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WE  S-WAEMZE - FEEFNEAFRBIFEEEM T, R — SR (NO)EE BN IE 5 5 LR AR e P & IR TR 1
B 3, MM RS- AT AE(SNO) IS 2 . S-WRHEAL B 2 A7 £ T S AL b, e 8 A s AR A is e FaoE
PS4 RE A VAR 1 - B AR LA S LA T O 2 AN ) ) A o i R Bl A 5 JE o £ B o S-S AR S A AS I 20 #7 J5
Wi, BONTTZAE AR H LA (biotin switch assay), FLIE AR5 B SGE FOR AR B SR AL, 2 A s 1
fISNOZE P15 57 ik JF O I B sRE IF (8 I ZE W3O AR SR iC o BB R ARic -1 It U BR A  (RN AR M oz s ) Tk — 20 0@
T B 5 5 B R 5 S T R AT A N M o SOV AR IR T A ) BT SRR A B A P AN R A ) R AR IR S B A

FE, JEXT IR AR B S AT 1.

XA HME, SRR, VR, EY

Mearid, A, ZEV, B, EEE (2019). HEWE A RS- R BH AN 5048, EY2Eik 54, 497-502.

— %A A (nitric oxide)jfe —MAEEM G, HA
ZHANO, FXF7r T2 430.01, & —Fhah ) fii B
AN T NOTHA H HI3E, HAL SR B AR H S K
FEHIR T, NORSUA, s T K IF A IR, wILL
PR E S AV e PRI IR BT, NOW] BAE N —
ARG 570, KGN 7= A M5 B A 22 A [ Y
MBI, JES 5 RS SN LR AR i S s
JR SN . NOFEA HUA K 2 AW 2l 1 h R i B
BRAEER . EmEEY T, NOS HRERZ A K
REWURE, GOFIE. Frigk. RIS, [T
H] K 70 4% (He et al., 2004; Albertos et al.,
2015; Wang et al., 2015; Paris et al., 2018; Feng et
al., 2019; Pan et al., 2019; Zhang et al., 2019a,
2019b). tbAh, NOWZ S Yxs £ 5 A A=
i (KW )% (Chen et al., 2009; Yang et al., 2015;
Lytvyn et al., 2016; Hu et al., 2017; Shi et al., 2017;
Cui et al.,, 2018; Zhan et al.,, 2018; Feng et al.,
2019).

NO e # Ho Az BN I 2 2277 N — =X
AR 2 D S IR oL s AT P S i 1 . NOHE L W] 388
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H AN 455 B 8 5T 2 D =R $1 E (Cys-SH) LB
RV it 3% 1% (S-nitrosothiols, SNO), 1% — i P2 4k
NS-T A IR & 1fi(Hess et al., 2005). S-iVfi3E4L1&
I8 RN — P AERG L S S . SRT, SR BIE AL
KW, TN, S-WREILEM & —FMHRZ
HREHE S5 L SOV IS 2 (Seth et al., 2018).
HHERMKEARBE SRz =M. sRi
M ZBRAG) A, S-TE A F A AZ i v LLAE 224> 2 TH 2
A AR M AE(Hess and Stamler, 2012; Feng et
al., 2019), W& A MW E N . AR S EA R
Z B EAE . B A B AE Y s I DL A A B AR
Yo AR R, S-TAER B IS SE & A
J5T B4 T e T A LA B AR AR B AR DL i
[ v (Tada et al., 2008; Feng et al., 2013; Hu et
al., 2017; Ling et al., 2017; Iglesias et al., 2018;
Zhan et al., 2018; Feng et al., 2019; Seth et al.,
2019). KHith, %7€ S-WAHHAL B & E DL A&
T 2B BT AT AF FUNO A 42 7 — 5 o AR B R (1)
P BA B S S M IE AL SR 3l L, AAT
AT DUIE I PR 8 ST AN FE A AR 1 LA AN e R AR
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A R SR A 6] £ 11 o D R (0 s ), 3 T 48 7 B 2 1
Fe L B T B B i RS 5 A SRR R
i (Shekariesfahlan and Lindermayr, 2018).

