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BE ZAMEA Mad2 BH L5 RGmAGNSCAONXEED, WEZSHEEAMFX BRI AR ZHRAZ —.
Mad2 B FAFF KRR S : O-Mad2 F1 C-Mad2. Mad2 #1156 &2 F 5 Bc 4k Cde20 (A1 AH FLAE 4 SAC KAEFH AW
HUREE LB AR H P& [ SRR X O-Mad2 F1 C-Mad2 5k TAMRA-Cdc20238 [A] 8 BAE FH 13 2 K5 )
A FEBEAT T RGRME. SREW. FELEAKERIAE (100 mmol/L NaCl)H, Mad2 BRI 5 5 Cdc202-38 1)~ 4 fifk B3 #1
(Kp)¥ITE 10 mol/L, {H C-Mad2 5 Cdc208 £54 1) K (24 O-Mad2 1 1/5; 7£5#2(300 mmol/L NaCl)yiE# H', Mad2 B Fh
%R E TAMRA-Cdc20 255 1) Kp (G R ZR. BRI RE/R, TER—MZil+h Mad2 BFH R 5 Cde2012-3
FHEAE T (AR R Bk B R EZR, T C-Mad2 5 Cdc202-538 [ 254 R W 8 k, 2EL O-Mad2 & — MER, XK
C-Mad2 5 Cdc202® RU & HH Ik, B HEEPIEE . Mad2 5 Cde202M5% 538 44 ] A T AE FH BL A 55 7 B B b — %
AR ELAE FH A0 25 320K, Mad2 R Cde20 [R) 1A VR AN 2 0@ ik &% B Al BLAE L 00 A8 08 I KA ELAE F R SE B . A
W9 a7 2 A B Mad2 B G AR HLEE K HAE AR 225y Z4 R P I E R LI SR AL T 5 2200 SR I 2tk

X8 ZAMEA Mad2, Cde20, # 2k, #hl, MEAEM
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H 42y Z4[H A P B 1 2(mitotic arrest deficient
protein 2, Mad2) & 4 fil 5 22 53 ¢ i #% v &5 14
o Wl 5U(SAC) i AL B G B B 1. Mad2 &
HE T2 8ME AR, A WA E R R AR
%: O-Mad2 il C-Mad2, H.7Fiiy % A 7] DUAH L
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1EA7 2253 R v R s R T R G £ B A 73 B 12T,
AT 38 G 1 FH T G A R B B R 20 25 0 ) G B AN
e MR BT R iR 4 ORI . ORI 22 )T
WESE, Mad2 fEMIRE R KA KR HriEE HEM
th, RN MR R TT I A S

Mad2 4 5 8] (#1622 Je Fo 5 Cde20 (8] AH BLAE
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Z ] I 70K R R SAC AH SS9 1 R 99 HLER
KO REVR T PR AL A S LA, BT RAR KT
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F5RCA Cde20 AH EAEH B2 FHLE], X Tk —
R 2 AR A Mad2 IR G A WL EL & AR
22 53 SR A AR AL B A S

AR 6% 7 B R XT Mad2 PR
Ltk Cde20 (MM EAEHBAT T RSV 5, il
T 3 M EAR I 5 ) ) S R R AR, A
1A BT ERA# Mad2 P i) G (8] AF 3% A2 138 K
5 Cde20 M EAEHMAEY Y =L, &AM —2E
1T Mad2 5 Cde20 #9AH B AE H AT i #% SAC
Theedeft 7 BB MBS, F, KX SCGERT
Mad2 P Fi 4 R 5 Cde20 F8 254k 2 8] i A ELAE T,
HHELE T VIS T 5RE X Mad2 5 Cde20 #H AR A
af=A

1 MRIEHE

1.1 SEIEM RIS

O-Mad2 1 C-Mad2 & [ H SE % = il % If £r
A0 FRAC 98 e ek TAMRA )% Jik Cde20-
&;ﬁ\:%ﬁ,ﬁg Cd020121-138, KI29A&R132A *I:] CdC20121-138, T130K )ﬂ\@
H R i AR AR AR, HEEER T 5 W
~: TAMRA-Cdc20™?* fJ & B8 7 5], TAMRA-
NGFDVEEAKILRLSGKPQ; TAMRA-Cdc20/2-3 KIBARIA
& FER 5], TAMRA-NGFDVEEAAILALSGKPQ;
TAMRA-Cdc20"13% 13 1 57 B 12 ¥ 1],  TAMRA-
NGFDVEEAKKLRLSGKPQ.

