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Glucose Metabolism in Stem Cell Fate: Focusing on Glycolysis

and Oxidative Phosphorylation
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Abstract  The metabolic mode of stem cells also undergoes significant changes in the process of fate selec-
tion such as proliferation and differentiation, which is crucial for regulating the differentiation potential and prolif-
eration status of stem cells. In this context, this article focuses on embryonic stem cells, neural stem cells, hemato-
poietic stem cells, mesenchymal stem cells, and other adult tissue-specific stem cells, and explores their metabolic
remodeling of glycolysis and oxidative phosphorylation pathways in resting, proliferating, and differentiation states.
An in-depth understanding of the complex relationship between glycolysis and oxidative phosphorylation, two ma-
jor energy-contributing metabolic pathways, and stem cell fate not only reveals the importance of metabolism in
stem cell biology, but also provides a new perspective for stem cell therapy strategies based on metabolic regulation
or pharmacological intervention.
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DARLGT 40 M B8 . A AT . DRI, T4l L AE
S W MG B o A 2 TR ) i is e R A ALK
M 2R EEL,

R 104E 2L, A0 o AU AL 4 R A i thoE
WAERISZ 2] 1 T2 k. TAMEIIE . ek
RPN, HACHHRFIE 2 5 A2 AL, AR 45 1) R
A T 200 R 0 AR 0 S B A SRR P £ 75 K I AR
SEHE, T2 Hodwis . A2 e ATP LA 2 40 il AE ==
i SRR A P 2 A A T S B A o, X v, W
iR MR A B TR A B A D9 ATPAE B T A 2 A6
@AM, TN A AS SRR LA R ] T H AR RE
B R AR RS E , (B TAR I AN 7] e RS
M PEREIE iR AR A AR A B . ARSI SR
F TR AR T 40 S B AR T 20 (TR) S8 5T T4 i
MG AP 2 T4 ), PR EATI T A F driz
WE T IR R RS, PR E AT R,
RN BRI — WU A BT IR 340 140 i 2
REAIINIR, o T 4R i T A 23 r AR SR AL 18 i
S S

1 TR E 6 B R SHE

THME A ar IR 2 P R . s
IRZS, REWs R, Frae 4 B JEH AL 41
it

i ROIR A (BRHRARZS ) A2 T AN M B — PR 1
AT IXMURES I, A ANEBEAT 73 2, R AR AR Y
KPR 7> T A5 5, I ORY B B AR, 4Efr
KA B B A AL RE ST 252 B A1 TR,
TR BRI RIET, ENH L3RG,
DL R HUARTE K o XA R PR AL T 40 AE 4R RS
A R 4505 7 % E AR W

T 40 1 i e e A . B 2 AL SUR R N A
AR FZNL], JCILAE S B AL B B EH
SERE RS RN . TR RS R E
T P RMAAK, KR SMEE T € R AT B
LRI B D AR, T4
i 3 T TR RERAS S Bk 73 SRR A 5 A E M
XEAR 73 287 A P A H R 0 TR, 10 AN R 70228 0
PAES AT AR AT EE, T
P S R R 23 2R R T A R, PR AN RSy
R RCAAT R IRE R TGN, AP 4 E 3R
B,

FERFE A B BAE SRIBCR , TR IR e,
B AR BAT R E DI RE M BRI . XA SRR,
20 i 1) i PR R R AR R AR, R W) LR R R
ZAEME, JFIT AR e PRI TS A s A A 2R A
R, TAML N D RE A A ARt

2 PEERRF S AR IR LA

AR A A TG B B R, £ T4 i i) A s e 1
AR B S B % R U BEARIIEAR, FF
il R WE I A AR AL, 7T RE 2 T4 AR 5 A
I8 YT ORI U FEARFRIAE AR T, F
A AR A A R A AR A, X e e S AR T A
I M SR S R T AUE SR R AT, IR T4
G FE AN 3 AT
2.1 HEREAR

B I A (glycolysis) e A= i ik 21 v B 22 (1) RE B 3R
WOERAE, BB = O A 2 R e A A T IR, (e ikl
22 W5 (1) e FBURN TR R R 1) J R FH . R R wT BAFH T
B AR B A0 R 70 7 BBV G Rl FE R I
AR, IR AR SR . — MR AL N FL
PR IFHEH A0, 55— bR Heis EARAA, 7278 AL
NI A, 3225 ZRIRIGI, KN EA %
FRACAE B ATP . BRI IZAE S = A TP IR,
H O (hexokinase, HK). i iR 54 I8 56 (phos-
phofructokinase, PFK) 14l & i (pyruvate kinase,
PK)EEAY . IXSERRERT L | BRI 2, 52
M FL A A KA
2.2 FILHEERL

