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Table 1 Identified results of S—glutathionylated proteins in cell lines and animals

®1 ARARRDMENSHERULEENEESER

SRR HE B A 1 Th g BIAL A 2% S0k
X (Gallus gallus) Cu, ZnHELMIBALHEE PRI DU R E A 3 b2 i e T A8 T C110, 153 [42]
N (Homo sapiens) Cu, Zni@BHE MDA FEL1E PO 4 s v A S b4l BB T Cl11 [43]
B (Mus musculus) SRR A BEEARG 3 SRR % S g v 2 / [44]
B (Mus musculus) LR FERARG JULIR VBt % 1 €283 [45]
% (Oryctolagus cuniculus) — WIZhEH SN R G R 45 A SR VLR B (1 1R A C374 [46]
A (Homo sapiens) WAGEA PR3P BIRAG bAT G T AL T C187 [43]
W (Mus musculus) HYE AREK P AL ZVER A BFKOE 1 C25 [47]
N (Homo sapiens) B B 45 2R PR TR 45 45 B 1 KT / [48]
N (Homo sapiens) IR TLEE 160 AR 5 2 607K F / [48]
N (Homo sapiens) YA T I3 W B-AN P T 22 [49]
B (Mus musculus) T ot it el SR TR il e f S Bl C149 [50]
N (Homo sapiens) Mme&A B R EAS R & €93 [51]
B (Mus musculus) WEh & A Fie AR B ot 2 B 8 U LBR AR 1 1y 8 1 C374 [52]
Y (Oryctolagus cuniculus) — F5REFURIE 24K 8 A AT ) S S A A R TN 3635 [53]
B (Mus musculus) AR A G4 1 e e ORI PO S T A C85, C86  [54]
- (Bos taurus) LR S A A T LR AR S A AR T / [55]
B (Mus musculus) RN RE NN PR HIERCR, B TRR C90 [56]
% (Oryctolagus cuniculus) P35 P55 ATP T2 L P J5 R 465 — e R A Tl % 1k C674 [57]
B (Mus musculus) o 1 T ot U V) on- PR 132, R M I Vi / [58-59]
B (Mus musculus) RasH [ PR ERABE K / [57]
B (Mus musculus) RastE %%Raﬁmafm%ﬁ PIRFER PTG (ERK) Cl118 [60]
itk
4 (Bos taurus) Ras®H 2 =i RasF % 14 Cl18 [61]
4= (Bos taurus) RasfE [ 2 T ERKA At i I i 1 C118 [62]
B (Mus musculus) & UR B A R B IR AL 1B ) 2 T R IR A B T 1 / [63]
G (Oryetolagus cuniculus)  3-BEBTH IS A B P o D)
B (Mus musculus) —H L E A EE Il — U A T / [14]
B (Mus musculus) BHAERIB YeRE T AR B BRI A g T C188 [5]
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LI FEL EH B A TR B 2% 30k
B (Mus musculus) A ot $7 15 VA B R it S v / [15]
B (Mus musculus) WS E A B RN £ T A AR C134 [64]
B (Mus musculus) JR A B A B A O B R / [34]
B (Mus musculus) o 1 TR i P v o A I R i A e 1 / L16]
R (Mus musculus) Keapl&EH WOENCR2 5 = 25 1D H Ik s- Y R gk DR 1) R ik / [65]
N (Homo sapiens) L-Z A AR (] C460 [66]
N (Homo sapiens) Iemi g -p-E i FE = e AR k- - i C346 [67]
B (Mus musculus) A 225 R G A AME 5 I SRR ) P A 1 C1238 [68]
T R B 1
I+ TEWFT R
Table 2 Identification of S—glutathionylated proteins in plants, microorganism and virus
R2 EY. MEYURFSAMERLEAHNERE
2%
Yk A AR (AR B .
SCHR
LR IF AR TR B S A Tl ] T BT T S A T P 0 / [19]
(Arabidopsis thaliana)
ARt 245 / / [19]
(Arabidopsis thaliana)
LG IF Jid BT AL BR L S )Y Pt SO I R D £ 5 1 C6 [69]
(Arabidopsis thaliana)
EPN B T UL i 1 R AR 7 B R 0 e e P W R R A Bl AT C60 [35]
(Arabidopsis thaliana) Tt o e ot S g v 1
K& (Glycine max) R U R R ] T o I R Tl T ) 5 1 C78, C176 [70]
5% (Cyanobacteria) BUR=R Y[ / / [40]
W% (Cyanobacteria) 3-T I H I i Ll / / [40]

