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RAREH N H] A T (nitrogen metabolite repressor reg-
ulator, NmrA)& — g 4H A 1, 5 7 5w (4s-
pergillus nidulans) R AT, NmrA )45 #)3
ABAF- %5 4 Bt S0/ 34 )5 I (short-chaindehydrogenase/re-
ductase, SDR)FEZ %, HINUi HIRossmann#ft & Fl1CH# [X
IR ). 2545 Rossmanndfr & 14 85 [ 5 B % 45 A 41 iy

M 4 BENAD(H)MINADP(H). 4R1, 1T Rossmanndft
B 1 O B R R BRI M A AN F R EURR, NmrA
ANEEMEAL IR S N, NmrA 5NAD FINADP {145 &5
e E A &S 2, RHNmrATEA LI
JERR B T E A N, MONmr A 5 R AT LUK,
— LE A B B E B P I NmrAFINmrAFE(NMRAL) £

SUHREA:  AReie. A fLid R AL A HSCARG/NMRAL IS5 H A1) i
956

ML AR E IR T IARIR R, PERNE: AdnRlar, 2025, 55: 948

Zheng X F. The structure and function of the cellular redox sensor HSCARG/NMRALI: fifteen years of exploration from three-dimensional structure to
biological function (in Chinese). Sci Sin Vitae, 2025, 55: 948-956, doi: 10.1360/SSV-2024-0298

©2025 (PIEFRYE) Aokt

www.scichina.com


lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSV-2024-0298&domain=pdf&date_stamp=2024-12-31
https://doi.org/10.1360/SSV-2024-0298
www.scichina.com
https://doi.org/10.1360/SSV-2024-0298

hERE: AaRlE 202544 S5 FHs5 M

W2 5E ok, BLFER B 2K K R (Dictyostelium - dis-
coideum)WIPadAP). KT #i (Escherichia coli)i]
QOR2), DL K #i W% % (Phytophthora capsica)ff]
PcNMRALIVL X ENmrAFE [ A6 5 45 A 4 BN AD
(H)EKNADP(H), {Hik= i EBHEE. fEmSEEYd,
HSCARG(tHFK NNmrA-like family redox sensor 1,
NMRAL )W AR5, 788 AE AR Wb aa s i 4%
HEEM, #ln, REPNMRALIFKEEHEA
(GmNmrA6)7E M B £5 F1 A SEUNF, i 5 5 -1
7 R0 SRS ok R 396 S A A ) T R AN TR R
XGRS R B, FE A R Y, HSCARGTE RN #1855 &
Jid R AT e HE R R .

AR 5T 202007 4F 3 1 X HSCARG = 4 &5 44 [l
5B, RIVZE A BA 5505 AR 250 8
TNmrAFEE FH 5%, JF B E KR E & — Fh7Ens 750
Y T2 AEAE N ADP(H) 1% [ 2% (sensor) . NADPH
S5 T2 UG U N AR IR N, A2 AR
W12 —, FEAH I AR RS 2 o R 5 B )
fEH. NADP(H)/E N 5 ([ iEik SNADPH) 1A HAE H
JERANHL K AR AR 5 A A 9 ARG 3. FRATTAE
F+ HESTZNADPH sensor A=) 2= Thfe & HAEH
05y FHLEIIF R 7 RV (B TA). A SOR T
HSCARGHIZ5 /4 M REBEAT A5 A 4.

1 HSCARG B ZEMJEAE

HSCARGZH:H M F 2B 165 Yotk I, HSAMHME T
Y5k HSCARGEE (MR SEER P /e e B R &
FIFRBIE. 20074 FRATE i X5 AT S E TN
HSCARGE [ ¥ i 7 45 #(PDB%i 5 2EXX) 1. A
DALIEHE E AT x5 R K B, HSCARGHEH Y
NmrAf H BNl HSCARGHEL S AN 451
H(E1B, C), N-ui g Mg sk 5L 1~21941 %, &6 —4
Rossmann/7 & (74~FAT KIB-471 & (B-strands) F191~a- 1
Jig(a-helices)ZH fo/BEEHE, fE45E AL BR AT LT &4
) CHZh M £7220~2995% 3k, B HLEU/ I — 2%
gEH, AFE2AB-HT BT a- MR .

