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Abstract: Malignant tumor is one of the most common diseases that seriously threaten human life and affect the quali-
ty of people life. It is the key to improve the efficacy of tumor therapy to elucidate markers of the biological vulnerability
that are common in tumor cells but different from normal cells. The reprogramming of tumor cell metabolism is one of the
important hallmarks, which are considered tocontributetumorigenesis and tumor growth. Accumulating evidence indicates

alterationsin metabolic pathways, including but not limited to mutations in metabolic enzymes or changes in their activity,
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lead tometabolicreprogramming, which is recognized as an emerging cancer hallmark, in tumor cells. Post—translational

modification (PTM) is an important step of signal transduction that transfers chemical groups from one protein to another.

In tumor cells, activation of oncogenes and/or inactivation of tumor suppressor genes provide continuous proliferative sig-

nals in part by adjusting the state of diverse PTMs of effector proteins that are involved in regulation of cell survival, cell

cycle and proliferation, leading to abnormally fast proliferation of tumor cells. How tumor cells provide metabolic advantag-

es for rapid cell proliferation in a post translational manner and whether the metabolicvulnerabilitycould serve as biomark -

ers or noveltherapeutictargets have been a hot field in cancer research. In this review, we summarize recent advances re-

vealing how cancer cells reprogram metabolic pathways through diverse PTMs, providing a metabolic advantage to promote

tumor cell proliferation, tumorigenesis and tumor growth.

Key words: tumor metabolism; metabolic reprogramming; post translational modification
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TR o 2R LA TR 5 T 4 N R AR B BT A AL
b AR, DLERR IR AR SR B A L AR R
& B ARG A A A . A U A
1 B AR 3 I 2 00T T A RE R, 1T 0 A
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1.1 ENF S5 5 Bh e 40 B HE B fi i 2%

ARG S TR IR A R e v A R EE 2 —
A H0 R 0 A, LU IR A= e F S 2 22 R
1) 77 2 W AT 1 02 2 B R A 4 D) T IR
YUY — A H SRR 7 W 225 24 i 3 T R A A
e 1 1 BB IBGHE AN AN LRI I P M T A £ TN
il , > AR 7 L B, R A b A O e A
AHEAN, AL CO, M H,0, I 7= K =i
2 i 1 (adenosine triphosphate, ATP) ; 7 4 AL [ A
SN R T o A B, DI R R AN 1E AR T
S B 40 M 5 v 3L R I S A (lactic dehydrogenase
A, LDHA) b JUSCFLAR , [R5 A A 1 ATP. 7
TEIT 100 4FH1 , 78 FE #2258 Otto Warburg % 389
2 i BT AR A AU 0, 0 = 5 A e i A i
FrREARI LA R B | 3 Py 80 e 1) AR 7 =X
Fifi J5 05 i 44 A FLAA RS B0 (Warburg effect) , 52 B H
1o 2 M T AR IR AT B 0 e LR AR A R A
I T 240 5 A A XD 4T BB TR A 30 4 e ik e
6 P AR AL R AR R SR DG PR 2R . R A
0 — T T A S 7K OV 8 4 A A B O
AT 09 ZRIB K-, [FIE 38 2o 22 3 338 /5 A8 1
O BRI Tl 1 1% 1 L ZH R TV E A S A )