FeFLE A 4R A2 (nsP2) T ARas 2 C175, C214, €313, [25]

(Chikungunya fever) C462, C698, C755

HEK2934ii1 THFEWTHE T3 JH4ZIRF3-CBPAH HAEH , 222, C347 [41]
[ IR IRN A = E i 289, C371

/: JCHRR R

4 EBRS-AMHRUEHERER

4.1 S-BRHMRUEHRERESESTHER
AR R T IR 5 5 7 %
SR AR AT RESZ 31 S-A M H It R4 . B &
HITE, TER XL, S-4F e H IRA A i e I
9 R 5T = R W BR AL I 1B (protein - tyrosine
phosphatase 1B, PTP1B) % FIA7 22 43 %4 J5i/4H g 41
SR RS 1 [MAPK  (mitogen-activated

protein kinase) /ERK  (extracellular - signal -
regulated kinase) kinase kinase 1, MEKKI ] "* i
PEJT R BSCHENE . Blan, ek B B v
NR8383 4L & H, ROSI%ASTPTPIB FIGSH Z[H]
FE I AR I A AR A AR B, It —2D 5
TR BRI SR AR 5 K B S-
A e H AR i id T 98 T MEKK JF 25 44 38 1) 2y
AE, R 7 O A A A T R A A B
WSS R, —SE SR R Y -4 IBE H AL &
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ik Ref E AR RS 5 i S S IRE R EE A0
NA S RAHEC R 7Y S H KL IB R fE S S5
P& 5 s A A A S = Y TR M
AT 3 (IRF3) EIR %S 40 i rp o2 24 e H kb
1y, (BXERR TR, IRF3 4Tt Grx AL 2245
Bt kA, M2 5 T IRF3 5 CBP WA HAE I 1Y
i AR, R A EAE AT LABOE TR R R R
SR E R O A R B R T i (protein
tyrosine phosphatases, PTPs) %41 # GSSG /5%
1) S-AF e H BRAb At ], H & A i i o A2
HFAE P A R 7 b sE RS- T
JRAR A AT BeA SR — il (554 1 AL
42 EARNAREREEHEAESEERRE

FEARMZF A= o, AR E 5 K 1 S- A e
A ZERE T Al N AR RS, JB T —FPnl i)
PR ML 2 KA Grx-4 1ER Sk GSSG &L
RGN A A BE IR 7, X — A
Bl T 24 40 P P PR 1 S AR AR S . RS T AR
PN LR AR £ AU AU AR T RB IS AR AR SN T S-4%
IO H R AR 5, R A BB A ) A R B R
R A i e R A 2 . T - A S R
HEERPES S T kB EBErOGIE T, HAA ML
BAERE T A ARSI RO A N ER R 1 4 ik
Y SN V1L ES Y TR N =80 K - FEZ S U
GSSG A Ji5 , HAERSIN KA S-48 e H kAL &
L AR R WY, R BT R A BT R A S 1
UHECE=R ARV T
43 S-AMtHEHRHKEHES-THEEXEHTNERE
EH

S- 0 fiF He AL A S-23 e H kAL = #AE iy ROS il
RNS S {55 5 AL, o2 20 iy % S Ak A
SO Ak 30 A —Fh AP AL 7 . 7E 4 A2 21 4
s RS AL S , S-28 Ibk H BRAL AN S-S Ak T
REFIIT 2 5 T 8 R G S i St fe > 0 7 W
PR Uit 2R S5 1 P2 i) ] R 8T R BAR TG s
il 24 7 BeAh, S- I H KA A S- Al S Akt ]
REAFEA R PR, Jflad 38 i B I Sy i
e R R A SR SEHL

S-2+ It H AKAL AN S0 Al 3k =2 ]t vl LA & A A
HAEH, MIIE IR A0 Zmifky, SFEEA/EH
AT TR AR S A 0 A A Aok 0 20
M-S TR TRe R 7. T EA RS & S-
IOk H AR AL S - S fil 55 A4 7 b 2 1 B A8 A 1 D
WASHEASBEH K (GSNO) ZE| T Ziy k.

