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WE EAMRSUMOER —MitEE OamE s X, TS E5/MAKKE KIS IEm R . SUMOL &M
T AR R R O B (E1)-45 6 B (E2)- 75 BB (E3) 2 A 1 L R S B AL, HLOGHRRRAH /3 1 SUMO A T4 & 2R E A I
R TRIRAE, TR 5 LA 5 BESUMOAL B I AR 12 SCHRIE T 1R 2 11 T SUMOAKAS M i &b iy U il R 4, dd ik
7E K AT i (Escherichia coli)H 1) 2240 B 71 (Arabidopsis thaliana) SUMOL &1 ) 5< 4 i % SE I 4 & H HISUMOL &
i, 45 RAE I G BN AT A . 1% RG] DATRAL R A B B B SUMOAL S IR I A AR, DA FE ) 4 L SUMO LA 1 i 1)

REBT R T TR

KB  SUMOALEN, #4h, Kl =%, HH

BRI, BHEf, MIB, BRA, ENE, BiEmE, BUEMN, FRE (2022). 1Y) 5 H BSUMOL 1 i 4 i 2ok il &

gi. WY 57, 490-499.

R E R S B A T AT, 2
PR A B RER — M E 2k 12 (Dai et al., 2018).
B s R R B SR R RS MR AN I 48 i
Rz 48 I 2 A TG B AR A 2 —— E RS 1
HAR R K, MR 8 A 06 2 4 T A 0 3 &
i, AT AR & S E AT RS 40 4% (Han et al., 2021).
& A i SUMOAL 121 (SUMOylation) & —F | V2 47 1E
TR LY R e e, HB i s A
P oy 7 AR Tz A B, HItkSUMO4y
T Hdn & /N Rz FAE 4T (small ubiquitin-like
modifier, SUMO) (Augustine and Vierstra, 2018),

SUMO L & i it ik 284U T3 2 A0 A& i 1) 0 g
E1 (activating enzyme E1)-45&HE2 (conjugating
enzyme E2)-iEHES (ligase E3)JIEEEET S M £
gexf ) B A AT B 1 (# T35S, 2018). fEREE
MY, ATASUMOZ: 1 SUMORE R 14 8 i i T-Y)
#, L CAR Im 2 72 1 2 H &= MR 7k 2k (Gly-Gly, GG),
T AT 48 4 1 R #4O 2X SUMO 43 -1 SUMO-
GG. F.A>SUMO-GGH A B R A oS 5, 456

