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dylation & ifii , % 1& i J5 SCF E3 & & %) 4 At 9 %
W 592 kit B —FE |, Neddylation8 & 1fi 5
Cullin 25 (A 19 25 & & i3 E1(APPBP1/UBA3) \E2
(UBC12) F1 E3(Cullin-Rbx ) 22 [ifg 2% 3¢ Sk 52 80 119122
AL 2B SE W, Neddylation8 & i %1 A& 4 SCF E3
AT AT R 22

HATRINZ ZAB I R G T E3Z %
AR AR KR E M AL oy B SR,
T2 W Ik SCF E3 12 i HmF ) 4 th i 2 4%, 3k
B EAEER E3 2 A A AR K INNE , 324>
1k, Z W5 SCF E3 12 22 3% H2 il 1 (4 /0 R A i i 2=
A . ATFST ) HE SCE 17 ZiE ik sNE 2
et &, B PREEAG I SCF 12 2% $2 i P Cullinl 2
FI FZ Z 0B, B ST E3 3% 2 il i pL il 42
AR5
1 ¥MRER=E
1.1 L7

JIT & Bk 0 K 41 BL21 (ADES3) #1 DH5a, H:
bR Y S IR RS KB AT R BL21(ADE3) ,
FIR TR B KM FF B DH5ac
12 HF=RE

5194 R 21 SR b U R A A R
8wl 5E R, ANTP 43K F New England Biolabs 24 H]
T F 5B PfuFN Taq B f 48 Mk K22 1EY)
AL B R 4 [ S0 06 A R M B4R I
DNA 7= [l R & (DP204-02) Al k7 /1N #2428 571
£ (DP103-02) 14 H RARA:ALRHE (Jb 50 A BRA A .
1.3 EB4ikH

1B SE RN 4028 M

(1) 40 s 24 f% %« 25 mmol/L. Tris (pH 8.0) ,
150 mmol/L NaCl,

(2) 15 3% 2% Wi . 25 mmol/L. Tris (pH 8.0) ,
150 mmol/L. NaCl, 15 mmol/L Imidazole (pH 8.0) .

(3) Pk Wt 2% s W = 25 mmol/L Tris (pH 8.0) ,
250 mmol/L Imidazole (pH 8.0)

(4) 154 2% v W« 500 mmol/L Imidazole (pH
8.0), 500 mmol/L NaCl,

2) B TS BT 2T 5 4 i aUR

(1) # #h 8 vh W A buffer: 25 mmol/L Tris pH
8.0, Imol/L NaCl,

(2) & # 2% vh % B buffer: 25 mmol/L Tris
pH 8.0,

3) B FASH AL E T (Source Q10-100) Zlifk S5 .
1EH H 4k (AKTA™ pure 25, GE Healthcare) I
JH A buffer 1 B buffer 28 8- J2 A7 4, il 4l 24 1A
NS s B N AR L% A = A N =L /[ S U =]
A buffer it ¥t 15 mL, 3% & PEBAF A 100 mL, B buf-
fer 75 FEl o 0~100% , i 1.5 mL EP W8 & A RE f T
HEFT SDS-PAGE BEE HLIK /347

4) 4y ¥-1iii (Superdex 200) 4lifb Z 4. 35 mL 43
7 2 #h W& (25 mmol/LTris pH 8.0, 200 mmol/L
NaCl) i 43 F i , W 8 AFE S48 2 1 mL 5 H
1 mL FEHF 8N A loop . i 178 H 4 ALY
JE T g w7 mL S 1.5 mL EP Y4/
FEES IEUEST SDS-PAGE BEIK HL 3K 2047
1.4 FITC#Rig Ub By &

FIH KRBT R IE R G R IR 20 N i il 5
MSAC 4 42 IR [ Ub, ¥ FITC-Cysteine £k {71 %
JEEARICH) Ub 17 2 65422 Bl A E LR A Cys 5% 2
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E SN DS R EE N EEE RN oA (AR A&
() SDS-PAGE #E /8 , S B 5 7 J Ub A& i 1% 10 9
AL FRAE . FITCHRic Ub A 730k [ A
b A4 s A i K 4 ] 8 S 8 5 2R T AT B
R FH B A S0 5 e - 2 R R S e ) 2 OB, HoRR ek
R R 1002017 1 4, kAL T E AR LAY Ub
HE Y IE R BR RS , e 5% vl 25 k. K Ub
B MR 2 0O hRIC 28 vh R (B R 2% vh i pH 7.2~
7.3)  IF X EE P HEAT E . R R 2k BE R 300
pmol/L ) FITC-Cysteine 4% ¥} 5 2 ¥k £y 100
pmol/L i Ub & F14% B Wy 5 1 1 3+ 1 1Y LL 9 TR &5 R
H, T 25 CHric 2 h J5 A 10 mmol/L DTT £¢ 1k &%
IV o 38 S B R A Ak B X Bk 2 A B ot gkt [ B RE
FITC #Ric i Ub % 8% 2 J5 S5 I 0 1) 28 vl 25k
PEAT AR VR B i
1.5 FEEE