TR =R AR A TR A SIE LN ) S ) g
HKA AT S-3IV Ai 3 A/ 2 3V i 3 Ak =22 18] 6 B ] 46
MRS, TETFENTT LU A i A= A2 BT i AR 2s
k. R T i — AT A RS S B B S
MR AE Y2 TIRE, T LASE A B AR R RS S
XA 20 U AR A A S MR SR 5T

5 B 2

JAGBA B TERI AR R T S-47 B H ke &
WA A LR AL, RN 28 LR M A A RS 1
EREMAY . [RIRTE S- Bt H Ik B i Re b, =
S )~ I BRI AL Y RO U A A — R 1Y 22
5, HE 54 B H KA 2 i 69 D3R o A7 7E 4
W T S DE KA AN S- A B AL I R S
PEHZE S IR B ALL, A — 2R A
ARSI A AR R R S, el B Pt R -4
HIRALAB I B 25 1)

ERFTERIAIE, S-ARDE H KA A8 i 1) A B S
AR HERRATS IR 24 Jm B RIS TT 1) . AR R HL
PRANSZEG W T C 48R SE 1 S-A8 M H KL 2 F Y )
fE, (R DEARE A s i i T 2R B
PREE AT EH IRAE & AR D RER BRAT = L I
b, AiE AR RSO REUE— 2 B S- A e H
IRAAE M ) LR )2 D RE . AR A, AR
TR AR AT B TP e H A B i L
HREREN , (HEZITIEA e R —E B h 2
A2 e 2R 5k kBT e A 1 EE & B A R A 2 7, A
SAE EAN [) B R 0L 45 B 45 S e —
R AREREE B A -4 B H BRI bs LA R A
FHPLHBIRERT, AU B T JRATH S-45 bt H ik 1k
EARAIIA, i ELAR AT L sh P AR SR 67
AR e R it A v S (L S s

£ % X M

[11  Séanchez-Gémez F J, Espinosa-Diez C, Dubey M, et al. S-
glutathionylation: relevance in diabetes and potential role as a
biomarker. Biol Chem, 2013,394(10): 1263-1280

2] Dalle-Donne I, Rossi R, Colombo G, et al. Protein S-
glutathionylation: a regulatory device from bacteria to humans.
Trends Biochem Sci, 2009, 34(2): 85-96

[3] Mieyal J J, Gallogly M M, Qanungo S, et al. Molecular
mechanisms and clinical implications of reversible protein S-
glutathionylation. Antioxid Redox Signal, 2008, 10(11): 1941-
1988

[4]  Dalle-Donne I, Rossi R, Giustarini D, ez al. S-glutathionylation in
protein redox regulation. Free Radic Biol Med, 2007, 43(6):



