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Genome, Transcriptome, Proteome, Metabolome
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€ How many Metabolites?

- M/Os: >20,000
- Plants: >200,000
- Mammals: >2.,500 - 8,000



Application of Metabolomics

Chemo-taxonomy
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Determination of
gene function
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Two Routes to Metabolomics
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Work flow of Metabolomics

Sampling
preparation

STEP.1

- No. of sample
-Instant quenching

- Extraction

Instrument
analysis

. STEP.2

Data Statistics
processing Data analysis

STEP.3 STEP.4

- Baseline correction

- Peak selection - t-test, ANOVA

- Peak alignment PCA, PLS-DA
- Visualization
(heatmap,
box-whisker plot,
correlation map)
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프레젠테이션 노트
대사체분석을 위해서는 크게 Sampling and extraction, instrument analysis, data processing, statistics, and data analysis 4단계로 나누어지며, 특히, instrument analysis에서는 GC, LC, CE-MS, NMR 이 일반적으로 많은 대사체를 분석하기 위해 사용됩니다.



What is a Metabolite?

« Any organic molecule detectable in the body with a:
MW < 1000 Da

* Includes peptides, oligonucleotides, sugars, nucelosides,
organic acids, ketones, aldehydes, amines, amino acids,
lipids, steroids, alkaloids and drugs (xenobiotics) =
Structural diversity

« How many Metabolites?
- M/Os: >20,000
- Plants: >200,000
- Mammals: >2,500 - 8,000 (HMDB)

Metabolomics: an introduction



Major technologies for Metabolomics

& Identify and quantify metabolite 9 Does not rely on the separation of
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 Orbitrap-MS, FT-ICR-MS

etabolomics: an introduction



[Equipment]
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Principal Component Analysis (PCA)

e Spectrum (observation)
becomes a point in PCA
Scores plot

e Variables (ppm or m/z)
shown in PCA Loadings
Plot

e Using plots together allows trends in the sample spectra to
be interpreted in terms of chemical shift



Principal Component Analysis (PCA)
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MS/MS Databases

€ Large amount of data: MS, MS/MS, HRMS, isotope
ratio

€ Need for databases that can be easily searched

€ In-house MS-DB

Metabolomics: an introduction



Ildentification of metabolites
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발표자
프레젠테이션 노트
발효패턴이나 생체내외 대사의 바이오마커가 된 주요대사산물들을 규명하기 위해서 전하량 (m/z) 값과 머무름시간 (retention time), MS fragmentation pattern 그리고 LCMS경우 UV 값을  metabolite identification 이용하여 본 연구에서는 예상되는 standard compound와 직접비교를 시도하거나, MS/MS fragmentation 을 이용한 in house library나 NIST를 사용하여 발효패턴별 주요대사산물을 ID하였고 생체내 대사의 경우 HRMS를 통해 HMDB 라는 데이터베이스를 이용하였다.


In House LC/MS/MS DB for 2"d metabolites
Contains 6,500 spectra of metabolites
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RAPID COMMUNICATIONS IN MASS SPECTROMETRY

Rapid Commun. Mass Spectronr,

Published online in Wiley Inted

nce wiley.com), DO 10,1002 /rem. 2230

Identification of flavonoids using liquid chromatography
with electrospray ionization and ion trap tandem mass
spectrometry with an MS/MS library

Table 1. Subclasses of flavonoids

Class Flavonoids

Flavonols Quercetin, kaempferol, myricetin, isorhamnetin

Flavones Luteolin, apigenin

Flavanones Hesperetin, naringenin, eriodictyol,
pentahydroxylflavanone

Flavans Catechin, gallocatechin, epicatechin,
epigallocatechin, dihydrokaempferol,
dihydroquercetin, dihydromyricetin

Isoflavones Daidzein, genistein, glycitein

Anthocyanidins Cyanidin, delphinidin, malvidin, pelargonidin

Chalcones Chalcone, tetrahydroxychalcone



발표자
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관련 5500종의 2차 대사산물 MS/MS 라이브러리를 역시 보유하고 있습니다.
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Plasma glutamine and glutamic acid are potential biomarkers
for predicting diabetic retinopathy

Sang Youl Rhee' - Eun Sung Jung? - Hye Min Park? - Su Jin Jeong? - Kiyoung Kim* - Suk Chon' - Seung-Young Yu*-
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Study Progression !

