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Guilt-by-AssociationKEXHEERIEEEE: Biological changes observed in one molecular level often imply changes in another level of cellular control.

Molecular phenotyping can actively measure disease-related changes.

3 Nature 227, 561-563 Nucleic Acids Res. 2013
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Metabonomics

Jeremy K. Nicholsonand John C. Lindon
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Metabolism
Is Not Boring

= | Metabolism

Science

sncemag o SOENCE VOL 30

Introduction to science
community in 2008

Cell started Cell Metabolism
in 2005

Science released special
metabolism in 2010

nature metabolism

Metabolomic insight
into bacterial cell division

Nature started Nature
Metabolism in 2017

Metabolism is NOT boring! i) iZRIEYIFINEES
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This special issue celebrates a resurgence of interest in metabolism and an appreciation of
its central role in disparate areas of cell biology, physiology, medicine and synthetic biology.

What we measure for metabolomics?

small molecular endogens metabolites in bio-fluids blood, urine, feces, and tissues et al

(Molecular Weight < 2000 Da)
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« Metabolomics is an essential component of systems biology, and studies of metabolism abound in fields ranging from agriculture
to the study of human disease. —Nature Methods 2017

« metabolomics studies have being revealing that metabolites (both exogenous and endogenous) have a far more central role in
disease development, cellular signaling and physiological control than previously thought. —David S. Wishart, RZG4EY)F3<




Composition of Human Metabolome
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HEALTH CONDITIONS More than
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Newborn Screening

first test
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Most babies with serious but treatable
conditions caught by Newborn Screening
GROW UP HEALTHY with
expected development
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Fig. 1 The metabolic association of lysine acylation. Three major metabolic resources(glucose, fatty acid and amino acids) generate abundant
intermediate product within cells, such as lactate, Succ-CoA, Ac-CoA and BHB, which provide acyl-groups to covalently modify proteins.
Corresponding metabolites of Kcr, Kbu, Kpr, Kglu, Khib mainly emanate from fatty acid oxidation and amino acid metabolism whereas those of Kla,
Kma, Kbhb and Ksucc are derived from glucose metabolism

Alcohol metabolism contributes to brain

histone acetylation
Nature 2019

Oncometabolites drive tumorigenesis
by enhancing protein acylation:

from chromosomal remodelling to nonhistone
modification

J Exp Clin Cancer Res 2022
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External users can access EMBL experimental services in the fields of structural biology,
Imaging, genomics, proteomics, metabolomics, in vivo gene editing, and chemical biology.

Proteomics and metabolomics may lag behind genomics.
— Director of The European Molecular Biology Laboratory, EMBL

The ability to measure the metabolome on a global scale lags behind other omics techniques.
Given the diverse chemistries of metabolites, no single analysis method offers a 'one-size-

fits-all' solution.
— Nature Methods 14, 32 (2017)

MetabolomefUCETBFTEIBRINZEMEESZFE. BUMRRRRREYE. RESHERBKREFANEML,
Metabolites play crucial /;-QLIEbelE:I-ZH%E’JlJ\J =1 ’_I_H]&$Dj:§z7kft&ﬁ£

biological roles; methods are

needed for their study.
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« Untargeted Metabolomics JEfBMISERE - Global Profiling Survey
WITHOUT a predefined compound detection list, Semi-quantitative Omics-level data

+ EER: UPLC-HRMS EBRARIEBIE-Bo MRS

+ Targeted Metabolomics $BMIEEHRE - Targeted Survey

WITH a predefined compound detection list, Quantitative data
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Metabolomics and Lipidomics

14 Anal. Chem., 2016



FRIECEHEZ AR FSRE : 50penAl ChatGPTHIXTIE

Hi ChatGPT, What is untargeted metabolomics?

Untargeted metabolomics is a comprehensive approach to the study of metabolites
in biological systems, where all metabolites in a sample are detected and identified
without prior knowledge or targeting of specific metabolites. This method allows for
the unbiased discovery of metabolites and metabolic pathways, providing a broad

view of the metabolic state of a system.