SDRsA S i 7 0 — Fh B 2R B 1R = 1 ik
PR, NADPERFPE [ SDRs AL £ — S 5 57 HI B 5% 3L
L 52 - R A LA R 4. HSCARG 2
NmrA/SDREE MR — R, BIRE L5 S5 NmrA

FEH AL, (Bt T B B = SDRE SR R 1 T A R 57
fiSer... TyrXXXLys LI, BT LAAS B 440 % it S
. HSCARGH G AINADPH(IM IENADH) H) 45 &
SEM N EE13% . /ENADPHAHSCARG#Rossmann
B2 MR T B2 1A E0E, el g
e %, Hhe N M A Thr-13. Arg-37#1Lys-
415 R A i HE A% 1 12 (adenosine mono phosphate,
AMP)FR 5> BRI 2 - R 2 (B TE A%, X SR AE i B 1
HSCARG I 4N ADPH i F 4 45 4 1y it e 1),

2 HSCARGH B 5 ¥k

HSCARGH [ 7E ff 7R 45 74 H /2 DLAE X RR — SR
FaAEAE, (ERAE = 5 FRE U Y J (Tris) 22 b i Hh 468
KZHHSCARGHE H A 2 DLk TE LAF 7, K
HSCARGH AfF1EE Bk 5 ZRIRMFHIN L. i —
A SR B, HSCARGTEAMR N L3RI A FTEAELE: (1)
ZEANADPHI AR, (i1) ARE5ENADPHHAE; (iii)
— ML ENADPH( T D1fi 55— MR A (4 F10)
AR FR R AR (B 1C). F AL JFARZS F BINADPHIK
FE AR AR AY R 1 11X = Fh 2 2 18] 1A 3 451

HSCARGYE 45 & NADPHIN & A= () 3 BH) R A5 4K,
A8 I I % R (tyrosine 81, Tyr81)7kIERIE & ), i
M5 NMPERESE, PLA R 123400 H & (glycine 123,
Gly123)FF 1 ie s, IR 127~1435RBE 1) — 454
M N — A e -2 5EY). BT SDRF & B H
Aefs AR ALY 455 NADPHIYHSCARGH] LL 5
B — MR H R THSCARGS T-454. HSCARGIE
SRR IR B A R (R T RE M. NADPHS
HSCARG T UE R HI9% &5kt — S fse 707
5 NADPHZ [A] A BAEH; 7071 28 6267 43 2 Bt i
(glutamine 62, GIn62)M %5927 #fi % #% (lysine 92,
Lys92)tH FIAMPETE K 1 — X S 8. 383 SR R AL 2
GERI TS SIS, B HSCARGHI 537004 5 R ik 5
(R37) 2 8 117 B Z R TR JE (Y 8 1) AR NN &R 2 IR
H5NADPHI4E &, Rk, R37TARYS81ARARKRLAE (A
WAX BRI SRAFAE, T e A (R R A &5 1 5 B AR T
HSCARG — EA&d [(INADPHS: & 7> FIAHAL. AHELZ
T, SBAVIRRE IR IRAL N 22 F R (KA 1S) ) AR A4 I {7
BT RVE RALIRE Ty, N2 E IR S IR — 1,
BEWS SNADPHIF & 2K Bl A 'Y, £WHSCARGHE
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Bl 1 HSCARGHIZ ) JLPEINRE. A: HSCARGHIBIFLPifE. B: HSCARGH A piun & B, BLARNS AICHR S5 4435, LA 5
M EAEREASSMIXIE. C: HSCARGIH S AL 7 5 . HSCARGYE S 4574 H LLAEST FR = AR SAFAE, 4 FI(A )45
BNADPH)(4¢ (1), 7 TIALS & (). D: HSCARGTEAN M BT AR M #% N 23 59 R 24 . HSCARG 2 F i R 41 i A
NADPHK FEAZ AL LS5 - NAPDPHIY) — RAAFIALE S NADPHIN ST s AE, TR RIBARAS ™, HSCARGA A i fif 4% iz 3]
NAZ, 1% A7 LA BTN 2 A% A R AEAS R RO AR . E: HSCARGHI DI fg e 45