M 4l b L (AKTA™ pure 25, GE Health-
care) IR M & R MRS #EHL (7N R e A YR
B A BR A F) L IN-02) | i 398 VR 20 AL (DL 3 2
JFE IR RN ], Avanti IXN-26) , K& B B0 HL(E R
Beckman Coulter 2 & . J6-M1) . 75 [ 3 H. F ¥k %
(Bio-Rad, Mini-PROTEAN) . i# % 3t 5 £ i % A
(ZE[E cytiva) o
1.6 XKBEHEER

M —80 “CUKAFHUH BL21(ADE3) T A 1 plL H4H
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FOkLIR A, VK FIE 30 min, 42 ‘CHE 90 s, fin A 200
pl B 9T 37 °C.200 r/min 2 78 1 he J5 4 A 10
mL HA ARG AR IR 3 G R BG 2 R
W5 50% B H M AR L 1: 1A LIR &, —80 °C
TR AE DR AT TR AR o T 4 TR W R TR TR - 3 9 B L
1:100 AR FLHE F 37 °C . 200 r/min 5 3% 4.0~4.5 h,
KA & 55 35 2 ODgoy=1~1.2 i, 15 F5 0 I &
16 °C, 1 hJE AL He 5 7 0.2 mmol /L i IPTG , 3¢
W5 14~16 h,
1.7 EA4k

23 IPTG iR R BFFE 3 300 r/min 5.0 20
min, 3 DR UIE, & 1 L B A D5 A 20~30
mL 40 247 R TR o FH e 200 L R AL R R
T E A AT 20K o BB Y TR O A BeckMan 1 i
BT ,4°C 14 000 r/min B0 1 h, B F .
I5 A8 N S Rl 6 X His AR 25 8 1, FH Ni A 26 Al
JZHrxt B R A TR b A, Bl S E— 25l
SourceQ 10-100 #f74lifb . 4fifb i & A FH T 1R 4
2R .
1.8 KB ZEURE

1) Cullin1-Rbx1 & A % Nedd8 & i . #i f£ 1
B A B VAR R 1, Nedd8 it A H &4 Cul-
lin1-Rbx1 Y 2o S NLSARF 200 pl, T3 2
I 30 min, B J5 6 2 N 7 1) 45 8 7 38 )2 BT Source
Q10-100 F143 T f Superdex 200 £ {k. 75 #| Nedd8 &
M 1% Cullinl-Rbx1 &2 &4, W4 & 1 H T Cullinl-
Rbx1 & &0 AZ Z B .

1 Cullinl-Rbx1 £ 5% Nedd31&1fi R F F F

Table I Neddylation modified Cullin]1-Rbx1 complex

SR A 5y 2Ry /(pmol/L1)
Reaction components Final concentration
APPBP1/UBA3 0.4
UBCI12 2.0
Cullin1-Rbx1 5.0
Nedd8 10.0
ATP 5000
MgCl, 10 000

2) Cullinl-Rbx1 & &Mz ZALE M, &K 2
¥ Nedd8 & 4i ity Cullinl-Rbx1 & & ¥ LA K HoAl &
A BN S A Z& i, SR R 100 ple, 37 (CRUIE, 43
SIFE SN 0.15.30.60 .90 min HUFE#E4T SDS-PAGE
8IS LUK, B I ol FH 0T 3 3R A AR SO B i it
(REEE T

#F2 Cullinl-Rbxl1 EEMBZRULEHREER
Table 2 Self-ubiquitination of the Cullin1-Rbx1 complex

AE Vi 2R L/ (pmol /L)
Reaction components Final concentration
UBAL1 1
UBCH7 1
N8-Cullin3-Rbx1 2
FITC-Ub 4
ATP 5000
MgCl, 10 000
2 HRE5HMH

21 EHWFRELAK

KT i 3k R 48 57 IR & ik 4l 4k Cullinl-Rbx 1
AW A Z R AEM T 1 APPBP1/UBA3,
UBC12.Cullin1-Rbx1 1 Nedd8 4 #8141 40 & 1 frR,
KIGAT o R IA B S B R FZ T A - 5c 2
Bt (Source Q 10-100) 4lifk., 4 Fft 7 11 400 B 45 vy R o
Fasg , il JH T Cullinl-Rbx1 £ & Wik s A1z £k
M S o
2.2 Cullin1-Rbx1 £ &# 1) Neddylation {&{f

