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WE ik RIBRIEH 8L A 31 (connexin31, Cx31) A AL fEH & A IR AR ILTE Cx31 g% h i Thge. 12 H il £ 1 bt
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T A R T i ) e e T P o A v R A AR .

Prog. Biochem. Biophys. - 18 -

KR Cx31, MBUEREAMLAAMER, FRRRIVER, RBIDilE

FRAES Q25

5] B4 4% (gap junction) A& 7E AH AT 41 o 1] FEZ 1k
F—REGWIE, XEIEIE RV TP WS
T B AR A DL AR I R e A ) B L )l
02, LB R AN i 20 23350 FH Ta) Bt 1 Sk A%
I L. TR B A A0 M T, TR iR B R
Je 0 I e AR v 38k g3 L EE AR TR T R[] B
TEFE IR 1) BROE B B 1 (connexin) A& — % RN 5Kk,
AR A U ) BA B ¥ 4 A
PENRL L3, 2 AN ANER, 1 ANy BRI T 5T
43 () 2 Bk v 5 ek v 2 . L B IR X 5 AR B
fe BELR ST, 17T BT 0 DDA XS O ~F 1 AR AR, Ta] i
TR 31 (Cx31) A2 ) B 42t 1 K e b i) —
g, R R L, Cx31 A8 S 85U Yok 2
PEWT 3 TR W G AR PENT ) R R 8 2 e
AR JJ BT, DL AR VELT B s f AR, X
SR R B R e R R AR R E S 4
PRy ReAE 7 T H A B AR

() I 2 2 FUAH EAE B e RO R R )
M. izt BEhr, [FFRIEBSEIE KBS A B
TEPARAE S — R AR h I o B A

H, H EON TR BE R B AR AR R B R 2 2
AR Cx43, L 25 5 VA i UL 1) Cx43 ATH.
EHEAE ZO-109, v-Src™, c¢-SrcB, i 8 A
B 1(CKD)M, 2 I APKA), #1505 b 3
(cadherin)™, /N5 £ [ (caveolin)!™. o Bt F (a-
catenin) ", B Bf &5 1 (B-catenin) ™, B 1l & & 1
(B-tublin)®4,  H ARGl 31 ZO-1 3 5 8] B 4
F Cx452231 Cx462, Cx5024, Cx31.9%V45AH H {F
H. T H ETX Cx31 AH B AE B E 20 A B
AHFERI R 2= 1 58, ik Cx31 A BAE
M E, 0T 2] 0 v GeAH BAF A & S i T %
JLYTVE 20 M Ao 9% 58 06 58 A UF 52, FF X5 4k ik 52 (1)
Cx31 A HAEH & B AT AW s o A

* [ 5% R R 7T R i R T H (973)(2001CB510302), [H 5 B
A 863 Tl B BT H (2002BA711AO7) A FE 58 5 48 B} 27 2 < B )y It
H (30370737, 30123006).

=4 JE IR

Tel: 0731-4472093, E-mail: nlmglcy@xysm.net

WA H i 2004-11-12, $5%2 H: 2004-12-16



- 19 - EESE YRR

Prog. Biochem. Biophys. 2005; 32 (1)

1 #MR57%

1.1 X508

1.1.1 {45 Pioneer Z IKG R S(ABL A H]), &
T WO IEBT AT IR TR TS (ABI A A, HIWGE
% - DURAT - K AT I 8] 5% (Q-TOF, MicroMASS 7y
F), O A B (Waters A ), WG LR £
(radiance2100) ‘2 L.