%6 % I\ & Mk W /£ HORIBA 2 #] 1Y
FluoroMax-4 % Y66 HEAX 58 K.
1.2 KWHE
1.2.1 Mad2 BFf i) G5 Cdc2022 A5 H.AE F i #4
AEATIS

a. THE RAIFE i 1 HE &

73 B BUE B O-Mad2 f C-Mad2 2 A #f fh
Be i ek &, See R Sl 3t h 3 fl, o
%) A& : 20 mmol/L Tris-HC1(pH 8.0)» 20 mmol/L
Tris-HCI(pH 8.0, 100 mmol/L NaCl)#1 20 mmol/L
Tris-HCI(pH 8.0, 300 mmol/L NaCl). & & 51|t
mi 1 TAMRA-Cdc20™ [ 283K FE 24 0.1 wmol/L,
T E SEI ITE IR T SE .

b. T E FF i PR 5 & ) S A

i%EH 3 mmx3 mm BIAE I, BOEBUREK A
560 nm, KK A 582 nm, $4%5r %A 1 nm
2nm, SKRERFIEREE A 1s, BEANEEREGI 3 V0, B
HAPIEE AW pOt & v E. HA K@)
X SEESHAR AT

R KrH{LIHR)-V K LRRIPALIR ()

AR Ky NPHRESH AL RV Mad2 B9
F¥, [L]J2EC K TAMRA-Cdc20238 3k F, [RL]&Z&
Mad2-TAMRA-Cdc2023% 5 &)k & . Fr 5 3k
I3 M A48 A 20K H OriginPro 8 #0156 1.

1.2.2 Mad2 FA R 5 Cdc20 #1 HAFE F #1 3
VAELTI

73 S B A [FHRFE ) O-Mad2(2. 31 4 wmol/L)
Al C-Mad2(0.5+ 112 wmol/L)& A SR, K3
5tk TAMRA-Cdc202 F-5))7R 44551 (TAMRA-
Cdc201% &K EE SN 0.1 wmol/L), 3 SE46 Wl 75 7 ¢
o S 1) S AR BE B 1) AR A . 1A 3 mmx3 mm
FEM, B BOR B KN 560 nm, RS K N
582 nm, FR&&YIN Snm, XFERTEZENE 0.1s,
SEIGIE =R T,

R HE 2 R (2)1F] H OriginPro 8 % Sz 56 ¥ ¥ 3k
AT AT AU BP AT LATS 3] Mad2 5 Cdc20 &5 & i 1
SEE TR WM (k), TR 220 H AT Ky, BIAT
THEL A B R B (k). FEBLEERE b, ATl
AN [EJE R 1 9 FE 6 O-Mad2 FIl C-Mad2 5 Cdc20
A IR

y=CBuH(C=C) Pl (1-exp(h[A(1+Ko)) (2)

+Kp
1.2.3 Mad2 Fifh R 5 Cdc20138 58 4% {4 [8] () A1
HAEHWFT

Z I8 LA 1.2.1 A1 1.2.2 RN E 7k, RH
P W R S kI T O-Mad2 Al C-Mad2
5 Cdc20 P AN 58 AR 4K (Cdc2012-13% Kizasrina gy
Cdc202MB8 O [ (A HAE I 2. SRIRfE =i~
BEAT BT % R 45 A28 20 mmol/L Tris-HC,
pH 8.0, 100 mmol/L NaCl.

2 FHER
21 O-Mad2 #1 C-Mad2 5 TAMRA-Cdc202-%
HEERAMRDFERAR

K %6 & 7] 5 R X O-Mad2. C-Mad2
5Z Ik TAMRA-Cdc207 [a] A1 EAE FH (1) #4 g 2 33t
TTIE. B 1 R, BEE Mad2 WEE 1) A B
B, TAMRA-Cdc20238 [ 5% ' % ] 5 PR AE A W 4
B, XK B Mad2 & -5 HECAAR ] 1) 45 & 3 8 1
% . M Mad2 & HAIECAR ] 45 AL B R AT, 3
RHE M T EE TRE, NS RIKRER Y
Jn s .
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Fig. 1 Fluorescence anisotropy analysis of O-Mad2 and
C-Mad2 conformers binding TAMRA-Cd 20"
in different buffers

(a) Fluorescence anisotropy analysis of O-Mad2 and C-Mad2 conformers
binding TAMRA-Cdc20”?"* in 20 mmol/L Tris-HCl at pH 8.0.
Experimental and fitted data are shown as squares (circles) and curves,
respectively. Fluorescence anisotropy was recorded at room temperature
with a 3 mm quartz cell. All experimental data reported here were
averaged from 3 scans. (b) The same as (a) except the buffer is
20 mmol/L Tris-HCI, pH 8.0, 100 mmol/L NaCl. (c) The same as (a)
except the buffer is 20 mmol/L Tris-HCI, pH 8.0, 300 mmol/L NaCl.
m: O-Mad2; ®:C-Mad2.

