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Effects of MAD2 expression in embryonic cells on chromosome segregation
SHI Qiong, WENG Ya-guang, CAI Yan, LIU Qing-song, LIU Zi-jie (Laboratory of Clinical Diagnostics ,Chongqing University of

Medical Sciences, Chongging 400016, China)

Abstract: Objective To investigate the effects of MAD2 expression in embryonic cells on chromosome
segregation. Methods Endogenous MAD2 mRNA level was compared by using quantitative RT-PCR and the

rate of chromosome number aberration were evaluated in embryonic cells before and after RNA interference.
Results The ratio of MAD2 mRNA/GAPDH mRNA after RNA interference decreased to 20% of the ratio be-
fore RNA interference (P <0.01). The rate of chromosome number aberration increased from 4. 702% before
RNA interference to 28.498% after interference. Conclusion The decreased MAD2 expression might lead to

abnormality of chromosome segregation.
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JFRL B R BUBA PTZUG + 1, B F0 9 IM109, 5k A
RERM B R FAYF R AR ERLERE,

F B AL RS ALER N VDB B Promega 22 B, I &
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1 Genecore 5 i, FF{LE% I 75 M B Hyclon 24 . MAD2 HH
—Hi( e B Santa cruz 2> & ( Fi{AE45 SC-1720) , SP003 RHLF
G AL A W) A W b5l A iR R 2 R . Omniseript™
Reverse Transcriptase &7 & ) B QIAGEN, Platinum Taq poly-
merase ] [ Invitrogen, Life technologies, T # {477 & M A
TaKaRa /7], Biorad. 1% (Y RT-PCR { &% E MJ 2 & 4 =
f#) opticon monitor2 ,

1.2 Fi&

L2.1 IERRgfup e e  RERERKEPRRE
Beta = FHl R A i 10 J&] LA P B9 IR0 BE R , 2K 18 35 By
FHRAFY ML, R TR, 25T AR L
MACIRR = MAER , SF 0% 23 ~32 % e IR M HT IEH

JERG 2 2R ) T AT AR HEAT JC B Ab 2R, T A ARG 4R K
A% R AN B R %, S BN IR YR 2 4R AT Tk R A A0 i L AR BB
HEHL,

FEA B RO DMEM, fif 4 1 3 7 B R 20% , J G400 o 1%
&7 ~10 d BT, LU SRR A E 4 4 ~6 d,

PR RE 9 1 5 2 A0 R O PR, T 3 8% 3% 2 40 M A BRL A 5

FARAE R BAPE X R, 45 5 Y6 10 3 T2 400 M B, TR 3 3 T2
A0 R PR E AR R 3 ~ 5 AR AH i .
1.2.2 shRNA FAMRMME RN RIEL FEMER
E RAN T4 B34, 3¢ 2 F Kops %) (977 i, I 3
A5 MAD2 B8 4 i [X 52 4= ELAb ) shRNA F7 31, H op ZEFR 45
2k 7 4K TTAAGAG, BLAST( basic local alignment search
tool) 7347 ,shRNA F# 31 5 H B R FIRA [ 4. MAD2 FEFE i)
shRNA FF 332 iy WA T8 8, 8 HOE T = 280K, @A ik
25 wmol/ L, i IE SUA4% S5 IR JR O AR K 22 v, 95 “C W
B 5 min, S5 K {8 0 HL R = 00, AR O EE .

R FT PR AR P D) B AL 2 Sal 1 1 Xba 1, %5E
Ji BB EcoR T ) Hind 1, 7 [ J3RY A2 by PR30 /5 , 0 P
HERE5EHFINTELEY G .

B MAD2 ZE[K ) shRNAs JFF0 07T .

PshRNA-MAD2-1 [§7%).

1E S5k :5'-TCGAGGAGTCGGGACCACAGTTTATTAAGAGTA
ACTGTGGTCCCGACTCTTTTT-3"

Fz 3 &% :5'-CTAGAAAAAGAGTCGGGACCACAGTTTACTCTT
AATAAACTGTGGTCCCGACTCC-3’

PshRNA-MAD2-2 31,

1E 3% 5" -TCGAGGCTATCCAGGATGAAATCCTTAAGAGG
GAT TTCATCCTGGATAGCTTTTT-3’

Sz L5k . 5'-CTAGAAAAAGCTATCCAGGATGAAATCCCTCTT
AAGGATTTCATCCTGGATAGCC-3’

PshRNA-MAD2-3 F3 .