So, what's targeted metabolomics?

Targeted metabolomics is a quantitative and selective approach to the study of
metabolites in biological systems, where specific metabolites or a predefined set of
metabolites are measured and analyzed. This method is used when the researcher is
interested in quantifying and characterizing known metabolites or metabolic
pathways. Targeted metabolomics allows for higher sensitivity and specificity
compared to untargeted metabolomics, as it focuses on a specific subset of
metabolites.

Well, will targeted metabalomics replace untargeted metabolomics, or vice verse?

Neither targeted nor untargeted metabolomics can replace the other, as they bath
have unique strengths and limitations. Targeted metabolomics is ideal when the
researcher is interested in a specific set of metabolites or metabolic pathways and
requires high sensitivity and specificity. On the other hand, untargeted metabolomics
is suitable for identifying unknown metabolites and global metabolic profiling,
providing a broad view of the metabolic state of a system. Therefore, the choice of
which method to use depends on the research question, the available resources, and
the analytical goals. In some cases, both targeted and untargeted metabolomics can
be used in combination to obtain a comprehensive understanding of the metabolic
system under investigation.

| am shocked for your such professional comment! Is this your personal thinking,
where do you get such comment?

As an Al language model, | don't have personal opinions or beliefs. The answer |
provided is based on the current scientific consensus in the field of metabolomics, as
well as the definitions and applications of targeted and untargeted metabolomics as
described in peer-reviewed literature. My training data consists of a large corpus of
text, including scientific papers, books, and articles, which allows me to provide
accurate and informative responses to a wide range of questions.

15
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ARTICLES

nature
biotechnology

https://doi.org/10.1038/541587-019-0233-9

Blood metabolome predicts gut microbiome
a-diversity in humans

Tomasz Wilmanski'¢, Noa Rappaport'¢, John C. Earls’, Andrew T. Magis**, Ohad Manor?,
Jennifer Lovejoy'?, Gilbert S. Omenn?, Leroy Hood ©'*, Sean M. Gibbons ©'** and Nathan D. Price ®'*

maximum recovery of small molecules. The resulting extract was divided into _

one for each of the_ and _ Samples were placed briefly on a

be the minimum observed value for that metabolite. These preprocessing resulted in 619

metabolites from 648 samples kept for further analysis.

Nature biotechnology 2019

ARTICLE opEN

https://doi.org/10.1038/541586-019-1237-9

Multi-omics of the gut microbial
ecosystem in inflammatory bowel diseases

LC-MS analyses. A combination of| ere used to profile
metabolites in the faecal homogenates, as previously published”®; two methods that
measure polar metabolites, a method that measures metabolites of intermediate

biochemically related metabolites further suggest that the differences
seen during dysbiosis do not stem simply from the wholesale dilution

of stool. Numerous other metabolites were also significantl red in
individuals with dysbiotic IBD (117 o
with FDR P < 0.05; Extended Data Fig. 4d, Supplementary Table 16),

showing large-scale dysregulation of metabolite pools in tandem with
host- and microbiome-specific taxonomic and molecular features

Nature 2019
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Indoleacetate :" “ Purine&Pyrimidine | 1-Methylguanine 588468.62 |544527.19
PC(36:0) s P Amino acid 1-Methylhistamine 2856.4286 |55222.965
Carnitine - Amino acid 1-Methylhistidine ~ [627730.97 |570309.35
. E;;‘i’l"‘g'_dz‘;(d”:“?‘ s ) Purine&Pyrimidine |1-Methylinosine  |165595.51 |102187.19
o . Peptide 2-(S-Glutathionyl)ac{230209.18 |709481.36
Pyruvate Carbohydrate 2,3-Diphosphoglyce|5339401.9 |1690049.6
M a rke r can d"date S £ 2-HG Benzenoid 2-Aminobenzoic aci{590050.87 |148197.69