5 ¥R % W 1 (0 mmol/L NaCl. 100 mmol/L NaCl
A1 300 mmol/L NaCl), % Mad2 5 Cdc20'2- [a] ]
A EAE AT T w5, s A A ) 2 0%t
O-Mad2 Il C-Mad2 5 TAMRA-Cdc20" | H.{F
e A #E AT G, RIAT DATS 2 AT A
MHEAEFR Ky E(E ). mE 1 PR TG
1E 76 2 8K 5 (20 mmol/L Tris-HCI, 100 mmol/L
NaCl, pH 8.0)¥% i+, C-Mad2 5 Cdc20 [H]45 5 1
Kp 18 %1 & O-Mad2 ) 1/5, X # B C-Mad2 5
Cdc20 454 71t O-Mad2 5%, X5 CEkikiE —
UM, W AE R (20 mmol/L Tris-HCI, 300 mmol/L
NaCl, pH 8.0)J& ¥ F, Mad2 fIM Rl % 5 Cde20
60 Ky (R ZERN. 5—7H, 4HkE
M 0 mmol/L1¥ %] 100 mmol/L NaCl i}, Mad2 W
PR 55 Cde20 18] 1) 45 & 7 3538 T Ik 55 (K 22 K);
T 24 25 A 100 mmol/L NaCl 3 1% 300 mmol/L
NaCl B}, 35X 38 0] 1 45 & 70 5 i 38 5 (K 98718) -
X RV T o EXT T Mad2 5 Cde20 A H.AE
FEASERIREIER. #i Mad2 F1 Cdc20 [A] 2
T AR EAE SRS, B4 B B TR A
Whn, RIS BE ORI SG E,  IX A TR A AR
FINZIRES TS R IUAE m AR 2 R Mad2 5
Cdc20 [8] (1) &5 & 77 ) i 34 98, X378 Mad2 5
Cde20 [H 45 GRS B A EAER, B4 fE
SE I I — P B K AE ELAE SR SE B .
22 0O-Mad2 # C-Mad2 5 TAMRA-Cdc202""
HEERMAFERR

RN TR — 5 % 8 O-Mad2 Ml C-Mad2 5
TAMRA-Cde20"2 A7 F_{E F I 30 77 5 (1 2 55 DA &%
TR S s T HAH BAE R B 0 sgm, AT
KA R & F R AR S AN T O-Mad2
C-Mad2 5 TAMRA-Cdc20'2-%8 7 AN [7] 22 i 56 1
NI EAE RSS2 R I AR 1 56 )l 2% 17 57
PEAE 3G 0 5 2 A %) Mad2-TAMRA-Cdc2025 ff]
TR, AR Q)N 3715 5 E 3T A (B 2)
A PL15 5] Mad2 5 TAMRA-Cdc2023 1 B {E F )
SEE R E R (k,), HETARYRE o W )
HHU(Kp) T CAVE B A B 2 B (k). AEE R
W 1.

IRTER 1 B AT R, AR RTINS I = AN R B
TIRFEIRMAAE N, C-Mad2 5 TAMRA-Cdc20'2-8
iAWk EHBHWR—EBRFXET O-Mad2 5
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Table 1 The Kp, k, and k; between Mad2 and Cdc20® in different buffers?®

0O-Mad2/Cdc20'1%

C-Mad2/Cdc20'3

Ko/ (mol*L™") [,/ (mol"*Les™) kq/ s Kp/ (mol*L")  k,/(mol”*Les™) kql/ s

0 mmol/L NaCl 3.52x10¢ 8.7x10° 0.031 0.72x10" 4.6x10* 0.033
100 mmol/L NaCl 5.01x10° 5.7x10° 0.029 1.03x10° 3.6x10* 0.037
300 mmol/L NaCl 0.92x10¢ 4.3x10° 0.0040 0.69x10 2.2x10* 0.0015

3 wmol/L; A:O-Mad2, 2 pmol/L(a, c).

Y Kp, values were obtained by fitting the anisotropy data in Figure 1 using OriginPro 8 software according to a 1 : 1 model. The k, values

were obtained by fitting the anisotropy data in Figure 2 according to equation 1-2, and k4 values were calculated with equation: k4 = Kp*k..
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Fig. 2 Kinetic binding of two Mad2 conformers with TAMRA-Cdc20'*"'*