5524 BRI B IR QA o g 163

Rtk s BAR i X AR

LIl #&HBEEEEG #HAEAMEZEEA (gu-
cose transporters, GLUT) J&—2& 1 5T ML) 2 ik
AU R OCHE T T8 , TR ST AL
B RE AR5 RTHLR A AR KRR S I Thie . A
W ds B 12 20 B R P A AW 0 B AT, 2R
AN A AR 28— 2 . GLUT1 22— 12
S TR AL E N A B s S 0 T4y
NIEH AR B ReAl L, AR MTIfE R 5
9 4 B A A ke B B A XL R
FEFRW, GLUT 25 175 2 I Jed 25 20 4 it v e 185 3R
K B 5 IR A P PR R K T A e 2 W 2 )
AHOG . RVE H T A B U B B I
YER T GLUT1 & AR B, 5% i) HL e 32 4 25 W5 1 1)
e S0 (A BT R TR 205 B X9 AKT fig
A JF FL5.12 40 M0 i GLUT %% %% 2 40 i fit |-, 32
e R 2 AR 1 B EBURI 200 B P ATP 7K ST L S 0 T fie o
RIS AN IR KR MG . RS
i 32 240 i v v 2 38 9 AKT ARk 22 S IR/ A R
it , 2 K PR T 5 08 20 B A AL ) v 1 T A
I3 F I E bR 0 R A e v ¥ 2 N B
Mo BXEERFY R AKT 5538 %5 GLUT1 & 11
S 0 A 7 A 2 M o R bR A R A K e A
BWHEWTENER ., (HJE, AKT 2 EEENT
GLUT1 A 5 if J2 38 o oA 25 11>k /5 GLUTL 2
B AR B BSS 2 3 B  — AE F 9

1.1.2 T PR (hexokinase, HK)/E K
W T 30 B 38— PR, 0 DT R A W A Ak
FINBERR A A (G-6-P) o N CBHBAEEAT 4 Fh W] 5
SR, HAREE SRS & A AR,
HK1 EBRIRTERG AL S0, HK2 ik F 0L g i
LU HK3 )z Rk TR ALY, T HKS (3%
KR BRFRF AR . HK1 HK2 DL &% HK3 5784
W 45 G RE 1129 HK4 (1925075 0 BF98 6 o
Sre 7 Y732 1 5 R AL HK L, 4 325 o83 400 e i
TR i 0 36 A S LIS T AR 2R FER RS BRI o FE I
KA R R JRAS R 3K WIS P 1) HK4 B =
T YRR HK2 WO ARG 2, DT 07 2 240 e B 3ok 3
FERAIREMTE B, S b, R A0 HK2 A9
2RIk, I H HK2 09 3R 387K 55 b e b A B

AR EIEAH I, BARTEIEF Il 219 HK1 P34
Pk (AR LRI I 5 A i L 20 LA R e
HK2 SR B IR R AR . I, HK2 78 i
4 15 22 SR BTN A S g 2R A7 AR Gt e T 3 e
JEPOEA K TFELE R . HeAh, 7O LA A
BT eI P BB 5T SR AKT ELEEAE Thed73 4 14,
IR A HK2, Wi R A0 A8 1 1) HK2 A% 0 31 Ze pr {4
o, SRk AR AN IR 11 VDAC 454, BH 11 40 i (5, 2%
C A RETORM A0 AR T %) 2 A o v ygs 4 i HK2 ) 760
VS A6 o JEL T B RN AR PR e A R R 1
WAz 207 k. EFLEAE T HK2 iR ok
AU PIM2 7% Thrd 73 {57 SR AL , 27 A5 1 B IR 1k
AE 3G 3R HK2 8 11 0 R 1 R il 3 1, A1 0 2L o
£ B T S R0 e R A G, DI S JEG X6 58 A T 1 T
2550 A A M B, AKT2 1] RE S 5 B HK2
Thrd73 B R 16 1Y 8 G , I 02 2F HK2 i) i 5 1
98 A (R 28 NS RS R D0 o A W41 i Js 4
g Hp, HK2 7] DL 7E K315 Fil K492 I #% SUMO 1k .
SUMO 4% 5345 A il SENP1 47 HK2 i 25 SUMO 1k .
SUMO & [ )5 , HK2 {58 5 Ze b Ak 45 4, O [A] B 3
IR 2 5 R R L R A RO R IR R R AR I, ik
ol A5 S R S T 4) 9 AT 1 3 B R A
i 2 A2 P IR AE S A PR T g . LA
ST 4R IR 40 A HK2 (9 2635 I RE | IV 40 it 72 or
AT DA 2RI JE A i R, 9T 51 A AR 2
RRAE RE & A % 8 A 2B R LT 24 1 7 A A I g
S R R A AR