ke HI: 2022-04-12; #2352 H iH: 2022-06-23
HEETH: R EAR %S (No.31871222)
t LEE—EH
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Pk AR 22 g 0406 7 PR o AR T e o e R S A
BT IR & R = R (Lys, K)BRE: b, M 5e Rk
BB FE(Roy and Sadanandom, 2021). It4k,
SUMO%F il jl it B EE4 (ligase E4)[1{H 1k ik
SR SUMOHE i 1y xof #1 2 H 10E 4712 1 (Okada et al.,
2009). SUMOLEMita 24t T 8hZFHif 2+, SUMO
1k A& 1 7K ~F 52 SUMO % [ B (ubiquitin-like protein
specific protease, ULP)[ii#%, SUMOZ [l ] il
ik 5 SUMOA B J5 1) B A BLAE L, 4 iz i
FISUMO 71 V1%, 1% F 4 £ SUMOfLIE M, #
Y1~ 11 SUMO 73 ¥ 175 7] BA 1 ¥4 2 5 SUMO b 12 i
(Morrell and Sadanandom et al., 2019). Es&HT
SUMOAAE M AH G4 73 32 Bk 4 4%, SUMOALAE i/
FAEMIEIA AT, HEYISUMO BT /K T 1h 2
Ab T AR L2 5 A i v S RS 4 T %
SUMOAEMET 2 Z 5 YK B id 2, SUMOAK
B AH 9 20 43 () T e 52 BH Bk 2K K AT R 52 i A 4 AR
K& & (Jiang et al., 2021). U1, ASUMOL/2 X0 545
TR IR S4E (Saracco et al., 2007). 45 & EFAtSCE1
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(SUMO Conjugating Enzyme 1)f*1C94S % # (2t
R IR g 22 R ) [ A ) %5 /)M (Kong et al., 2020), 1fi
g 2 S EAAR BT (Saracco et al., 2007). %
FEMFFE M AtSIZ1 (SAP AND MIZ1 DOMAIN-CON-
TAINING LIGASE 1)#IAtMMS21 (METHYL ME-
THANE SULFONATE SENSITIVITY 21)5¢48 44 &
FORE Y A KR B BB % 7Y (Huang et al., 2009;
Miura et al., 2010). B4, AMMS21;dE it AtDpafie it
1B A e e LA 4E R EAR K A (Liu et al., 2016),
AtMMS21 4 5 1 SUMO 1k & i $& %= T AtBRM1
(BRAHMA-INTERACTING PROTEIN 1) 5E P A
% 5 FM K EWi$E(Zhang et al., 2017). AtSIZ14y
SAtFLD (FLOWERING LOCUS D)f1SUMO1L &1,
SR R AE I FE (Jin et al., 2008). fEHLFE
H, SUMOfL &Mt A EEAEH . i, AtBAG7
(BCL-2-ASSOCIATED ATHANOGENE 7)AIAtDRE-
B2A (DEHYDRATION-RESPONSIVE ELEMENT
BINDING PROTEIN 2A)/1SUMO1L. ) 3 56 4 4 F) fir
#HE(Li et al., 2017; Wang et al., 2020), iAtICE1
(INDUCER OF CBF EXPRESSION 1)[fSUMO1L &
i D) G 5 G AE A B 3 e S A 5 P (Miura et al.,
2007); AtSIZ1 i i+ AtMYB30 (MYB DOMAIN
PROTEIN 30) % SUMO 1k 1E 7] 1 45 £ 9 1) i 5 14
(Zheng et al., 2012), AtSIZ1/>SAtSTOP1 (SENSI-
TIVE TO PROTON RHIZOTOXICITY 1)fSUMO1L
B, 25 /Y045 I 52 %% (Xu et al,
2021); AINPR1 (NONEXPRESSER OF PR GENES
1). AtTPR1 (TOPLESS-RELATED 1)fAtWRKY33
(WRKY DNA-BINDING PROTEIN 33)[#/SUMO1L &
i 2 5 R % 5 0 N 1 % (Saleh et al., 2015; Niu et
al., 2019; Verma et al., 2021). [, RAH T
SUMOALAB MR FE R K B L JWih 3w )87 v (1 43 5 AL |
ART It B EY R 8 KSR, T
BIRHESE

X SUMO b, & 4 1) k& I 2 & N 0 A2 85 [ R
SUMOAEMEA AT Bk (1 SL IR R 2 —, @i iS5
Tffy 5 fi 3% 2 (4 0 75 AT SUMOAL A& e 22 % AE B 1
47 & (Liu et al., 2016). & F I SUMOALAZ M i A A
W7V 9 G PEVTIEVE: fEMIR N R B E D, @
i e 98 U UE Al Ak 1% A% 1% B 1 IE R FH SUMO 3 ¢ =

TR HEYE A B SUMO LB RS m el R4t 491

PP HLBEAT R I (Zhou et al., 2019). % 7L AN
B, (HREL S AE T R I SUMOALE i /K P,
I 75 BB AR S50 261, AT SUMOAL 2 1k
FIR HK . L8 [ SUMOLIE i T i Bl i v 2
Hirig, WSUMOAEI AT e 2 (i FL PR AR, DRI
SUMO 1 & 1 4 LA 3% ks W 2] (Perry et al., 2008;
Wang and Prelich, 2009). fE¥)k M & FISUMO%E
1B A2 52 SUMOAK S I BE T A Hh I B LRI 3R
W E I SUMOAL B & m FEBAS 1, fEREFN AT
SUMO1L &1 2 # SUMO Z& 1 i 2 SUMOL & 11, T
W 2 12 5 SUMO 2 1 Bl 6 SUMOAAE 1 i 42
(Fang et al., 2020). i1, A4 0e 545 2 i
AtSIZ14 T AtSTOP1 {1 SUMO L& 1fi, 1T SUMO &
FIEFAtESD4 (EARLY IN SHORT DAYS 4)/r S H %
SUMOALIEM . BEAk, BRI i A0 3R 0A AR e HL 4% 1F
FEXSANKRE, AT B8 2 0] HE 47 200 B 3 ol 36 17 5 ) 52 6
SEOL, TARAR B R IDRLEAT S 06 EAR ] DLk S A A
IR TR AR 3, (HRERM K. R, B —
B E IR R G0 R T IR N T SUMOAL & .

