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Abstract

Metabonomics is gaining increasing interest in many fields recently, which is an
important component of the function genomics and systems biology. As a developing
and valuable tool for the metabolomics analysis of complex samples, ultra-high
performance liquid chromatography (UPLC) is gaining more attention. Focusing on

UPLC/MS, the following work in this thesis has been carried out.

We developed metabonomics method to distinguish the global serum profiles of 8
diabetic nephropathy (DN) patients, 33 type 2 diabetes mellitus (T2DM) patients and
25 healthy volunteers using UPLC/MS system. The distinct clustering between the
patients and controls was observed, and DN and T2DM patients were also separated
into two individual groups. Several compounds were tentatively identified based on
accurate mass, isotopic pattern and MS/MS information. In addition, significant
changes in the serum level of leucine, dihydrosphingosine and phytoshpingosine were
noted, indicating the perturbations of amino acid metabolism and phospholipid
metabolism in diabetic diseases, which having implications in clinical diagnosis and

treatment.

We applied UPLC/MS in the metabonomics research of prostate diseases including
prostatic cancer (PC) and prostatic hyperplasia (PH). The distinct clustering of PC
patients, PH patients and the controls was observed. PE(22:6), LysoPC(18:0),
LysoPC(22:6), phytosphingosine, dihydroceramide and ceramide were tentatively

identified as potential markers based on accurate mass and isotopic pattern.

In UPLC-based metabonomics research, the introduction of separation step prolongs
the total analysis time, consequently resulting in relatively lower throughput. We
analyzed the serum and urine of the patients with type 2 diabetes mellitus and the
controls with UPLC/TOF-MS, comparing fast gradient with slow gradient, using both
positive and negative ionization modes. In both fast and slow gradients, the PLS-DA
models generated with serum samples were more robust than those with urine samples,
and positive ionization mode demonstrated better differentiation and higher
classification rate than negative ionization mode. In addition, the fast gradient was

found to have comparable differentiation capability to slow gradient. Considering the



sample throughput obtained by fast gradient mode was improved by 5 times, we
recommend it to be employed for the differentiation analysis of clinical samples. The
biomarker discovery capabilities of both gradients were compared using positive
ionization mode. Some biomarkers obtained by slow gradient were observed in the
loading plot of fast gradient, and the relative intensities of the corresponding
biomarkers showed similar trends. However, the matrix effect induced by insufficient
separation using fast gradient have deleterious effects on the detection of some
important metabolites with low abundance. Therefore, slow gradient was the better

choices than fast gradient for the biomarker discovery research.

Keywords: Ultra-high performance liquid chromatography; mass spectrometry;

metabonomics, disease



B HRGEIR. 1
Lo AR X 1
L2 AR A E T o e 1
L3 A 2 R AR G 2

L3 L R 3
L3, 2 TR 3
130201 RERIFEIRBIAR o 4
L322 il RILBHER o 6
1.3.2.2. 1 ARG - s B AR o 6
1.3.2. 2. 2 BAVEWAR OG- POSIRHAAR ..o 7
1.3.2.2.3 RO G- ol R EAR. 8
1.3.2.2.4 YRGS . 8
1302, 3 A A B I EIREIAR o 9
1.3.2.4 HIHE TR BB SRR o 9
1.3.2.5 T2 ALERIMIMNE TR o 9
L33 BT 9
L3031 B 9
1.3.3.2 Bl 10
13,3, 2. 1 BB i 10
1.3.3.2.2 M B TV 10
13,33 AR . o 10
13,34 BB 10
LA AR AT I 11
Lod 1 IRRA AL 11
L4, 2 2 Loy 11
LA SRR AL, 12
LA A B EARIIAL . 12
R 12