2019; 46 (D BRI, F: S-BMHRUEIGHFARHER *39-
883-898 [20] Barinova K V, Serebryakova M V, Muronetz V I, et al. S-
[5]  Zhang X, Liu P, Zhang C, et al. Positive regulation of interleukin- glutathionylation of glyceraldehyde-3-phosphate dehydrogenase
1B bioactivity by physiological ROS-mediated cysteine S- induces formation of C150-C154 intrasubunit disulfide bond in the
glutathionylation. Cell Rep, 2017,20(1): 224-235 active site of the enzyme. Biochim Biophys Acta, 2017, 1861(12):
[6]  Zhao X, Ning Q, Ai M, et al. Identification of S-glutathionylation 3167-3177
sites in species-specific proteins by incorporating five sequence- [21] McGarry D J, Chen W, Chakravarty P, et al. Proteome-wide
derived features into the general pseudo-amino acid composition. J identification and quantification of S-glutathionylation targets in
Theor Biol, 2016,398: 96-102 mouse liver. BiochemJ,2015,469(1):25-32
[7] Hill B G, Bhatnagar A. Protein S-glutathiolation: redox-sensitive [22] Bukowski M R, Bucklin C, Picklo M J. Quantitation of protein S-
regulation of protein function. J Mol Cell Cardiol, 2012, 52(3): glutathionylation by liquid chromatography-tandem mass
559-567 spectrometry: correction for contaminating glutathione and
[8] Malvezzi A, Higa P M, T-do Amaral A, ef al. The cysteine-rich glutathione disulfide. Anal Biochem, 2015, 469: 54-64
protein thimet oligopeptidase as a model of the structural [23] Coppo L, Montano S J, Padilla A C, et al. Determination of
requirements for S-glutathiolation and oxidative oligomerization. glutaredoxin enzyme activity and protein S-glutathionylation
Plos One, 2012, 7(6): 39408 using fluorescent eosin-glutathione. Anal Biochem, 2016,
[9]  Martinez-Ruiz A, Cadenas S, Lamas S. Nitric oxide signaling: 499:24-33
classical, less classical, and nonclassical mechanisms. Free Radic [24] Gao X H, Bedhomme M, Veyel D, et al. Methods for analysis of
BiolMed, 2011,51(1): 17-29 protein glutathionylation and their application to photosynthetic
[10] Gupta V, Carroll K S. Sulfenic acid chemistry, detection and organisms. Mol Plant, 2009, 2(2): 218-235
cellular lifetime. Biochim Biophys Acta, 2014, 1840(2): 847-875 [25] FengS, ChenY, YangF, et al. Development of a clickable probe for
[11] Pimentel D, Haeussler D J, Matsui R, et al. Regulation of cell profiling of protein glutathionylation in the central cellular
physiology and pathology by protein S-glutathionylation: lessons metabolism of E. coli and Drosophila. Chem Biol, 2015, 22(11):
learned from the cardiovascular system. Antioxid Redox Signal, 1461-1469
2012,16(6): 524-542 [26] Portman J L, Huang Q, Reniere M L, et al. Activity of the pore-
[12] Grek CL, ZhangJ, Manevich Y, et al. Causes and consequences of forming virulence factor listeriolysin O is reversibly inhibited by
cysteine S-glutathionylation. J Biol Chem, 2013, 288(37): 26497- naturally occurring S-glutathionylation. Infect Immun, 2017,
26504 85(4): €00959-16
[13] Demasi M, Netto L E, Silva G M, et al. Redox regulation of the [27] Saisawang C, Kuadkitkan A, Smith D R, ez al. Glutathionylation of
proteasome via S-glutathionylation. Redox Biol, 2014, 2: 44-51 chikungunya nsP2 protein affects protease activity. Biochim
[14] Shang Q, Bao L, Guo H, et al. Contribution of glutaredoxin-1 to S- BiophysActa,2017,1861(2): 106-111
glutathionylation of endothelial nitric oxide synthase for [28]  Ulrich K, Finkenzeller C, Merker S, et al. Stress-induced protein S-
mesenteric nitric oxide generation in experimental necrotizing glutathionylation and  S-trypanothionylation in  African
enterocolitis. Transl Res, 2017, 188: 92-105 trypanosomes-a quantitative redox proteome and thiol analysis.
[15] O'Brien M, Chalker J, Slade L, et al. Protein S-glutathionylation Antioxid Redox Signal, 2017,27(9): 517-533
alters superoxide / hydrogen peroxide emission from pyruvate [29] McGarry D J, Chen W, Chakravarty P, et al. Proteome-wide
dehydrogenase complex. Free Radic Biol Med, 2017, 106: identification and quantification of S-glutathionylation targets in
302-314 mouse liver. BiochemJ,2015,469(1):25-32
[16] Mailloux R J, Ayre D C, Christian S L. Induction of mitochondrial [30] McGarry D J, Chakravarty P, Wolf C R, et al. Altered protein S-
reactive oxygen species production by GSH mediated S- glutathionylation identifies a potential mechanism of resistance to
glutathionylation of 2-oxoglutarate dehydrogenase. Redox Biol, acetaminophen-induced hepatotoxicity. J Pharmacol Exp Ther,
2016,8:285-297 2015,355(2): 137-144
[17] Eaton P. Protein thiol oxidation in health and disease: techniques [31] Gergondey R, Garcia C, Marchand C H, et al. Modulation of the
for measuring disulfides and related modifications in complex specific glutathionylation of mitochondrial proteins in the yeast
protein mixtures. Free Radic Biol Med, 2006, 40(11): 1889-1899 Saccharomyces cerevisiae under basal and stress conditions.
[18] Fratelli M, Demol H, Puype M, et al. Identification by redox BiochemJ,2017,474(7): 1175-1193
proteomics of glutathionylated proteins in oxidatively stressed [32] Butterfield D A, Dalle-Donne 1. Redox proteomics: from protein
human T lymphocytes. Proc Natl Acad Sci USA, 2002, 99(6): modifications to cellular dysfunction and diseases. Mass Spectrom
3505-3510 Rev,2014,33(1):1-6
[19] TIto H, Iwabuchi M, Ogawa K. The sugar-metabolic enzymes [33] Ullevig S L, Kim H S, Short ] D, et al. Protein S-glutathionylation