SUMOAL &I 72 O ) B, Jd 3 4l {k SUMOAL,
BT 5 A5 HAEAR S rh IR 5% P L SUMO AL 12
M — AT 8 R AR G I 7 v (s~ A0 4 i
2020). 775 RT A7 R0 S ) N IR SUMO 2 H i <5
IR % SUMO S i I 52 T, {HL 1 N\ R 45 11 SUMO 43
T BUEBEEN . S5 A EHE2 KR E A3 0 miE S &
alifh, SCUS PR AR R . T HOEERFES 1 DB 11
JECA R S 3 38 B R 0 2 1 I SUMOKAE UM, 7
B B REES I 2614 HSUMOALAB I /KA, #E
DU 0 )5 22 W] eI AR Itk o gt — B BRI 2%
o B R e AR, 3ok A R AR W 2 T VA K R e
(Escherichia coli)" #4214 SUMO AL & i i 2 —
P47 2 6 RIS . SUMOAK S RAFAE T HA%
YR, R A% A Bk = SUMOALAE I T 75 1R 2H. 47,
1 AT 38 4 P R 2H 0 X SUMOAR & 1 b2 22 SUMOAL 18 i
RO . BEAL, RIM R REEBCE S, EA7E
fr, HOVA B R AR AR R, R Y SUMO
A AE 1 i 6 [ AR K 4 (Okada et al., 2009). 8 bt A
SCHRIE T —RE Y A 5 SUMOAR A A 4 e Rk il
RG8, VNI SUMOAS IR IR N 5T HE i R
&8
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1 sRBevsl

1.1 HE
K #F 1% (Escherichia coli) B#k: BL21 (DE3).

1.2 JRHL

« pET28-AtSAE 1a-Hisg-AtSAE2 (E1) (KB &t
¥, Kan®)

« pACYC-Duet-1-(MYC-SUMO1-GG) (-E2) (A& %
Fitk, Cm®)

* pACYC-Duet-1-(Hise-SCE1)-(MYC-SUMO1-GG) (+
E2) (AEZ Pk, Cm®)

* pCDF-Duet-1-Hisg-DREB2A(WT)-Flag (5% % % #t
1, St

« pCDF-Duet-1-His-DREB2A(K163R)-Flag (5% %
Fitk, strt)

+ pCDF-Duet-1-Hisg-ACR4-Flag (% ZHitk, Strt)
« pCDF-Duet-1-Hisg-PHR1-Flag (% ZHitk, Strt)
« pCDF-Duet-1-(HA-SIZ1)-(Hise-PHR1-Flag) (% %
ZHitE, strf)

« pCDF-Duet-1-Hise-MYB30-Flag (5% Z#it, Str7)
« pCDF-Duet-1-(HA-SIZ1)-(Hise-MYB30-Flag) (5%
itk StrT)

2 R R FEH

o JH B RE IR AH G T REE HUY) (OXOID, Cat No.
LP0021B). fii% (4/(OX0ID, Cat No.LP0042B).
AL MR, Cat No.BC13). Exfig (db 5t HEi,
Cat No.VA15092). % & (b5 FEiE, Cat No.
B120). &z (JLx{fEiH, Cat No.B119). HiE & (L
#34 T, Cat No.AB10494). 5 ZURK 32 25 40 1 £ 71
£ (LA T, Cat No.B529305)MIPTG (dbxt HEi,
Cat No.B117).

« G ENEMSS: SDS (Sigma, Cat No.A600485).
Tris-base (L#§/: 1., Cat No.A501492). #HFER()| /M
J7 i, Cat No.CB21). HaM( LifF4 T, Cat No.
A502065). Hiti() /1) iR, Cat No.HCO5) JR & (-
¥4 T, Cat No.A500922). HIE()" /) i, Cat No.
HBO5). PVDF /i€ (Merck Millipore, Cat No.IPVH-
00010). Tween 20 (b3 %35, Cat No.T8220).

PAGE #t /g it 3 il & ok ) & (&b ¥ % &g, Cat
No.PG112). Flaghifk(dL5i4: 4, Cat No.HT201)
FIB G WK (13454 T2, Cat No.AB00669).