(a) Kinetic binding of O-Mad2 and TAMRA-Cdc20™"* in 20 mmol/L Tris-HCI buffer at pH 8.0. (b) Kinetic binding of C-Mad2 and TAMRA-
Cdc20"3 in 20 mmol/L Tris-HCI buffer at pH 8.0. (c) Kinetic binding of O-Mad2 and TAMRA-Cdc20"*"** in 20 mmol/L Tris-HCl buffer at pH 8.0 in
the presence of 100 mmol/L NaCl. (d) Kinetic binding of C-Mad2 and TAMRA-Cdc20?* in 20 mmol/L Tris-HCI buffer at pH 8.0 in the presence of
100 mmol/L NaCl. (e) Kinetic binding of O-Mad2 and TAMRA-Cdc20™"8 in 20 mmol/L Tris-HCI buffer at pH 8.0 in the presence of 300 mmol/L
NaCl. (f) Kinetic binding of C-Mad2 and TAMRA-Cdc20?"** in 20 mmol/L Tris-HCI buffer at pH 8.0 in the presence of 300 mmol/L NaCl. All the
above experiments were carried out at room temperature with final concentration of Cdc20 as 0.01 wmol/L. m: O-Mad2, 4 pmol/L; @ : O-Mad2,
m: C-Mad2, 2 pmol/L; @:C-Mad2, I umol/L; A :C-Mad2, 0.5 pmol/L(b, d, e, f).
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TAMRA-Cdc20" &5 & k fH 2 m it — DN EE K,
03X P & ) e 2 B ke I B 22 5, XK
B C-Mad2 5 TAMRA-Cdc20"* ] 45 & 3 3 kb
0-Mad2 5 TAMRA-Cdc20" [] &5 & i K TR
Z, MXWHE RS ERETHEZ. X5 FR#k
F15# 8 G C-Mad2 5 TAMRA-Cdc2021% {45 &
RE ) B B AH — 2L

BATFE K, O-Mad2 F1 C-Mad2 5 Cdc20
V) AH ELAE FH B 3l 77 2 Bl 25 7 i R 1Y) o5 A 1 . 35 A8
fb. L5 E M 0 mmol/L NaCl #4151 100 mmol/L
NaCl t}, O-Mad2 f1 C-Mad2 5 Cdc20 [8] f) fiF 25 5%
B kg LRSS, MEGHE k, H B35S, A
PLS % 0-Mad2 1 C-Mad2 5 Cdc20 [a] 145 & 710k
§5(Kp [EHER). (H 4 R E M 100 mmol/L NaCl 34
Hn %] 300 mmol/L NaCl i}, O-Mad2 #1 C-Mad2 5
Cdc20 [8] (1) fif B8 H R kg 0 F WS, ML EHEE L,
1% I BE BN, BT BAAE = B O-Mad2 Al
C-Mad2 5 Cdc20 I8 &5 & 7 S bE AR AR B I8 22 58
(Ko BI8/N). 245 BB 772 0 # FE AR G Hh fide
T BRI AR
2.3 Mad2 5 Cdc20?""® R ERTKEHBEER

MR SCHERRIE , Cdc20 f KILR'™ fH % 7 &
Cdc20 5 Mad2 #H EAE FH B 2 OGS FH 1 2 R R 1S,
Forp KA R S O FL 7 A A FE IR Ak Ak, 1 1A
L2HK R R, DR R, R
1E H 7 FR 20 3 R B% 25 5 Cde20 55 Mad2 8] HI 45 &
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Mad2 A B AE 2.

Kl 3 & O-Mad2 Al C-Mad2 % 5l 5 5¢ 4% &
TAMRA-Cdc2012-38 KiZaRiRA - TAMRA-Cdc20/2-13% 13K
(AR EAE R 280 & m e i . il 3 frows, B
R R WG I, Mad2 5 AR TR 1 45
AHREH L, ARt TAMRA % 6 4 B 1)
CdC20121-138, KI29A&R132A *l] Cd020121-138, 1130K El/‘] ﬁ 7\1@% l-'nj %’:
PEAEAWE N, (A2 E AR, 250 ad
F A ARBRRRER G B, X%
I 5 T R A AR 45 G R IE B A, H A
3 (1) 43 A X O-Mad2 A1 C-Mad2 5 TAMRA-
Cdc20121-138 KIDARRIDA - T AMRA-Cdc20'2-138 130K £k A i)
RCE A R AT IS, AT LS B AT BAEH
M Ky (% 2). HFE 2 5T, RAMK
TAMRA-Cdc202-1% KAz 5 _Mad2 F1 C-Mad2
84541 Ko 758 3.25%10% mol/L, 7.37x10° mol/L,
LB A UM L 389855 T 20 70 fi% . 587487 1E HEL AT 1Y)
RIEMFR IS Cdc20 5 Mad2 [8] 145 & 1055, K
AT 1 5 Mad2 AT Cde20 18] i AH BAE F 238 i &
LA P S IILIR,  200s  7 35 FR 2 5 A Ay
1E A R LR FRFE J5, Mad2 5 Cdc20 (8] fAH |
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Fig. 3 Fluorescence anisotropy analysis for binding of O-Mad2 and C-Mad2 with different mutants of TAMRA-Cdc20?"%#
(a) Fluorescence anisotropy analysis of O-Mad2 and C-Mad2 conformers binding TAMRA-Cdc20"2-3 KI2ARI2A jn 20 mmol/L Tris-HCI at pH 8.0 in the

presence of 100 mmol/L NaCl, experimental and fitted data are shown as squares (circles) and curves, respectively. (b) Fluorescence anisotropy analysis
of O-Mad2 and C-Mad2 conformers binding TAMRA-Cdc20'?38!3% jn 20 mmol/L Tris-HCI at pH 8.0 in the presence of 100 mmol/L NaCl. All

experiments were recorded at room temperature with a 3 mm quartz cell, and the anisotropy data reported here were averaged from 3 scans.