1.1.2 i&7i. Fmoc-AA-OH. HATU. DIPEA. DMF,
Piperidine. TFA(ABI A 7]), Fmoc-Ala-Wang resin
(R IR A W), I K7 (Sigma 24 #]),
sulfolink PVDF
membrane. ECL Plus Detection Kit (Pharmacia A
7] ), Cy3-labeled anti-rabbit IgG. Cy2-labeled
anti-mouse IgG. Protein A agarose. Protein G
agarose (KPL /& # ), pcDNA3.1/myc-his (-)B
(Invitrogen 2% @), HT1080 4 }fd . HeLa 4f i
(CCTCC A 7)), anti-c-myc monoclonal antibody
(Chemicon 2~ 7]), anti-rabbit [gG/HRP. anti-mouse
IgG/HRP i (CalBiochem.), W32 I (Promega
).

1.2 A&

121 Hit Cx31 Hifh il % .42 H DNAstar & £} o
protean 73 AT N Cx31 J3 41, 34650 T S v ik,
BEAT Blast 7}, i€ Cx31250~266 % 5L A 5 id
B Fmoe 2 Ik& k& 2 I B, 42 HPLC
a4k JE AR IE B R AL S S 1, SRR I R
K AAGI, JFaiftl, SEEPEE, 05T
Jetty, SRR UTTENESEAF B BRI T Cx31 IS ST
Pk

1.2.2 JioRL A b k.

Wil #%: Cx3lpcF 4 5 CG gaa ttc GGC
GCC ATG GAC TGG AAG ACA CTC CA 3' (/N5
N EcoR 1 V)i, TRIZA Kozak J¥41) , Cx31pcR
J3 5" CC aag ctt GGG ATG GGG GTC AGG TTG
GG 3'("NE N Hind Y] 7). LA cDNA 54K,
PCR 44 Cx31 &K hS1X, PCR “#lali, vk
BT Bedhrh, WPUESE P HIER. EcoR 1 #1 Hind Il
A U)HE H i B, W 5ERE 22 peDNA3.1/myc-his
(-)B, i 32 R IE JFkL Cx31-pcDNA3.1/ myc-his
(-)B.

wi5I¥): CX31-F 4 5' CG gaat tcT GGG CGC
CAT GGA CTG GAA GAC ACT CCA 3" (/NG N
EcoR T V) ) , CX31-R 4 5" GC g tcg acT GGA

coupling gel (pierce 2 7l ),

TGG GGG TCA GGT TGG G 3' (/N5 A Sal 1 Y] 1%).
LN cDNA J#itR, PCR ¥ 1 Cx31 K 4ifdIx,
PCR =R, wobe ) T Bk, )3 E 58 7
FIIEH. EcoR T A1 Sal 1 BEDIHF R H A B, W
v [ % pEGFP-N1, I J&o 43 21 3 18 it ki Cx31-
p EGFP-NI.

Cx31-pcDNA3.1/ myc-his (-)B # ik i ki % 4t
HT1080 41l 2. HT1080 41l fi2 T DMEM/10%NBS k%
75, RFAERKREL . 2RI, 80% AL A 1)
HT1080 il fa ek I T 56 4. R M ik 4,
di Ak 260 V, 725 wE, 10.8 ms. 4% 5 (141 i
T DMEM/10%NBS H k55 5% 24 h 5, fn G418
£ 600 mg/L ik 10~15 K, BB H. ik
ik, M BU Cx31 2 W % fu ik, sk B IR
(immunoblot) £ M 35 Cx31-myc k& & 1 BH
TP

Cx31-pcDNA3.1/myc-his (-)B # ik i ¥ 5
Cx31-pEGFP-N1 # % HeLa 41 8 , F M5 J £
LipofectAmine 2000 i 17 %% 4t , H & J; & W
LipofectAmine 2000 Ui B 15, % 44 )5 24~48 h £l
I G418 % 600 mg/L i ik 10~15 K, HHEpEK
PR T, P Cx31 2 BEPUR, K
RGN IE Cx31-myc @l 8 11 BE I o e 15 ik
Cx31-myc il 8 i FH M e .

