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in glucose catabolism
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Abstract: With the rapid development of high sensitivity detection techniques such as nuclear magnetic
resonance and mass spectrometry, stable isotope-resolved metabolomics has been widely used in elucidating the
regulatory mechanism of metabolic pathways and metabolic flow analysis, and some breakthroughs have been
made. In this paper the application of stable isotope-resolved metabolomics in glucose catabolic regulation,
metabolic flow analysis and functional interpretation of key metabolic pathways is reviewed, providing references
for the wider use and application of this technology.

Key words: stable isotope-resolved metabolomics; glucose catabolism; metabolic pathway; metabolic flux

A2 2% (metabolomics) 2 4k #% 55 41 2% L 2K [ i
O 2 T B DR 2H 2 R R R SR I — T M6 2 R AR
SH 2% T B UL AA R AR A AR 2R AL 1 — P B
A, TR IR (NMR). B (MS) 2846 °F & 52
DX AEVIREAR BB TT . 0 & o A P 2% 2 s, 05

Wik B #A: 2021-02-05;  1&[RI H 3A: 2021-04-01.

FE4TE [ 5K KR 2 )7 A KL T (20172X09301047); 5
ARl 5E 4 Bh BT (82074147); 111 75 48 R H 5B A& 3t
$1] (201903D321210); 1l #5445 “1331 T 72 1y [] A1) 3 v o0 7 4%
i

*3HINE# Tel: 86-351-7019297, E-mail: jstian@sxu.edu.cn;
Tel: 86-351-7011202, E-mail: ginxm@sxu.edu.cn

DOI: 10.16438/j.0513-4870.2021-0213

L 2 R A, Bk — R AR W S R 2 2 AT
e, A G A 2H 2 DR L e A I L A — 5 2 I 24X
IAE AR N 58 R 2 AR A 1, T TSR R 1 B R
PR AR B

It A AR 5 S BRI R, AR R o
BRBAR LA 22 AU ) B N W) 22 F S 1R
BEANER Sy o A R ZORER RO I8 I AR T g bn i
B AR o AE LR ROAQ I A, B i Az 0 1R A2 3= A
FEH SR AR I B B R e 25 1K, DA 3R 8 45 5 10 3L
WU o T80 A A 2 s B r AR A 2 (O A Rz
2o BRI AL T8 70 R T IS, AT v A 3t
BT 57 467 0 70 AR A I 2% o ) B A4 A U e



PSCPRAR B E R 28 7 B AR 4 22 B AE 34 67 W 20 A QA 1T 5 v oy 2 ) e -+ 1287 -

1 BERMRERERHASE

T2 [ 2 s BR AR 41 % (stable isotope-resolved
metabolomics, SIRM) & — i i 73 A1 #2  [F A7 3 7
S B A0 5 3 7 0 D A A R T S A K R
BITTER . R TS R AR R R R ER AR
SR E R T LR BRI 1, 0 O ) 2
AU BEAT A D Jo i B A e R O ] e Y Bl A
TARTIAD AR R BYe 5% P o 23 Ay 7 v 45 G 2 Sk T HE fff
R IARIA (A T 2 DA R 4 7= AR I AR A e

T (R 2 s B AR i 20 2 %o Bk e A o 5 11 i
AW RBEAT AR, IR O S 8 B BT R C A S
WILEAR P R AR R, )R o R A A R A 3% 0 43 A
R FN W EAR AR . KA U= 7, B
5E [F A s AR A S BRI 7] 245 “IR 2 1 B,
REAE 28 1T E S HER R BhRd VR 4, FHE S &
CIAO IR, L RE 4 AT BE A —FF, T LB ER AR A
VISR e 25 k& sh s, 4R Bk R AR A Ke . 5
fE AR S AE T, A2 R 07 3R BR AR 4 A X R
L HLARAS T 5 AR A T AR Ak, 3 BE W 22 5 — 4 8
AU P I 5, Ab T B A G I 3 B A e L
BU o 55 5 4 R 7 7R I 4 AR A e AR R BRI
FAR B fa 35 /N Ao SR AR R R 26 1 U ot
AXES B 1) 73 P R R SR B, IR R ER 7R Y
FasE A 2 A/ HANA B B, HG S FH Y ] R e 52 3
TRRBR o Fo e [FA7 28 7~ B 71 BA B i R A4S T
5 IIBIF R 2 AR AR il 1 11 o il —
2 BRERMZRRERHNEZESEESBRGERE
s R F