3 RAFIEA

« LBE; 975 5 gIE REZEL, 10 gl A, 10 g&ltk
B, VAR T RE KPR AR Lo BB FREER N
15 gBifla .

« 4x PSBIEH L2 0.8 g SDS, 4 mgiRfiyi,
4 mLH 7, 2.4 mL 1 mol-L™" Tris-HCI (pH6.8), Fi 2=
BT KEZRE10 mL.

o 5x Tris-H &M HIKZE M 15.1 g Tris-base, 94 g
HZAM, 59 SDS, T ZHETFKTIFERET L.

o BRZZ L 5.8 g Tris-base, 2.9 gH4& iz, 0.37 g
SDS, 200 mLHlE, A% FKEASE L.

« TBSTZMhifi: 8.8 g& L4, 20 mL 1 mol-L™
Tris-HCI (pH8.0), 0.5 mL Tween 20, H 2 & /K&
HE1 L,

o BAZMW: 2.5 gl GGk, (8 TBSTAfif &
AE50 mL.

4”&
BT FH L4 AR A VR Bl B DL AR CTAR AR . P
LRI IR, BRI R RIR AR

5 SRIWRItRER
BUE R B FIA (AL B I ARAR, AER I
H, FIE)EASUMOL L, I FIA R G A% H
BEAT SUMOALAB AR SN o A I BLH5 E2474E 55 B 2K
Xt AR FI SUMOAL B I /K1 J % Av £E SUMOAE Az
R Ja B 7K F- BEAT 20 W o

P EAATT, 75 ZXAR AT AR AEDE B
FOIHT, B PR SR DR ST G5 A 38 I At E A7 55
T4 B 3 7 7 6 42 56 SUMOAKAB MG M 7= £ 5o i o 45
ARHNEBREA, 7% &5 K 4 SUMOLIZ 1
HIX B, PR X B A1 T SUMOALIZ Mkl .
AERHNIWEA, AR RSN SUMOLEZ
WIS T 2% RS e U A5 5 R R, AR L AR R IF
RHESUMOTL B .
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HIR, fEHE#pCDF-Duet-14 1A, 7% Eirs
7 B X SUMOAL B IE 52, ] 5 bR 25 43 ) il A& 7EA
AN B8 C i 34746 0

6 SRR

6.1 {KIPSUMOL (& 5mE
1R ANSUMO LA 1k T 5 G260, & S N - 0% - 8234
SEEIA), SNREEZELRFHeN TR (KE1B), A

A

Activation

O,
+ Co-transformation

Input

+

O

SUMO-GG E2+SUMO-GG

v Y

Kan+Cm Screening

v

Preparation of competent
cells

PR SCAE: FYE AT SUMO B sl 248 493

G L T ONMRIE D IR

(1) A2 &40 H % K pACYC-Duet-1-(MYC-AtS-
UMO1-GG) (-E2)F1pACYC-Duet-1-(Hisg-AtSCE1)-
(MYC-AtSUMO1-GG) (+E2) i i 4 % 5 pET28-
AtSAE1a-Hise-AtSAE2 (E1)ihidk%: £ BL21 (DE3)
o AR R BRIE I SUMO1-E2 MISUMO1+E2 T ¥k,
i TR 8 AN R 3 LI LB AR 3% 77 e ik 15
B B 8 R G 5 RS2 S e, TRAF T-80°C
VKA, FEH

E‘*—E’H Kw

Lo Lo
= EG

Conjugation

U pCDF-Duet-1

E1+SUMO-GG

O pCDF-Duet-1-Hiss-A-Flag

E1+E2+SUMO-GG I

SUMOylation
— A

Immunoblotting

Antibody incubation

SDS-PAGE

Gel electrophoresis

E1
Figure 1

Co-transformation

|

Kan+Cm+Str Screening

¢ }

A

IPTG induction
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Bl RSNSUMOLKAE ik I i F