aldolase and triose-phosphate isomerase are targets of

glutathionylation
biotinylated glutathione. Plant Cell Physiol, 2003, 44(7): 655-660

in  Arabidopsisthaliana:  detection using

mediates macrophage responses to metabolic cues from the
extracellular environment. Antioxid Redox Signal, 2016, 25(15):
836-851



<40

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2019; 46 (1D

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

Dong K, Wu M, Liu X, et al. Glutaredoxins concomitant with
optimal ROS activate AMPK through S-glutathionylation to
improve glucose metabolism in type 2 diabetes. Free Radic Biol
Med, 2016,101:334-347

Michelet L, Zaffagnini M, Marchand C, et a/. Glutathionylation of
chloroplast thioredoxin f'is a redox signaling mechanism in plants.
Proc Natl Acad Sci USA,2005,102(45): 16478-16483

Lee K, Lee J, Kim Y, et al. Defining the plant disulfide proteome.
Electrophoresis, 2004, 25(3): 532-541

Dixon D P, Skipsey M, Grundy N M, et al. Stress-induced protein
S-glutathionylation in Arabidopsis. Plant Physiol, 2005, 138(4):
2233-2244

Shenton D, Grant C M. Protein S-thiolation targets glycolysis and
protein synthesis in response to oxidative stress in the yeast
Saccharomyces cerevisiae. BiochemJ,2003,374(2): 513-519
Leichert L 1, Jakob U. Protein thiol modifications visualized in
vivo.Plos Biol,2004,2(11):e333

Chardonnet S, Sakr S, Cassier-Chauvat C, et al. First proteomic
study of S-glutathionylation in cyanobacteria. J Proteome Res,
2014,14(1):59-71

Prinarakis E, Chantzoura E, Thanos D, ef al. S-glutathionylation of
IRF3 regulates IRF3-CBP interaction and activation of the IFNf
pathway. EMBO J,2008,27(6): 865-875

Schinina M E, Carlini P, Polticelli F, et al. Amino acid sequence of
chicken Cu, Zn-containing superoxide dismutase and
identification of glutathionyl adducts at exposed cysteine residues.
FEBSJ,1996,237(2): 433-439

Tao L, English A M. Protein S-glutathiolation triggered by
decomposed S-nitrosoglutathione. Biochem, 2004, 43(13): 4028-
4038

Eaton P, Shattock M J. Purification of proteins susceptible to
oxidation at cysteine residues: identification of malate
dehydrogenase as a target for S-glutathiolation. Ann N'Y Acad Sci,
2002,973(1): 529-532

Reddy S, Jones AD, Carroll E, et al. Inactivation of creatine kinase
by S-glutathionylation of the active-site cysteine residue. Biochem
J,2000,347(3): 821-827

Dalle-Donne I, Giustarini D, Rossi R, et al. Reversible S-
glutathionylation of Cys*’* regulates actin filament formation by
inducing structural changes in the actin molecule. Free Radic Biol
Med, 2003,34(1): 23-32

Percival M D, Ouellet M, Campagnolo C, et al. Inhibition of
cathepsin K by nitric oxide donors: evidence for the formation of
mixed disulfides and a sulfenic acid. Biochem, 1999, 38(41):
13574-13583

