs to to
pathway Using Law of
Parsimony

Completely coordinated
(ideal) behavior

Generic Integration Algorithm

Differential metabolites Differential proteins

Non coordinated behavior
EMERGENT PROPERTIES
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STAGE 4: UNDERSTANDING METABOLIC OR SIGNALING MECHANISMS

Chenmokines,
Hormanes,
Burvival Factars Transmittess. Grown Factors
(e.g. IGEL) (8.0, INeMeUking.  (e.g, 1Gka, EGE) "*"’:FE! hler
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STAGE 4
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MODULE INSTITUTION
2DGrapher SRl

Add Column to Timeseries UTK
Biodata Viewer SRl
BioGrid UTK
BioMat Bridge SRl
BioMets LUNC
BioPack VT
BioSens LUCSE
BioSketchPad U Penn/BBMN
BioSmokey UTK
BioSpreadsheet UTK
BioWarehouse SR
BioWarehouse Query SR
BioWarehouse25BML Harvard
BioWave MY
Cellx Indiana
Charon L 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
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 KGI
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CASE STUDY: DRINKING YOUR WAY FROM HOME BREWING TO SYSTEMS BIOLOGY
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TRADITIONAL METHOD TO DESIGN BEER

COLOR ORIGINAL GRAVITY ALCOHOL BY VOLUME

SRM
2 PILSNER

1.05
ABV = — (

Starting SG — Final SG
Final SG ) x 100

o
-
- Mewsue
o
EX 1 LE | e totom
: i ot the
5 H OOISEIS
U o Geavry (06} =
SR Fonal Gravy (F.G.}
FG)

T

e .

]

BITTERNESS
MAERZEN
YJ%N

IMPERIAL STOUT PN

ESSENTIAL OILS ESTERS

—_
N

N
-
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PHYSIOLOGY OF FLAVORS IN BEER

AMINO
ACIDS Sulfate
Diacetyl Sulfite
Suiar 2
Hydrogen
Glycerol s
SUgar Diacetyl
A
Glycerol
Pyruvate —> ghAcetolactate AMINO
ACIDS
Acetic
Aoetaldehyde - acid e Acety' A08 CYCI-E Ketofdds s— Keto acids

acid ¢

Mono
terpenes

Fatty acid CoA Aldehyde =3 Aldehyde
Ethanol l
Higher Alcohol === Higher Alcohol
Fatty Aads
Mono-
terpenes Esters
Ethanol
Acetic l

Fatty Acids Estess Succ.nnuc
acid

Organoleptic properties of the beer are going to be heavily influenced by the phenotype of the strain




EXPERIMENT DESIGN

WLP 300 Hefe Weizen

WLP 001 California Ale

—

Supernatant METABOLOMICS

7 TIME POINTS

Cell Pellets PROTEOMICS

g
GLYCEROL
STOCK COLONY SEED
SELECTION CULTURE _
ﬂ ()
LC-MS ANALYSIS
SAMPLE IDENTIFICATION, ANNOTATION & SETTER BEER

PREPARATION Q-Exactive Plus™ INTERPRETATION

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



PROTEOMICS WORKFLOW

/ Time Points 3X 3 min

S&&
SSS >
REDUCTION.

ALKYLATION AND

| Ml |[[[ T —

DIGESTION

1h
" 1200 BAR UPLC

Proteome Discoverer 2.0
M: in Scientists

Informatics Platform for Protein Sci

ght 2008-2015 Theemo Fishor Scientie inc. Al rights resarved.
s protected by copynght lsw and infemational treaties as.

BIOINFORMATICS DATABASE SEARCH Q-EXACTIVE PLUS




METABOLOMICS WORKFLOW

/ Time Points 3X 3 min 10 min

' S S
‘ SSS

50 ML CULTURES CENTRIFUGATION FILTERING

HILIC COLUMNS

UltiMate 3000 HPLC

BIOINFORMATICS

METABOLITE Q-EXACTIVE PLUS
IDENTIFICATION

End to End Metabolomics Analysis In Less Than 2 Hours
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HOW TO CORRELATE CHANGES IN THE PHENOTYPE TO MOLECULAR CHANGES

2 yeast strains

\

P vy W Study factors (or study variables):

o U W00 Information about your samples.
— TRLCL Study factors are used for statistics and

— interactive visualizations.

N R

TR
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INTERPRETING THE RESULTS

File Reporting

Libraries View Window Help
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UNDERSTANDING THE DIFFERENTIATION

J PCA J Volcano plots
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NETWORKING THE RESULT ?