R 25 B0 (1) 73 AR AR T T L HE B AR L — R BRI A
DA T Wl 1 TR B i A2 ), I A SR, SR R 22 (1 T R IR
B 23 Al AR 5 NS EE ORI (1 R AR 3R DRI
Z (0 PR IBAT PR IR R PR SR A, 58
SR R o AR T ) L T O R
ARUE A N BRI R, BT S 20 08 23 A AU 2R LA ¢

Selection of stable Introduction of stable Sample collection

isotopic tracers isotopic tracers
©00009 [U-"C}glucose
@00 [MC 1,2)-glucose
CCS®C0 [MC 3 4)-glucose

PRI IR AL L 25 MR A e (B B A 3 o A Rz
FOREAMC LA AR R AR A R H 283z, Bt
TR A 03 A B AT AR B EEAT BC RRad, i
XN ARSI R AL 3R AT AT s e A, 19 B 4
2 AR AR 2 LR 1O B AP B AN 25 ) ' s A
# Rl
21 RERMIZRERAGEFWATAERE TR
WERRARRE

R R 37 B AU 20 2 REAS DN AT 35 SE HLAA N 2
PSS ISE PR A 77 4, A Tl e e Bl 3 0 5 2 A A6 11 38
FAE D o ARUE (RS 3R 7 R A QI AL T 70 0 0 A A
P2 B BOR SRR S — B B L pras N ERE AL
F s A AL o A 0 0 0 Ak A AT T B 2 A
2, T BEALHHASE (R 3R R 13 9% AR TR 3R
B T 5N REAS RO SR AR S A B Kt 20 B A 3
T
211 RERMIRRERFIENEE RO RAF R
(1 FE G it RS B . 0 A R A A A 4
23 (9 hn: RN I B RS AL B 2 B REUR, R R R . =
PRI P <5 T 2 (10 ] 2 B 0 A0 i 2y 0 L
Frth, DAL IR 0 W A2 B0 7090 0 B 0 SRR A P AR 7S B
A, T b O 2 A BC bR g KR AR, B AT 8
I B 7 B 7 [U-12C) - 4 4 B A [1,2-1°C] - 4 A
R 1O ZE T o AR ST A s B R
FLoR AR 1

Table 1 Isotope tracers commonly used in the study of glucose
catabolism and their metabolic pathways

Tracer Pathways probed Reference
[U-*C]-glucose Glycolysis, pentose phosphate, [8-10]
tricarboxylic acid cycle
Pentose phosphate [11,12]
Pentose phosphate [13]

[1,2-**C]-glucose
[2,3-2*C,]-glucose

[3,4-*C]-glucose Glycolysis-tricarboxylic acid [14,15]
cycle interaction

[3-**C]-glucose Glycolysis [16]

[U-3C]-glycerin Gluconeogenesis-pentose [16]

phosphate interaction

Pentose phosphate

pathway
TCA cycle

Synthesis of glycogen

Figure 1 Diagram of the basic process of stable isotope-resolved metabolomics in the study of glucose catabolism
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Table2 Comparison of stable isotope tracer metabonomic analysis

techniques
Compare content NMR Mass spectrometry
Sensitivity Low, single detection  High, single detection
< 100 metabolites > 1 000 metabolites
Selectivity Low High

Repeatability High Low

Sample preparation Simple Complex
Sample destructive  Non-destructive and Destructive and non-
recyclable recyclable

Targeted analysis ~ Usually used for non-  Targeted and non-

targeted analysis targeted analysis
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Table 3 Common software of metabolic flux analysis in glucose catabolic research

Name of software

Application field

Usage rights

13CFLUX2
FiatFlux

Metran
OpenFLUX
OpenMebius

Steady state metabolic flow analysis
Metabolic flux ratio analysis

INCA Steady-state and non-steady-state analysis
Steady state metabolic flow analysis
Steady state metabolic flow analysis
Steady-state and non-steady-state analysis

Free for non-commercial use
Free for academic use

Free for academic use

Free for non-commercial use
Open source

Open source
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