Technical Note, Jul. 2023 written by ebiogen

Ctst 200lA S 827158 LC-MS/MS Metabolomics 24 7|&

-

CHARAISE =4 (Metabolomics)2 ‘d=etH A" LM CAMY=EZ 22T X2 EXK<1kDa)o it

o
=ZOFOICE OiAMME2 SACAY] SHEdE F2 2T U4=01H UH<Q

ZaMel AFE St atetol ot

Chsh datals ZZ0| OB Metabolomics(CiAMNIEhH2 =2 HAMIES S MAXNCE 248 = U:s
ShEO|Ct MY = e 2 BXAEQ OjAMIEO= otoj:4itE ZEBs Y&, X|Eih X|E, AHZEO0|E,
R7I182 S50 ULt F20= ozl 20F9| 29 A(genome, transcriptome, proteome, metabolome)S
AZSt= Multi-omics & &d = A7 TAE D A=0 Metabolomics = CHE A FHQE 31510
Ol Lh2 olsiet 32X & HMI0| 7bS3tC [1]. Metabolomics & MZ, ZRZE|, Holl AAZI 22 M5
M2 TiAL HEfQ F=tot O3S fIs ol2fst CHAMtE2l S (identification) Y 2(Quantification) =43t=
AS JHE THCt [2].
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Metabolomics =40 At&El= HHIZ Btqoz ZHIF 2M7|2 Mass Spectrometry (MS) X sHX}7|
SENMR) 2d8ut 22 Zuet 7|=0| 2okl 1 20|z HX I Z0rE2iO|(Liquid Chromatography: LC),
7|H A =0rE2iI)(Gas Chromatography: GC), ZA& & 7| F& 8 (CE), supercritical-fluid 3 =0RE 24| (SFC) 7}
UCH [4]. SEX|2H CHARH] 2490 MS 7F Eh=2 2 AR8E|7| HCh= LC Lt GC o Zeet HEfZ BO| 0|1 1
SOME MBS HEHOl W2 LC-MS o WE2 7hy EO| AMEE[O{X|: QUL [1]. LS =4 o
z Xg d2)0M M2 CHE MEQ A Z2mMYUS HWTHOEN HAXES CHA BHIE Olgfst
£ 2dsta, dNe 7|2 datstd 0 gol thet HEet EEE

= o
olst A+, %= VY, Y S 2 2sts Eooh ChYel EofoM S8 AL [4].
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Untargeted and targeted metabolomics

Metabolomic &4 2H#0l= 7|28 2 2 7tX| E3MZ0| ALt ZH0| M2} “Untargeted (discovery-global)” 1t
"Targeted(validation-tandem)’2 £ Lt= = UL} [2]. Untargeted metabolomics

Y4 O|Chdiscovery). Of HAO|ME AFTO| Folst EFZ CHAIZ RO|L HEE

=BT YPHQ H
o ot 2T 0j2] oK
U BT M0 EXfSHs HYSISH CHAHISO| global B ZRTARD £40| MHMEITE T2tA Untargeted

metabolomics & CHAF X B0l CH$H FHSIst H8 MBotn FAXE 53 HSAH 7
A

O] AS & U= novel Bt T EES HAY 7tsd= UL [5].

Sample Preparation . -
. TREBH Brtiaetan Agilent Infinity 1290 (LC)

- MTBE Extraction Thermo Q-Exactive (HRMS)

- Folch Extraction

Statistical analysis Data analysis
- MetaboAnalyst - Compound Discoverer

1% 2. Untargeted Metabolomics %3 B4l [6]
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A0 382 52 UL Tandem MS ZE=E FIH &0 HARSIXL St= HFSHH signaling pathway EE=
metabolic process & 7|82 2 24l U= OHAMMES 02| 2E25H0] HEiStD MELHOAM 2 U= 52 Q|
YA H|WE oA E=ICt Targeted Metabolomics 2 &% Untargeted Metabolomics 2| Z1ME 2 & (validation)st7|
s ALBEIAHLE B = E= FEEE T Al A JAes AHEE D downstream CHAMME S| =F S

ZLEHEY 7|98 AHEECH [7].

Untargeted Metabolomics Targeted Metabolomics

Broad coverage
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Specificity
Hypothesis generating Hypothesis driven

Global metabolite profiling Quantitative accuracy

Relative quantification Absolute quantification of specific features
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Replicate Calibration Points
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Sample Preparation -
- MeOH Extraction MS Parameter Calibration Curve
- MTBE Extraction Optimization - triplication, 5-8 points
- Folch Extraction (Q-Exactive) l
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Data analysis Thermo Vanquish (LC)
- XCMS Thermo TSQ Altis (MRM)
- TraceFinder

13 3. Targeted Metabolomics T3 B4l [6]

LC-MS based Metabolomics Workflow

LC-MS € Metabolomic AE#H2 AHtM O = of2ffet 20| ZI™MEICt 2, 8].