(A) HRAIFSUMOAKAE MR ML FE TN 1 K SUMOAS i S B 41 43 56 TR 1% IR B 1 B R 5 N K I AT B 3R 08 G B4 & LB
SUMOAF& 5144, 46 E2KENHIEE SUMOS T4 2 R 58 UE M), (B) A SbSUMOKAS Uik TN 200 At FE (FL i fh: 4%
SUMOAE MR KB LH 73 34k T N KT B, 385 = I8 85 31 AN 87 35 T AR 75 06 PR 12k v B s o 48 SRR S AN A M s 45 R 75 1) o 42 e P ) 4%
BUBRSZ AN, LRk AR R E A RE B FNBL SN, BRI E R AE R E R TIRE b S
WITIPTGIAE S RARE,; B Bk: #3530 AR T 2R M )5 830 SDS-PAGERE I B 3K A /> TR AR H 4 8, KR A M
B R ZPVDFE L, kM E: BE e HPVDF S FAHHTING, B8 Wil RLing )

Figure 1 The process of in vitro SUMOQylation analysis

(A) The process diagram of in vitro SUMOylation detection (Input: the key component genes of SUMO maodification and the
candidate substrate protein gene were introduced into Escherichia coli for expression; Activating: E1 activates SUMO mole-
cules to participate in the modification; Conjugating: E2 attaches the activated SUMO molecules to the substrate); (B) The
experimental procedure of in vitro SUMOylation detection (Co-transformation: The plasmids for expressing key SUMOylation
components were introduced into E. coli, and the positive colonies were screened on LB agar plates containing kanamycin and
chloramphenicol; Preparation of competent cells: The obtained positive colonies were prepared into competent cells;
Co-transformation: The constructed plasmid for substrate protein expression was introduced into the competent cells mentioned
above, and positive colonies were screened on LB agar plates by kanamycin, chloramphenicol and streptomycin; Induction:
Protein expression was induced by IPTG; Gel electrophoresis: After lysed and denatured, samples were separated by
SDS-PAGE. Then the proteins were transferred from gel to PVDF membrane; Antibody incubation: The blocked PVDF mem-

brane was incubated with antibody; Immunoblotting: Observation and recording of the experimental results)

(2) 53 B 1 PRI AL e o e IR AR (1 1) e RS ATE,
& FlaghiZs, 4 A\pCDF-Duet-1#4/A&. I3 IE#fi
JERAE T —20°CUkAH, 5.

(3) ik B FNATRL G Ah: KA 38 B 11 J0ORE 29 Sl 3 N
B (1) 0 BT ) % B -BE2 M +E2 1 #k B, JEARiC A
SUMO1-E2+ARISUMO1+E2+AR tk, A TR ilE
. AERANEEE R LB T HEAT B 97 MRk .

(4) EAFESF: Pk T5 mLE A K% = (Kan).
SF R (Cm) AV 5 3 (Str) 1 LB M 15 77 3 v i i 85
FAE B R IKH, HEFEMN 220 mLE RIBE R
(Kan). %% % (Cm)MIHE 57 2 (Str) LB R 55 77 2k,
FE 1T 772 56 TN B A Ho Asoo 0.1, SR 5 F37°CHE
KRG 7% %8 HoPooo 0.5 (L4175 1.5/N), HJa NN 5 1A
3t -B-D- B X 2K FL BE ¥ (isopropyl-B-D-thiogalacto-
pyranoside, IPTG), {#IPTGZ % 41.0 mmol-L™".
(5) HUFE: HUE A 55 2 4 I B B T 48 VR i B
DHLAF, 4°C. 4 000 xg i 055080, FBRAEBE L
W, R, ERAE P E G R AF T —-80°CIKAH,
frH .

(6) ZRLMRAAZ M HUAS [\ B AR 55 B I B AA, IS &
2x PSB EREZZ, BWAR AT BRI, A
SRS BN, (B AARAR . AR, KRS
(2R IR i B T UK LR AT

(7) e ENIE: @it SDS-PAGE &t % ik 43 &5 #f
17 FH 2 i R G000 B 1 2% A B &2 R AL 3 1 PVDF
JEE b, A R PG b 3t 1.5/

(8) PitkWEE: HMHFERJG, FHTBSTIH B EN I,
18 F Anti-Flag i A % & EDZE B /NS, 9% 6 5 B
8 IR X REBR (G B AT .

(9) Kl skt PRI E e )G, M AHTBSTIE R
TEREL, FEA 22 RO F 0 ARSI B 1 2% I W A 1
(R

6.2 E3ZFEZEE/NT SHIEIPSUMOK & IR

E3 2l 17 57 0 A ik 5, i #E SUMO 4y ¥
ME2Z ) B (AL 3 T A FAE M . fEARI RS,
N E 33 12 g AN AT AR 1 A 1k S A B 1 SUMOfL
&4, T HAR AT AR BRI gk ) B E FISUMOAL &
i B E3E M P /- T 0 5 BhiE BE (K12A) .