H AR 1L (oxidative phosphorylation, OX-
PHOS)/& — M % HE R BT, KA
2 %) 2L A A B B SR A AR P A L5, e 4R R
T4 A5 A A s T R BE B R L@ . AR 1
FEH, R a7 A0 R R S5 ) 5T O A R T e
WA N ATP, T/l 5 2, ZI R P ot S84k
RPBEUNIRE &, DK3) ADPS TEHLBEIR 25 & T L ATP .
ATPYE RN I “BEE T 17, £995% M) ATPil L
FALBERAA R, HZ 5L PIra A anissh . A
WBERR AL M 2 A E SR FRIVER , XL 544
FE N IS BT RO IRCEE , ST TR . BT (HY) Y
s M A, 2 E HLOMATP . X — R 51 R
NI R 1 Re & 1m0 R AL, e aniE s iR A
T AROE B e B RURN
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3 TR R RO SRR S
FERIRA T, A RIS ) 40 AR 4 e mT
P, 3 2 A R AU RR AR LIS B ORI 224K
R A 2 T A L 5 AR T A A I A S SR T R AL
KPR R S AR NS AR 1 i i R I 22 et
(R DM Horpr, TG 0 LA P R A i A 0 e
AR ISR, WO AR ARG R, BAT
RO AR AT IR R )20, SRR G R S5 2
SE I SR 2, WA R T S T,
3.1 BEERS THTAREZRETERACOMERE
M HAEARSZ AT, AR 2 A A
P sIR S, BRI LA R E 2, (H
HIORE BTN AN R RE D P b T RR
AT A 2 EAR AT AR O e, L h 2 80% )
R ERS 5 RE, 05 DAy U R
ESCsf SRS T 0 T 28 W 9t A = A g
B, XA R A B AEAT A 5 B RFEA7 A B,
T AR P 9 R 52 B 22 A DR 3R, Bl B BT
LIN28(Lin-28 homolog )it =k 1 74 P4 i 1 it S B g
1(pyruvate dehydrogenase kinase 1, PDK1)[i& VLR
BRERREAGE, [RIP m] e 2 JE AL R 12 OXPHOS 1 4%
(R IL , AT 5 ESCsIAC B (] 1A,
R T AR P 3 R AS D6 A2 1 IR I T 41 X i 1) 5

KR, e 5HZReM . FEEAREECLUFEE KB
BAgn iz Z PIAH G B 3X — AR 4 YR T
ESCsZRiAR FRIAH R AN B AN AR B SRR TE 1, X
AT e (AR T A M D Re . ESCsH FH i 4 B A1 23
TR AEFF 51 K10 o- B I R (a-ketoglutaric acid,
0-KG), it 415 A A DNARK) & H 4L, fRERSER 41
fR) RS P B3, X L 15 ES Cs RE % R I M X}
W ANIAEEAR A, G 1o 4 -5 17 A R 3 PRI 2 ) R
ESCsfE &K B i B ih R FF 2 REME, AR YE 7 2 0] AN [A]
G IRt S AN

FEIRES TR B TE] 78 5 - 41 (mesenchymal stem
cells, MSCs)ill # &b TR BE b, IX PR 1 4ok
BRI AL AR P Oy Tl NI I, B
F SRY#H X HMG £ % [A] 2(SRY-box transcription
factor 2, Sox2) Ml )\ 4Kk 45 & 7 K (octamer-
binding transcription factor, Oct4)3¥ 5% 7 MSCsfAX
HE RN, MSCs &= B AR B fif s 12 (B 1A)
W T A2 = ) (7L TR AR T B PR ) e YA e SR i TR 1
Nrf2(nuclear factor erythroid 2-related factor 2)1i$% 8
F A B RIS I H IO S A g () 0k, ZEHE
7% PE4A (reactive oxygen species, ROS) 2L i 5 ik Bk
PTG AR B B AE T BT 2 ROSAK A
I, AR S ER A OE , fE i MSCsiR H i 5.