m: O-Mad2; e:C-Mad2.
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Cdc202rBs 1m0k JIR 2KILR™ F7 471 A B i 7K 1 2
FEPRIR L 1 AN IE B ) K. 45 R A8
A5 0-Mad2 F1 C-Mad2 [1] {45 & 711 2A% T
IFREEE i, RIS 1, 55 AR B b 2 4 il
IS T 2970 £, 1A RARKRE] 5 Mad2 AN (R
R Ky R IR Z (R 2). XERY Mad2
L5 Cdc20 [a] iy AH FLAE AN 2 ad o 7 HEAE AR FH SR
PR, AR RIS —FE KM EAEA. X5
I T 2 31 ) 26 V6 B2 X Mad2 5 Cde20-3 Ja] A B4
AP Sk

Table 2 The K; between Mad2 and

different mutants of Cdc202+"

mol+L"
Cd020|2|-138, KI29A&R132A CdczOIZI-B&”}DK
O-Mad2 3.25x10* 3.22x10*
C-Mad2 7.37x107 7.92x107

" Kp values were obtained by fitting the fluorescence anisotropy data

in Figure 3 using OriginPro 8 software according toa 1 : 1 model.

FEFLL | Cde20 RS Mad2 454 71180
Ja, WRAERE 2 H TS RABM Ky HEATE T T 4 41
AN A & £ ) C-Mad2(80+ 60+ 40 Al 20 wmol/L),
ﬁﬁ%;‘ijj \]Ej‘é%%ﬁ\:g Cd020121-138, KI129A&R132A *HE,{/}E
RMEh )50 /. AESEE8 Frise vl 1 4 A8 B BTk L
ZAFF, C-Mad2 5 Cdc20 JRA 5 bl i 55 — AN 4
C&B 2| 7P R RS ), XUHXHELS S
FIR MR R R, A5k SR )X 7 2 6]
SiGMWEN ) R MR U F B =kt
[Mad2], 4 Mad2 ¥ 5 1y i H 2 00 3 22 ik 2>
e, DUE TR FRA T iy B 1) R E pAY A 0 A 213
FHRLGERE. Bk B ke Dod g AR Mad2 Bk
JEE SRRl 18 L R A %, H T Cde20 I RAZAE
Mad2 () 45 & 71055, 4 Mad2 K P A 5
TAMRA-Cdc2012!-138 Kivasria b2 1) Mad2-TAMRA-
Cdc2()121-138. KIVAGRIRA {@//[\ , ﬁl%@@z%%%@ﬁﬁ
AR, A LA ToRRI 21X P # 45 6 130

VAL SuR
3 #

Mad2 #& SAC FIREE A, A MAFE KRR
M) % . O-Mad2 F C-Mad2. 34 SAC 4 7% B
C-Mad2 fe E #% 5 APC/C WG F Cde20 454,

M) APC/C BIE T, BEim 1A 22 4y 5T 2
HH A R ) G ok G 8 B AR 43 B U0 Mad2 R BRI
AR Je Ho 5 Cde20 (8] A HAE X SAC K45 H A4
VI DIRe R OCHEE. RE WL, Mad2 5 Cdc20 [d]
FHEAEF BN AN R, XX 9 & AH HLAE FH AL
BT, KA BT RN Mad2 il Cde20 7F
SAC 155 1% 3 R FEE I 20 F- AL, AT R 2
Mad2 1 Cdc20 (8 A AR, HEf A B TR & M
Jo8 S5 AR DI R AR LR, FF R T A SSP S it
B

Pa SCHR AR 25 C-Mad2 E O-Mad2 F35 P 3 5if,
{EXFF N4 C-Mad2 b O-Mad2 H35% P: 58 1 A T
. SSHEYET R RS, fE O-Mad2 H 5
Cdc20 45& i KRB 45 /i g6 Jr =4 Mad2 /) C i
ERIBEFS (K 4), 18 O-Mad2 AN g5 Cdc20 45
. MS5ZARME, C-Mad2 i B6 225
FAEAME, A5 5 Cde20 KRAEMEAEM. kit
i, BRYR" KIK(“wat” &k Re s BS
iR sy, FRALSE Cde20, $E N5 B5 A, Ml
JE Cde20 5. RIEHEN C-Mad2 5 Cdc20 145
HHER AL SERRG. SR, R OS2I T T AR
1B Z: 478 C-Mad2 tb O-Mad2 &1 sm A HLEE.