Cullin1-Rbx1 & & ¥ 2 GE 19 16 AL 5 22 HAZ O 0
% Cullinl %% 4 Neddylation & , Cullin1 2 4 C i {#
ST 5 2 R A B 2R Z /NG F Nedd8 184, AT
B8 Cullinl-Rbx 1 &4 W) B FG G T 3006 HZ R %%
filg i 15 PE o OB R TN Cullinl-Rbx1 Z 59 .
E1(APPBP1/UBA3) .E2(UBC12) \Nedd8 & 4 L %
ATP MgCl,, Z % 30 min, H SDS-PAGE %5 %
275, Cullin]l-Rbx1 & & #H1 119 Cullinl 2 F1 9% Nedd8
A, WA 19 Cullin] -Rbx 1 & & #1285 8 735 e
JZH7 (Source Q 10-100) F143F i (Superdex 200) 4l
b5 A5 B 8 M R E 23 A = 1Y Nedd 8 f& 4 Cul-
lin1-Rbx1 & 5.
2.3 Cullin1-Rox1 EA5WHI B ZEL &

h T 9B N8-Cullinl-Rbx1 B &% iz 1k
A& i (4 W LA SR AE | S A & e il FITC ARic i
Ub. SDS-PAGE #§ % 5 iy 5% 5 e 0 45 R DL X%
3 BB A A AT 59 SDS-PAGE $E i 766 1
7, B RN B ) AE K 2 R AR & T N8-Cullinl -
Rbx1 & AW 0 537 22 A6 K T 535 T g |, i B4 % i
ZH(CK 4L, AR R TP A ATP, 2 90 min) #11%
Az BN S . RUARPFFRAERI R
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A.B.CHID 733l /& E1(APPBP1/UBA3, APPBP1 R UBA3 731 Bdt 733l J 86 .52 ku) 19 T3 JZ H7 I Il SDS-PAGE JE 4]
E2(UBC12, 4 F Fiht A 21 ku) (B 532 e 2 e P SDS-PAGE Ji 1] . Nedd8 7 11 (43 F i hit Ay 48.6 ku) (i
PAGE i . Cullin1-Rbx1(Cullinl 43 B &t 4 90 ku, Rbx1 4Bk oy 12.3 ku) & 44 9 53 F 075 KA1 SDS-PAGE JKIE . P2 KT 24
B MUIVE ;S KIBFT I AR B0 B3 Fre BB IS MRE & W VR M A% 8 1 B BB A9 B FVRE Al 5 R TR BT RE & 5 In: 24
B H s M: 55 H marker, A,B,C and D are E1 (APPBP1/UBA3) in ion exchange chromatography peak image and SDS PAGE (The mo-
lecular weight of APPBP1/UBA3 was 86/52 ku), E2 (UBC12) in ion exchange chromatography peak image and SDS PAGE ( The molecular
weight of UBC12 was 21 ku) , Nedd8 protein in ion exchange chromatography peak image and SDS PAGE (The molecular weight of Nedd8
was 48.6 ku), Cullin]-Rbx1 in size exclusion chromatography peak image and SDS PAGE (The molecular weight of Cullinl-Rbx1 was 102.3
ku), respectively.P represents the precipitate after lysis of Escherichia coli; S represents the supernatant obtained after lysis of E. coli; Ft rep-

resents the sample after bacterial liquid flow through; W represents the sample obtained when eluting impurity proteins; E represents the eluted
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protein sample; R indicates samples in resuspended medium; In indicates samples before purification; M indicates protein marker.

El1 Culinl-Rboxl1 EEMKI B ZRZUERAEEARNEIMRAELEN

Fig.1

In vitro expression and purification of messenger molecule synthase

Electric conductivity
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= 1. 42 s
g L 25 BE = 150k
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o 120 8o © 100f
B 20F ™ $§ %g( 501
%S ) N SY R I 1 L lg o E ) I 1 1 ]
7 ' 10 20 30,7 40 50 60 70 ‘837 e 5 10 15 20 25
\ ’ - 50
2087 T J e Superdex 200/ mL Volume of Superdex 200
Source Q 10-100 f&F4/ mL Volume of Source Q 10-100
X 12~16 mL
S Sz min A ) In. M N
ku 0 30 M ~oom u ) N8-Cullinl
S
1160 [ N§-Cullin] 160 N g
96.07 —— e E———
- = 65.0
18.0 -
e Rbx1
13.87 -
18.0
138 = S — Rbx1