1.1.3  BRER R VBB W1 WU 1 (phospho-
fructokinase—1, PFK1) J& B % i 1< 72 00 = Z[R 3
fit} , 7€ ATP 5 Mg 2 5~ MEH T 6-W iz M T 4=
A1, 6- IR SRR, 0 W I AR A AR 0 B R
(L A A € (35 = W 7 N B 1 G
Ser529 i i A A M AL, I PFK L& Pk, AR 1 b
TR it 110 T2 3 R LR 1) A s P A R 1) B TR 1S
WA, A Z B IR R Y B NADPH ., & L5 b9/
T 00 A T L5 38 18 e O A A JE 0 25 5, 27 g
98 6L AN A1) PR 7 A oF A SR S 119 AT Ay HE PR
HepE R RE &, WAL IR AR R B o A
B B AR AN R SO A A SR BB, S i A2 b yRe
20 PR I B A T B AN, iR A A A



164 HlR AR 2 (R A2 ) 43 %

i G 3% A8 T 7= £ )3 S50 S NADPH LA A L
BB AR i AR AR A ORI A TR &
49 Jirb e 4 B AR5 AP T . PRK A ] 5 53 44 44
PFKP 7] DL # AKT 15 S386 L #h R 1k , % i iR 1k 15
MR T PFKL (4 B %, AT S 30 7 PFKL 2 K
SRR AR R TE T I ST TR AN R A SRR R i R e 1)
AR BRSO 2 R — N R XU RE R
M1, FEARBERR LIRS T A WG R T g , B R 1k 6-
TRETR SRR , 2 0 26 WURE R SR M o T 7R R 1k 1) 1R
AN, HEGAR Jy W IR Il , 1k 2—6 WUBE R 54 4% 1k
7 6-BEIR M . 2-6 XU TR A 2 Wl SR W A e 1
HYSR TN . PRt , W R -2/2-6 IR
B R ifF -2, (PFK=2/FBPase—2) J& H. 11 by 52 4%
WERA I 24 B8, PFK-2/FBPase—2 4 4 F [&] T /i ,
PFKFB1-4, 7E AN [a] I8 1 N [) B Bt % #5236 N [R) 1)
YEH . #£ BRAF 2878 i) B A5 2008 i, RSK EL#Z W5 R
1k, PFKFB2, fiE ¥ PFKFB2 f4 15 1 , 45 v W T ik 3 [
JKSF N T BRAF 2845 1) B (0 2 9 1 AR KUY
PFKFB3 7E K472 {3 s REHEHE £ TEAL iz B 55 T
PFKFB3 W% (ViAF 5, Il Hs B A o v
T 40 J 5t A 199 PFKFB3 fE 0% 8 AMPK i — 25 i iR
b, DT 2 PEKFB3 (93800 |, I aF — 25 33005 b 1
38 % , s TSI PFKFB3 Y 2 e AL A6 i XA
TR it R0 e A7 SR 1) T B P A, R i i
R 40046 PEKEB3 T 48 e 61 45 Ak 97 24 ) %) e
PEA AT RERC MG R b — B TR SR g

114 BRoR b B T ASBE BRI H I R A 1 i
(phosphoglycerate mutase, PGAM ) 75 1 i fiff i %
TR 3-WR H i (3-PG) 4k g 2-Bh R H i (2-
PG) , & PR R B2 A , Wl 18 SO 4 12 AN (L R 6 K
TRAR B SR , 7 Aol Teg 4 L ) 4 g o g e v 473 i
BHEENMAO. AU BUE MR 41T PGAMI
P Y 26 {07 1385 3 4 25 o s 2 R B B i R A, T A
PR T Ak 2o 38 5 36 PR T 20 PGAM AR M 42
S M, 9E Y R W 3-PG IR 2-PG Y LA
TN RV P A 3 B 55 A B, A R P R
ALY PGAMI Y K251/253/254 137 15 1 2. Tk
Ak BE i 1 SR LR A2 B, SIRTT 2 LA A6 51 25 2Tk
TR, DT I8 45 A S0 T2 A % . (2 S kL
PGAMI1 J& 75 ¥k sh b g AR AR X g i AR T ZE R 3R