eI A SRR A R B AL 8 (A ELAE FH R
HEARE, K HZEAR RS R T
0-Mad2 Al C-Mad2 5 TAMRA-Cdc20238 A H 1
R 5 sl Syt 7, FRB 8T Shik X ix
HAHEAEHB W, 454 Mad2 5 TAMRA-
Cde20'-13 AN [A] AR (Rl (I AH HAE L, WP 4R T
X EAMEEAEABYLE . Mad2 5 TAMRA-
Cde20% fH HAE H ) #4 7y 22 e ig &5 R B oR,
O-Mad2 K Kp i K Z15& C-Mad2 K 5 f5, B
C-Mad2 5 Cdc20 B 45 & iE 1 K272 O-Mad2 [ 5
. XS54 KB C-Mad2 2 3 14 IR 45 1
O-Mad2 NIAEEMEIRAS, C-Mad2 . O-Mad2 45435
P B B ) R — .

i Mad2 5 TAMRA-Cdc202-% #H H.1F FH 1) 3
NEHEEREIR, C-Mad2 5 Cdc20245 &) k, 18
21/ O-Mad2 5 Cdc20?"* &54 k, {HI 5 £%(3.6x
10* mol ™ *L s ps. 5.7x10° mol~' *L *s™"), 11X 3 B
C-Mad2 5 Cdc20?® ] &5 & b O-Mad2 5
Cde20" (45 G ERG 2, T PEE I kBTG
B ZEHN0.037 s ps. 0.029 s7), Tt B X P 2 IO 5
L AR, Bl C-Mad2 5 Cde2023 [y 454t
0-Mad2 5 Cdc20" (1) 25 & T8 PR B .45 & 71 FE ok



238 MU FEESE YRR

Prog. Biochem. Biophys. 2017; 44 (3)
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B 7 C-Mad2 tb O-Mad2 3 1k 58 04 J5L BH] 3 B 2
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#& C-Mad2 5 Cde20 &5 & 5 #E AR M & &9
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Cdc20.

Intermediate with
edge- on interaction

Fig. 4 Schematic model explaining why C-Mad2 is more potent in binding Cdc20
In O-Mad2, the C-terminal 37/8 hairpin blocks the access of Cdc20 to 36. In C-Mad2, 36 is exposed and can allow edge-on interactions with the

Mad2-binding motif of Cdc20. Note that both the original 37/8 hairpin and the corresponding regions in C-Mad2 are colored green.

HAREZE M SE, 7E 300 mmol/L NaCl A+
0-Mad2 Ml C-Mad2 5 Cdc202"* 4541 Ky, 18 JLF
AHIE, 43552 0.92x10 mol/L A1 0.69x10- mol/L,
1M H A 259 (100 mmol/L NaCl)H ) K, 18 %
INGR 1), X UEBHTE R 2 F N Mad2 5 Cde20 [1]
454 J1E 5. B ARIX G ZE 41 i P9 AIF 78 Mad2 Al
Cde20 MMM EAFEHE XA R(CEBH TAR%
), AR FE R SN 50X P 38 AH AR AL EE B
R . B Mad2 A1 Cde20 JA] 238 i H A B
VEFRSZI, T84 BEE SRR LR8I0, s i B
W VE FH G, IX 9 2 8] AR AR A D R85 . i

SIS R IAE = 2R 25 AF R Mad2 5 Cde20 [a] 45
A Mg, XK Mad2 5 Cde20 [8] fAH ELAE
FAAS a8 F A ELE R SR SRIY, BEAA n e id
It — g K B A EAE (K AR 2 B SRR FE
Wi sg). 2T A4 TE &4 T 0-Mad2
Al C-Mad2 5 Cdc20"2" [a] 145 & 71 76 B & 21,
A RS2 RUNTE 225 1F T 45 T R R 55 3 R AR 01
EERAE, EARHLE] MR — DA 5T

HERIRIE Cde20 f) KILR'™ 551 /& Cdc20 5
Mad2 AH HAF F i 2 oG 1) s R R LS. s a6
FEAR AT 7 RARA Cde2012138 KivasrinA - FTi



2017; 44 (3)

KET, #F: ZHMES Mad2 SEEK Cde20™ MHEEERHR

*239-

PKILR™ 741 vy IE HLfar ) KT R R AR N B 7K 14
B A, DKL R TR, SHER
Cdc202-58 #f b,  Cde2012-138 Kivaskina gy A f b5
Mad2 (1) P e G 1] (1) 45 A 13098058 1 49 70 £%.
FATHED B0 5 Mad2 A1 Cde20 [8] (A B AT F & 38 it
A SCILR, A B K I 2 B R i B SRRy
7 IE LA 2 IR PR L J5 . Mad2 AT Cde20 [8] frAH
FAEFNAZIE . TSI ST T S AR
/E,ﬁg Cd020121-138, 11301(’ El] )I%_ 129KILR132 }_‘? ﬁlJ EF‘ E(J iE}ﬁ 7J<
PERIEIRR AL T A s IE AT IR K. 2% 1) 5
SIS 45 R, ZREMARE O0-Mad2 fl C-Mad2
[ )45 S E B IURR RS 58, 584
FH B B2 2 0k 55 T 20 70 fi%, 1X K B Mad2 A
Cdc20 18] I AH FLAE AN A2 d ik # r A F A SR SE B
(), SR — AR A BAE . X 5T
T 52 2 /) 3R K BEX Mad2 55 Cde20™ [ 4 EAE H
AT Sk i