S5 OWE PRI RO R B AR AL AT 25
0 1= 25
2. 2 26

N/ B v 26
2.2.2 MG AT 26
2. 2.3 BB O 26
R A 26
2. 2.5 BT o o 27
2. 3 A R G 27
BRI . e 35

W= BB AR LI . 37
T = 37
B T 38

T T v | R 38
3.2.2 MLERUE M AT 38
3. 2. 3 BRI O 38
T S L 38
3. 2. 5 BT o 39
3.3 G G 39
BRI e e 49

SO S T S OB B R ol R VAR 52
S 1= 52
A I 53

O/ I v R 53
4.2.2 MVEFREERIE AL 53
4. 2.3 BRI O 53
4.2.3.1 BRBVEM AR 53

II



4.2, 3. 2 BT e 54

A A T 54
42,5 B HT o 54
R 7 54
B R e e 66
B B 67
AR R RIIFEARIB . G 68
R R RIFEARIB L. T 71
(i 72
5 1 73

I



1.1 AR 2R e X

Az i (R B AR A KA (R I, AU Bl 2 A 16 3 1R A TR AR A0 4
FHEA o AUZH 27 SR 4R AR MR A YA TR B A A [ 1-3] 0 A AT
HE LIS E A i b s E o i, D ER e AT AL IR . A . RS
S AN AR T . A T AT SRR e R R, AR H R
W B 537 T 2071100014 /1893 FAR B R

H AR 402 10 8 3 45 2 1A W Ff . O Metabolomics[4] ( Steven
Oliver) : 18I %42 A=Wk 2 52 R ERHR B i (P AN 2 110 DR A S R PR3 A
A5 ) AR 4 (¥ A A B LB I 8] (R AR Ak, KA S8 A= ) A 2R IR AR I A 1) — ol
HAR;: @ Metabonomics[1] (Jeremy K. Nicholson) : A=4)44 %55 B A= B i) i al 3
PR = A= R AR A 1) ORI 2 TR B SR AG IR T — O, T — e LA
ARG, T2 W TR RO A A T S A0 3 D) S = Sl 0 P A R
LR, )z HN T 29T R AN S W S A
1.2 RFHAZHRER

HRHEIE TSR H A, Oliver Fiehn KR %254 4 A JZIK[S]:
1) ARUEEFR 2> BT (metabolite target analysis): % AN B R JLANEE 2 202 14047 o
TERXANZ R, FFEERA e I PAL B AR, BRECT-HEA, LABE m kIl i) R U
2) R4S B T (metabolic profiling analysis): it /H T 1) — LLA QI P~ H 1K)
TR WAE—2RG5H) . MG &) He—ARUHRAR I BT rh I =4 X
EZ UANL Pr 0L A X At
3) AR %% (metabonomics): A B e £ T IRARE & AR PIRE il b A7 AR 20 73 1)
VEFIE 5o AT AU 2 2B TU S A ot 18 T4k B RURS 0 5 A a0 200585 2 0 BT AT 1R AR
WZH Ay B R et sl ok, i HEMA TN . AR %
W R A s A R DR G A R IL R A T AR BT I AL 2 T 2RO
4) QRS2 HT(metabolic fingerprinting analysis): AN B % & BAK A —4H ),
T A X A i EA T PR 532

MR TS, R 3 JBIRA R EIERAR A 090 BT B inid s
Rt L I (AR 2L 2 AR ) LA 56 BT AR A T AN 431 /N RIE o



P DL A A e 2% H bnids i AN ] S8 AR S5 . B2, fERRISesa, AUl
FWFTLIAE H AT BRSNS Ay i mr Wi CRMCER#)
1.3 A ZEKEARF G
AU ZA T IR ] LU AN AR AR LR A AT 22 EK g
X IR E AT MR EREAS R 1R T A AR AL 00 1A T 5 PR A E F  #T o SE AR AT AL o
I M IRITRE AL AT b IR R SR AN 2« i 1) 0 M S e oA o AR 27 07 SR o
AR B B A AN T A R AT E M f B AN S b S KA )
A5 IR o AR 2H 22 U 1045 20 1 e S e (R 5l o AT 20 27 A () B s
AU AR S R S A AN A S R A2 7 PN LA T B2 e, Uk, 3K
1A GE B 45 21 B (1
WE-15s, AR AT B LR LR R

METABOLOMICS
QUANTITATIVE ANALYSIS OF ALL METABOLITES

_s! QUANTITATIVE METABOLITE PHOFlLlNG‘ GLOBAL METABOLIC FINGERPRINTING
{GC-M3, LC-M3/MS + others) (GC-MS, LC-MS, DI-MS, CE-MS, MMR, FT-IR, athers)