DL I 2 kA PGAM L 7 i & A % sk R v i VR
H AT AN e i 2

1.1.5  FER B B M2 & DN TR R I M2 (pyru-
vate kinase M2, PKM2) % B~ 52 & v i AC B B 2
— B SR W T A A % P e e — A B GH f T R
T s s D T 2 2 A kg DRI o S 4k 1 T 7 3 il
ARG 43 A, DS T A Tl 7L 200 B P A 4 2k
A 43 5J& PKL . PKR .PKM1 F1 PKM2, PKL F %43
AHERFNE 5 JHRAR LA KB I, PKR £ A A 2120
i PKM1 Fl PKM2 J& [F]— 3 KA [A] 9 85 DTS
PKM1 7 77 2 K i GE VR L 0 () dH U | rh 3R 38
g L anac E I LA T PKM2 T 7 i
A 48 B 20 6 v A )R AR b g AR R A 2 Rk
PKM1 5 PKM2 1 g 1% 4 5z F i 15 75 =0AS 6] o
PKM 12 FRFEOE T 2, 150 400 ol 1 A 1 74 T 7 A7
HARSR A 25 & J1 5 PKM2 W) 52 2] & 4% 14 51 A4 1
5, 0 IR AR R SR R A B OB AE .
FEIEH A2 PKM2 B A 78 1= 19 T 1 D0 2R 1R X
AR Pk i = BRAARTE 2 4 o 78 Mg 2 21
PKM2 &5 i 1] F= DA P 1) 2R AATE 0, T AR
R PKM2 3 0 A 38 v 1] 7= )V Sy i 44 40 Joa 3 3k
WA T2 I 24 4 Ry 5 S I e PR A < R 44 B T b 75
A K Tt k. A2 B s &
Wit FE R AL L S WEfL BRI S S 5
PKM2 7% ¥ F1 T B , i o 412 12F 40 i £ 1) 76 2 B2 L o
A bR R RN 3 R A SRR E MR HE S MR )
AR . BT, 2 I SR UK A 4 AT A 2 i
A K W ¥ (FGFR1) 16 Y105 v &5 B £ # iR 1k
PKM2, BHAHH B F 1, 6- "B R A M5 PKM2 1
gh A, JF A S A P SRR B . PKM2
Y 105 137 5 B R Ak AE — 2 51) o9 4 i v 3 7
XoT 9o 240 LA IS ABE X o) A SO I i 2 72 Pl 34
PR EEAEM . S BEAEE T, p300/CBP
A5 KT (PCAF) 7E K305 137 15 £ Bk Ak PKM2,, [ A%
H5JEY PEP (54, 00 L Bl 5 PR I 01 kI3 ok
O3 FREARAT T B W RIS B A AR Y 5 A . MR
PRI 2 BE AL AY PKM2 K305Q 7] LS 2ok %
fifg v B) P () SR AR A E b A BE AN AR A
A A A EREE T, PKM2 C358 17 1 &
A AL I S PR AR, B ) G-6-P e )
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0 IS0 30 %, v T ELA SR B NADPH 1Y &
B, 8 e 24 el S S A I RO R AR A
P9 7R PRKM2 #4800 f 5 3506 06 2
15, A 10 7= 4 36 2 e 4 e o) A 4 6
JEURH R A Ak B SR 1 1 T oK o 5 A F R R
INK-1 #§ 1% 1k PKM2 Thr365 137 25 , 32 5 PKM2 il 7%
P U 38 Y 5 GSH K, 2 2 JHF 9 40 i R
T AR L A A ELAAR S5 WL R DR 2 S, AT 5 afE—
AW o 9 20 ML v AE AR K & PARP14, #1H
JNK=1%F PKM2 Thr365 4 i B2 1k FN 3G | A 12E -9
21 i U 1R RO0E Y 7= A2 . PKM2 (1) B 18 I 16 1
AT LA 5 L A 36 P | A mT DA AR 0
HERL . PKM27E S37 94 i B9k ERK2 BER 1L, 1%
& A2 UE PKM2 55 A ik 20 B A% , 45 4 I AR 5 il o)
e, VE M EE IR TE T s B R AL & 1 13, 1
A 24 L ] B A R D 2 IR ) Rk, SRR 45 K
S AR e A g B B PKM2 S37 B R 1k
IK 3 32 W R T cde25A LB AR T = 5 iR
PKM2 £ [ 35 i ) £ 71 83 41 B B 1A 2007 1 TE
BV TEE SR TR R, PKM2 K433 437 45,
F) 3% FABE AL A 5 PRM2 1A 2R 4, 390 4 26 7 44
VDAC3 (1) RS, 45 SRR B i B e, F= A i £
1 ATP, P Bl 240 JL7E 35 SRR R A7 . PKM2 7R
Argdd5/447/455 17 i3 b CARM1 (PRMT4) H1 L4k
B , 72 57 TR A 56 ER B b, 45045 85 1 (0
iz FE AT IR KT, A2 158 e 240 e 5 s 47
Eal T S G T 1 o QT D e R
HAUSP (herpesvirus—associated ubiquitin—specific
protease) 1] LA5 PKM2 454, I nl fg J& HOB fE 1Y 2=
12 ZALEE , {2 HAUSP Xf PKM2 1Y 592 Z461E I 7E
Jifoges K A= e Je RLE e A8 i g A v A R SO RE
T %
1.1.6  SLE Bt a8 FLIRI A (lactate dehydro-
genase, LDH) K Z %2 H LDHA, LDHB iX I F I
FEIE AN R LA T AL 5 ] DU SR AR (A4
A3B1.A2B2 . A1B3.B4) /3 jll#RZ A LDH 1 ~ 5,
P e S T W T A 45 119 2835, LA NADH Sy il By P
I, BT AL Y R R A R R LR L O HLR b
NADH 2y NAD". 7€ 1E % 14 58 4 i v, 4 K853 ™
il P2 25 1E AN SR 38 3k PR R R A A5 AR Ak R 2 Tk