*1 THBRSIETARNRHEESRIIL

Table 1 Comparison of stem cell and non-stem cell metabolism

ARIRHIE T AT kT4 ) TR R AL, Adh o0, T4 )) EE BTN

Metabolic characteristics Stem cells (e.g., embryonic stem cells, Non-stem cells (terminally differentiated cells, such References
adult stem cells) as neurons, hepatocytes)

Glycolysis-dominant Low-efficiency but rapid energy supply Reliant on OXPHOS (oxidative phosphorylation), [10,20-24]

Key metabolic enzymes HK2, PKM2, LDHA

ATP source Primarily glycolysis, low OXPHOS activ-

ity

Function of metabolic Lactate: maintains a hypoxic microenvi-

products ronment, promotes stem cell self-renewal.

Acetyl-CoA: regulates histone acetylation

(epigenetics)

Metabolic plasticity
bolic modes based on microenvironmental
signals (e.g., glycolysis activation by HIF-
la)

Representative cell types Embryonic stem cells, mesenchymal stem

cells, hematopoietic stem cells

High plasticity, capable of switching meta-

highly efficient ATP generation
ATP

Citrate synthase, succinate dehydrogenase, cyto- [10,14-16,24]

chrome c oxidase

Primarily reliant on OXPHOS, with active mito- [20-24]
chondrial function

ATP: supports high-energy consuming functions [15-17,20-22]
(e.g., ion pumps, contraction)

ROS: strictly regulated by antioxidant systems to

avoid damage

Fixed metabolic mode, adapted to specific functional ~ [20-24]
demands
Neurons, hepatocytes, mature red blood cells, car- [1-4,19-23]

diomyocytes
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(A) (B) ©
-9 i OXPHOR /-‘ : > o U
Glycolysis « — — - PDK1 Glycolysis « — ;
S J | O%(PHOS
0 i
| 1 I t '
L i | AEBPI  _ _ | i OXPHOS F-2,6-BP
i A | eMyc | S6K1 \ ¢ *
Sox2 o ‘ e M ) i
o i | | c-Myc
‘ - | HIFs L g ‘ A prkrB3 PPK
LDH D - : e 4
OCT4 | N oK™ — — PDC | ATP H3K4me3 Nepy ERR-w |
I I N %
~ _ TORCI ~ AMP S ~ "PGC- :
\ — — ~CEDH ~ OCT4 " SETB . aTorcl — AMPIJ

Quiescent state

R Activation
- Actval
Inhibition

—_ - =

Proliferation state

Differentiation state

A BT AR T SREIN, PR T Z AR g1t . B JT AL TR, WEREA )2 T2 e it anagfe, JF Hef 1Ry
BURAEACBERRAL TR . Co TR AL T 20 (ORI, ACBHE AR IZ T e A2 0 DL IR 1 o T R e it anig iz

A: when stem cells are in a resting state, glycolysis is the main energy supply pathway; B: when stem cells are in a proliferative state, glycolysis is the

main energy supply pathway, and they maintain low oxidative phosphorylation activity; C: when stem cells are in a state of differentiation, the meta-

bolic pathway gradually shifts to oxidative phosphorylation as the main energy supply pathway.
Bl FLRARRE &SRS TR 5 ML EIZE (A E B Adobe Ilustrator 2 3)

Fig.1 Regulation of glucose metabolism network in stem cells under different fate states

(this image was illustrated by Adobe Illustrator)

IRAEFH BB ALY BERE AR5 U AL R P [E 4R
FAXE MSCsTEAIR A IR B (1) D e 4E R A KSR AA 7 2
KEE,

18 IfL 40 i (hematopoietic stem cells, HSCs)
AT HRETMZ T4, EFERET,
HSCs AR R AN BAR . S AT IS &5 A 0 B s
A28 ) B S DR 39 it 1 B B R IO B s, NI B
R T T At A LR 1 i 2 15t U (pyruvate dehydro-
genase, PDH)F)R A K (EI1A), [R, @i ]
M AR RIS 1, FRACZORLA A O 1) Ik 7K, K
A CAWE % A 9 T RE AR AR . XA AN
BE5E | HSCSTEFF EARA N IRFEAR IR LAl
A58 R 0% [ Ik o 182 989 58 B 04 5, I BORE T ER
HSCs% 3240105 4ERFHA D HE 22 50 F 200,