Figure 1 The structure and functions of HSCARG. A: Timeline of key events for HSCARG studies. B: A schematic diagram of HSCARG protein
showing the specific domains and motifs that binding to its interaction partners. C: Crystal structure of HSCARG. HSCARG is shown as an
asymmetric dimer with molecules I (red) binding one NADP(H) molecule (stick model, green) and molecule II empty (blue). D: HSCARG functions
both in the cytoplasm and the nucleus. In response to changes in intracellular NADPH concentrations, HSCARG protein existing in two forms: a dimer
formed through binding to NADPH and a monomer not bound to NADPH. Under conditions of oxidative stress, HSCARG translocates from the
cytoplasm to the nucleus, it plays distinct regulatory roles within each compartment. E: Summarization of the cellular functions of HSCARG.
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F145 ANADP(H) & H B % R AR 3 Ak, 5 854 7
HSCARGE AL, R3ITAFIYSIARAAK, iMiEK41S
SRR, RERSHE O S HA BEAE B A EAE, RAHE
SRR AR IO ] T HSCARGH I 35 ph gl 14,

3 HSCARGIH I 0 &AL

FEIEF ML FARE T, HSCARGEZN T4
Mk A A b, 5 bR 22 4H3%. HSCARGTE
S 5T ) e AR el — M TR IR 272~278 I E
ST R BR K% % 5 5 (nuclear export signal, NES)/ 5.
%45 5 LACRM1(chromosome region maintenance 1, t
PR AExportin 1(XPO1)) ¥ 77 X175 FHSCARGIY)
A%, ZBRCA N7 IE272~299 8 RAENES T 51| £ {f
HSCARGE M FI4H %™, 1e4h, HSCARGTE N R4
N ANADPH/NADP U] B A 2 % A= SIE.4H 58 o2 1)
HH 4 A1 (E1D), X AT LU I #E [[ NADPH £ B ok 52
L. BERR IBE &AL P B R CBE = A B (glucose-6-
phosphate dehydrogenase, G6PD). = JRER{EH 1)
Frig IR i i (isocitrate dehydrogenase, IDH), LKA
BRGNP B3 SR B2 B (malic  enzyme, ME)IX =
K RE W NADPHA AL UL 5. GePDAI
TDH 3 14 73 7 4 P 0 1 24 ] 1 it 20 Ak I (d ehy -
droepiandrosterone, DHEA)FI{5 5 7T — & & (nitric
oxide, NO)HI#I!'™¥ [X i, FIDHEABINOML{ASNAP
(S-nitroso-N-acetyl-D-penicillamine, S-Vf3E-N-Z,Fk
F-DL-FHHEM)A AN, Ll RIENOTA R
TR BERS R R BEFA IR & il (argininosuccinate synthetase,
ASS), 2 FIHSCARGM I LMEE, I A0 %
B EI 0%, HSCARGYE & R4 B I8 SR 24578
YIS R AERZ Gy AL, 3% % HAE AN [R) 48 i 2 18] Py 1 75 40 i
TP IR,

4 HSCARGHJFIEINEER 4T HL k]

4.1 HSCARGTESE IR W HHE IR
NOJZ 5 — Pl 5 1 4 i S8 Ak 38 JFRAS 1 B2 2 43 .
40 5 P NO R 7 A 2 H — S A A B (nitric  oxide
synthase, NOS)JHFEFE 2R FINADPH LA RL. K52
TR & 4 i FFNO I ME— R 44, DR, NOWI& 32 2 41
PR SRR KT IR BRI B T AN A0 i, 4 PR P9 )

R AT DI RS EURR BE A TR & I RS R BE FA TR
SR ()38 82 S AN OS 36 729 IV R H [l g ).
HSCARGIH i 1 153~189 [X 35, B $2 5 ASSHI H.F H (K
1B), F-4IHIASSHIIE AT R ENOK 4= (1D, 4
FATIR, 41 WNADPHUE /> ), HSCARG — A
FONRARIFEE ORI ThEE. Rk, FEDHEA AL EE 140
M HSCARGSASSHIAH BAE M9, KRHAEE
NADPHf# & )5, LA FTHSCARGHN H1 K &L
[l FINO & IR E i s ). AR BE 45 A NADPH
fJHSCARG R A AARITAMIY 8 1 ARV HEAT T 98 K FN
EATRAE N BARAETE, 5HF A BB (A L, 1% B AR f
5 ASSHIAH BAF M58, #F—PUEsSE T HSCARGH &
0N Et (e Rl

BEAk, BATTHIWF 7838 K B, HSCAR G i #7111 41 ity
1175 S 40 % % 5% Bl 1~k B(nuclear ractor-kappa
B, NF-«xB) % B 1Ep654E & FINADPHE AL B (1 17
H:p4Tphox A B F L, BEHIHI p47phox B 5 %,
NADPHZ% AL B 110 M\NADPH RS B 8688, 4
JNADP FIROS™. 38 2494 i [IROS KT A AL A ) &
S, T NADPHE LA FE = A 4l g WROS &
FEINADPH 1) FE VW AE A AL 451473 1) 2R AH. HSCARG
H B B T WP p4TphoxEH KK, T T
NADPHEALEE A AL, TR 1 T ROSHIIT & 7=
A (ENE)Y,