S- WV AH A AS 1 R A2 A2 B 1 ) 2 e R Tk
Fo —MIME, EERARTS R AE S BT
2 e G IR Bk ik S ] 11 2 A R 2 B A e IR Bk B AE
Sy AN IR D el 1K A= R i BU RO N G ok =¢
H B, RUHAT RGE T, AR R A S-TRE 5
AR 1R 2 I 2R B 8 8 T — N R-B- R 7K 45 44
15 1 ([HKR]-C-[hydrophobic] X[D-E]) =k i ik 14 ¥5 5%
(Hess et al., 2005; Hu et al., 2015). &+ _Eik & BT
R SO A AB T o7 s LI 4 T 2L (i1 GPS-SNO)
RE 8% IO B 1 5 o I A B AAB I 145 6 A7 3 (Xue et
al., 2010). M4k, FIFHEYIPTM Viewer#ds /& th ml
DATIGIAE A Hh S-TE RS LA B 1 R AR AL i, 45
Z A~ OB SE 8 50 UE 1 18 1 AL 5L (Willems et al.,
2019). SH e E ORGSR, B e S- 1
TS EAAB AL i H D i 75 22 52 50 AR ) Bk

TES-TAHEA BB 7o b, i AR = A
(biotin switch assay)% & £ [ i HH S- T A 2440 1112
i A A2 B AT B 1) 5 % (Jaffrey and Snyder,
2001). R R R AES- A S 1) H Bt
FER AT, SRS FOE 555 (8 o FHPUER AR £6)
P S- A JE Ak SR S50 IR R E B 3, 4k AR
RARCHTE R B RS . BRI Rk =
(BB S- VA = A A2 1) 2 e 20 B 5 58 ) T AR F AR )
RPUARIEAT & A e BNk (western blotting) 5 itk
TR € - B3 BE i % (liquid chromatography coupled
to tandem mass spectrometry; LC-MS/MS)#; A i
ATRE o3 A o 5 A2 T sl e S- A
1 BB 1 S AB RSN S (Hu et al., 2015). A Cxf 40
AR A A W & % A DL K A0 R 97 (Arabidopsis
thaliana) 4 P 25 1A )5t (1) 42 400 2 2 A S 3o R R AT 7
A2, FERE LG R R T B, BT
DA ST T T SR AL A 5 e B

1 SEE#H

(1) 2ife e EAE A

(2) #LFIF(Arabidopsis thaliana L) & Y4 kL
(3) HEYIE A JFE Y (plant protein extracts)

sl

R B 0% Axygen (Cat No.MCT-150-X)

P (73 Hr 4t

Antibodies for target proteins ([ #il4F PR EL
iU, 5 T BG4 R R AR 2 (GFP
FLAGELMY C45) i) Je K 8 1))

Anti-biotin antibody: Cell Signaling Technology
(Cat No.7075)

Anti-BSA antibody: Proteintech (Cat No.6620
1-1-1g)

Anti-mouse IgG, goat, HRP-conjugated: EMAR
(Cat No.EM35110)

Biotin-HPDP: Thermo Scientific (Cat No.21341)
Biotin-maleimide: Sigma-Aldrich (Cat No.B12-
67)

Bovine serum albumin (BSA): Amresco (Cat
No0.0332)

Glutathione (reduced; L-glutathione) (GSH):
BIODEE (Cat No.DE-J005)

HEPES: Sigma-Aldrich (Cat No.H3375)

High Capacity Neutravidin Agarose Resin:
Thermo Scientific (Cat N0.29202)

Methyl methanethiosulfonate (MMTS): Thermo
Scientific (Cat No.23011)

NaCl: Sigma-Aldrich (Cat No.S7653)
Neocuproine: Sigma-Aldrich (Cat No.N1501)
IGEPAL CA-630: Sigma-Aldrich (Cat No. 18896)
Protease Inhibitor Cocktail: Sigma-Aldrich (Cat
No.P9599)

Sodium dodecyl sulfate (SDS): Sigma-Aldrich
(Cat No.L5750)

S-nitrosoglutathione (GSNO): Sigma-Aldrich
(Cat No.N4148)

Sodium ascorbate: Sigma-Aldrich (Cat No.
A7631)

SuperSignal Western Femto Maximun Sensi-
tivity Substrate Kit: Thermo Scientific (Cat No.
34096)