T M (neural stem cells, NSCs){FE A KA
2 6 %) BB AH R 4y, AR EVIRES T 32 AR
AT RE AU . FEIX — i RE ORI A ek, AR
FAT TN T T2 7 LR It Ui (lactate dehydrogenase, LDH)
AL N A LR . FLIR AU 2 T NSCsHI R
I e oK, IEAEAN M N AR R, R 40 A3 5T ik
INEE, Bl R I AR R, AT IR S8 R JOnT 2
JRITEE T T, XA O T 4E R &1

B P i S AR A O A T R U M B G E
SRR HE 1) ATPRZD | H 2 PASCHF NSCs ) 2
AT IR, I F PR e 7 A= IR s A K
PRAL LA,
3.2 HEEREST TR RTFIEERIERE

T4 BB W BN S A5 = JE e B AE 5 N
FERAS I, L2 ) T WE I e A, m] I R A 0
BAR M OXPHOS/K -1, 5 OXPHOSHH EL , B P it
() R B A P R A AT, G SRR A e B
5, WETE AR T DL LL S8 AR R A B Pk = A S
(1) ATP, M TTT A 250355 2 T2 fi PRk 164 58 BT 75 1)
22 SR I1S]

M ESCFH SRS A GRS B, E 2K
R T f R B RE &, [F] B OXPHOSH & 4% 5 i AF
Hl. ESCiliid & 42 Octd & FAH S IR 7 1 15 AR
PLAERFIG IR AS o X 28 A - Jd o 4 ] FF 24k Cp G
& S5y 1 225 ] (methyl-CpG binding domain 2,
MBD2), 4% J 8 % 5% [K T c-Myc(cellular myelocy-
tomatosis oncogene)ZZIA , M T 52 Me 4 A 104 R e vy
PEUTONE1B) . B ESCRER 75 R IIBEG I, ¥ K+
Nrf2 (35 1 R, 23k ZRobr A R I S A G FE R (1)
ik, B SRA KR T RE B LB BORE I R A7) R

INU=R

He B2
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Fig.2 Regulatory diagram of glycolysis and oxidative phosphorylation metabolic networks

(this image was illustrated by Adobe Illustrator)

TEER, DATR At B e AU ] = 4, 2ok ik
AU AR AR 2k 1 S8 A R A PRV 12, LA T 1
NEE )RR . AR 1R F P R R 45 i
Y, eI SR B S SR TRCRE B, I v A UK B
ATP, 1X %8 ATPy ESCH PRI 73 REFNFR LA KA fit [
WS e R AL . MY BRI AL B L 22 S N ROSTH
A2, Nef2 R #EHT AL B I 2 IA, AR ROSHAR
SRR AL B TR A U 75 5K, AT 4E 38 AH X
BURMIROS/AKFE4, [R] i, Nrf238 o 4 4 4 B 43I
FUWERR AR, W R ESCHIAEYI & LT oK, #ifr I
FaE B FRAS o

MSCs ) PR A= 4 M 283 3 RE & 75 oK 2 2
I IXI, MSCs 3= ZEA AU I i 42 PRI A R ATP
DL A2 73R B3, S AMP IS AL 2 (1§ (AMP-
activated protein kinase, AMPK )it i il R 4 R [ i 7 2]
BEEE IO S04 5 1 AH HLAF H 85 A (thioredoxin interact-
ing protein, TXNIP), i H 2 MR o0 41 & M i ia
{A&1(glucose transporter 1, GLUT1)J$f#!",  AMPKi%&
PRAEAR DI R R e ok, S IMAH AR I GLUT 1A 7K