123 Cx31 #HHEAFH | E ik, 18 e K& W
Cx31-myc/ HT1080 4il fifd Fi1 HT1080 4f ffa % % &
95%fili Ay, 4°CTIA PBS ¥k 3 Ik, T, HURMERS
10 R UTTE (RIPA) 24 2% 1 i (50 mmol/L Hepes,
pH 7.5, 150 mmol/L NaCl, 2 mmol/L EDTA, 1%
Triton X-100, 0.5%DOC, & 147 (10 mg/L
antipain, 10 mg/L aproptinin, 10 mg/L Leupeptin,
10 mg/L trypsin inhibitor), i ®& M 400 # 7

(50 mmol/L NaF, 2 mmol/L Na;VO,) ) VK I %4 fi#
W B R, VK BT 30 min,

16 000 g 50>, WedE B3, fH Protein A agarose,
4°C, Feuemilit 2h, B0, BRI, Cx31-myc/
HT1080 411 f1 HT1080 41l fit 34 % % %% I A Protein
A agarose 5 anti-Cx31 £ wlEHilk, 4°C, #mad
. 4°C, 2000 g B50, HUUTHE, RIPA 2tk
6 %, N EREZEE, 100°CAEPE 10 min, SDS- 2
TR T B S v Yk (SDS-PAGE) 73 B, 2% Ty Wi 15
getn, WA, [RIBE A, 50% O E i A,
DTT it Jit, TAA &AM, WP 20 e i fe , I e =
) LC-Q-TOF JFii /0 #r. Fiié 44k 4 Mascot 14T

15 min,
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1.2.4 A G 3L 7. Fa e Rk Cx31-egfp Ml &R
FIH) HeLa 40, T2 e SLE AL, #AF D3R
FEREIRIL, PBS VRV 2 K, 100% T (=20°C)
52 41 2 10 min, PBS/0.1% Triton X-100 % i&
10 min, PBS Y 3 ¥, K 5 min, 5% BSA &
M 30 min, IAIEAEM & APl ATHARHEA
— P (anti-actin monoclonal antibody) #i B¢ T 5%
BSA, Zifii 1 h, PBS ¥E¥ 5 K, #K 5 min, 5%
BSA F§&f 4] 30 min, Il #T cy3-labled anti-mouse
IgG  1:500, Fik¢T 5% BSA, i 40 min, PBS
eV 7T K, BEX 5 min, 2EFKBER 1 IR EH
WOCILIR AR WA BT gL,

1.2.5 G JLPTHE. 100 cm? 15 F# MUK 7% Cx3 Imyc/
HT1080 41l 2 5 HT1080 4 J{u (% — M) ZE 80%~90%
Ca. BRARLE 4Cittr, s AL, JH A PBS
VRGN 3 Ok, ARSI (50 mmol/L Hepes,
pH 7.5, 150 mmol/L NaCl, 2 mmol/L EDTA, 1%
Triton X-100, 0.5% DOC, protease inhibitor:
10 mg/L antipain, 10 mg/L aproptinin, 10 mg/L
trypsin inhibitor, 50 mmol/L NaF, 2 mmol/L
Na;VO,) T4l rf, UK EZ#E 1 h, RN
1.5 ml B8, 20 000 g &0 20 min, B E3,
T AR 7 B 5 . B — > Cx31myc /HT1080 4
M ZLARIW AN Protein A 40 wl, 4°C, % g 0% it
2h, @0, WL, I3 anti-Cx31 2 wEHiik
10 wl, Protein A agarose 20 wl, H{—12 HT1080
21 o AR A DA IR BRI anti-Cx31 22 So B fi ik
10 wl, Protein G agarose 20 pl; B % — 1y
Cx31myc/HT1080 4H B & A i AH B4 I £ 1 oAk
(anti-actin . 3¢ fE HT{K) 10 pl, Protein G agarose
20 wl, HUYS— 4 HT1080 4 1o £ i i 11 Ay I 4 %

M8 N anti-actin 5% 3¢ % HT 44 10 pl, Protein G
agarose 20 wl. 4°C, ¥ui LR NiL#, 2000 g &