Study enrollment (n=198)

Refuse to participate further
examination (n=15)
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Complete ophthalmologic
examination (n=183)
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Case and Control
after propensity score matching (n=64)

diabetic retinopathy
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Principal component analysis (PCA) (A,C) and orthogonal partial least squares discriminant

analysis (OPLS-DA) (B,D) score plots for plasma of non-diabetic control, no DR, and DR subjects
analyzed by GC-TOF-MS (A,B), and UPLC-Q-TOF-MS (C,D).
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Box and whisker plots and ROC curves of amino acids in plasma which significantly
distinguish non-diabetic control, no DR, and DR subjects. The AUC values of each
metabolites are shown in inside of ROC curve.
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A schematic diagram of a proposed metabolic pathway using metabolites shows
significantly different levels among experimental groups including non-diabetic
control, no DR, and DR subjects.
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Summary of diabetic retinopathy

* Glutamine and glutamic acid were identified as the most accurate marker for
the presence of DR in subjects. ROC analysis showed high diagnostic value
of glutamine (AUC=0.671), glutamic acid (AUC=0.656) and its ratio
(AUC=0.742) for DR.

e Our study suggests that glutamine, glutamic acid, and its ratio can be

useful as new biomarkers to predict the prognosis of DR in elderly T2DM

patients.

22
diabetic retinopathy
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Discovery cohorts
(n=60)

Non-targeted
metabolomics

Targeted oxylipin
analysis

!

!
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Plasma amino acids and oxylipins as potential

multi-biomarkers for predicting diabetic macular I
edema A
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.

Principal component analysis (PCA) (A) and partial least squares discriminant analysis (PLS-DA) (B) score
plots for candidate plasma markers in diabetic macular edema (DME) and non-DME subjects analyzed by
GC-TOF-MS. @—non-DME group, @ —DME group

(A)

PC2(10.0%)

(B)

PLS2 (9.1%)

3
.

50
=100 4

150 +——
-200

-100 4

-150

o
=]
i

o.QQ....? .‘:o .? J .
L o4

50 4

S5 4100

0
PC1 (14.5%)

R2X: 0.173, R2Y: 0.847, Q2: 0.546, P = 7.77e”7

|
@
@
(&)
.‘.
@
e o e o
® o0 ® ® o)
e &
& & [s}
.. @ =)
e o O ¢ ®
8
------------------ e
-100 g0 £0 42 -20 0 20 40 60

PLS1 (8.2%)

(A)

100

PC2 (8.9%)
o

-100

150 -100 -50 0 50 100 150
PC1 (14.2%)

R2X: 0.138, R2Y: 0.693, Q2: 0.211, £ = 0.0009

—80‘»50 —40.»30 -20.»10. 0 .10._2.0 30 40 5060
orLs 2ewdiabetic macular edema


발표자
프레젠테이션 노트
황반부종



- L
10 15
non DME DME

[ ICysteine
% | Glutamic acid
% | cystine

Asparagine
Aspartic acid
Threconine
Ornithine
5-Oxoproline
Arginine
Serine

Lysine
Glutamine
Methionine
Glycine
Tyrosine
Phenylalanine
Alanine
Proline
Tryptophan

(A) o

* *IH

* [

ic acid

Uric acid

Citric acid

Malic acid
Glyceric acid
Galacturenic acid
Pyruvic acid
Glycolic acid
Phosphoric acid
Lactic acid

* | Hydroxylamine
Urea

Creatinine

* | Phenylacetic acid
Docosahexaenoic acid
3 Hydroxy-sovalencacnd
Ol i

Monoelein
Monopalmitin

* IN icacid
Decanoic acid
Arachidonic acid
myo-Inositol
Glycerol

Fructose

Glucose

Glucose
1,5-Anhydroglucitol
Maltose

IR s.ucrose

!HHJ%

| . .|

05 10 20

non DME DME
I

(B) !

20-HETE

15-keto Prostaglandin F2a

15-keto Prostaglandin E2
Thromboxane B2
13,14-dihydro-15keto Prostaglandin D2
5(S)-HpETE

(t111-HETE

(£)8(9)-EET

(£}12-HETE

(£)5-HETE or (2)8-HETE
(£)12-HpETE

Leukotriene C4

Prostaglandin A2

Prostaglandin D2

Prostaglandin J2

S5-OxoETE

(2)11(12)-DiHET or (£)14(15)-DiHET
(2)5(6)-EET

Leukotriene A4 methyl ester
Leukotriene D4

Leukotriene B4

(£115-HETE

15-0x0ETE

()9-HETE

Prostaglandin B2

Prostaglandin E2 or Prostaglandin H2
(:11(12)-EET or (2)14(15)-EET
20-hydroxy Leukotriene B4

| 12-OxoETE

11-dehydro Thrombozxane B2
13,14-dihydro-15-keto Prostaglandin F2a
Lipoxin B4

20-carboxy Leukotriene B4
Prostaglandin F2a

6-keto Prostaglandin Fla
15(S)-HpETE

(2)4-HDHA

(2)20-HDHA

(2)7-HDHA

(2)8-HDHA

(£)17-HDHA

(£)16-HDHA
10(S5),17(S)-DiHDHA
(£)10-HDHA

(£)13-HDHA

(£)15-HEPE
(£)11(12)-EpETE
(2)12-HEPE
Prostaglandin D3
(£)18-HEPE
Prostaglandin E3
9-0x00DE