A Neddylation &4 () Cullin1-Rbx 1 & & ¥4l {k 1) 25

A2 JZ BT R F SDS-PAGE ¢RI (Cullinl-Rbx1 & & 443 T Fi &4 138.6 ku) ,

B: Neddylation #&1fi i) Cullin1-Rbx1 & & %) 4li 4k /% 53 F i 16 & Il SDS-PAGE I 5 In: 45 {L AT AR 11 ; M2 2K [ marker, A : Neddylation
modified Cullin1-Rbx1 complex in ion exchange chromatography peak image and SDS PAGE gel image ( The molecular weight of Neddylation

modified Cullinl-Rbx1 was 138.6 ku) ; B: Neddylation modified Cullin1-Rbx1 complex in size exclusion chromatography peak image and SDS

PAGE; In indicates samples before purification ;M indicates protein marker.

El2 Neddylation f&4fi#) Cullin1-Rbx1 £ & #1454k
Fig.2 Purification of Neddylation modified Cullin1-Rbx1 complex

~N
§
G
g SR I )/min
‘; gf Reaction time
S F MCKO 153060 %
16 -— — o
964

S N8-Cullin1-Ub

116

L& Cullinl-Rbx1 & & W19 1712 R AL SDS-PAGE 4]
(N8-Cullin1-Rbx1-Ub 73 ¥ fi it Jy 147.2 ku) , I ¥y Cullin1-Rbx1
ZE YW Bz ZAB RSSO E ;M : 8 marker, Self-ubiq-
uitination of the Cullinl-Rbx1 complex in SDS-PAGE (illustrated
above) ; Self-ubiquitination of the Cullin1-Rbx1 complex in immuno-
fluorescence (image below) ; M indicates protein marker.

3 Cullinl-Rbx1 E&¥K BiZZ W
Fig.3 Self-ubiquitination modification

of the Cullin1-Rbx1 complex

# T SCF ¥z Z #H:03 h i Cullinl £ (119 HZ %1k
L
3 i #

Az BT B ELE2 AES A9 B A 4E
ML, B R A E . ARk sNz F ikt
TR 7 s 222 Western blot 89 J7 ¥ 46 1 45
Iz R AGEA , 1% 07 00 Ub 0046 I 48 1 75 2
F1 E Y Ub. 4K, Western blot K6  J& # K #4E
R T S T T R E R ik, 3K
fITLA Cullinl-Rbx1 £ 1 4 4], 75 RS F AL T 2 17 5
SCF E3 &£ H 1z Z AT MR R 45 R R B gy
RSN SCF E3 12 R AL TG M S & &R B 5 i
FTERAE P FNAE R, g W58 FAZ A= W v E3 HE 42 1Y
PUEI B HE TS TR, %07 8] DLtk — 25 i FH T
¥ SCF E3W Hiz £1k. SCF E3E A HZ %1k
M2 o T 08 200 i B A% PR3 N AR b 1 A AR
DA K 240 s S5 3 A AN TR B B i 56 F SCF E3 & Y A
2 ZAB LS AT B BTE AR 780 . AT ST
()05 V5 AR 5T A% AR W) vh 2 0 5 SCF E3 % $4if
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Constructing and detecting ubiquitination system
of SCF E3 ligase in vitro

HU Jianjian, MEI Wencong,ZHANG Wenhui, LIU Zhu

National Key Laboratory of Crop Genetic Improvement/ Hubei Hongshan Laboratory/
College of Life Science and Technology, Huazhong Agricultural University, Wuhan 430070, China

Abstract

Covalent attachment of ubiquitin onto lysine residues of the substrate requires the coordinat-

ed action of three classes of enzymes: the E1 ubiquitin-activating enzymes, the E2 ubiquitin-conjugating

enzymes, and the E3 ubiquitin ligases. These ubiquitination-related proteins play a pivotal role in plant de-
velopment and plant physiology. The APPBP1/UBA3 (E1), UBCI12 (E2) , Cullinl-Rbx1 (E3) and

Nedd8 were used to reconstitute SCF E3 ligase activity in witro to study protein ubiquitination n vitro. Ub

(Ubiquitin) labeled with FITC-Cysteine green fluorescein was prepared. The ubiquitination system of SCF

ubiquitin ligase in wvitro was constructed. The self-ubiquitination modification of Cullinl protein in SCF

ubiquitin ligase was rapidly detected. The results showed that the autoubiquitination active reaction system

of SCF E3 in witro established has high operability and convenience.

Keywords

ubiquitination ; SCF E3 ligase ; Cullinl ; fluorescence labeling
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