T NADPHE AL BEHE AL ITROS = A FINOS 1L
FINOF= £ # SNADPHAE L ANADP A 3¢, ] LUHEN
HSCARG 1] Gt it J 15t 40 i) Vi #EN ADPH 13 42 5K 1
INADPHESZS, JHEt4i ol E b B, KRR
HE— 25 B 9% Sk 1 BFTHS CARG A 41 il W NADPH /K ~F
() E AR AL,

4.2 HSCARGTESER G HyThaE
FERNAJG TR YR I, RIG-TFESZ AR (RIG-I-like
receptor, RLR)iR 4057 1 ¥ EERNA, FfiEid Car-
dif-TRAF3-TBK 1/IKKe-IRF31{5 5 il % K i SR T
F A RS R ER AL R T 52 AR AE R T 3(TNF  re-
ceptor associated factor 3, TRAF3)IK632K M £ K7 &
A it 36 5 L S kappa B K T3 B (inhibitor of
kappa B kinase &, 1KKe)Z [H]fFHEAE ket A
RLR{E 51L& 3 2. JATHE 70K I, HSCARG S 242
ZALEFOTUB1(Otubain  1)IL[FEIVEH L FRTRAF3 L1
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K638 () 2 iz KBE(E1E), Kk, HSCARGH T %
] T IKKe4E 5, FAK T PR E 57 3(inter-
feron regulatory factor 3, IRF3)[ERIL AL L AL, M
AT B3 B GL J5 4 4% P 3 B(interferon-B, IFN-B)I)
KPR R IFHSCARG 7 % 50 K A (5 5 il .

% TRLR{E 5@ E, HSCARGIEAESINHINF-«B
55 K S . NF-kBA& HpS50Fp65 Iy Jk 44 % 1) 5+
TRAED RN, NF-«xBS5#EFH & A
(inhibitor of kappa B, IxB)x [a]fJAH B AF I #p6s5H
pSO¥i B CEAH AR5 AT L i . AE 48 LY
NF-«Bf& 5%, 4HHfE F 1652 o8 50 g SR8 R
“F(tumor necrosis factor, TNF)Z¥ 14} % I (interleukin-1,
IL-D)SFA M E T, EdZ RURB RN E S E SR
Bl 5 A4, T HIIKK S SR BE 5 R 1L IkB, S
HIkBIZ 2 AT i & AR SRR AR, M e iF
pSOFIP6S & A% e i LA AT Ho e SL il 1 o g0 &
AT FCIE 52 T HSCARGX TNEFAIIL-14% 5 [)NF-«B
BOE ANHI RN, JFRER T HE T ALEI(EE).
—J5 1, HSCARGHIHI T IKKE &AM, s
NF-kBf5 5l #%. IKKE &K HIKKa, IKKBFIIKKy=
AR RR, IKKPHIBFIR I FIIKKy K63 % Fiz Rk
REAEIMBRIKK E AR5 1. HSCARGHEHS STKKBA!
IKKyM HAEH, (HAR5IKKok EAEH. HSCARGZ) 5
JIFSIKK B-PP2A (protein phosphatase 2A)FIIKKy-USP7
(ubiquitin specific peptidase 7)& &1 I Ak, ke it
PP2AXTIKK B & MR AL FTUSPT X IKKy ) 72 &
830 571, HSCARG 544 35 K7 (cop-
per metabolism MURR1 domain-containing 1,
COMMD A HAEH, il Faw IkBa e #Ep65 1) 4 fif
SR A FINF-«BA5 Sl EgE A, fEIER AR, 41
5 5 AL FTHSCARGHE i Ho A4 i R ossmann¥t B #%
D1~153%E 5COMMDIA BEAEF, #Ri#ET
COMMDI K48 2 Bz AL AR J5 I B A, 721
ZDHEABSNAP & # 5] 2 {4 4k i J7 A2 1k B
HSCARG [F] 20 i iz 5% 7%, i@k 1 H X COMMDI (1401l
PEFAB3. HSCARG X NF-kB# 3% 3 P (40 1 76 mt A%
TKK B F 21 i 1 A COMMD 1 i 25 4 i b 5 35055, ot
4, HSCARGIIC i T AL 4 154~299475 94 e % 401 il
NF-xBM#E, RE52KE MRS B %
K123, R HIHSCARG [ Cifts 45 My 3 BE % 3@ L — FP AR
WA T IKKE AR LT 2 5 T NF-«BIRTE V.
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IEAh, HofF st PR 3, GOPDHIELK LLHSCARG
A0 PR ) 18 5 N e 4 ok e bR 97 B S 4 ) UK
. fEGOPDEL L 1 AS4941 i, e IR FHCoV-229E
&Y% JENF-kB T 7 [ TNF-oF1 25978 251 24 2 [ 1 (myxo-
virus resistance 1, MX1)ZEHUI5 75 3 B 1) 5% 5 52 2100
i, AT GERE T AR, X R R AT DAE I R A
HSCARGK[E %, F+ H, G6PDI &R S 2 4n i i
NADPH/NADP" Lt il B AR F1 4G PEHSCARG — SR A4 fif
R FRWFiLs Rt — P R B HSCARGHE W
W7 4T it S A3 S AR 4K 2 S NF-k B 14 (1 115