Triton X-100: Amresco (Cat No.0694)

5B S

Blocking buffer: 250 mmol-L™" HEPES, pH7.7,
4 mmol-L™" EDTA, 0.1 mmol-L™ neocuproine,
2.5% SDS, 200 mmol-L™' MMTS
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. HE buffer: 25 mmol-L™ HEPES, pH7.7, 1
mmol-L™" EDTA

. HEN buffer: 250 mmol-L™' HEPES, pH7.7, 4
mmol-L™" EDTA, 0.1 mmol-L™" neocuproine

«  HEN 2 buffer: 250 mmol-L™" HEPES, pH7.7, 1
mmol-L™" EDTA, 0.1 mmol-L™" neocuproine,
1% IGEPAL CA-630, protease inhibitor cock-
tail

. HENS buffer: 250 mmol-L™' HEPES, pH7.7, 4
mmol-L™" EDTA, 0.1 mmol-L™" neocuproine,
1% SDS

. Neutralization buffer: 25 mmol-L”' HEPES,
pH7.7, 100 mmol-.L™" NaCl, 1 mmol-L™" EDTA,
0.5% Triton X-100

«  SDS-PAGE loading buffer (5X): 250 mmol-L™
Tris-HCI, pH6.8, 10% SDS, 0.5% bromophenol
blue, 50% glycerol, 5%-mercaptoethanol

. Wash buffer: 25 mmol-L™ HEPES, pH7.7, 600
mmol-L™" NaCl, 1 mmol-L™' EDTA, 0.5% Triton
X-100

4 BESRH

SEIG WA BRI O L. TEIRIRAI. . &
o LKA B A R I = B F GPS-SNOTE 2k
Iy M4 (Xue et al., 2010) (http://sno.biocuckoo.
org/).

5 SLWiEFF

51 ZBBEREIINEPRFZME(Gn vitro biotin

switch assay)

(1) K 2lifh 1 5 4H & 5 i T 4°CHHE  buffer i #t
T

(2) H1-30 pgEAEAFME.E mLEFBE.OE H,
JAHEN buffer% B AR 4200 pl. 7824350 A
GSHFIGSNOZ £ 5200 pmol-L™" (GSHAL#
FH xS B, GSNOALERHE & 247 ), # iR SN 1B
VR A, 23°C, 800 rpm, 7E RS 2 B 3044 .
Ja SRR B35 TR (6) 1y 7 5 B s k4T

(3) MA600 uLTAKIAER, F—20°CUliE s 1520
Sy, 1E4°C, 13 000 xgB 010408k, 75 3. HIT
A HI70% A B S Yo vtiE2-3 5, =ik TREd
JRURE §h 243 %,
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(4) H1200 pL blocking buffer i B2 (15 Ff i, KiFe
A N TEEVR 214X, 50°C, 1 200 rpm J %4043 #F;
(5) EEILIR(3);

(6) MIA80 uL HENS buffer® &+ 55, MA10 uL
500 mmol-L™" sodium ascorbate#110 uL 4 mmol-L™"
biotin-HPDP (1 —#y GSNOALFE £ i A4S fnsodium
ascorbate, {HIIA10 uL HENS buffer, 1% —FH
PEXFHR) . K LR RE L B THE R R 514X, 23°C, 800
rem ST/ BLSE ARV Z AR o DA T A B P IR
CLER(1)-(6)) i ZHOL T . ERAEYRRILE,
IINAE IR JE ) 1) SDS ERELZ i, HUES 70 #F it i
17SDS-PAGEi 73 & 1 S S5 BN 43 #

(7) LA F 2 A (bovine serum albumin, BSA) K
i, 10 ug BSAH T4 7047, H0.2 pg S # i
k17 SDS-PAGE ik 73 &5 1 4 9% E[1 328 43 #7, LA anti-
biotin#i Ak Ml (K1)