Fratelli M, Demol H, Puype M, et al. Identification by redox
proteomics of glutathionylated proteins in oxidatively stressed
human T lymphocytes. Proc Natl Acad Sci USA, 2002, 99(6):
3505-3510

Pan S, Berk B C. Glutathiolation regulates tumor necrosis factor-o-
induced caspase-3 cleavage and apoptosis: key role for

glutaredoxin in the death pathway. Circ Res, 2007, 100(2):

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

213-219
Eaton P, Wright N, Hearse D J, et al. Glyceraldehyde phosphate
cardiac  ischemia and

dehydrogenase  oxidation

reperfusion. J Mol Cell Cardiol, 2002, 34(11): 1549-1560

during

Sampathkumar R, Balasubramanyam M, Sudarslal S, et al.
Increased glutathionylated hemoglobin (HbSSG) in type 2
diabetes subjects with microangiopathy. Clin Biochem, 2005,
38(10): 892-899

Chen F C, Ogut O. Decline of contractility during ischemia-
reperfusion injury: actin glutathionylation and its effect on
allosteric interaction with tropomyosin. Am J Physiol Cell Physiol,
2006,290(3): 719-727

Aracena-Parks P, Goonasekera S A, Gilman C P, et al.
Identification of cysteines involved in S-nitrosylation, S-
glutathionylation, and oxidation to disulfides in ryanodine
receptor type 1.J Biol Chem, 2006, 281(52): 40354-40368

Taylor E R, Hurrell F, Shannon R J, et al. Reversible
glutathionylation of complex I increases mitochondrial
superoxide formation. J Biol Chem, 2003, 278(22): 19603-19610
Beer S M, Taylor E R, Brown S E, e al. Glutaredoxin 2 catalyzes
the reversible oxidation and glutathionylation of mitochondrial
membrane thiol proteins: implications for mitochondrial redox
regulation and antioxidant defense. J Biol Chem, 2004, 279(46):
47939-47951

Chen Y R, Chen C L, Pfeiffer D R, et al. Mitochondrial complex 11
in the post-ischemic heart: OXIDATIVE INJURY AND THE ROLE
OF PROTEIN S-GLUTATHIONYLATION. J Biol Chem, 2007,
282(45):32640-32654

Adachi T, Weisbrod R M, Pimentel D R, ez al. S-Glutathiolation by
peroxynitrite activates SERCA during arterial relaxation by nitric
oxide. NatMed, 2004, 10(11): 1200-1207

Applegate M A, Humphries K M, Szweda L I. Reversible
inhibition of o - ketoglutarate dehydrogenase by hydrogen
peroxide: glutathionylation and protection of lipoic acid.
Biochem, 2008,47(1): 473-478

Nulton-Persson A C, Starke D W, Mieyal J J, et al. Reversible
inactivation of o - ketoglutarate dehydrogenase in response to
alterations in the mitochondrial glutathione status. Biochem, 2003,
42(14):4235-4242

Pimentel DR, Adachi T, Ido Y, et al. Strain-stimulated hypertrophy
in cardiac myocytes is mediated by reactive oxygen species-
dependent Ras S-glutathiolation. J Mol Cell Cardiol, 2006, 41(4):
613-622

Clavreul N, Adachi T, Pimental D R, ef al. S-glutathiolation by
peroxynitrite of p2lras at cysteine-118 mediates its direct
activation and downstream signaling in endothelial cells. FASEB
1,2006,20(3): 518-520

Clavreul N, Bachschmid M M, Hou X, ef al. S-glutathiolation of
p2lras by peroxynitrite mediates endothelial insulin resistance
caused by oxidized low-density lipoprotein. Arterioscler Thromb
Vasc Bio, 2006, 126(3): 2454-2461

Rinna A, Torres M, Forman H J. Stimulation of the alveolar



2019; 46 (D BRI, F: S-BMHRUEIGHFARHER 41~
macrophage respiratory burst by ADP causes selective [70] Dixon D P, Fordham-Skelton A P, Edwards R. Redox regulation of
glutathionylation of protein tyrosine phosphatase 1B. Free Radic a soybean tyrosine-specific protein phosphatase. Biochem, 2005,
Biol Med, 2006,41(1): 86-91 44(21):7696-7703