13-0x00DE
(2)12(13)-DiHOME
()9(10)-EpHOME
(£)9(10)-DiOME
(£)9-HODE or (2)13-HODE
9(S)-HoTrE

13(S)-HpODE

9(S)-HpODE

1.5
non DME DME

Glutamic acid
Cystine
Alanine
Cysteine
Aspartic acid
Asparagine
Glutamine
Lysine
Methionine
Threonine
Serine
Tyrosine
Ornithine
Valine
Phenylalanine
Iscleucine
Proline
Galacturonic acid
*  |Uric acid
Malic acid
Citric acid

bl B B B *%

*|%

Ami icacid
Pyruvic acid
Glyceric acid
Hydroxyacetic acid
Phosphoric acid
Hydoxylami

Urea

* |Benzeneacetic acid
# _|Creatinine
3-Hydroxyiscobutyric acid
Palmitoleic acid

* |Docosahexaenoic acid
Oleocic acid

Linoleic acid
Palmitic aicd

cl id
Monopalmitin
Decanoic acid

* Nonanoic acid
myo-Inositol
Glycerol

Maltose

I sucrose

B
05 10 20
non DME DME

20-HETE

15-keto Prostaglandin E2
(2)S-HETE or (2)8-HETE
(2)12-HETE

15-keto Prostaglandin F2a
5-OxoETE

(2)5(6)-EET

Prostagladin F2a
Leukotriene D4

(£)8(9)-EET
13,14-dihydro-15keto Prostaglandin D2
20-hydroxy Leukotriene B4
(2)11-HETE

(2)12-HpETE

(£1S-HETE

Prostaglandin D2
5(S)-HpETE

Leukotriene C4

(2)11(12)-EET or(:]id{iS}EEr
Thromboxane B

6-keto Pmshglandln Fla
Leukotriene A4 methyl ester
(2)8-HETE

15-Ox0ETE

Prostaglandin B2
(2)11(12)-DiHET or (2)14(15)-DiHET
12-Ox0ETE

Prostaglandin A2
Leukotriene B4
Prostaglandin J2
11-dehydro Thromboxane B2
Prostaglandin E2 or Prostaglandin H2
13,14-dihydro-15-keto Prostaglandin F2a
Lipoxin B4

20-carboxy Leukotriene B4
15(S)-HpETE

(2)7-HDHA

(£)20-HDHA

(2)8-HDHA

(2)4-HDHA

(2)16-HDHA

(2)17-HDHA

(2110-HDHA

(£)13-HDHA
10($5).17(S)-DiHDHA
(2)12-HEPE

(2)1S-HEPE

(2)18-HEPE

(£)11(12)-EpETE
Prostaglandin D3
Prostaglandin E3

9-0x00DE

| 13-Ox00DE

(£)12(13)-DiHOME
(£)9(10)-DiHOME
(2)9(10)-EpOME
(2)9-HODE or(2)13-HODE
9(S5)-HoTrE

9(S)-HpODE

13(S)-HpODE

diabetic macular edema


발표자
프레젠테이션 노트
황반부종



Receiver operating characteristic (ROC) curve of potential metabolite biomarkers
distinguishing diabetic macular edema (DME) versus non-DME subjects, and
combined ROC curves of those multi-biomarkers.
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Carbohydrate metabolism
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Schematic diagram of a proposed metabolic pathway using plasma metabolites derived from metabolite and lipid profiling of experimental groups
including diabetic macular edema (DME) and non-DME subjects. Metabolites labelled with blue characters indicate that relative metabolite levels
were lower in DME cases than in non-DME subjects. Metabolites labelled with red characters indicate that relative metabolite levels were higher in
DME cases than in non-DME patients. Asterisks indicate statistically significant differences in levels of metabolites distinguishing DME and non-DME
individuals (p < 0.05). The metabolic pathway was modified from the reported Kyoto Encyclopedia of Genes and Genomes pathway (KEGG,

http://www.genome.jp/keqq/). diabetic macular edema.
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Summary of diabetic macular edema

 From metabolomic studies of plasma, 5 amino acids (asparagine, aspartic acid, glutamic
acid, cysteine, and lysine), 2 organic compounds (citric acid and uric acid) and 4
oxylipins (12-oxoETE, 15-0x0ETE, 9-0x0ODE, 20-carboxy leukotriene B4) were
identified as candidate multi-biomarkers which can guide DME diagnosis among non-

DME subjects.

e Our study suggests that multi-biomarkers may be useful for predicting DME in elderly

T2DM patients
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Research design
- Male OLETF rats were orally administered pioglitazone (30-mg-kgl) and fed a high-fat diet (60% kcal

fat) for 12 weeks.
- Hepatic metabolites were analysed via metabolomic and lipidomic analyses.