1)

2)

3)

Sample preparation

Metabolomics =42 Cell pellet, tissue, serum/plasma, body fluid, plant samples(root, leaf, extract) &

A
Crefet ME0AM = 7+SSHTt.
Sample quenching and extraction
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5) Detection

analyzer Of

EQUZ|H 70ev o HAEleZ O|23tE

o =&
A EStE pattern € S8 mass-to-

CHAFAHE 2 Retention time(RT)I MS signature Off 2t Ho S H&F & = UA =/ 0|28t MS &H|Q
T F= Quadruple(AHE5=3 X}, Time of flight(TOF), lon trap, Orbitrap, FT-ICR §0| UL}
6) Metabolite identification & Data analysis
CHAMM S -2 2% AHERZ O O|EHH|0|ARL Hlmst= EAIO[LE, AN BFED YX|Sh= RT, MS/MS
Fragmentation &4 & CiYst HHZS Sof T = QUCL O|F OO &4 HAME MzlE
Clojefoff CHsl &A H M2 A5 M2 CHE ME I8 229 jAMME XolE 24 I
/st siCh O|HO| MO A= DEM(Differentially expressed metabolites), PCA, PLS-DA, Heatmap,

VIP Score, Volcano plot, pathway & CHst
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Sample preparation and extraction

+ Avoid environmental perturbation during harvesting

+ Control environment: harvesting at the same time and
under the same conditions

+ Snap-freezing in liguid nitrogen

* Enzyme guenching: completely terminate all enzyme
activities

« Standards spiked into the quenching solvent

+ Grinding, isolation of cells, fast-filtration or aspiration

Metabolomics application

Separatlon
o ions

O’ @@%\

lonization |
\ O Y,

Sample replication and randomization

= At least four biological replicates, preferably more

+ Technical and analytic replicates are worthy of
consideration

* Randomization of samples throughout workflows
is essential

* In large-scale studies, quality-control samples and
batch correction are essential

SSHCH [4].
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Chromatography—-mass spectrometry

« Separation methods, composition of the mobile phase,
column properties and injection volume

« Metabolites are within their range of detection

« Avoid ion suppression: dilution of extracts, sonication,
filtration or centrifugation, recovery test

« Choosing ionization source and type of detection
mode, MS method, scan number and speed, MS/MS
and energy for fragmentation

&l 4. Metabolomics workflow [8]

Metabolomics AT+= CiYet ZOFOIA FR#eoHH S&E1 U=H OlA2 HAMMdE 24 JEIL 4=t
A"l CHAR JEfO| Ot AE4E M3Eosh7| MEolth 1 HEez= M=ZE:R Ho[0i =, 2YE o5,
°fE, 2EDL, dzgd, dYe ZU oidE, A2 429 S0l oM Z8EHD Aok £
metabolomics & %, dg@ 2, S, UEEAY O, At =S Zeiot Ciget 2 2HE 53
CiAMME = AR I{E S identification & 4 AL O] CHAMY=E2 =7| TE, Y o= % Xz #HE
ZLUHYS Qe FWHR HolotH dEE & 4+ ACE 221 474l Metabolomics §E= YEO
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EOMOME AREElD QUCE JHQIBtE oSt FIZHES fdh A7 ASH, 4o 1[{TH metabolomics
L O AtREICE £33 HRSE metabolome G| O] E{2t2)

profiling 2 X2 AHZg& Z=HFsin
HAEES 2uHe=z Bod =+ 2!
omics(genomics, transcriptomics, proteomics, metabolomics)EAE &3l C< ZZXO0|1 HAHE CHAMLE

=2 st 43 + ALt [9].
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Future potential of Metabolomics market

AMTNK|, Escherichia coli M & OFEl= 3,700 7 CHARMEE S0l 700 7, 220AM ZH KFE= 2,680 74

CHAFARE 30 500 7H, Human Ol Al 274 0= 5= 114,100 7H CHARAE &0 8,000 7H, AEAH A &A OSE|=

3,700 78 CHAtAEE S0 700707t M E|ACtn 22X QUCH [8]. 2|1 2020 H7HA| publication &| AL} citation El

Metabolomics A= =F2 XHHOZ FIt5t JA2O [10] Metabolomics 2 =2 AT AHHE HEStD

A 2032 WK 23 HZE MEE(CAGR)O| 13.2%2 OIZ%[1 QUCH [11]. OtAE MEA E=2T CHAIMEESO

X1 Metabolomics T, &, O3 249, HOIH Y2 AL LSt 7| 20| oj2ist =2
x

012 species O CHAIEE 2 S8 H|RE &O|SHA St Metabolomics A= 0F0) 7|0{gh ZO|Lt.
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& 5. Number of Publications about Metabolomics [10]