Wil A, S5 = RRIGII A LB A o 1 7E ik
£ I RIP S ) 240 B, A 2 A LA B AR X
) TR R PR 7K S48, 1 A e A %) TR T 7R - 7% A A
N3 2 | LR i S B A 7 S Rl HILF RN Mye I8
FEIRBEIN TV R R ) LR F G Ak . iR A
R [R) 28 R () B2 I 161 e 2 5 ) 7 LDHA (195
FKSE RS, R E LR 1 7= A o A 5T Sl s 7 b
e 240 P v K 3 v 2R TR ) T 2 TR Y I A7 AR AL EE G-
FR1.FLT3-1TD .BCR-ABL . JAK2 fiE i £E Y10 {37 5
FLEEWE IR 1k LDHA , P B % s H AT 50 0 4 U 3R A
T T P T A AT T 1) LR P A A R Y
NADH/NAD" P-4 , & i it Jea 4 i %) 385 5 F 2 G
FLIR i A Y 10 BEIR LK F- 1 2R Mg 4 i 3R
G AT JeEs  F I Sk S90S PR | LI R B B g S
AU T BA o, SR LR R 2 S RS
YIAHDE , SR o nT G slh gs & A % e LA R A% 1)
AR EY) Y e T LDHA 7E K5 {7 ik
Az A, 0 G 0 3 e TR] s R T R
HSC70 it R 51 F A SR i, & 9 LDHA 2 K F .
FLI 3 B R 4H 20 LDHA K5 Z kA Kk F 598 55 240 41
AH FC W S A, $2 75 LDHA K5 2 WAk AT E 15 5 i
FER kA P 534k LDHA K222 37 i i £ ARl
Tk Ak 2 7~ B 8 TS A R, T B8 2 i T s k1L 1)
LDHA 5 [ {42 [ fiff 38 6 B 1) 55 , MM 520 LDHA 2
H KT &, 05 B 012 28 s Bt % b M
P