CREATE QUANTITATIVE DATABASES DATA EXPORT, MUTLI-VARIATE ANALYSIS USE AS
LINK WITH META DATA SAMPLE CLASSIFICATION DIAGNOSTIC TOOL
LINK DATABASES IDENTIFY BIOMARKERS
LINK WITH PATHWAY MAPS [TOF-MS, MSMS, IT-MS FT-ICR-MS, NMR, other)

INTEGRATE WITH GEMOME,
TRANSCRIPTOME, PROTEOME

COMEINE BIOMARKERS
DEFIMING MULTIPLE PHYSIOLOGIES,

[ DEVELOP QUANTITATIVE METHODS
BIOLOGICAL UNDE|
| mwovoaicaL unogrsTaNDNG | :

DEVELQF EXPANDING LIST OF QUANTITATIVE METHODS,
SELECTED FROM GLOBAL EVAUATIONS OF DISEASE,
TOXICANT EXPOSURE, GENOTYPE

Figure 1-1 Flow chart of a typical metabonomics platform.

@ WIS I E RIANETERIE, R ar DLk DA A e () B
AN BRI B A FOUKT 224k, Bl DU I A2 3 B0 AR 5%
U & S AR ST PN

® CRAMKRMIMEMB . M. L. AT, 2BV Yk
dh, DUSOBRIN 2 R o S vevh rpoW AR S B A I Ta] . BA2. RS FEACHE
WEENLE T T %1

® JUmIItR. k. CIGET TBO A ARE . S RS LK
A, AR o -

o [l AR NIk, RAACH RS IE RIS, i M S At AR
AR S AR AR, BRI R AR, AT 2 K- L ik



PRI AH A WY o
1.3.1 FEmHl&

EEXEASIRI TSR SR AT R, B BRI ST B 7 1tk 2 R 2
YT IET NMR ARG, 0 BEA TR 2D I T4 BEAE nl Ak 2 2Kk . 6 56T
EEMH ARG, — MR TE BTN S AR A B A REEAT 20 b o LU G i /K
A ML 2 AR, SRAFKFER A N AR I, AT A A EAR P AR AR 1
o TE, UMERAT 8. A2 0, 3 A A I [T A BRI S (a1
SRR o E SR (0 B SOAH (i i D6 FH I o T B AT A A A, R S
E T AT

T3RR3R G, (FO T 00 40— S S i A e 1
HAR, B2 HAT, WA MR IES P A AR =m0k, r2 EEmL
B AT o SRR, NZARYE A [ A0S IR R AN IR SR U 7%,
TR HEIARAFREAT AL
1.3.2 iR

AR I HEAR KT VR I 53 KT W6 25040 3 AT A 27 v 0 5 P 2 R, F g St
PR . (O3, DA E G . AT I S K A A IR T VA K
PAR A (B 1-2). o, @R DAL m oy 2 L i, i DAL s
it RS FVRE S o A2 P A AR e LA RSt A 7= 0 1) 3 e vl e
(1A L s 3BO0RE FH R IR H B8 23 A BEAR T (AR 2 2%, DRI Ab pl Ay
ARU LA RF 7 o A b e ) T

FTIR

ﬂ — NMR, FT-Raman L
{_'I HL f/-i\ | vivo 05 g
- UPLC!HPLC_R_ e B
%§r I_I;'? . _::‘_' NMR E
CE-_ 8
e oMs g
a in vitro extracts—GC e -'(E
P q)
-~ LC,TLC T

-~ LC-NMR-MS

NMR, nuclear magnetic resonance; UPLC, ultrahigh performance liguid
chromatography; CE, capillary eletcrophoresis; TLC, thin layer chromatography;
LC, liquid chromatography; GC, gas chromatography

Figure 1-2 Data-acquisition techniques in metabonomics research
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Figure 1-3 A comparison of the relative sensitivities of various metabolomic tools.
NMR has rapid analysis times but suffers from lower sensitivity thus allowing
visualization only of the more concentrated metabolites (i.e. the tip of the iceberg).
GC/MS and HPLC/MS provide good selectivity and sensitivity. CE/LIF provides very

high sensitivity but lower selectivity.
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