tbiﬁ%/ﬁ,ﬁg Cd020121-13&K129A&R132A ;FD Cd020121-138,11301(
5 Mad2 456 1) K HEE )R I, REFH AR
A5 Mad2 18] 454 J1 3055, BRI RA K S
Mad2 PP GBI 456 J1 o R B 22 00) . 31X 5 STk
HRIE IR AF Cde20 PKILR™ JF 41 v iy 1F L 4 1 44
FEFR R FEXT Cde20 5 Mad2 [8] () 45 & S 20,
1 9% A8 i 7K P 220 JE R 5% B g 2 3 IR 55 Cde20 5
Mad?2 [a] 1) &5 &0 — 8, 40 H Ji (8 AT e 2 R A SC
R TP R B K P Z R R e i T RN L AR i K
R A, MRAELRFPRBRET 1, HERAE
T IE AR K. DR, S5 B0 4 R mT Re A A
ANFE]. Cde20 5 Mad2 P Fie) 5 8] AH BLAE F B 148
S3F WL T — 2 TARRRIIE.

4 2 1

PN 1) PR & T 78 B SR B FH
RHAR, AR ZEARN O-Mad2 f1 C-Mad2 5
it f& TAMRA-Cdc20™"% [a] A1 H.AFE F i #4242 e 3))
JIERE AT T RARME. SRR, C-Mad2 5
Cdc202 i) {45 4 Sk O-Mad2 5, #97/& O-Mad2
s M. mah e REH, CMad2 5
TAMRA-Cdc20""* ] 45 & # R W 0 &, &) 2
O-Mad2 ] 5 %, 1fi C-Mad2 fl O-Mad2 5
Cdc20'-1 Ffif B I 2 JL-FAH A, Frbl C-Mad2 5
Cdc202 ) 45 &t O-Mad2 B4R H.45 & 71 % 9,

KERI)FEIG R — 8. WM Cde20 R
O-Mad2 1 C-Mad2 [HJIAH BEAE &5 R KW, 5%
AR Cde20 S AHLL, RAA YL Mad2 [HI 45 &

BIUkES 140 70 5, EAFRRBMAKEE Mad2 145
GLHEER. G5B NE TFREXN Mad2 5
Cde20'-1 [ AH FLAE FH 2w S 56 25 3L, AT 4D
Mad2 1 Cdc20 [8] F)AH A B AS & 8 i i FAH BLAE
R, BE AT R R I — s K A ELVE FH SR SE I
AT — R 2 B MR A Mad2 (I R AR
WUER e AR 22 oy 4 R v () VAL S 4it T e 22
[ SEE0 Al

2 % X M

[1] Eytan E, Wang K, Miniowitz-Shemtov S, et al. Disassembly of
mitotic checkpoint complexes by the joint action of the
AAA-ATPase TRIP13 and p31(comet). Proc Natl Acad Sci USA,
2014, 111(33): 12019-12024

[2] Vleugel M, Hoogendoorn E, Snel B, et al. Evolution and function
of the mitotic checkpoint. Dev Cell, 2012, 23(2): 239-250

[3] Aravind L, Koonin E V. The HORMA domain: a common structural
denominator in mitotic checkpoints, chromosome synapsis and
DNA repair. Trends Biochem Sci, 1998, 23(8): 284-286

[4] Goodchild S C, Curmi P M G, Brown L J. Structural gymnastics of
multifunctional metamorphic proteins. Biophys Rev, 2011, 3 (3):
143-153

[5] Luo X, Tang Z, Xia G, et al. The Mad2 spindle checkpoint protein
has two distinct natively folded states. Nat Struct Mol Biol, 2004,
11(4): 338-345

[6] Luo X, Yu H. Protein metamorphosis: the two-state behavior of
Mad2. Structure, 2008, 16(11): 1616-1625

[71 Yu H. Structural activation of Mad2 in the mitotic spindle
checkpoint: the two-state Mad2 model versus the Mad2 template
model. J Cell Biol, 2006, 173(2): 153-157

[8] Rajagopalan H, Lengauer C. Aneuploidy and cancer. Nature, 2004,
432(7015): 338-341

[9] Schvartzman J M, Sotillo R, Benezra R. Mitotic chromosomal
instability and cancer: mouse modelling of the human disease. Nat
Rev Cancer, 2010, 10(2): 102-115

[10] Lad L, Lichtsteiner S, Hartman J J, et al. Kinetic analysis of Mad2-
Cdc20 formation: conformational changes in Mad?2 are catalyzed by
a C-Mad2-ligand complex. Biochemistry, 2009, 48(40): 9503-9515