1.2 EFEEEHSEM R = RERIEIR

1.2.1 RERBR L AEE A I 4l DL S b s
0 FE B A M T A AR N, i A B ) TN R R
AR 3 2 | PR o7 T W T A A1 TA C IR B 1 58 X
A AR Az 32 B A2 L Mot S A A T 1 5 S
2 4 1K (pyruvate dehydrogenase complex, PDC) i
i o T 3 A TR T P e A Ay L TR R S 0 i
7 J 30 3 AT T A Ak TR T A R 2 5 0
e TACTEI . Wy A rh ik ALRR S =R
A0 BN ) AT T 12 5 0 55 TP 388 AN ol B 31, X B
JIek g A4 A AR A4 ) 8 F8 43 52 1 AT R 2T R 1A%
BN R R 22— IR i U 52 A A T 4R
AR P B TR DN IR R AS ] 0 M G A 2 AR A
ARG Z T E 5. WIRE SR E



166 HlR AR 2 (R A2 ) 43 %

R 2 A R R i S0 (PDHA =% PDH E1) , H%
PESZ W R AL AN S Bl R AL RS2 B o R T It &
4 B (PDK =% PDHK) 7£ S293 4% {7 s b # /i 1k
PDHA , Jf- 3l L35 4 , 1T B 2 /il PDP1 I 2% o 3 4
P75 B BERR AL, % PDHA 15 . BF98 & B PD-
HK1 1) Y136, Y243, Y244 {3 15 8% FGFR1 %5 % 52 R
PG R AL, Y136 By @R b 42 iF PDHK 5 79 1 iR
BAERE2 MRY PDHA 454, Y243/Y 244 # iR 1k
BT PDHK 5 ATP BY45 4, 31 v He B me s v , i
21t PDHAL, MM E— 254 il PDHA 936 ¥, 975
VA TR 1) 5 AR50 o R T #E Ser293 7 45 | 3Z PD-
HK 8 fR AL R 5 41, PDHA 32 % 2 1R 18 it 1 AL
B4 R B4 5 4%, PDHA Y301 B 2 £k 7T DA A% e
SIRYINEER 255 3> N B R 5 k. X SE Rt
eI IR — A8 38 S A W) 7 A Bl 1R 1 &
M, DAAS R B 43F-BIL a0 B[R] 98 4 PDC IS 1, 412 A% B
Tk 25O TR 8. PDP1 Y94 #% FGFR1.JAK2.,
BCR-ABL %5 [i% 24 ik 4 B Wl 1R AL 41 il H2 5 PDC E2
&84, AT 1E— 2 11 55 X PDHA B 2 il 15 P
PDP1 5 PDHA —#f , A7 7E 247 AW fRfk . PDP1
Y381 W R ik 5| & 25 & WAL g SIRT3 fid 25 PDC
L IR 2 B L ACAT1 % PDC oo 3 2 Bk Ak
PDP1 K202 {37 /5 DA &% PDHA K321 {37 5, B #J PDC
R FL AL A A PDC TS T A2 1 i ee 40 it
REgE AR, LRI R T MR Al i £
b TR J5 A i 8 U E A ) )22 T FAN [R]85 0[] 3
2 PDC 1 H B A3 AT BE , X6 4 B AR5 2E 4 T o 4
T U0 T T TR A SR AR I R B4 it — 20
AR FLIR , LA A2 e 4 PR Al ) 75 oK . SR
R IR AR L, e Bt g b AMPK W M 4R, JF
BB fih & PDHA 7E Ser295 il Ser314 | (1 Wi iR 1L, ,
PDHA Ser314 #2614 5% 1T PDHA Fl PDHK 2 [H] (1)
A EAE R, #7527 PDHK XF PDHA [ 7 1 8 455
PDHA 1 Ser295 Hl Ser314 1 J s % 1k 18 1 $2 55
PDH (6P, 4 e 57 R A8 587 3 17 TCA J& 48]
T AR 4 500 98 200 1 4 32 A RN S A 0 375
ST IR R R . AR
7N, PDC 1Y F 2R H T, 145 PDHA | PDP1, HAE
EGF sk i 75 A BR 5 nT DLE A A HEAZ I, I LA N I
PIBRER A S5 G i C Tk A AF 43 1 S e R