« ——— ; p=0.00156 «Vitam‘n&ﬁofacbr 2-Aminonicotinic aci{ 1711837 | 1388889
- - - | | | wmm. Amino acid 2-Hydroxyethanesulf{4394925.4 |441243.62
B’ O" ns’ gh ts | | | | ™ Fatty acid 2-Hydroxyhexadecar 729777.24 |538334.22
[ 'mmwm.w. | Fatty acid 2-Hydroxystearic ac|353768.93 |273676.18
Plboary it by | ] q%e, © . Organic acid 2-Methylcitric acid |966266.22 |881577.24
o | — Sy 0, ° " . Purine&Pyrimidine |2-O-Methylcytosine |161456.17 |342113.72
| Ly | | | [ ] ™ % & N . *% Purine&Pyrimidine |2-O-Methyluridine [452270.92 |352517.74
iy s e et ] = : :

e e T a:i K o Amino acid 2-Oxoglutarate 41078148 (584769 15
| | | @ catsim muinbosion | | ¢ - c - Purine&Pyrimidine |2-Pyrrolidinone 173966.28 |87150.447
T | o ° Ce® Amino acid 3-Amino-2-piperidor| 5769488.2 |2302272.2
| # batioichicscid rebatoism | | [ ] = Amino acid 3-Aminobutanoic acl 12204526 |4500183.8
Flwt =4 — 4+ —— =+ — —— + — . Fatty acid 3-Hexenedioic acid |2729305.4 (54102521
A | | | | | | ° Organic acid 3-Hydroxybutyric ac|8830205.6 |704777.14

Bioinformatics Data mining Peaklist
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RERRISEE. KAFIohEdERE

Analytical Batch Arrange
HADTFFIRNRE

randomized samples

randomized samples
randomized samples

randomized samples

QC2
randomized samples
randomized samples
randomized samples

randomized samples

QC3

rad Extraction blank

randomized samples

randomized samples

randomized samples

randomized samples

randomized samples

randomized samples

randomized samples

randomized samples

randomized samples

randomized samples

1. ;BEFRIEREE (Pooled Quality Control) : FEBMEIFMN. ST RS EMEEIETRIMERETL
2. EIZERMC W RIsotope labelled internal standards: G REARRTRMRHIFE(TIE

QC sampled analyzed repeatedly
during analytical batch!

Pooled all the samples evenly together
or, reference samples, NIST SRM1950

v

RSD% Distribution

Batch-wise LOESS

100%

90%

PC2

80%

70%

PC1

1. TN DHTIERE, FIMAEIRRE 2. 1EHEcutoff, CV< 30% 3. RBABI, ARHURENEIERIESES
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Meta-Phenotyper™ SEETUE 18 XERARS: 5050 +HBLIN HERNEMERERR

« BMNMFANBRERZER: AFHNEERIEFHEREZALS2N. ARFINRIEEESE &Lk,

A e A L o e i p
" ' metabolomics « SERTS4EERVEDRTISHT: LITAKRE, HME Tk Ih @ 5 O O

a Chinese reference serum standard
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«  Drylabwork ATE#: HAE, QC Master™Ex{F
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35



BEaxEf: IRERNEEFEERE
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(7]
Qo 3
e 2 £ 400 o P 2021£E
- s Tali UL :
- £ T e - 1200+ A%
g R Y e[ W PEE S o]
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- Bt EMEAE, ©ERS
- BREARR: FRUPNREREFHK NHEREMW, XO®, MlE2RERE
- RRE: AMRENSE REEES R, WNRESX) | #HE=MNREIRIES

O 1500- meta-Phenotyper™ Classic
O 1200 . . oq ~ (s
O 1100 K% 2MIMZIBIAZEMOTGE, SEESCIL700+F AR EYIFER S s RV /ERHE
O REEFEIE1+2
[J 1000
O 200 Science of the Total Environment, 2019 (IF=7.963, &1E7: S RIFxE THEIRFT)
O
i 500
meta-Phenotyper™ Professional