Ly FrBE, HRMSE R ERDTE 6 I, BN
40 wl 2xSDS EAEZZ P, 100°C Y 10 min, 2§
L3, immunoblotting £

1.2.6 ZyPIRE B 50 E 7. 25 A BT — KK AR
JE Ik Cx31/egfp 1 HeLa 40 J 8200 2= infy T4 K
W5 B 6 5 1) 24 fLBRP, T 37°C L 5% CO, K
FEAA TP EEIE. SR TR A M) 24 FLAHR FoRr i 1 15 5%
B, ALH o m A #1254 cytochalasin D Al
nocodazole (ZK 7374 1 mg/L F1 20 mg/L) Ab#E

6 h. K5 25 AL FELT 40 0 anti-actin B0 BEHTAASELT
PN, BAEDE: FHFRIE, PBS YE% 2 X,
H I (=20°C) [#] & 4l Y 10 min, PBS/0.1% Triton
X-100 #3i% 10 min, PBS ¥E¥k 3 &, 4£FIK 5 min,
B FOKVER 1R B, WO ERAE R ME T
MEE.

1.2.7 YR RE S, R S iy — KM A R Ik
Cx31/myc [f] HeLa 41 i %2 3 > 35 mm Ki 310
L ARG, 2 AR )T, K —
A EL YL ORI 1) HeLa 40 FEFI 2 2 4> 35 mm 1557
m AL T AR, 1 AN 2k gnie) h, 1
37°C 5% CO, 7= H RT 95, AE Y RIARICHET 4 h 4y
Al AR 2 A2 R g RS FR I i N 81 25 )
cytochalasin D I nocodazole (£ % 43 7 4 1 mg/L
F120 mg/L), T3NS A4t M 3 % LA B M X B
AIATAT 254, G RbbRid BE N 2 BT pl
10 mmol/L Dil A1 1 wl 5 mmol/L calcein AM % T
1 ml 0.3 mol/L % ¥, R4 fu s 72 m, Wt
EREFE, M 1ml0.3 mol/L MIZGHIvE—Ik, K5
¥ Dil Ml calcein AM ¥ I ALK AR, 71 37°C .
5% CO, BiF= 40 55 5% 30 min, WL brid &5 97 3,
FHIERE AL 5 min, ARG FRFEL R, Ktk
J B4R B N 1.5 ml B0 LA T 000 g L
S5min, Wk FERFEE, M1 mlrfR IR E R
M, FELL 1000 g B0 5 min, W2 FERIRIE,
AT ml B Ea A i, 4% 1:100 LB
ARG, TEREFEM TP RRIE 2 h, SRS 100%
i (—20°C) [ 72 40 itd 10 min, PBS YLk 3 X, HEX
5min, Bh, BWOGIERME SIS NS

2 & R

21 Q-TOF RiEHHEER

Kl 1a k Cx31-myc/HT1080 41 1) anti-Cx31
polyclonal antibody % %% YL & » SDS-PAGE 4} &5,
F s i g g s B AT P L trypsin
fit} fi# , LC-Q-TOF-MS/MS Jitith $14t, %ol FE o Mt
g 7oA actin (B 1b).
22 YHRAREHEMS REHLIE

fiffi 6 21 (1) 7] BEAH B4 F 22 11 actin 5 Cx31 1
TN S e, M 2¢ v %1 Cx31 5 actin L5
7. §i 3% 2 (0 AT BEAH B AE H & 1 actin 5 Cx31 BT
G Lytie, MK 3 %0 Cx31 4 actin #H HAEH.
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Fig.1 Screening the Cx31 interaction proteins using anti-Cx31
(a)SDS-PAGE and coomasie staining of protein obtained in a pull-down assay with anti-Cx31 antibody with Cx31myc/HT1080 or HT1080
cells homogenate. Arrow show the actin and Cx31.Both proteins were identified by MALDI-Q-TOF in the pull-down fraction.(b) Sequencing
of one of the peptides from actin by MALDI-Q-TOF.