1E X % :5'-TCGAGGCTATCCAGGATGAAATCCTTAAGAGGG
ATTTCATCCTGGATAGCTTTTT-3'

J2 L. 5'-CTAGAAAAAGTGTTCAGTTCAGAAACTGCTCTT
AACAGTTTCTGAACTGAACACC-3'

1.2.3 By TG 40 Mg e % e R IR R F T

-80 C., #5373 ~5 A B A HUS 15 B AR AT
eFE 24 h 5, 400052 4 W58 | ff Fl Lipofectamine 2000 ¥ U 41
i, P8 A PR I 5
1.2.4 %A T A shRNA ¥ PTZU6 + 1 25 [k 1
3 4~ shRNA 43 Bil%% 44 6 FLAR 2 55 75 9 AERG 40 i, & 53¢ 3 1L,
AREEHESE 48 h 5, AN R e R & OE 2 AL, N B R vh
WA S min, X E 5 F R E B JS1E Western blotting, % Fft e 4
JFERL T Y 1 FLA FAE R 4k

MR — PR 2 1: 300, ARG UL,
a7 DAB, FH PTZU6 + 1 73 ki %t Bl #1260 6 th A T 405K
SEAY shRNA, 1 8 10 0 2 1) A 1 80 A o 1, R Sk A
MAD2 3 [H Feik 7R 55 i) HepG2 )1l It Y AR JFORL IS | 1ol 5652 20
ks

Western blotting: —HLHE B 2 1: 5005 40 A1k B BARid
A RUPE (I B AL AR LI EE 1210 000, b5t [ A9 7l
Yu marker , 5 20 1L 57 5 tH 49 T-HRFF 51/E Western blotting.,

L4844 0 0% fb 2 1 Western blot 5 L0 i H %f MAD2 Ak
B T % shRNA FF31,
1.2.5 Fi RT-PCR |5 T AT /G MAD2 £ [E ) mRNA 7KF
1.2.5.1 SEIRA Rt HHE S ALK IR 3 ~ 5 R RE
HRARAL, BB 1 x 10° AL ECRE T 6 LR, RIS 3
FLEEYL 1.0 pg PTZUG +1 25 FORL P BR4L,3 FLEE YL 1.0 g A
FIBCR shRNA BI TR ; #5548 b 5 W g B4 1 1L
21 M B RNA R0 H U8B 43 , S50 43 66 BE T & RNA 5
B DAk, B SR AN Y 1 7 ) — 1K 2R N 58 U 3R I
BERRL, RRARFLN 25 pwle KA 4 {F:50 C 2 min, 95 C
10 min, 1 ¥ ; 95 °C 30 £,60 C 1 min, 40 MEH . HHK
Hok 2 FLAF il & g Gk bnAs .
1.2.5.2 MAD2 £ H¥ER M5 Y MEE F ¥ MAD2-
FAM: CCAGTTCTTCTCATTCGG; MAD2-FP: GAGCAGGGAAT-
CACCCTGC; MAD2-RP; CCACGCTGATATAAAATGCTGTTG
1.2.5.3 frfedh T BWAHE, EEFSIT  TCGTGGTT
GCTGTCCGCGGAGTGGAAGCGCGTGCTTTTGTTTGTGTCCCTG
GCCATGGCGCTGCAGCTCTCCCGGGAGCAGGGAATCACCCTG
CGCGGGAGCGCCGAAATCGTGGCCGAGTTCTTCTCATTCGGC
ATCAACAGCATTTTATATCAGCGTGGCATATATCCATCTGAA
ACCTTTACTCGAGTGCAGAAATACGGACTCACCTTGCTT,
1.2.5.4 HZMR e F A GAPDH [, HARE 15| ¥
B genecore 2y,
1.2.6  Jefafipra i & B % 3 ~ 5 AR 40 B W AR AT 6 ~
9 h HIABKOKANDE , 35 B0 ik ) 4 de bR A, R PR AT
o H 50 ~ 100 A~ 240 T HR R A AR H R BB LR
1.2.7 JeiRoartibndE 408 S0 ~ 100 2R, FE AT
BRI Y B R B R (BRI 2 AR R B
RYGAPRAS , AR Y R S AT ) [ B b o, R R o S i Rl
5 R T AE A A B B 70, VR 41 8 A P o e (A I
o RNA TG, M G B 5 iR 28802, ik X 4
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2 HR

2.1 A FHRE shRNA
211 ARl AN G b R IR AR RO R A

My A HepG2 40 ) MAD2 JE[H (1) 3 323k, HIIESE PshR-
NA-MAD2-1 AT (E1.2),

A: 1.0 pg PTZU6 + 1; B: 1.0 pg PshRNA-MAD2-1; C: 1.0 pg PshRNA-MAD2-2; D: 1.0 pg PshRNA-MAD2-3
B 1 shRNAs 8 3AERA4RAE 48 h BEAMMBRALSE  (S-Px200)
Fig 1 Immunocytochemistry of embryonic cells transfected with shRNAs after 48 h  (S-P x200)

A: 1.0 ug PTZU6 +1; B: 1.0 g PshRNA-MAD2-1; C: 1.0 pg PshRNA-MAD2-2; D: 1.0 pg PshRNA-MAD2-3
2 shRNAs # 3 HepG2 4R 48 h SR EBILE (S-Px200)
Fig 2 Immunocytochemistry of HepG2 cells transfected with shRNAs after 48 h ( S-P x200)

2.1.2 Western blot RGN sE U 48 h 5, Western blot ¥
i 2% B F SE PshRNA-MAD2-1 A4 & T .

2.2 FHATE MAD2 & 69 R ik

2.2.1 Western blot £ 5 L& 3,

1: Without any treatment; 2; 1.0 pg PshRNA-MAD2-1 transfection for
48 h; 3: At 48 h after 1.0 pg PTZU6 + 1 transfection
E3 RNA TiEERS4AR MAD2 R FE#) Western blot £ $
Fig3 Western blotting of MAD2 gene in embryonic cells after
RNA interference