S B zik: (LiE3FIR7 B4MEBRMUBIEF SIEREFDITEIE, SRR 1100+F IR
O 0= REWIFIEREIENeBE. NBHEFFA1+2+BRAZFHE4

NG (% .\OQ

O\'Zr(’(o Q?é\o(\ 60\\5\ Frontiers in Pharmacology, 2019 (IF=5.81, &1E7/5: BEMAFE—ERK)
K N
Qko &0\'{0

meta-Phenotyper™ Total Solution
Meta-Phenotyper] (] [1 [

WE ik APDERERRES, RERETREMRNRSEZERIESTEE, SLIAF1200+
MRS 2B SIEREIE E’J/;kf" B, NBAFE+2+EREFE+UBEFTTES

Alzheimer's & Dementia, 2021 (IF=21.566, &1/ : BHERAFERERR)

. _ N e
i (BRI  E SRR R, PNAS, eLife, 2021 (IF=8.14, &1E/: S RIBEENIIFR)
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ESI-I\/I\Sy \\\ D?’Cj)J\ONa \[)LONa

—)[llz_lgl] — — ‘7\\
- 2. SRR R > 3. PRI R

Intensity

1. IFEER-ENTEE

,, @ o REZFNRIEAFITHIINEY © RARCHVIMTH) & R RFRICHIAFRY & B FRILAC T A
% 6 6 Calibration solutions with % Calibration solutions with different
different concentration concentration external standard and
external standard the identical internal standard
H OH % %
et . 1 T e o
Hf'}(([ #:(OS—/ g /i Calibration curve g Calibration curve
A % / SMRERS TR g MIFRERSIE#IZE
REEEAE S Pe;\k area ratio of STD/IS
. IEmFHPeak area(TtE4) \ v
+ No Calibration curve tjég @
et [ ] | !
1. BEEfE 1. XEREELER, SERBER 1. iENRRE S EIRE
2. SiBmREEF oo 2. BT 2. DT EHA RS
3. ENEESER (EERE) 3. (VeEtaEERE 3. ATEPORMEF MBS FE AR IES FEATIRK
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WEUHEFHIERE: 88

, SRMEBEF3XJ

SRMIERE R M K5 R '
Selected Reaction Monitoring )

sSSRVEESISREIEESE,
(Bl —1 8iglE, ELFEL-ISNMEEFRSUBRESHR. BEit, SRVIEFEEFUERIIELIRA.

Bzh5 Ee.

SETHESRVEFIHEIE, SSRREIERS

SRMEFXT Transition:

EAAEIJ

E788.1

SRM Chromatogram

RT:10.0

>FE£66.1

100
90
80
70
60
50

40

Relative Abundance

30
20 Signal Threshold

10

Diclofluanid
Ethofumesate
Terbutrin
Fenitrothion
Pirimiphos Methyl ]
Fenpropidin J
Paraoxon
Prometrin ]
Ametrin ]
Metalaxyl
Fenchlorfos ]
Heptachlor
Acibenzolar-S-Methyl
Alachlor
Malaoxon -
Tolclofos Methyl
Parathion Methyl
Vinclozolin ]
Protoate
Metribuzin
Chlorpyriphos Methyl -
Propanil -
Dimethenamid
Phosphamidone
Chlorthiamide -
Pirimicarb-p-desmethyl ]
Formothion
Pirimicarb
epsilon HCH ]
Teflutrin

Triallate

delta HCH 1
Dinitramin
Disulfoton
Paraoxon Methyl
Pyrimetanil -
Diazinone

Chlortalonil
Propizamide -
Fonophos

98 10.0 10.2 104 106
min Terbutylazin

® SRM

x & B H
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fomiEIEEAccuQuanter™

 FeHARENIXFES

« SCIEX Triple Quad 5500+ —#EBESUkiEEIE - EREX=E PRI RS
- SCIEX QTRAP 4500 MDEY7 8&tiiF I YIlm PR RIS

* Eppendorf&BaIEFARIZIENIZEA

Metabolomics and Lipidomics

(p)- * SUMENRRESARES
= - EHIE SIIBEE BREE. RORIE REES
- SEMBEMA, ZEFDATUASE, FANSTHETIESIE
-+ PEREAHORQC SPIEBE LR S Q00T R