Publications on Metabolomics

LC-MS metabolomics & &3t AFE XM =5 Lt AJWSHAAE St O] A= Bladder cancer
ol a7t 5|°“:f LY A HE 7HsE0|
of AAE AFEE|D AL Transurethral resection 1t
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No. |Name Formula m/z* RT [min] |VIP® [FC® | P-value |FDR AUC | Spec. [%]9 | Sens. [%)]¢
1 Oleamide®sh CygHiNO | 2822790 |5.08 170 | 300 [234E-20 | 1L73E-18 |0953 |90 89
2 Indoleacetic acid®" CyHNO, |217.0974 |2.02 208 | 015 |LI4E-19 |543E-18 |0.944 |90 90
3 Isostearic acid**" Cancer versus control | CyHi,0, 2852785 | 0.20 1.95 0.16 | L28E-19 | 5.99E-18 |0.944 (86 89
4 N-Alpha-acetyllysine®5 CeH,N,O; | 268.1056 | 0.14 196 |1489 [4.17E-17 |9.94E-16 |0.912 |80 90
5 Azelaic acid®®® CoH, 0, 171.1014 | 2.54 194 | 035 [297E-16 |601E-15 |0.900 |87 81
6 Indoleacetic acid®" CyHNO, | 217.0974 | 2.02 212 | 018 [L16E-13 [419E-12 [0934 |87 9%
LG versus control
7 Isostearic acid®*" CyHyO, |2852785 [0.20 197 | 018 [491E-13 | L50E-11 |0923 |89 82
8 Isostearic acid®#® CyHyO, |2852785 [0.20 194 | 013 |1Le4E-13 | 143E-11 |0967 |97 87
9 Oleamide®sh CyHNO | 2822790 |5.08 173 | 465 |288E-13 | 1L85E-11 |0962 |96 87
10 | Indoleacetic acid*" CyHNO, | 217.0974 |2.02 212 | 012 [502E-13 |275E-11 |0958 |9 93
11 2-Furoylglycines " CHNO, | 1700447 |1.60 200 | 011 [781E-13 |366E-11 |0954 |9 87
12 | Azelaic acidefe® C,H, 0, 1711014 | 2.54 187 | 027 [187E-12 [7.16E-11 |0946 |90 87
13 | Cis,cis-Muconic acid®™® CHO, 125.0232 | 1.53 197 | 009 [3.03E-12 | L0sE-10 [0942 |91 87
14 | Phenylglyoxylic acid®™ CeH,O; 151.0386 | 1.85 189 | 018 [5.16E-12 | L62E-10 |0937 |9 83
15 | N-Alpha-acetyllysine®™ HG versus control CeH,N,O; | 268.1056 | 0.14 185 | 1522 |1.47E-11 |3.85E-10 |0928 | 100 80
16 | Methylmalonic acid® C,HO, 119.0344 | 0.03 212 | 013 |1.556-11 |3.95E-10 |0927 |93 90
17 i;‘:&?ih}’dm"y”“‘"dd“ CeHyO5 2260709 | 1.85 179 | 019 |4.10E-11 |836E-10 |0918 |90 83
18 | N-Acetylserotonin®' CpHN,0, | 1751227 | 175 181 | 021 [873E-11 |1L57E-09 |0911 |87 90
19 flﬁfig';’ifggd"me‘h“-"‘[“' CyoH 0, 195.0654 | 1.79 187 | 015 | 1L.06E-10 | 1.87E-09 |0909 |86 87
20 | Tiglylglycine®" C,H,NO, | 199.1076 | 156 169 | 032 |L66E-10 |2.74E-09 |0905 |81 87
13 6 BART HIESIO YT BRO|M SAXE QS HBE [IALE [12]
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CHARAHZ2 S 2| Pathway analysis @t Quantitative enrichment analysis [12]
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E-biogen’s Metabolomics Service

O|HIO|2HI2| LC-MS Metabolomics MH[AE O 2{7tX| HE SO0 EX{SH= metabolite 2| &% (Identification) 3
A (Quantification)2 =E2E A|Z0| ZFE0] Us OAMEE AEY = U= AMH[AO|CH Untargeted
AN Targeted YAl B5F MH[ASHD Qo ME MXN2Z[2H LC-MS ™, 24 X HO|H 247X MH|A0
ZotE|0f RUACE  Metabolomics 418 fSiAM= 3 EhE O[] MWEO| @7 %M A|Z& Cell pellet, Tissue,

Serum/Plasma, Bacteria, Plant leaf/root/extract S22 ZH|, 1 2|9 A|E= MEO ZeZ £ QICt IS

Targeted metabolomics AMH|AQ| B2, X} Sh= Target metabolite O CHEH AMY AE CIXtQl AEE A3} &

AYTZN) L 24 AN 40| RRECL

Untargeted Metabolomics

Sample Type Cell pellet, Tissue, Serum/Plasma, Bacteria, Plant leaf & root, etc.

Analysis Instrument LC: Agilent 1290

MS: Thermo Q-Exactive MS (High Resolution MS)
Software Compound Discoverer, MetaboAnalyst

Turnaround time ~ 6 weeks after sample arrival

Targeted Metabolomics

Sample Type Cell pellet, Tissue, Serum/Plasma, Bacteria, Plant leaf & root, etc.

Analysis Instrument LC: Thermo Vanquish

MS: Thermo Q-Exactive MS & Thermo TSQ Altis (MRM)
Software XCMS, TraceFinder

Turnaround time 8 weeks for optimization & calibration, 4 weeks for analysis
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