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[ Abstract] Metabolic aberrance is one of the hallmarks of cancer. The metabolic patterns in cancer cells are well
reprogrammed to provide building blocks and energy for their sustained growth. During tumor metabolic
reprogramming, reactive oxygen species (ROS) are generated and the antioxidant systems are activated. High levels of
ROS lead to oxidative damage and even cell death, whereas ROS at low levels act as second messenger to regulate many
signaling pathways. Recently, with the revisiting of oxidative stress, it has been found that ROS can directly mediate the
redox modifications of proteins, resulting in protein conformational and functional alterations. However, only a very
small portion of metabolic enzymes, including glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and PKM2, etc., has
been reported to undergo redox modifications. Whether other metabolic enzymes are regulated by redox modifications
and thus exhibit critical functions remain largely unknown. Moreover, the specific spatio-temporal targeting of redox
modifications of metabolic enzymes, as well as overcoming the existed redox and metabolic adaptation, are key points to
be solved. Here, we will review the reported redox modification patterns of metabolic enzymes, the involved regulatory
mechanisms and their roles in tumorigenesis and tumor progress. In addition, we will discuss the future therapeutic
strategies targeting redox modifications of metabolic enzymes for tumor treatment.

[Key words]
Tumor therapy

Tumor metabolism Reactive oxygen species Oxidative stress Redox modifications

2R 204E4K, TR A= Y11k K WARBURG A B, HI
HAEA FRAE T, g 200 B AT SR B DA ok JU 8] 2 il i
ATWEBEA, X Fh B R PR A FC AR R0 (Warburg effect,
B ERHTEAR )™ e g 240 L3 ) A W T AR 0 e v 2 B,
— 7 A WATPIBERE &, 73— 7l W A=Y Ko+ & 1k
PEAETTIAR, DI 2 Frfr e A0 b A < B i 19 g 12 )

* [E R 1 RRE 34 (No. 81821002, No. 81790251, No. 81872277, No.

82073081), [E K S & 1K (No. 2020YFA0509400, No. 2020YFC2002705),
IR SR 5 TSR FT TR0 H (No. 2019B030302012) AU A RHE T
XI55 H (No. 2020YJ0107) ¥ B

A H{5E#, E-mail: hcanhua@hotmail.com

Briti Ko BCHAER, BN AN K E ST Ok Se e AR e
i 8 e Az D B et R v 4% AR T, B A0
RGN FHERR A, BRI SR AR Y
Z P SR A (4 /N 3 I R E R W BT &, 42
A PRIRSS:, HA ARG 011G RN HTHT 5% .

AL bR A Y — N AR )RR . S IE
B AR LL, ek 8 AR 1T B A 5 R R P 4 (reacttive
oxygen species, ROS) /K-, T i 8 AL . — 5 1
B AL (oxidative eustress ) FJ 38 o I AH A N 1) 22
A5 = 30 2 DA 2 b R i A R, T sk B 1 AR AR K
(oxidative distress) 2 S S AL A5 175 5 28 e 41 i 5



58 PR AE2A A (B 2R

5 524

TR BRI, R A R AT R ROS /K 1Y [R] B, Al
S VT A L BT SR A A R G2 i R A O ), e 2 i
MR AR, (R M AT . A KRR
B, e Zm AR B dR R AEROS = A | HUE AL R GG LA
KA AL SRR A 1 i R b A AR AR

AR, B A X AN ORI A i A5 R 4 1Y) P
AR, W98 A BIROSH] A B #2412 1 5 1 48U fkad T 48
i (redox modifications, —FhEHIE 5 MR, ATk 2E
HHE B RAMIIRE 1 X AR A I 328 A
TERE B0 TR e = ie b iy 528 (RSH) A5, 78
ROSHIFLT, W2 R I 103 S A 5 3 e A= 25 i 11k,
AT BB R (sulfenic acids, RSOH) . BJ5 , YRAfiAR AT
55 BB S I L N B3 8] — i (disulfide
bonds, RS-SRERS-SR), s 54 B H IK(GSH) 45 & K47
Jbt H K1k (S-glutathionylation, RS-SG) &4, WK it gk il
Wk 1 — 2 EATE O B 52 (sulfinic acids, RSO,H ) B A fig
(sulfonic acids, RSO,H) (1), BREAFRILIEMIS), 2115
LB AR AR SR B2 AT 1), 47 404 2 11 (thioredoxins,
Trxs) . #4340 H (glutaredoxins, Grxs) Fllad 8 AL P &Lk
H 1 (peroxiredoxins, Prdxs) %477 4L H il 75305 £ 11 BT 1Y
FALIE I A vh R FE AR R, i DL B AR
AR B , R 5T 4 s A 1 5 I )R AR A
Ak, AT BUE F B DI REUE .

TR BFFER I, BEmEAR . —RIRIGEN . Be Q. AERE
AR AN R A A5 Rt A v Y — S Rl v 52 314
PR JEAE MR A A5 o AR SORFE IR AR 1Y) AL T I B 1

ROS ROS ROS

SH / SOM SO,H / SO.H

Protein )—~—(Protein ) —~p(Protein ) —Z—»( Protein

Thiol Sulfenic acid Sulfinic acid

A ros

o | ]

Protein)«S)
|

Sulfonic acid

Protein

-©

%)
¢

S-glutathionylation ( Protein Protein ~S)

Intramolecular Intermolecular
disulfide disulfide

1 EERMENEFESHEFERX
Fig 1 The redox modification patterns of protein cysteines
ROS can induce the redox modifications of thiols on the cysteines of
proteins. The redox modification patterns include sulfenylation (RSOH),
disulfide (RS-SR or RS-SR') formation, S-glutathionylation (RS-SG), sulfinylation
(RSO,H) and sulfonylation (RSO,H).
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Fig 2 Oxidative modifications of metabolic enzymes

In response to ROS-mediated oxidative stress, many metabolic enzymes can undergo redox modifications, including glycolytic enzymes (HK1,

TPIL, GAPDH, ENO, PKM2, and PDHK2, etc.), TCA cycle enzymes (Aconitase, PDHK?2, etc.), lipid metabolism enzymes (ACAT2, TP, etc.), energy metabolism enzymes

(AMPK, CK, etc.), and amino acid metabolism enzymes (CBS, etc.), leading to the alteration of metabolic patterns.
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