(@) (b)

(©)

Fig2 Colocalization of actin and Cx31

Cells were stained with antibodies against actin (red) and in green show the Cx31legfp (b). The arrows show the merge

(x600). (a)actin; (b)Cx3 legfp; (c) merge.
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Fig3 Cx31myc/HT1080 and HT1080 cells lysed,
immunoprecipitated with antibodies against Cx31 and
actin, and revealed for actin and Cx31 by immunoblot

23 HYAIBSERMER

M2y a6 h LG, iRk
Cx3legfp ) HeLa 4 fulfl e, HEA7T 40 i o0 5Ot e
fir, FR WK 4. AT Cx3legfp/ HeLa 4 U #E4T
Gl w6 AT, AE Cx3legfp/ HeLa 41 iU h] Bl 4 $%
SOy ) S S AR S B S S SR Y SR TN
¥ Cx3legfp (1) HeLa 40 Jfg ) 3 A7 W) % 1 5+ 1)
g9 615 5. A cytochalasin D 4bHH i) Cx31egfp/
HeLa 4 f 71 48 Jfa ] B 3% 422 A0 1R /b WL 21 7 1) 4 £
RMfE 5, s ffg EEEPAEMRFE . H
nocodazole A& [ 21 Ji 71 41 A [7) B 3% 42 4k mT DL AL 2]
FEF ISR BRI An Y, TS H 259 b 3P 2 A
L, 4 M TR) B 42 m) L 30 B8 2 0 R S AR 9Ok

frig.
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(a) (b)

(©)

Figd Confocal microscopy of Cx31egfp were shown
(a) Non-treated Cx3legfp/HeLa. (b)Cx31egfp/HeLa treated with cyto D. (c¢) Cx31legfp/HeLa treated with nocodazol (The
arrows show the gap junction)(x900). (a)control; (b)cyto D; (c)nocodazole.

EAL//POSHIPIE S S P A vl AN Kl e SN
(I 5a) SR 5 6 G kL7 A AR 4l e AH EE, H
cytochalasin D 4 #¥] Cx31myc/HeLa 4l M 25 (5.5 '
JURHE R 2 AH AL A0 AR 2> (8 5b), Geik o i P<
0.05, frEREM2% 7 (I 5d); 1 nocodazole At
PR Cx31myc/HeLa 40 f & (425 6 Yk i 7% 2 AH AL
0 B 55 BH G BERH L A Sk v 2 e (18] Se
5d).

Phbss 25 LW, Actin 7F Cx31 #4128 2 4

(a) (b)

0
non-treated CytoD  NOC

JROAE = 02 o ] Bt o 0 3 1 R o AT o BRI
YER, T tublin 7 Cx31 iz 2 41 g e b ple (1] B
HEREIE (1) i AR P AE A K. 4] tublin 1) 1) g
Jo, 20N BRIE RS IS, TGRS R
B, i MR b A 2k v B el S A e, BG
RE|WBUEORE A R ARG EY, &R
B tublin 7 Cx31 [H] 5 422 10 18 ¥ 2 & vp 3 %
YEH.

(©)

Control

Fig5 The effect of drugs on calcein transfer
(a) Non-treated Cx31myc/HeLa cell. (b) Cx31myc/HeLa cell treated with cyto D. (c) Cx31lmyc/HeLa cell treated with

nocodazole. (d) Non-treated HeLa cell, red shows Dil, green shows calcein. (e)Statistical results. Statistical significance was

determined by i-test analysis. P<0.05 was considered significant. *: P<0.001. There is significant differences between

positive control and CytoD. There is not significant differences between positive control and nocodazole (x400).
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R R R T A I8 O AR At FLES (matrix
assisist laser desorption ionization, MALDI)2F/1 H 1%
2L BSHIK (electrosprospray ionization, ESI)P[] H
B, AL S A A K5y 1 IR N A 5 A P gk
Ji. SR FH R B2 2 1) J 30 208 o 1 UM LA ) B
HRATE, P sy a0, JF Hoa] Refic 21 9F HR
A EAEH R E, T RESUR AT il 125 ) G2 i iz 3]
FEZAEAERES, WH, BRI
FARE, BRAEEEL