T, 18IE6.1°1 Brid 7 v g Ik KA B B kAT
120 1) SUMO L AE 1 K D, BH A fiz 328 IS4 & 1 1K)
SUMOARAEMR A« FIR, FIFHA RS AEE INE3iE 4%
it 1) 2% AR 0 i 38 SIS A B 1 E AT SUMOARAE iRz
DR /D E3TE 2 I 2% AF T IS AP AR o0t 1R, B
E 334 2 i X 325 JIS ) B 11 SUMO AR AZ i 1) 5 il (&
2B).
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A
| @
)
;7 ‘:"' ) G G
& I = SAE1 ¢ ¢
— :
@C — SCE1 _gemee Substrat
G C — ! ubstrate
C Substrate G (‘3 . (|: '|<
K G c
g G G
Input Activation Conjugation
B —— CDSof A
Q pCDF-Duet-1 and
Co-transformation pCDF-Duet-1 (HA-E3)

oN

SUMO-GG E2+SUMO-GG

E1+SUMO-GG -—E2
‘ + @ pCDF-Duet-1-Hisg-A-Flag
and

pCDF-Duet-1-(HA-E3)-

Kan+Cm Screenlng + s AL

Preparation of competent
cells

O

Co-transformation

!
@EEIEE)

Kan+Cm+Str Screening

E = | SUMOylation L l i L

mimintal EERVANY WVAT |

Immunoblotting < IPTG induction
B2 E3ELEEN TR ASFSUMOLL & ik Il
(A) E3EHEEAF M SFSUMOMAS IR T R (BN % SUMOAAE R OG5 20 73 BE R A 8 IR R 1 2 R 5 N ORI AP R Rk 3
i B4 G DIESUMO S 72 5814, 456 E2HE1EIEERISUMOZ: T8 2R 56 B, EESTAERIKMT T, E3fRHE T
SUMOZ T ME2F KW 1 1% H2); (B) EIERFE N T M4 SNSUMONASHAG M 5250 i A2 (B3 fh: SUMOSKEEA & 8k T N K
FFE, Lﬂ%ﬁﬁ%%%ﬂb%%?Tﬂ%iﬂﬂﬁﬁ@ il 26 A2 AN AN KR AT I BE AV e B ) 26 B S A, Rk K LT IR
PR AREHAACE A ML MESRISHE)F NEZ MM, @it SR, AERNEER PRIGEREWE, 5 @dIPTGH
FHRARKIK,; GIZHEL: #@idSDS- PAGE/%HXEE/M%WH DTENEODE, HEOMNERER EPVDFE L, H4 30 5 PVDF
S HUABATIE, Wil Bl R R L)

Figure 2 The process of in vitro SUMOylation analysis mediated by an ES3 ligase

(A) The process diagram of the E3 ligase-mediated in vitro SUMOylation detection (Input: The key component genes of SUMO
modification and the candidate substrate protein gene were introduced into Escherichia coli for expression; Activating: E1 ac-
tivates SUMO molecules to participate in the modification; Conjugating: E2 attaches the activated SUMO molecules to the
substrate. In the presence of E3, E3 facilitates the attachment of SUMO molecules from E2 to the substrate protein); (B) The
experimental procedure of the E3 ligase-mediated in vitro SUMOylation detection (Co-transformation: The plasmids for ex-
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pression of key SUMOylation components were introduced into E. coli, and the positive colonies were screened on LB agar
plates containing kanamycin and chloramphenicol; Preparation of competent cells: The obtained positive colonies were trans-
formed into competent cells; Co-transformation: The constructed plasmid for substrate protein expression (with independent E3
expression cassette) was introduced into the competent cells mentioned above, and the positive colonies were screened by LB
agar plates containing kanamycin, chloramphenicol and streptomycin; Induction: Protein expression was induced by IPTG;
Immunoblotting: After lysed and denatured, samples were separated by SDS-PAGE gel electrophoresis, then the proteins were
transferred from gel to PVDF membrane, the blocked PVDF membrane was incubated with antibody, the result was observed

and recorded by immunoblotting).