I] & « FEMNREEHICEEE TCA Cycle
« AccuQuanter-1800, #EAEEE600FYEHI5S1200F1A5R osa_m
- PERER300+EMZENTR, 1500+ FRIERIMMTER
o MEYEEPaneligit St

Mt AR IS ST2 TN FR RIS R BB RE 75 2 A F IR AR

"R HE=ANEEREE
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*. ZEXEFDA, BREEEMALIK PEZSEMTEYIF R O 75 ZIER S S RN

e CEIIEEACccuQuanter™i 5 AR . BE—HX, @ HKE

o MEREE: TW4RERY SCIEX QTRAP 5500+ —#EBEMiRBEIE- R =E UM ERIE,; SCIEX QTRAP 4500 MDEfTIZHNESE

o TRERE: BER300+FNEIAZEIMCAR, ~1500fhIFFRCIMR MR
- FREN: EYHIE, £91I512, BRIEE, FRHIEIE

AccuQuanter™-Bile acids JE;1F& ¢
7OFhAEH-ER «
BERIREEER ¢

AccuQuanter™-SMCFAs 58 P4EAshhES *
15FpE st +PEEASnER *
BERINEEE ¢

AccuQuanter™-Carnitines ErE T ¢
63fh < SEASALER
B ENINEEER ¢

AccuQuanter™-Steroid hormones {521 =
B2 RRAER o
BERINEER ¢

1 AccuQuanter”
R HYES
| BiRFlESHEEH

& AccuQuanter™-SH|EE SiEE
& soihrEE(lig. BIEERKIEY
& A RATNEER

® AccuQuanter™-SERIZETR
& 12MSFERR. ZERNRETERFREY
® FERINEER

@ AccuQuanter™-iZEEEHFRIECE
& S2HMIZEREHS RS, NEEZREIE
¢ FEERINEES

@ AccuQuanter™- A MALE S
@ 105§LysoPC, LysoPI, LysoPESF
® A ENIFREREAER

& Lipid-QuanEEfEFRES

& 1200FhpEE
& FAENIRRREER

41



EaEIEEAccuQuanter™MH /5 A5ERF . 251l

o MAFEE: 17U4RSEHY SCIEX QTRAP 5500+ —#EHBEXURIEEIE-BEX=FEIURITFRIE,; SCIEX QTRAP 4500 MDETIZHNZH
o TREEEE: BEER300+MEMEIFCANR, ~1500FIFtRCIMFRER
- FREN: EYHEIE, 911512, BRIRE, FTHIEIE

AccuQuanter-Bile Acids

10T EREEER
HiEFEH B

TR 0.29%~12.89%

[EIBER 83.23%~122.73%

2T 81.17%~127.98%

| PR 0~1830%

ﬂ | | TR 0.227 ng/mL~0.908 ng/mL
LN ] {A } I A ML[ EEMR 0.227 ng/mL~3.633 ng/mL
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In-Depth Quantitative MetabolomicsiREEE
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AEEEHET: AQL800—MIEERER, EE ZMRELFET AMANAIRIEEY

AQ1800 6002 MR MEREH+1200% %EFHEF? T ANBSR E’J)\Wﬁiﬁiﬁﬂ*é%u]é

RER N ETEY) FRIRRR R PCREBEELRER 95 ch
— Kk 94 AR - oER
=178 e PERSASEL Z B2l 127 PGREFSHLH 38 28
e s 5'-BRmERE
BiRAGELER 38 1-BRE-6-F R MIE-3-FERE LysoPC 37 P BE R A B2 22
BERRZE BERE
i LysoPE 27 PSBifEEt £ R 12
s 63 SRERE H
RERRBRSSITEEYD 12-HETE SMEHRERS 55 PABSREER 6
SRR —
e 57 3R AR TAGH M=Eg 466 LysoPI 12
7-HEIHE ChERE EEsHs 26 FFARERHER 33
WK EYD ‘ STE
[ERSRENF TENENER 83 3-REMN TR DAGH =g 60 Steroid 3% 8
SHERERHER RN
n 2 4
SRR 05 E‘gu%%;m?g&% CERMZEii% 28 AcCa 40
Eﬂﬂ% el e . . 3
FAMAIES DCERZ S ihLZfkhk 12 SulfatidefR H g 16
LysoPC(16:0e/0:0
M 105 e ) |CERABMEmE 12 CLIbBI 84
LysoP1(0:0/20:4) = _ _
Ep— GluCERC BB I 7 Sphingosine base 6
kL IR 66 + P I%ELPITRE