ProteinCenter + Dante InfernoRDN

Over 270 Proteins Are Differentially Expressed Between Both Strains

RIBOSOMAL
PROTEINS ¢

‘

GLYCOLYSIS AND
GLYCOGENESIS

o __
>
‘ . - 4-/

w' \3\&',/ |

GROWTH!
The two strains may grow at

|
different rates ALCOHOL!

Different production of
alcohol (Attenuation) ©
Different rate of metabolizing

ALCOHOL ' sugar!
DEHYDROGENASE

1

As expected not many changes in protein expression, but changes are big enough to explain
the differences in the metabolic machinery for both strains
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METABOLOMICS

—@)— Hefeweizen —@)— California ale
STATIONARY Stationary = decline in division, less
PHASE nutrient, waste accomodate
1.2 '

5
o 1
£
"CD') § 0.8 E tial (| Replicati tiviti
O E =] isxrp])iogen ial (log) = Replication, activities
-8 06 - PHASE -
© 0.4
% Lag = Not growth but syn protein for
Z 0.2 replication. Larger but no cell division.

0

0 20 40 60 80 100

Time (hours)

As expected, both strains have different growth rates. Lag and exponential phases are much shorter in the
Hefeweizen strain than in the California ale.
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VOLCANO PLOT
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Most of the differences at the metabolite level occur at 25 hours, this can be explained because both strains
are transition to the exponential phase.
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PATHWAY MAPPING USING KEGG
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Pathway Mapping to BioCyc with Omics Data Overlay

#* Add to SmartTable MetaCyc Chimeric Pathway: superpathway of aerobic toluene degradation

[ Mare Detail H Less Detail l

// oluene
¥ k J
4-methylphenol -0.194, -0.797, S 48888 benzyl alcohol -0.194, -0.797, -1.76, -2.57, -3.65, -3.63 a4 888 {15,2R)-3-methylcyclohexa-3,5-diene-1,2-diol #9886 8 2-methylphenol -0.194, -0.797, a8 8889
-1.76, -2.57, -3.65, -3.63 0.159, -0.00879, 0.294, -0.0862, -0.0406, 0.0873 -1.76, -2.57, -3.65, -3.63
—_—
¥
benzaldehyde -0.392, -1.3, -2.78, -3.86, -5.06, -4.67 #4888
¥ hd “_/___—,/—_‘
4-hydroxybenzyl alcohol -0.969, - #8486 8 4-methylcatechol -0.969, -0.133, 8488846 3-methylcatechol -0.969, -0.133, 84888
0.133, 0.189, 0.0145, 7.34e-4, 0.22 0.189, 0.0145, 7.34e-4, 0,22 i 0.189, 0.0145, 7.34e-4, 0,22
benzoate
¥

d-hydroxybenzaldehyde -0.203, - S8 8888

0.622, -1.48, -2.9, -3.74, -3.93

b4
Y = B [T B
¢is,cis-2-hydroxy-6-oxohepta-2,4-dienoate ™ 35-eycloheradiene=1,2=diol-1-carboxylate

Y
4-hydroxybenzoate ¥
catechol 0,335, 0,445, 0.419, 0,637, 0.566, 1.19 o0 asas

k_‘_‘_—--____‘-—a_-_

¥
2-oxopent-4-enoate

v Key to Omics Data Colors:
protocatechuate L ] _
(8)-4-hydroxy-2-oxopentanoate (2Z,4E)-2-hydroxyt6-oxohexa-2,4-dienvate
+3.82
+2.97
L J
3-carboxy-cis,cis-muconate : 4 Yy " H % é%
acetaieivyds (2Z,46)-2-hydroxyhexd-2,4-dienedioate # 8 0 8 0 8 +1.
0.474, 0.663, 0.761, 0.917, 0.52, 0.814 +0 425
o
(2-carboxy-2,5-dihydro-5-oxofuran-2-yl)-acetate # 4 8 49 4 v L+ -7 12
-0.578, 0.294, 0.546, 0.535, 0.688, 0.821 acetyl-CoA (35)-2-axehex-3-oncipate 0.474, 888888 247
0.663, 0.761, 0.917, 0.52, 0.814 -3.8¢
TCA eycle | {prokaryotic)

{4 5-dihydro-5-oxofuran-2-yl)-acetate

J-oxoadipate -0.167, -0.405, -0.645, -1.21, -1.4, -1.J e s sas
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