[11] Simonetta M, Manzoni R, Mosca R, et al. The influence of catalysis
on mad2 activation dynamics. PLoS Biol, 2009, 7(1): e10

[12] Fang G, Yu H, Kirschner M W. The checkpoint protein MAD2 and
the mitotic regulator CDC20 form a ternary complex with the
anaphase-promoting complex to control anaphase initiation. Genes
Dev, 1998, 12(12): 1871-1883

[13] Hein J B, Nilsson J. Stable MCC binding to the APC/C is required



*240- MU FEESE YRR

Prog. Biochem. Biophys. 2017; 44 (3)

for a functional spindle assembly checkpoint. EMBO Rep, 2014,
15(3): 264272

[14] Zhao Y, Li L, Wu C, et al. Stable folding intermediates prevent fast
interconversion between the closed and open states of Mad2
through its denatured state. Protein Eng Des Sel, 2016, 29 (1):
23-29

[15] Luo X, Yu H. Purification and assay of Mad2: a two-state inhibitor
of anaphase-promoting complex/cyclosome. Methods Enzymol,
2005, 398: 246-255

[16] BAbdbd. 2 M8 A Mad2 1 & 5 TIREHIBTFE[D]. 35 &: P EA
MR (HEFR), 2015
Zhao Y. A Study on Folding and function of Metamorphic Protein
Mad2 [D]. Qingdao: China University of Petroleum (Huadong),
2015

[17] Vendruscolo M, Zurdo J, MacPhee C E, et al. Protein folding and
misfolding: a paradigm of self-assembly and regulation in complex

biological systems. Philos Trans A Math Phys Eng Sci, 2003,

361(1807): 1205-1222

[18] Izawa D, Pines J. Mad2 and the APC/C compete for the same site
on Cdc20 to ensure proper chromosome segregation. J Cell Biol,
2012, 199(1): 27-37

[19] Marques S, Fonseca J, Silva P M, et al. Targeting the spindle
assembly checkpoint for breast cancer treatment. Curr Cancer Drug
Targets, 2015, 15(4): 272281

[20] Hauf S. The spindle assembly checkpoint: progress and persistent
puzzles. Biochem Soc Trans, 2013, 41(6): 1755-1760

[21] Heyduk T, Ma Y, Tang H, et al. Fluorescence anisotropy: rapid,
quantitative assay for protein-DNA and protein-protein interaction.
Methods Enzymol, 1996, 274: 492-503

[22] Yang M, Li B, Tomchick D R, et al. p3lcomet blocks Mad2
activation through structural mimicry. Cell, 2007, 131(4): 744-755

[23] Mapelli M, Massimiliano L, Santaguida S, et of. The Mad2
conformational dimer: structure and implications for the spindle

assembly checkpoint. Cell, 2007, 131(4): 730-743



2017; 44 (3) Ke=, % ZHMER Mad2 SHEA Cde202 BIHEEERAMAR «241

Study on The Interaction of Metamorphic Protein Mad2
and Its Ligand Cdc202"%"

ZHANG Hui-Ting, ZHAO Yuan-Yuan, GE Bao-Sheng™, HUANG Fang
(State Key Laboratory of Heavy Oil Processing, Center for Bioengineering and Biotechnology,
China University of Petroleum (Huadong), Qingdao 266580, China)

Abstract Mitotic arrest deficient protein 2 (Mad2) is a typical metamorphic protein, which can adopt two distinct
native folds at equilibrium under physiological conditions, an open inactive form (O-Mad2) and a closed active
form (C-Mad2). This unusual two-state behavior of Mad2 and their interactions with cognate ligand Cdc20 plays a
critical role in spindle assembly checkpoint signaling during mitosis. In this paper, interactions of O-Mad2 and
C-Mad2 with TAMRA-Cdc20™""* were systematically investigated using fluorescence anisotropy techniques. As a
result, the equilibrium dissociation constant of Mad2 two folds binding with Cdc20'*"* were both within 10 mol/L
range in lower ionic strength solutions, and the K, value of C-Mad2 and Cdc20'"*® was 5 times lower than that of
0O-Mad2. While in high ionic strength solution, there was no obvious difference on K, value of C-Mad2 and
0O-Mad2 binding with Cdc20™"", The kinetic experiments suggested that the dissociation rate constant (k)
between C-Mad2 and TAMRA-Cdc20?""** was similar to that of O-Mad2, but the association rate constant (%,)
between C-Mad2 and TAMRA-Cdc20""** was one order of magnitude higher than that of O-Mad2, which
suggested that the binding of C-Mad2 with Cdc20'**#* is thermodynamically more stable and kinetically faster.
Studies on interactions between Cdc20 mutants and Mad2 together with influence of ionic strength on their
interactions both suggested that the interaction of Mad2 and Cdc20 is possibly not achieved by electrostatic
interaction, but through hydrophobic interactions. Our results provide key information for revealing the

conformational transition mechanism of metamorphic proteins and their important role in mitosis.
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