— AR HCEREZEEHHEZELAG 12 MRENMNERIR 15
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«  600ZFRIMEAE: InERIENE FEIEE

Intensity

Intensity

Intensity

Intensity
Intensity

Retention time

Retention time Retention time

Retention time

+ 1200ZFAE[R: HyperlipidemialliEta NS = FitiLE
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AQI800REEEMNGHHT: REEEH 1000 A ERIAIMEIREE

##fr: Intend to detect VS. Have been detected successfully

AQ1800: J3 &A)EEHN1800F P AMARIRIEAEHI SAERR
AQ1800: AIMFHAEEFEEEZI1100+ 100FRFRMEACEHI SRR

Asn-Val

Asp-lle

Asp-Leu

Cys-Cys

Glu-lle

Glu-Leu

Glu-Trp

Perfluorooctanesulfonic acid(PFOS)

Perfluorooctanoic acid(PFOA)

2,3-Dihydroxy-5-methylthio-4-pentenoic acid

Human Fibrinopeptide B residual [1-12, XGVNDNEEGFFS]

Human Fibrinopeptide B residual [1-13, XGVNDNEEGFFSA]

Human Fibrinopeptide B residual [1-11, XGVNDNEEGFF]

Human Fibrinopeptide A residual [2-16, DSGEGDFLAEGGGVR]

Human Fibrinopeptide A residual [3-16, SGEGDFLAEGGGVR]

Human Fibrinopeptide A residual [2-15, DSGEGDFLAEGGGV]

Human Fibrinopeptide A residual [3-15, SGEGDFLAEGGGV]

Androsterone sulfate (2)

Androsterone sulfate (3)

Androsterone sulfate (4)

Androsterone sulfate (5)

M1X-RT61MZ86

M1X-RT68MZ86

M1X-RT84MZ86

M1X-RT266MZ120

M1X-RT214MZ130

M1X-RT188MZ132

M1X-RT186MZ158

FREL A AR AT A S 7

MetaPhenotyper

355

AQ1800

Butyric acid

Acetic acid

Beta-Alanine

Acetoacetic acid

Dopamine

N,N-Dimethylglycine

Glycolic acid

Homovanillic acid

Glutathione

D-Galactose

Ethanolamine

Dopa

Methylmalonic acid
Phenylacetic acid

Oxalacetic acid

Oxoadipic acid

Orotic acid

Phenol

Propionic acid

Tyramine

Taurolithocholic acid
3-Hydroxy-kynurenine
Indoleacrylic acid

Indole

Homocysteine

Mesaconic acid

Lithocholic acid

Nonadecanoic acid
5-Methoxyindole-3-acetate
Dopamine-4-sulfate
Acetyl-N-formyl-5-methoxykynurenamine
(+/-)-Enterodiol

Ophthalmic acid

Enterolactone
Hydroxy-tetradecenoylcarnitine
Hydroxy-tetradecadiencarnitine
Hydroxy-hexadecenoylcarnitine
Hydroxy-hexadecadienoylcarnitine
Hydroxyhexadecanoylcarnitine
Hydroxy-octadecenoylcarnitine
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hsa01200 Carbon metabolism - Homo sapiens
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BIOSYNTHESIS OF AMINO ACIDS |

hsa01230 Biosynthesis of amino acids - Homo sapiens
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hsa01040 Biosynthesis of unsaturated fatty acids - Homo sapiens

