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Lactate Metabolic Flux Analysis and Metabolic Control Analysis: Quantitative Evaluation Method of Functional Foods

LI Yang, WANG Xingya, WANG Xixi, PANG Guangchang*
(Tianjin Key Laboratory of Food Biotechnology, College of Biotechnology and Food Science, Tianjin University of Commerce,
Tianjin 300134, China)

Abstract: The effects of food on the body are mediated mainly through its influence on the metabolic and metabolic
networks after being ingested and absorbed. This study aimed to develop a new experimental method to quantitatively
evaluate the effects of food on metabolic and metabolic networks. Peripheral blood samples were collected from volunteers
with four kinds of physiological states including basic state (or sleeping state), learning state, motion state and fever state,
and their changes in lactate metabolic flux were studied as well as the role of 15 enzymes involved in the central metabolic
pathways in controlling lactate metabolic flux. The results indicated that lactate metabolic flux in the four states were quite
different, following the increasing order: basic, learning, motion and fever, which was consistent with that observed for
the catabolism. A combination of correlation analysis and principal component analysis was used to determine the control
coefficient of lactate metabolic flux. The results showed that pyruvate kinase (PK, C,px = 0.221 6), pyruvate dehydrogenase
complex (PDHC, Cpppyc = 0.206 4), lactate dehydrogenase (LDH, C,;py = 0.162 6), transketolase (TKL, Cj g, = 0.206 0)
played major roles in controlling lactate metabolic flux, among which, PK played the most important role. Peripheral
blood samples collected from healthy volunteers before and after eating modified rice starch were then analyzed by
applying the experimental methods mentioned above and the results indicated that lactate flux was obviously enhanced

after eating modified starch as compared with that before eating and as the same effect was observed on the catabolism.
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On the contrary, the anabolism decreased. PK gene expression was significantly increased (P = 0.01) whereas PDHC gene

expression (synthetic) was significantly reduced (£ = 0.003). The present study showed that the gene expression profiles of

enzymes were fitted with the predicted lactate flux well. These results have demonstrated that this method could be used to

quantitatively evaluate the effects of food on metabolism by collecting appropriate peripheral blood samples after eating it.
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Table2 Expression levels of enzymes measured under different
physiological conditions
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Person correlation coefficients between enzymes and lactate
metabolic flux
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a-KGDHC 0.9979 0.048 6

WMFAFR, @ ERS T, 193007 2 0 RO
FEHU TR, T2 A E A R T AR T 22 198.632% .
Ui 3% L6 H 4 AR R 15 Ml oof LR Eh XU & 1K R Y
fERH, BAMHEMGEERHREL. FE2 N, &=
B TSIk R I8 3 7 82.835%, F A2 STk N
15.797% . Ferb E R 1 2k 7 AR B (PKD
FLRMAN (LDH) | B O B (GPD | il
Ll (ENO) .\ o M EEE &%) (a-KGDHC)
XPFLER #hoE B e, X LR 32 2 A A
R 2 v (1) B BT s —— N AR (pyruvic acid, PYR)D
AL, BEEE AR AR, PR A B R 0 e X B R
(phosphoenolpyruvate, PEP) LR AEAER, P4 L 7t
LDHf#E, A FLIR, PR a2 1y s Ak 3 B 20 Bic B #2 5¢
M FLER EhE R . E A2 BB BT OREEEY (HK) |
MedilE (ALD) | BERRH MR (PGKD X FLM& &bl
EEEER, XU 2 R 2 b (s, B8
AN E ik

F 2R A BB T2 A R T REAN TR bR T R
P RE, T LA 32505 Font B RFAEAE 5 P $2 B 3
I3 R B R AE AR 2 A B A9 A A BB TH LR A O
FEAN TR AR BT N R B X2 R B SR A I N R
A 2 B AR IE N, R — s B EUE iE A

C,. HRSHHI, WEIRERE (PK, Cpc=0.2216) ,
FERM AN (LDH, C,,,=0.1626) , #Hif§ (TKL,
Cy1x1=0.206 0) , NER A S &% (PDHC,
Coponc=0.206 4) X FLIR 5 A U8 kL ) 1 2 2P E
H, Hrh, WERREE (PK) (3mI/E B, b
HIMBREE (PGK, Copo=—0.134 1) FIBEER OB M
(GPI, C,gp=0.146 9) XJ7LER #hAQ U iE &t B A HE W
BHAEH . CHEREMH, TSRS 55
FIT 4 ST AR i ) R B0 B T I8 AR 40 B B A L AR 4
il R A B I — S
£5  BRSFTERMEM BB T IR RPN R

Table5 Principal component expression coefficient matrix and control
coefficients based on principal component analysis
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