ST, SR A R PSR (E2) . B R A R R ) 1
I, MSCs# = HKFI PEK 5P , T A2 B ATP, 3 2
R RIT R b, MSCsIBFBRHR U LR |
PERAIIGREEE =Y, s ma it N, 2
& BN AR, 22 ATPI A 7, [l
FHIGFE IR, MSCsH U 32 18 8 1P f A U 1 42 ]
F, tnFLER i Z B A (lactate dehydrogenase A, LDHA)
FIPDK, JtH:J2 PDK2AI PDK4S, X B8 [K] T[] %
IEEEVE S SN HIFsH S R 2R, i T
PEIE MR R, DA 2 ey B TEIR S T I R 75 oK (B
1B). il FLER M AP HESE AL, X L8728 A0 35 Bl 4 RF
MSCsPIAR AR 002, 24 MSCsHT I 4 5 AR LA XS
= R CR I T SR, B 4R AR 117,
FF4EFIFH OXPHOSAE N £ ZERE & RIR 7%
KIS T, OXPHOSHENS A= i £ ATP, 37 ¥
MSCsIPKIHAFEFIFRF LI, LLd RSB AR g
R,
HSCs/EIFERA T, HAUB R RIE, FEAMK
S0 8 R (Y W TR A LA R B R 0K, (RN PRI KT
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B A DR AL o i 2 K 28 S I A A D DI TR R,
TR A TR 1E N 2R A, 75 P I R i S Bl 52 5 ) (pyru-
vate dehydrogenase complex, PDC)E1L A4 1% 2. ik
HHEFA. NADHHICO,*, LAl Al 1a 2 41 i
Jit, AE R LT FE AR AT 23R 1) S BRAK, 4ERFIT IR
MGt 454, B 5 R (hypoxia-inducible

B — RN R, (23 BE Y AR G BRI 2R 0K,
TR RO % . HIF-1a15 5 PDK1581& , PDK i
TR A PDHAM ) Ho g 1, [FIB 2k GLUT 1/ LDHA
(IR, B 5 A B ORI AL IR A BR, J/D NADH 3E
N HL AR eE, PR SA AL BERR LIS P, LAY# 2 HSCs
FEPUTE I GE IS 1) RE B 75 K (B 2)H00 T, eAh, e e
AR U P AR ALt 3% HSCHIAR M. TR ALah s
A%F 2% ¥ & 1 2 A 4K 1 (mammalian target of rapamy-
cin complex 1, mTORC 1) ik i R A i 128 62 463 IR 1
elF4E45 4 25 1 1(4E-binding protein 1, 4E-BP1)A1#%
PEVRS6I T 1(S6 kinase 1, S6K 1), ik EAZ LA A T
4E(eukaryotic translation initiation factor 4E, eIF4E),
PET+ PFK S5 W B2 FR I 1) 22 A 7K ST 195090 3k e i e f
it bR I R RN A, ST TR AR (A
1B). B M T, PDK2A1 PDK4##] PDCHH M,
PELA1) PR B R 12 N TC A, ZEFF HSCX BE TR 1)l 27 BT
{H PDK2#1 PDK4## 2 5% 14 B AICH , PDCHHIHIE
FfRBE, SN EHR 5 2 N TCATEIR AT A A A
o mTORCLIE IS b A 2L A4 i 14 3 B 1) G it
BEY), H9OXPHOSfE, {2 NADHAMFADH, )
Ak, N TR AT ATP & R 1659, X — i fE N
HSCIHEFA 2 At = R Ae &, 520 4H M 1) S8 A E JEUIRAS
AU B = AR B8, 4 SEAE L~ I B 2
JL R A 0T

FENSCsIFE A F , 95 %= 4K BT (insu-
lin-like growth factor 1, IGF-1)i# it i#iF mTORC2 /A
PRI PR . TGF-15 NSCsZ 1 i 45 & 22 44
“5)G, BE— & KAE SEE, (2{EmTORC2 540
PR E R RS AR AR, SEBOLEET . B
1% 1) mTORC2BE R AL T il RBE A, BOd AKT,
AKT 305 158 PFKORTHK (35 1, IR AR, $2
AU I &, A NSCsP it 78 2 i fig & A o ] =
V), SCREAN ARG AE 7, [FR, mTORC2i@ it AKTIH
% 2 T 20 PR 3 B 1 DURIVRC RS 1 g, (2 14E N'SCs
HENIGTE I, T AERF R RS0 IR A J P,

B E NSCHIHGSH, ATP/K-T-HAENIE. 4 ATP/K- T
B AMP/ATPAE T i, RE AL G AMPK AR,
AMPZ; G 3| Hy 547 b, {248 AMPK A G277,
AMPK A 5)— R H A0 5 LL4EFF OXPHOS T BE,
BRSO AR ) 2 T T TR DA 7L TR A 7 B [ B b A
AL (B IB)T77), 3X — AR A G N T B A TR B 1 28k
& (mitochondrial pyruvate carrier, MPC)H] 1L 7K -,
et 7 IR AN LRI, 25 T OXPHOSIEAE, M
T8 A2 4 R ) 6 B A I ) 75 SR 0 XA il 5 AN 32
i T ATPI = AR, B LR T 4 N 1R e 511
3.3 SRS THTHREETATUBIRLER