4.3 HSCARGTEDNA$ ) 2 B H & 4 82 i %
Thag

HEAH2AZ 2B IS5 1 H N 5 45 A0
DNAMEEEZ AN AR RIS FE. ZRiMHE &4
1(polycomb repressive complex 1, PRC1)s& — A E3&E
Mg &k, Refs ML B A H2ATE S5 119 A0 = IR
(K119 #yZ 21k, TPRCIH H iz RZ B HAE
s 2 e R oA Akt R 2 Ak
#H ¢ 1 80(receptor-associated protein 80, RAP80)A
p53454 % M 1(p53 binding protein 1, 53BP1)ZDNAXL
BEWZ4 (double-strand break, DSB) Ni#1&E & HKIH
3%, {EDSBRI N R 1 2 & o B B 1 A BT
1F B B 55 B (ionizing radiation, IR)ALHE4H ff i,
HSCARGUL 272 Z AL BFUSP 7 1 77 U4 | PRC 14%
CHTHZ ZHEENFHH2AZ ZW(ELE).
HSCARGHUK 5, DNAFG1EE JRH2AZ R EE LR
RS, ST BEEOF AT A S LS4
JEI ARSI A B2 (checkpoint kinase 2, CHK2){E 5 H]
FRELIOE, & FE AT 12 5 )5 A At 3 T [ 3|
M E AR T A g e Rk g R R e
HSCARGE# i 1| PRC 15 &4 1Y B3 2 42 % 1 17 1)
FEH2AIZ =K, 30T 2 M DNATR G 18 B 20%.

HSCARGE:Z 5 DNA G il il #2 55 41 25 (ultravio-
let, UV)4@5 75 45147 1985 451477 & Fli(translesion synth-
esis, TLS)iH M X1+, TLSIE K2 40 i S X DNAA
IR P — b B AL, 2 A2 A AT AR R s A
AUPBE T, 39 5E A M % T (proliferating  cell nuclear
antigen, PCNA)ZE 16407 {6 2 B2 (K 164) K A4 12 F AL
ett, o 5RO i B A Y SR 5K B Bl Sk
LES TR ATDNA G K, T e G 52 ) S 452 AT AT BEFR)
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XEEWIZ. YR EDNASK & fin(polymerase 1, poln)&
FEMTLSE AR, 71 5T fEDNAS AL Hh N 1E 3 %
HIREY, UVERSH S EUSP [ V) EIFIBE J5 1 PR,
0] 7 USPIXT HJRYIPCNA K £Z AL, &
IR IR, HSCARGIEIE H AL T 133~140 X 45 1)
PIP box(PCNA interaction protein)E # 5PCNAKHH.
fEH (E1B). 1t4h, HSCARGIH#H T 155 USP1 5PCNAZ
B] ¥ AH ELAE AR EPCN A 2592 2 40(E1E). HSCARG
[ FRIEH 4 Bl TUVIE S5 057 _EIUSP1KF
FIREAE. Kk, HSCARGERIAK LSt T &=
SNAP KR EE 5| & HAE 40 M A% P9 1) & S 401 T ponfE &
HE AL AR, SRR S XS B AIDSBs
i[m].