GSH + - -
GSNO - + +
Asc + - +
== a-biotin
SR eS| c-BSA

B1 A iiiE [ & E (BSA) RS S-TE RS ZE A AS 1 (1 2 A A U

1 Ffl biotin-maleimide #x i BSAFE i, 4 SDS-PAGE K4 & J&
HEAT S EDIE S AT o 433K FH anti-biotin Flanti-BSAHT 4 1F
% —¥ifk(primary antibodies; 1:20 000##), anti-mouse IgG
N — ¥4k (secondary antibodies). Ff k1% 5 H SuperSignal
Western Femto Maximun Sensitivity Substrate Kith&ll. B¢
HF ] 23 ) 2080 (LR )A30FS (). GSH: &t Hik; GSNO: S-
WAHEA DI Asc: HdA LR £

Figure 1 In vitro analysis of S-nitrosylated bovine serum
albumin (BSA)

BSA is labelled with biotin-maleimide, subjected to SDS-
PAGE and western blotting. Anti-biotin and anti-BSA anti-
bodies are used as primary antibodies, respectively (dilution
in 1:20 000) and anti-mouse IgG as a secondary antibody.
Signals are detected by using the SuperSignal Western
Femto Maximun Sensitivity Substrate Kit. The blots are ex-
posed for 20 sec (top) and 30 sec (bottom), respectively.
GSH: Glutathione; GSNO: S-nitrosoglutathione; Asc: So-
dium ascorbate

52 EBHRGEAEYPRFELEGn vivo biotin

switch assay)
(1) MR YA R, HeRR K 2 1.6 mLAR
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BEOE S, MEMATARHEN 2 buffer, 787078
215 F4°C, 13 000 xg& L1078k, ¥ LiEE2Hims
LE. BEELK

(2) M2 HERKE)S, WA200 pgdE HFENE1.5
mLEF (0 H, T30 uL 25% SDS, 30 yL 2
mol-L™" MMTS, #7EAHEN 2 bufferss £ # %
300 L. #E&20FE &, TEERS 1, 50°C, 1200
rpm %4075,

(3) IIA900 pLTi¥A HIPEE, —20°CYtiE & H 204y
B, 4°C, 13 000 xg&.00 105 8h, 37 13E, HHA M
70% N BB 3G, =i TR 5254,

(4) FH240 pL HENS buffergiF & A kM, H—
B FE S T30 pL 500 mmol-L™" sodium ascorbate %
30 uL 4 mmol-L™" biotin-HPDP, % —## 5 A30
uL HENS buffer 230 puL 4 mmol-L™" biotin-HPDP
(A hsodium ascorbate, fE 98X} ), 7E1HIRE
£)4%r, 23°C, 800 rpm %9044t

(5) HE WK (3); LiRsLIG P IR ((1)—(5)) 7 s
BEAT;

(6) F1300 pL HENS bufferiifif sz 5, BHE30 L
FE i N SDS-PAGE G2 i i AF 9 I 252 4 9% B 2 1)
FHAEXT input. 7EFEARAE (270 pL)HMA810 pL
neutralization bufferf130 pL neutravidin agarose
resin (neutravidin agarose resin 7 % fi] neutra-
lization buffer*F#73¢X), 1415 T4°CRPIEH . %
A BRI B i biotin AR 10 1 T A £ VKRR e Ve 245 G A
neutravidin agarose resin_I;

(7) BN R FE i Fdwashing  bufferid #t4—6 1K 5,
E9%FSDS-PAGE loading buffer (1X), 100°C##£10
38l . 4 SDS-PAGER 73 85 Ja HEAT %% BN IZE 43 #T

6 FEEWM

(1) =0 i ) E A B 1 TR AR A AR ) 3R e A L D
R, BOUEEARAE . . ATiRYE Bk
BEARF IR HistrZn FEEV/D, EHats 7=
FLEUIN R B . GSTHIMBPHRZS I & 4lifh 4> T8¢
K UAJ AT 22 I R 1 o I PR GSTHR I B A%,
GSTAG G HAN YRR, H 1&g vl LAy
TERS LA AE M, PRI 75 ) AR kAT 5, 2R
P AR NANRE K A BN ) 22 F R (Feng et al., 2013);
(2) #5rH H 2 5 BERC & 77 ka0 T

HEPES: 1.25 mol-L™", #hijEr

SDS: 25% (w/v)