6.3 3Lfil—: DREB2AZERHHAKISUMOK &t
BABIR L R IR E
AtDREB2A & 18 4 % 54 B v 15 Bl 36 7 97 ) 56 e A
T-(Sakuma et al., 2006). A4 8iZH T B AtSCE1
7€ 7 5 N 2 3 L B9 77 (Arabidopsis thaliana) At-
DREB2ATEK163 4k ] SUMOAk 15 i {8 H: £z 5 3 1M 42
fp AE A AW 3 T 52 P 1 4> 7 FL A (Wang et al.,
2020). PAZEE A0, A A R xR
SUMOAKAE Ui (16 I Sz FAB AT o5 %5 5 i 72
XTAtDREB2AE H AT A W15 B %0 #r, KILF
F 8 R LESUMOLAE I, FLEAE BT 5 K163,
14 7 pCDF-Duet-1-His-DREB2A(WT)-Flag, iffi it #f
BEPCR5| A 155875 ¥4y # pCDF-Duet-1-Hise-DREB2A-

A AtDREB2A

WT K163R
E2 = + - +

E1 + + + +
SUMO1 + + + +
(kDa) 55

SUMOylation
35 AtDREB2A

Anti-Flag
c AtPHR1

ASIZI - - +

E2 - + - 4

E1 + + + +

sumo1 + + + +

(kDa) | '

70
AtPHR1

Anti-Flag

B3 s

D

| |SUMOylation

(K163R)-Flag#k ik . H4 Lk #kie AAK N R4, 3k
15 B ¥k SUMO1-E2+DREB2A(WT) . SUMO1+E2+
DREB2A(WT) . SUMO1-E2+DREB2A(K163R) #il
SUMO1+E2+DREB2A(K163R) . #44FH 15 #k 2 7] 55
ST EARE, HR6 AT ANATRAER AT . 45 R
BoR, ME26RKN, ADREB2A L7 & LA, 4
E2/77E i, AtDREB2A L5 i BB i 4617, IR Lk ml )
i AtDREB2A E. A SUMO 1k 1& i ( & 3A) . 4
AtDREB2AZE [ 1 55 163 i 4t 2 IR (K163) ¢ 45 My Hif
AR (K163R) 5, HEHRDMKRKEEN, HH
SUMOL & i K ~F 55 IF 5 AIDREB2A & [ AH bt U &
F AR, K163/ AtDREB2A SUMO 1L 18 i fiz
H(E3A).

B AtACR4
25°C 37°C
E2 — + - +
E1 + + + +
SUMO1_+ + + +

(kDa) 70 & . | SUMOylation

55 AtACR4

Anti-Flag

AtMYB30

AtSI1Z1 - +
E2

E1
SUMO1

kD
( 3)70-

+ + + 4+

+ -
+ +
+ +

+ + 1 |

“ws | SUMOylation

' B | Aivive

Anti-Flag
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Figure 3 Experimental cases

(A) SUMOylation test of AtDREB2A; (B) Temperature affects SUMOylation of AtACR4; (C) The E3 ligase AtSIZ1 facilitates
SUMOylation of AtPHR1; (D) The E3 ligase AtSIZ1 facilitates SUMOylation of AtMYB30
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6.4 Ef=: AtACRAEHKISUMOLIEIHH N &
im [E X B KRR

TEXF SUMOA B MR IR A HEAT A Wi e i A2 v, 841
RILAACRA T A A& KV 321 SR E ), LAtk
TENSEBIEAT ULE, BIEAFATIRIES . EE AR
400 AtACR4 2 [ J2EAT KWl ) B #E25°C 5 F: 1T,
AtACR4 I 1 11 SUMO b A& i A LA A H (#13B); 1
25 SR B N37°CHY, AtACR4ZE I SUMOAL & 1
AR, H B MK PR (KI3B), 3R MR FE T e
S 22 40 15 328 £ T SUMOA B /K, R AE S Bk
DU e Ry DA Job e 5 T AR AR HE BB K

6.5 3fil=: E3EIEBMALSIZ1N SHEIPSUMO
LA Eiitial
YA A SUMOE B2 E3 3= B3 1 [1] I 5 ) 4 [ 45
G EGE2AH EAEF, AT PAT X R A2 1 R S i a4
J AR5y F IS A BRE2 ) R A A% 166 DU HEAE 1R o A 28
RARAEE S ARAMSCE AR, MK TES
EEGIAN T, B> ERIE3N A R4+,
1 3% 28 1 I SUMOARAB A /K 7 m] RERLAIG, A DA I L
% A] B AR B