2.2.2 Real-time PCR FRAEMIZR A .Y = 11.34 -0.26X (7
=0.999) . H—fEMMS A TFITE. 8 HiF A MAD2 3N
mRNA # 1 ${ 5% b5 4 GAPDH 3] mRNA 5 U1 52 bU (5
71 e SR 4 ) X BR ZH 41 51 A (0. 042 6 £ 0. 006 2) F
(0.196 0 £0.068 8) , ~FH4 &2 R (P <0.01) i PshR-
NA-MAD2-1 [FRifETE mRNA K 4P MAD2 B i 26k
2.3 FHRATEREREE LR

T M ok 2] e o (K 5 B B 5 360 28, 498% , X B R
4.702% , "~ EA B EMEER (P =0.009), {8 PshRNA-
MAD2-1 kil MAD2 JE[Rl ik 5, e AR5 H 57 5 g b
i) . 25 P4

3 iTtig

gt AR H B EREHA R R4 R 3%, TER ™
R JiG A A R AT Ik 50% , B S il T 40 I A 24T £
(Ror e e, WRHG & B FE v AR T RE R Y
B PR ER SRR EER
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S, AEE Y & MAD HEj4 A MADI \MAD2
1 MAD3, Horp MAD2 75 40 i 43 4 o 0 i 5301 bt 25 3
H5 YR A A 2R I AR N K %
eSS EEESHEAT , S A B % 2
F 2R b 7E MAD2 {R51 B Yo £ (k5 24005 5 YR 22
TR B 2037 i U P o 20, e 00 (R 7 5 1) 40 i ) 74
WA sh, BFIT4NAP MAD2 B[R ) ik, T e o
EARB A FHUR B 0 EE AR L,

Ouyang %57 FH % 6 S B B A % B 78 40 IS 4 24 7Y
FEH MAD2 B HTER S Ytk 22 i B B 4Rl b
VIR R VR, E 07l 24 02 1) 36 2 b PO MR PR ARG
B MAD2 B[t & FER 5 Y22 i B & 2L L,
MYl 22 55 3 AL G S RS A, U
CPERAEFELK R RE S LR P AA —
EHIVER, Steuerwald 25 F| F &£ B RT-PCR f) 5
AN (R 401 4 B9 40 D 9 MAD2 B[R () Rk 64T T
7T, & BURAE 0L A3 i, MAD2 3 [ () &k 7k
A BT R [, MAD2 5 B (4 263k /KO- FEAIG , 7] 51 2 40 g
P CP (/b , i A AR J 5 B0E 8 10 £ O 4 i 70 4 B
Qe Ry Bl A R R R E 22— TR A
P IESE & & RT-PCR &*,Xﬁﬁﬁﬂiﬂﬁéﬂiﬂﬂ MAD2
3P RNA FHRTJE mRNA ik K F 3E 4T LLBAMT,
R B MAD2 B[R 33k 32 B4l /5 7] 518 MAD2 H:[H
mRNA k7K F1 8 [ A K OF B35 R AR, 7 R
A g fo k5 3 HE R B B hn . RNA 48 Fn9e ok
St i B RT-PCR J2 3 4F 36 & 8 SR B AR, Al &
i 5 R oh BB BT 9T LA M R A AT R R HAT
% mRNA ik K F R i i B R ik 2 —. A
978 RNA FHEH A . E & RT-PCR , Western blot | 4,
R H BRI EHE ARG ILGE AR, X e fo ik 0B
HHCHE BN REVE U N vE 2 0, M ER AT R e fa,
5y B AL B FE L T BT R 9T T BRN R A A SE 38
%,

MAD2 7E 3£ 4 43 8 2o 78 Hh A 4 F AL B AT AS
SE41H % . Johnson 21 AN MAD2 454 5% 4 5 +
& MADL ,MAD1 ) Eq5 MAD2 454, &85
HHuEa, — oA MAD2 454 (0 SHB S &
Uit EE I ) MADL 2875 (R MAD2 ik 5 % 2 4 1F
W, KRB A REIE #1847, Schaar %1 B9
K, MAD2 5 F 22 5t & 545 (K #i CENPs ( Centro-

mere Protien) & 1 %% F i) CENP-E, & {i1{# F§ CENP-
E BT S AR RL 34 40 L fof HC O35 X s ek B 4
it B BB e P 9 52 98 Dk 1Y) 7 25 25 4 CENP-E 5, 40 i
i MAD2 RRES & 2 i 45 & , 41 ML AS RETE BUE B 19 3
22 15 S R ERE .

MAD2 J2 (i Yo o 1 1) 7 45 B8 5 F) 2 A 40 T
fific MAD2 BEEFREA L, 7] fE T 2§ k5
BLRWE, EA R Z B R BUR A AR A M E
AL, T4 208 B 2 1R, {H MAD2 R Y
STl R — 9T
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