- Gene expression and PLA2 activity were analysed in livers from pioglitazone-treated and control rats.
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EXPERIMENTAL APPROACH
Male Otsuka Long-Evans Tokushima Fatty (OLETF) rats were orally administered either vehicle (control) or pioglitazone (30-
mg·kg1) and fed a high-fat diet (60% kcal fat) for 12 weeks. Hepatic metabolites were analysed via metabolomic and lipidomic
analyses. Gene expression and PLA2 activity were analysed in livers from pioglitazone-treated and control rats.
KEY RESULTS
OLETF rats that received pioglitazone showed decreased fat accumulation and improvement of lipid profiles in the liver compared to
control rats. Pioglitazone treatment significantly altered levels of hepatic metabolites, including free fatty acids,
lysophosphatidylcholines and phosphatidylcholines, in the liver. In addition, pioglitazone significantly reduced the expression of genes
involved in hepatic de novo lipogenesis and fatty acid uptake and transport, whereas genes related to fatty acid oxidation were upregulated.
Gene expression and enzyme activity of PLA2, which hydrolyzes phosphatidylcholines to release lysophosphatidylcholines
and free fatty acids, were significantly decreased in the livers of pioglitazone-treated rats compared to control rats.
CONCLUSIONS AND IMPLICATIONS
Our results present evidence for the ameliorative effect of pioglitazone on hepatic steatosis, largely due to the regulation of lipid
metabolism, including fatty acids, lysophosphatidylcholines, phosphatidylcholines and related gene-expression patterns.
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Anti-obesity effects of single drug (Pioglitazone)

Comprehensive metabolite profiling
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Anti-obesity effects of single drug (Pioglitazone)
Metabolic pathway (hepatic metabolites + gene expression)

Pioglitazone
- - FFA
0.5 1.0 2.0
| Contl it ] |
FA Transporter
ATPI
=2 de novo Lipogenesis
.S'.ngle
SCDl
GAT1 4
v al it acid ff;n a e
ti“i?iifl{ FF. inolekcacd € Acetyl CoA
L;::PHE:’ ¢ T !
LysoPCk4) ICPH:
a4 Fatty acyl CoA > [-oxidation
LysoPCikd)  cE1s:
vea CE 2022 Mitochondria
rorcuco j\ACE s Cttochonaia >
L;-::PC(IS.-I]} A CE0
LysoPCO%0D T 1P 42640 141 A re sz [ frossa
LysoPCE——= PC<«— DG[[x: —>TG e o ' '
[Mrcars ™ [Tpess - Llpesed S Hhon Scheme of the mechanism by which PIO
LvsoPE €— ’,/"” i C 265 ol W sotoid
S0 1 & [ [re 321 reg . .
1 ,.5,1;::3—’52 PE - . e [Tkcas: e P regulates hepatic metabolites, and
}:sn = 38:3 EE:J::! E‘J-B:; 1 el B 1
T @;g; re3es Lpc s Broze s related gene-expression patterns
386 PC 361 C 387 Cfress [T o
PC 362 40:2 Choses [ e s
PC 36:3 | C 404 | [ressa | [ro=ss

33

British Journal of Pharmacology (2018) pioglitazone on hepatic steatosis



Summary of pioglitazone on hepatic steatosis

- Pioglitazone treatment significantly altered levels of hepatic metabolites, including free
fatty acids, lysophosphatidylcholines and phosphatidylcholines, in the liver.

- reduced the expression of genes involved in hepatic de novo lipogenesis and fatty acid
uptake and transport, whereas genes related to fatty acid oxidation were upregulated.

- Gene expression and enzyme activity of PLA2, which hydrolyzes phosphatidylcholines
to release lysophosphatidylcholines and free fatty acids, were significantly decreased.
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Oxylipins: Targeted metabolomic analysis in Liver
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Conclusion and application

 Diabetes complications: Plasma Metabolomics in patient with type 2 diabetes
mellitus - Biomarker for prescription

- Glutamine, glutamic acid, and its ratio can be new biomarkers to predict the
prognosis of diabetic retinopathy

- Plasma amino acids and oxylipins as potential multi-biomarkers for predicting
diabetic macular edema

 Drug mechanism: Hepatic metabolomic and lipidomic analysis of obese Type
2 diabetes in a rat model > Biomarker for drug mechanism

- The effect of pioglitazone on hepatic steatosis

 Oxylipins = Biomarker and Drug
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