WA L] actin 7E Cx31 WLz fEh A
HrwEEMAEH, M tublin £ Cx31 Wiz ik 72
HERIAN K. Actin s —FP4i e B 488 1, 74w
FEA TR E A2, AWFFTR R actin 5 Cx31 1]
Ae HEZAH T AER. 20K actin Thig)s, 2k 4
M B 1) Cx31 25 9d /b, 4B7n T actin 40 B 28
HHIEH Cx31 RN 7L,

Cx31-myc/HeLa 4fi }f | nocodazole 13l tublin
VEH G, a0 de e et gl - 5 AT 2 W) Ak B
Cx31-myc/HeLa 40 Jfil %5 Je 0 25 AL EL, - TR] BRRI%E 42
DRI, 1 ROR AL S 25 R AR WPy & i
MO B A ROERGEIE WA BETEE . i
U, 4 M B R) RGO 4 0 0 JF e A g,
nocodazole 24 b3 Ji5 [R) B0 3ZE F2 SRS N A I 5 2
[F) BRI BB 3 5 2, 45 G TA) B34 422 10 308 1 4 i s
FHARAMES, K tublin 78 Cx31 [A] Bk 4%
WIEMREG T AEEEH. 463, LKL
Ross ZE®I7E ] BT 5% tublin £F Cx43 iz i i
I RN & B JH nocodazole 41 i tublin ¥ 45 H
Jo o AR bR T R34 2 B W Ak 43 . 2R W) tublin
A 18] B 1 2 1 X b ] R A AR R VR .

Cx31, —MAEERMARERAE, WLL S H &
5 2r J Ik s A 0, iy H i IE B AT AR AT A T I
SHHES A ERMNIHERRAE. — IR, 756
PR, i H A LA R 2 T
B PIR I Cx31 RARR A RI AW Rz 5
A0 B D el el R RARE R T actin
MEAERRES) ? B A A AT — B 5. AT
BTN RE— P4 7R Cx31 RARBURHLIELFT T T J5 (8
Z17.

2 % 3 Bk
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functional expression, and tissue distribution of a novel human gap

Screening, Identification and Functional Research of The Human gap
Junction Connexin 31 Interaction Proteins’

LIU Yu, TAN Zhi-Ping, PAN Qian, HE Li-Qiang, CAI Fang, WU Ling-Qian,
LIANG De-Sheng, XIA Kun®”, XIA Jia-Hui, ZHANG Zhuo-Hua
(National Laboratory of Medical Genetics, Central South University, Changsha 410078, China)

Abstract Connexins form gap junctions that mediate the transfer of ions, metabolites, and second messengers
between contacting cells. Connexin31 (Cx31) is an important member of connexin 3 family. Mutations in Cx31
are associated with erythrokeratodermia variabilis (EKV), hearing impairment and peripheral neuropathy. The
pathological mechanism for Cx31 mutants in these diseases remains unknown. Assembly, intracellular transport,
plaque assembly and stability and channel conductivity of Cx31 are finely regulated and likely involve proteins that
interact with Cx31. However, little is known about the Cx31 interaction proteins. A proteomics approach was
applied to screen Cx31 binding proteins using HTI1080 cells stably expressing a myc-tagged Cx31.

Immunoprecipitation followed by peptide sequence analysis identified association of actin and Cx31. Interaction
between actin and Cx31 is further confirmed by coimmunoprecipitation and immuno-colocalization.

Pharmacological disruption of actin polymerization inhibits the plasma membrane localization of Cx31. The results

suggested the actin cytoskeleton may play an essential role in regulating Cx31 trafficking via direct association.

Key words connexin31, protein-protein interaction, colocalization, coimmunoprecipitation
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