5 HSCARG 5L BRI R F

XA HIHSCARGTENF-kBfE 514 5. ROS/™
A= FIDN A5 J o2 AR G 7R T '8 5 380 (1 A2 )
SEADEME. — 7T, ROSHI &7 Azl it 5] Nk
DNA$5 45 FINF-wB ) 41 5l 20 3t g b 2 R 24 A A e
L SO N st ol P T W B S s o
HSCARGTE 2 Jfi 5 1 % ROS FINF-icB 4111 1 ] 2 B
AT Re A0 i ) A . 53— J7 T, HSCARGYE 41 %
) E S ETLSHMDSBIE & IHLRE, M e &k A
HRAZER, t, HSCARGH V4 ff 5& fir -7 7 H 2k
e AR R ThEE. AEPME BT o RHSCARGTE
Z MR TWRE s RIS, 5 — S A,
FATFIF /S AR 34T BB SR IR i R I, HSCARGTE
M2 8935 P (R THT R (polyoma virus middle T anti-
gen, MMTV-PyMT)#& 3K/ R A (F bR 2822 1 FLAR
IR, TEPYyMT/NEUR R A B o, iR m
HSCARGH ATEAAZ AR, IXIR AT HEZ i TR
B AL NG R MY, X g Rk b R N
MuAZ 5 DN A IR 1 47 i 3% 3 BLHSCARG & 4%
ES T A

A, A TT R IR ff o B BB K W
HSCARGZFIA & &K, HSCARGHIFRIA KAl fEiE
L2 AR 22 B RN S T S S 58 o) B K R T
MU BT 81 R 7S RS B 8 (9 2(six  transmembrane
epithelial antigen of prostate 2, STAMP2)ifid i3k
HSCARG ) # 3 & M AN HINF-«BIE 5, A2 0E R

UL 10 JUE T B S A1 5 AT, X B 5T
RHIHSCARG 5 E S5 B0 K 5 A e Ji B oA 3 D) Y

6 HSCARGHIFEHE

HSCARG:# i 75 4 e B AL R AR S . ek
95 FIDN A5 [ 97 38 %+ 5% B 4 43 1A 80 38 S5 45 1 1A
WX B B 1 A FETh RE. HSCARGH iz KL
OTUBI. USPIFIUSP7AH BAEH A2 AT R 1)
ZZ FoAb, XU S R, T S R R R
R YNZ KA FEHSCARG [ — R i #4E AR
KR AT EH— D EEORE LT RIEEENM
HSCARGH AHEAEHEH, LAE/RHSCARGTEHAt
5B T T TIRE. EIER A B4 F T, NADPH
TEHEHSCARG ¥ [R5 — AR Ak 1) % o i 400 1) L A 2
TiRE. EARE G| E FINADPHK KA HSCARG B
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The structure and function of the cellular redox sensor HSCARG/
NMRALI1: fifteen years of exploration from three-dimensional
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HSCARG (also known as NmrA-like family redox sensor 1, NMRAL1) belongs to the NmrA-like protein family. Through the
determination of the three-dimensional crystal structure of HSCARG, we demonstrated for the first time that it is a NADP(H) sensor
widely present in mammalian cells. Our research on its functions indicates that HSCARG plays a pivotal role in regulating cellular
redox homeostasis, innate immunity, DNA damage repair (DDR), and tumor development. HSCARG selectively binds to the reduced
form of type Il coenzyme NADPH through its N-terminal Rossmann fold domain. When the intracellular concentration of NADPH
decreases, HSCARG transitions from homodimer to monomer, enhancing its interactions with interacting proteins. In the cytoplasm,
HSCARG negatively regulates innate immunity by inhibiting the activity of the NF-«B (nuclear factor-kappa B) and RLR (RIG-I-like
receptor) signaling pathways. Furthermore, HSCARG regulates redox balance by suppressing the production of reactive oxygen
species (ROS) and nitric oxide (NO). Persistent oxidative stress causes the cytoplasm-to-nucleus translocation of HSCARG, where it
modulates the efficiency of DNA damage repair by affecting the ubiquitination of histone H2A and PCNA (proliferating cell nuclear
antigen). In summary, HSCARG acts as a linkage between cellular redox status and other signaling pathways to finely tune the
cellular response to redox changes. This review primarily summarizes our exploration and understanding of the structure and
functions of the redox cellular sensor HSCARG over the past fifteen years.

cellular NADPH sensor, HSCARG/NMRALI1, three-dimensional structure, innate immunity, DNA damage repair, cancer,
ubiquitination
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