Neocuproine: 10 mmol-L™", DMSO¥fi#

EDTA: 0.5 mol-L™", pH8.0

MMTS: 2 mol-L™", DMF ¥4 i#

NaCl: 4 mol-L™

Biotin-HPDP: 4 mmol-L™", DMSO ¥ fi#

Biotin-maleimide: 4 mmol-L™", DMSO i#

Sodium ascorbate: 500 mmol-L™", HEN buffer
WA, DLRCIL A
(3) FIT- 1AW 3R B A0V IV 2R (15 A A S B (AR
MR bR IE BT R B . GSNOF L AE R B ] M4 &
FL B A /)38 24 %, #E100—300 pmol- L3t FE Py 3
A, AH 2NN (K GSNO AR AS Bt ok 2 07 S A A 11
1%;
(4) AR o 2 1 O I, O AT R P R S e
EREZIB NN, WE B0, B AR A R P
W A8 H B0
(5) FF 11 2 1A A0 AE W 2R B A v I T R B R B 1 — 25,
W 5 BLRAE & A e &R, — S HEPES .
EDTA. neocuproinefISDSIE~], IIAE Y, 5E&EHA
SRS A A, IRNERE Y, T T RE A S,
FAIAMMTS, 7853185, #E17E ),
(6) LR, FH I v G R EK, ElE A
i J B B 0 (R TR 4R, 3Bk B MM T SEY
i f5 L biotinkric;
(7) M4 S2I6 SR IE B F (i biotinkric ), k%
f) Mybiotin-HPDP . Biotin-HPDP 5 &3k fz b, — % LA
S-S#iER;, Hitkloading buffer AN & 4 DTTHIB-
Bk 2 R 5 7 . {Hbiotin-HPDPIE MR85, BRIt
TR B O R DU BIAE 1 (1) 2 5 AT % i biotin-malei-
mide. HLAb, FRRELS E WAEIEAAB AL SN, S5 SR
W%, bric¥)— ik Fbiotin-maleimide;
(8) Biotinkricl i [KIFE ik, HT S MiAA 2 1) Bk B LA
M SDSIKER m, K — e hIlERME, TILE
AMIPKIE, KA S PBSS MR R, HNE AR -
BEGR PR RGIEAT FL K
(9) X Tl ss €M R E B E, HEN 2 buffer
CIRG YR g T P =S0 po =y 3t DA - S )
& f# F§ HEN/RIPA buffer (250 mmol-L™" HEPES,

pH7.7, 1 mmol-L™" EDTA, 0.1 mmol-L™" neocuproi-
ne, 1% Triton X-100, protease inhibitor cocktail,
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0.1% SDS, 1% sodium deoxycholate)Hl] & £ fi;
(10) FH T 9 A= 2% B A2 S I 1 2 1 J FH 2 T AR
P S BRI HUEAT PR B o 25 B 5T A AR A K P A
IS, P& M0 B SRR L 3G i

(1) N EDREAETRAEY R L, EARE
WERTEIE Y G, JEEst R EA R R B
Hneutravidin agarose resinZt &2 B, & A JE T
FROTVEAAE, G IR BE 1

i RMFPERFEREEERFTAMWEFARE
BB RAMLNE — BAL R L KA PTA
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Detection and Analysis of Protein S-nitrosylation in Plants

Lichao Chen’, Ni Zhan', Yansha Li, Jian Feng, Jianru Zuo’

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China

Abstract S-nitrosylation is an important protein posttranslational modification, involved in covalently linking a nitric oxide
(NO) molecule to the thiol group of a cysteine residue to generate S-nitrosothiols. S-nitrosylation regulates multiple bio-
logical processes by modulating protein activity, stability, subcellular localization and protein-protein interactions. The
biotin-switch assay is one of the most-often used methods to detect and analyze protein S-nitrosylation. In principle, the
free thiols in a target protein are first blocked, followed by reducing the S-nitrosothiols of the target protein to free thiols by
ascorbate, which are subsequently labelled by biotin to form biotinylated proteins. The biotin-labelled sample was as-
sayed by immunoblotting and mass spectrometry. Here, we present detailed experimental procedures for the in vitro and
in vivo biotin-switch methods and give advice on key troubleshooting solutions.

Key words nitric oxide, S-nitrosylation, biotin-switch assay, plants
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