3

hsa01240 Biosynthesis of cofactors - Homo sapiens
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N HEEZRANREER EEFAR: AIMNEERRERBCETEREZ metabolic factor

FREZEF (NBEZ<BEHRETY) —REEEFCFMRIVHRESKS

Proteomics and Metabolomics Enables Precision Medicine through:

T » Small molecule Biomarkers SE4IHREH
« cholesterol metabolism regulator g /ﬁg’) S";’fo e

+ glucose metabolism regulator Sasitinis o
- BA-qut microbita interaction e akc rprgr
- FXR and TGR signaling Carbohydrates o
Amino Acids
} «insulin sensitivity
REREERN - oxidative stress
- neurotransmitter regulation
- aberrant signaling
- mitochonarial dysfunction
- inflammation
« neurological diseases .
« cardiovascular disease
Ny A
.S Ho '(I{
W

® o Polyamines
H - Neurotransmitter regulation
o  cell cycle growth control
on

provide predictive, prognostic, diagnostic, and surrogate markers of diverse disease states

m Deep insight of disease molecular mechanism #iElEl

inform on underlying molecular mechanisms of diseases

«ion channel modulator
« plant hormone

o,

f»&
Acylcarnitine
I‘mo e s/carnitine
Fatty acids \ Acylcarnitines/carnitine
- signal-transduction '\ « fatty acid oxidation
- fuel source \ « insulin resistance
« energy storage « mitochondrial dysfunction
« protein modification \ « nutrition
« gut microbita status i
=2 (lyso)phosph
ISphi atidyicholine
. o~ /‘
Ceramides//Sphingomyelins” G%GTG = [’y?)phoi&rhatldylchol:m
- neurodegeneration (DG,TG) i fomnietion
«insulin resistance e ous

 deregulated proliferation
- oxidative stress e TG.MG) B e
« endoplasmic reticulum stress

« Oxidative stress .
« aberrant cell signaling S e mation secondary messengers

«insulin resistance
« aberrant signal transduction

Metabolomiics (2016) 12:149 (!) CrossMark
DOI 10.1007/511306-016-1094-6

ORIGINAL ARTICLE

m Stratification, sub-classification IS B SEA DX

Allow for sub-classification of diseases, and stratification of patients based on metabolic pathways impacted

m Pharmaco-metabolomicsZ¥0a%F R SiFm

Reveal biomarkers for drug response phenotypes, providing an effective means to predict variation

m Correlating genotype-phenotypeEEB-FREIKEL

Define a metabotype for each specific genotype, offering a functional read-out for genetic variants

Metabolomics enables precision medicine: “A White Paper,
Community Perspective”

Richard D. Beger' * Warwick Dunn® » Michael A. Schmidt® - Steven S. Gross®
Jennifer A. Klrw.m + Marta C; dmnu-” Lorraine Brennan® - David 5. Wishart”
Matej Oresic'® - Thomas Hankemeier'" * David 1. Broadhurst'? + Andrew N. Lane'*
Karsten Suhre'? - Gabi Kastenmiiller'® - Susan J. Sumner'® - Ines Thiele'” -
Oliver Fiehn'' - Rima Kaddurah-Daouk® « for “Precision Medicine and

har ics Task Group”-Metabolomics Society Initiative

——

Metabolomics, 2016



SCI8&1t: Study Design of Human Metabolomics Studies (IRSSIGARRHACIFET)

Germany Finland

& p COLO . - . . = — /I R Are SR BB A
s s ﬂﬁg@ coto ATEG . Consortium of Metabolomics Studies EFr GBI ELEE Technology used in COMETS
BCFR ALSEA ‘ EPIC
GaTHGEN wss | Estonia 0F 2%

CaPsS | . e . . .

ot ETzos. FEET  The Largest consortium of metabolomics cohort studies
FHS2 RON ( T . .. .
e w Pors ] b « 47 prospective cohorts, 13,8670 participants(up to 2018 April)
HEFS Twins0 / Y . her
e "oy UPBEAT « Blood metabolomics (Serum, EDTA-plasma) (N)It\/lli

s WH-II ) .
§Eg§ * Follow-up outcomes (Cancer, diabetes, CAD, et al) = MS
Phs. , + %%H%68% participants with Genome-wide SNP information
PLCO Singapore
VDAART SP2
WHI
WIHS BHS