A AR 12 28 e 4t e 2 B 1 2L L A ] A 0
P, LT LR AR TR AR 2k A — 20 i A% A ] 41 i
SRR R AR TR, < AL AR R s A%
R T e 200 B 3 5 5 A AR R A, ERS o AR
P Aol 1 A 20 A% N 2 5 A A A B 3 I 8 M
i AL ARG A7 B A A% X — it A, A oy Tk —
HER

122 AT BLABE  RATE IR A B (isoci-
trate dehydrogenase, IDH) J& — ¥ 2 fi§ 1 v 22 1
fiff , L 3= E T Rl RN S AR IR e b s e T 3 T R T
HE— F A o R (-KG) o Lo, IDH $2
b B Jir AR R B g B PR NS A% IR W R (NADPH )
FE A% T 41 M BE 2R 90 2 09 5 i S 5 AN T RN g s
i 1 e e ok A, PR NPT SRR VE T R A
ZEAB  MER R . IDH KR R EALEE 3
A, 43 4 IDH1 IDH2 M IDH3, IDHI1 % [ £ %
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Fig.1 Regulation of protein post—translational modification on metabolic enzymes in tumor metabolism
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Table 1 Posttranslational modification of metabolic enzymes
Metabolic o ) ) ) )
Modification type ~ Modification site ~Catalytic enzyme PTM impact
enzyme
HK1 Phosphorylation Y732 c—Src Enhanced activity
Phosphorylation Thrd73 AKT/PIM2 Anti —apoptotic / Enhance enzyme activity
HK2
Sumoylation K315/K492 = Promote degradation
Glycosylation Ser529 = Enhance enzyme activit
PFK1 yCosy W y
Phosphorylation S386 AKT Promote protein accumulation
Acetylation K472 = Attenuated nuclear localization signal
PFKFB3
Phosphorylation = AMPK Enhance enzyme activity
-, Phosphorylation Y26 Tyrosine Kinases Enhanced stability
PGAM
Acetylation K251/253/254 Acetylase Promote glycolysis
Y105/Thr365/ Inhibit / Enhance enzyme activity / Promoting nu-
Phosphorylation FGFR1/JNK/ERK
S37 clear entry
. p300/CBP correlation . o
PKM2 Acetylation K305 Inhibit enzyme activity
factor
Succinylation K433 =
Promote mitochondrial localization
Methylation Argd45/447/455 CARM1
FGFR1/FLT3-ITD/
Phosphorylation Y10 Enhance enzyme activity
BCR-ABL/JAK2
LDHA
Acetylation K5 = Inhibit enzyme activity
Palmitoylation K222 = Enhanced stability
Phosphorylation S293/Y301 PDK/Tyrosine kinase Inhibit enzyme activity
PDHA
Acetylation K321 ATAC1 Inhibit enzyme activity
Y136/Y243/
PDK1 Phosphorylation FGFR1 Enhance enzyme activity
Y244
PDP1 Phosphorylation Y94 FGFR1/JAK2 Inhibit enzyme activity
IDH1 Phosphorylation Y381/Y42 = Promote proliferation
IDH2 Acetylation K413 = Inhibit enzyme activity
Glycosylation Ser 84 = Enhance enzyme activity
G6PD
Phosphorylation T406/T466 PLK1 Enhance enzyme activity
Acetylation K76/K294 DLAT/ACAT2
6PGD Promote PPP
Phosphorylation Y481 FYN
Ubiquitination = KLHL25 Promote degradation
ACLY K540/K546/
Acetylation = Enhanced stability
K554
FASN Acetylation = = Promote degradation
Sumoylation = = Enhanced stability
ACC1 Ubiquitination Trib1-COP1 Promote degradation
Phosphorylation Ser314 PKC-¢ Inhibit enzyme activity
GLS
Succinylation K311 = Promote tumor development
GDHI1 Phosphorylation S384 = Promote tumor development
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