[64] de Winter J M, Ottenheijm C A. A two-faced cysteine residue [71]  Ye Z W, Zhang J, Ancrum T, et al. Glutathione S-transferase P-
modulates skeletal muscle contraction. Focus on "S-nitrosylation mediated protein S-glutathionylation of resident endoplasmic
and S-glutathionylation of Cys134 on troponin I have opposing reticulum proteins influences sensitivity to drug-induced unfolded
competitive actions on Ca?" sensitivity in rat fast-twitch muscle protein response. Antioxid Redox Signal, 2017, 26(6): 247-261
fibers. AmJ Physiol Cell Physiol, 2017,312(3): C314-C315 [72] Fernandes A P, Fladvad M, Berndt C, ef al. A novel monothiol

[65] Carvalho AN, Marques C, Guedes R C, et al. S-Glutathionylation glutaredoxin (Grx4) from Escherichia coli can serve as a substrate
of Keapl: a new role for glutathione S-transferase pi in neuronal for thioredoxin reductase. J Biol Chem, 2005, 280(26): 24544-
protection. FEBS Lett, 2016,590(10): 1455-1466 24552

[66] Dubey M, Singh A K, Awasthi D, et al. L-Plastin S- [73] Gelhaye E, Rouhier N, Gérard J, et al. A specific form of
glutathionylation promotes reduced binding to B-actin and affects thioredoxin h occurs in plant mitochondria and regulates the
neutrophil functions. Free Radic Biol Med, 2015, 86: 1-15 alternative oxidase. Proc Natl Acad Sci USA, 2004, 101(40):

[67] Niu W N, Yadav P K, Adamec J, er al. S-glutathionylation 14545-14550
enhances human cystathionine - B - synthase activity under [74] Belcastro E, Gaucher C, Corti A, et al. Regulation of protein
oxidative stress conditions. Antioxid Redox Signal, 2015, 22(5): function by S-nitrosation and S-glutathionylation: processes and
350-361 targets in cardiovascular pathophysiology. Biol Chem, 2017,

[68] CrossJV, Templeton D J. Oxidative stress inhibits MEKK 1 by site- 398(12): 1267-1293
specific glutathionylation in the ATP-binding domain. Biochem J, [75] Dalle-Donne I, Milzani A, Gagliano N, er al. Molecular
2004,381(3): 675-683 mechanisms and potential clinical significance of S-

[69] Dixon D P, Davis B G, Edwards R. Functional divergence in the glutathionylation. Antioxid Redox Signal, 2008, 10(3): 445-473
glutathione transferase superfamily in plants: identification of two [76] Janssen-Heininger Y M, Mossman B T, Heintz N H, ef a/. Redox-

classes with putative functions in redox homeostasis in
Arabidopsis thaliana. ] Biol Chem, 2002,277(34): 30859-30869

based regulation of signal transduction: principles, pitfalls, and
promises. Free Radic Biol Med, 2008, 45(1): 1-17



42 EMUFESEYYIEHRE  Prog. Biochem. Biophys. 2019; 46 (1)

Research Progress in S—glutathionylation”

SU Jiu-Chang", NIE Yang", LI Long-Na”, SHEN Wen-Biao""

(MCollege of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China;
DLaboratory Center of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract S-glutathionylation, the formation of disulphide of glutathione and target protein cysteine residues, is
a post-translational modification that modulates the function of target protein. Besides its formation, the
deglutathionylation of protein can also be reversibly catalyzed by glutaredoxin (Grx). The S-glutathionylation
modification is also considered to be a protective mechanism for preventing cysteine residues of protein from
irreversible oxidation. Since it changes the structure and function of the redox-sensitive thiol-containing protein,
S-glutathionylation therefore is a mechanism responsible for the regulation of protein function. The changes in the
levels of S-glutathionylation in mammalian cells are associated with many pathologic mechanisms. However, the
research of S-glutathionylation in plants is just the beginning. In this paper, the research progress in mechanism,
detecting method, and physiological action of S-glutathionylation were reviewed. Finally, the important problems

in the future research were also put forward.
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