COnsortium of

3.3 48 L3832 METabolomics Studies  *  Convened by USA National Cancer Institute from 2014

(@) (b) . .
Purpose of analyses performed to date Type of study design(s) for metabolomics analyses
(completed or ongoing)
30| 80 27 20 17
15
= 201 15
10 8 8

(o))
o [,
I‘J.I
Ib

& & S $ $ S S &
& © S s § S & $
¥ P P g IS &
S P &£ o @ @
& & % & S &
§ & &
& X
Q S
A3 BHY: Beyond metabolite markers, Towards Mechanism ISR BN, FRMSR, EREM

52 Am J Epidemiol. 2019; Metabolites 2019



SLIOIRIT . AERTHFHIRRR,

FODMAPs alter symptoms and the
metabolome of patients with IBS: a
randomised controlled trial

Gut 2017

M

/.','.'

Randomized Controlled Trial
R4 % BRI 36

SRR, REHEEHE—THTREMMY, HARSRS

®it: 20{EXIE vs. 208%IE
SCISAYE: 3
HUBNIIE: 16S rRNA, 200 FRi‘ACED

Metabolomics analysis identifies different
metabotypes of asthma severity

Eur Respir J 2017

Case-control study design

Healthy Individuals
individuals with cancer

MR T

Case-Control study

PO R

i8it: 54 cases vs. 22 NCs)
AK: Serum metabolomic
HEEHHE: 66 metabolites

Metabolite changes in blood predict the onset

gt KIE (66 vs. 211 NCs)

of tuberculosis 88 |.-83 |88 Prosg«ié:;’\r/;}igﬂgftudy AizlE: 38 vs.116 NCs
N P e o e RUMS It FHUEAE: 1000+ metabolites
ature Communications 2018

Pl.asma Lipidornic.: Proﬁlipg and foter — Case-Cohort study ®it: 250 cases vs. 636 non, 53 overlap
Risk of Type 2 Dlabetes in the T 6-PA B FRZT ]*3'27!( Tasma Lipidomics
PREDIMED Trial Diabetes Care 2018 Subcohert [ Cases in Y R HUENIIE: 207 plasma lipids
A Metabolomics Analysis of Body Mass Index and CM/MQ B Nested Case-Control study 1&%1t: 621 cases vs. 621 controls
Postmenopausal Breast Cancer Risk Doion oo w1 ipog:l e A serum metabolomics

J Natl Cancer Inst, 2018 coes IR cowrmons | BAFI AR 51 3 R A 55 HUEHIE: 617 metabolites
Serum metabolites detect the presence of advanced £ -ﬂ i ! _ 181+ 156 derivation cohort, 201 validation
fibrosis in derivation and validation cohorts of i Cross-Sectional study BR: serum metabolomics

patients with non-alcoholic fatty liver disease Gut 2019

HEETE AR

HUEDIE: 652 metabolites

Longitudinal plasma metabolomics of aging and sex

Burcu F. Darst Rebecca L. Kosak Kirk J. Hogan ,Sterllngc Johnson® 5, Corinne D.

Engelman ***
Aging 2019

Longitudinal study
WEMR, HNEHR

i&it: 2344 fasting plasma
A untargeted metabolomics
FHAEMIE: 750 metabolites
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Over the past decade, the field of metabolism has witnessed remarkable scientific discoveries that reshaped the understanding of metabolic physiology and disease.
As we launch Nature Metabolism, we look at what the future holds for metabolic research

Microbiome research 4448

The next decade of metabolism

2005~ 2017~

Metabolism nature V Ro
9?" metabohsrrkf

Omics for
hypoxia-targeted therapy

Adipose tissue biology and obesity

Ageing, Diabetes, Nutrient sensing and signaling

54 Nature Metabolism 2019
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