AT 5T I8 i ¥ E 2 1§ AtS1Z1 5 [ § \ pCDF-
Duet-1# /& 71, #4 2 E3 % 2 i AtSIZ1 A 5 1 14 4k
SUMOMAEMRR I R 50 #5514 B A 1 SUMOAL & 1
2 HASIZAAN T, W HAZ M 7K 7 AtSIZA 4715 4
B . FRATIE R O 4 I ALSIZA B AR
AtPHR1 (PHOSPHATE STARVATION RESPONSE
1) (Miura et al., 2005)f1AtMYB30 (Zheng et al.,
2012)iE 47 SEBIRE I, CABRAIE AR R 40 P AtSIZ1 2 AT 4
T HE AR H SUMOAR B i K ST g

EALSIZAE D4 AtPHR1HISUMOAL & 1fi 7K
PRAK, 1 HAB M K EASIZA S A e, R
B AtSIZ1 2 3 T AtPHR17E & 4t 111 SUMO 1L 12 i
(EI3C). AtMYB30M) 45 3 5 AtPHR1 6L, B ARAE
AtSIZA G/ 20 BB MK P B0, (E 3G INALSIZA J5
HAB MK B4R E, RWIA RGP ASIZ1 M (L ik
T AtMYB30/ISUMOLL &1 (KI3D) . 45 I, AHF 5
3L T E3MEFERGAISIZA N T 1A S SUMOAL A I R 4t
Al 1T AtSIZ1 48 2 1 SUMOA A& i 7K T RS I 2% 4
BhAIE B % 3% 5 A I SUMOLE 1 NALSIZ1 T/ 5.

TR HEWE A B SUMO LB RS m R il =48 497

7 FEEmM

(1) B EARIEMNFAFEEE AT S, A0
BIFFAEE & BT A IR AT BRI RIERE
HE, PN E EEAIPTGHK S £ Jr il
BRI URIEFEIERES .

(2) #HATFESEAN R EE RIS T %
PRSPl 24k 10 7 1 s 4 S AT G g B
. pCDF-Duet-1#%k & H i Hisehr %, HIH B 1A 2L i
Jai# it Ni-beads & £ A£5 E 1 .

(3) R EIE BN I B 5 ) B AR & R UK
& hr%s . MLATHE TR, GSTARZEAFTERIRK
“F- 1) SUMO K AE i I 5% Wi 45 346 2 (1 1) B 5E SUMO L
&4fi7K F-(Okada et al., 2009), 75 EAEH .

(4) @A PAE 5 TN 5 Gt 70 1 T A 12k 2 1 1)
SUMOALB ML 1L, PR R 483545 K 4= SUMO1L
MG % B 3 HEAT TR % e, DA E HSUMO 2+
B AL R

(5) AR AN R G5 i B4 A A A S 6 (ot v P A4
I, 2020) 1 45 FAH HAKE .
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An Effective in Vitro SUMOylation Detection
System for Plant Proteins

Junwen Huang', Qiyi Feng', Kaiyong Zheng', Junjie Huang, Linbo Wang, Ruigiang Lai
Jianbin Lai, Chengwei Yang
Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, School of Life Sciences, South China Normal
University, Guangzhou 510631, China

Abstract Protein SUMOylation is a key modification for regulating the fate of proteins and it is widely involved in plant
development and stress responses. The SUMO molecules are conjugated to the lysine residues of substrate proteins via
isopeptide bonds by enzyme reaction. SUMOylation is mediated by an enzyme cascade composed of a SUMO activating
enzyme complex (E1), a SUMO-conjugating enzyme (E2) and usually a SUMO ligase (E3). Here, we report an efficient in
vitro detection system for SUMOylation of plant proteins. We established a system for SUMOylation detection of plant
proteins by reconstructing the Arabidopsis SUMOylation enzyme cascade in Escherichia coli. Using this system, SU-
MOylation of several substrates were detected via immunoblotting. Therefore, this system simplifies the SUMOylation
detection of plant protein substrates and provides a powerful tool for functional analysis of SUMOylation in plant cells.
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