M LUZ I, — LT 41 2 O T 4G
MBS LR, X — R, T4 A A %
BRAERERA . TR, FERE R IRT
4l 2 T A O A0 AR A s S R A A (A
P, YEREH B IRE SR ). BEE T AT a6 e 1n)
RFE B R IEAT 704, HORERE B 1Y) 75 SR X, AR
ik 2 1 %3 2 yOXPHOS

ESCsI 7413, A0 AT REdE N —AN “BIZ 55
PR B, Ui ATPR A 07 2 3 BRI AR, T 5
FACTBERR AL IR I 7 B o IX — AR A A e 4 i R
i 3 AR BT 7R R RE AT, A RGP B 45
I FE Y, XA AR 2 B RNA S &
FILIN28 4 BE AL I 1 (enolase 1, ENO1) TS, ‘EAT]
T T 5 M P SRR R R AR 0 B AL IR
N, ESCsHIZRLAR S K AL 4F MR 2, HL-T AL B HE 1)
e AR T, bR EAE SRR L RE T RSG5
X AR WHE R, B BRI F B, Ak
Bt R 0 B BT RO T2 B e R U, SR AR H.
R RE B RYR, SCRRAIIAE driiE 3l P, fE ESCs
o5 BRI T, o-KGIEIS 775 4H 8 5 H
FAVIRZS M 5 53 P ), o-KGRES U H R A
H3 FAFE B IR 1 AR X, o 4 B 1 H3 5 4
P R — 1 224K (tri-methylation of lysine 4 on his-
tone H3, H3K4me3)ff N H E R W B L bR, FE
Gt 7 AR I I D e 5 B9 mTORC 1% s [K]
455 FIR EDNAFF A, 54t Bt 2 &4, il
P RFEF N SETIB(SET domain containing 1B),
AL H3K4me3 T B B8] 1C). i % H3K4me3 7K
S T v AN G €8 5 45 K4 [ T, mTORCT B #% 5% 7%
PRS0, (Rt 5 2RI A AL BERR AU AR SR R 1) R0
B E SR TFESCs I 4008 73 A0 B 3R T W fe 7™
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MSCHENIMEIERE , FEAl e M RCE  POE B
JE 78R 5 7 1m) G AT, AR AR e B TR SR I, SRS
OXPHOSIZHi iy T E I BE B . MSCHI ki
W B PPARYFE IS K 1 La(peroxisome proliferator-
activated receptor gamma coactivator 1 alpha, PGC-1a)iff
PR RS R AE PN, PGC-1o& R &
BIRE R, Bl i e-Mye, “FETHEREi#5 E1L
BRI R 2R AE L AR, PGC- 10081 1i#%c-Myc
HIFRIE, WEEN] . Nrf2 FUER 2 AH 9% 52 R aestrogen-
related receptor alpha, ERR-o)%5: 5% 53¢ [K 1, {2 dE A ALk
P REE R &) (ETCH G NI-VIEIE B RIE, I
TFESN A AL (B 101X F AU Bh 41
FEATE 2 ATP, IR B RAR AR A, B e A
R, DA A2 o A R A g m AR R oK

HSCld 7347 AN R SR AL ) IR AR i . 7EIX
X RE, HIF- P R P A S B ik 42 R 4% HS CIR
H SORE, 25 ZBHLES SIRT7(sirtuin 7, SIRT7)1E
NUHINAD' 1) 25 Z I AL Bl 38 8 5 Bk i 2 1 o
25 CBEACIRES, SEmARLIADIRERY . 2 SIRT 7 1
BEAIGIS, 2R A SOOI, LA A 4 A A A
WS P B 3 5, AT 2 i3 HSC AN LIRS 1m) 23 A0t
BHAR . BEAE A HERE , SR AR I A QS 15
LA A2 4 A 0 369 0 ) e B 7R R BT AR R R
NADH 5 NAD" 2 [A] {14 2 ¢ H %, NAD'/NADH
EU 3 1R A 22 5 M) W 525 W0 A AT P45 Bl P 7
PE, AR ATPAE R, SCREMEIEFEPS . HSCI 23
ARG T AR AR A V)4, 38 75 EAC ™ ) F
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