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anti-rabbit IgG protein A agarose, protein G agarose
(KPL 7~ ] ); pcDNA3.1/myc-his (-)B (invitrogen 23
7 ); HT1080 cell, HeLa cell (CCTCC A ] );
anti-c-myc monoclonal antibody (Chemicon A 7] );
anti-rabbit IgG/HRP, anti-mouse IgG/HRP — #i
(CalBiochem).

2 B &

21 Cx31 ZREMAFEIESE

XF Cx31 H FBEAT g% Js M 20 #r 55 Blast 207,
fifi & ¥ 41 )+ NH,-E-V-D-P-D-P-G-N-N-K-L-Q-A-
S-A-P-N-C-CONH,, H: " C 3 (1 - it 20 18 Ay i b
NI, DA S AR I A 8044 (U AL it 5 R )
. ZIkE AE Pioneer 2 kA A & . A 5T
Be, FZRRF R (90% = LR, 5% sk
Bi, 3% A HIREE, 2% HIE) %l N 2% 2.5 h,
WO R, AU, v SREDTTE FTDE A
mi, URTIRAE L. G RUFE R T R B K, fE
Waters alliance HPLC [-&lift, i C18 = AH
FE. & e s 244 )5, 54T MALDI-TOF J5i il A%
W, 1w HoA SOE . A i 2 I PR AR 1 2
RE LRI B B T .

16 P AR FE 2~3 kg B S it , SeEET 7 R E
FRIKCR ML 1~2 ml #5390 5% 0 M35 . 35—k s Bl
1 mi(1 gL), A KERER 1 ml, HAEFAL
Ja, WATRITIE N 2 A 28 RE, B
g HURE 1ml (0.5 g/L), A RAE K
A1 ml, B AEFAGE, ST ROV 2 RS
14 KJa, H=o0makerz: buld H &R R,
AT MR T 2 A0S 28 = Uonss e s 10 RAC
A7 KA 2~3 ml KRl Rt il 2K fE KRR, &
30 (3000 r/min) WA i, RICAPUIME. AKX
RAMLATECN T LA

P et K i sulfolink coupling gel, #fifk
T3 W Ut 5.

22 REHHESRIE

wit51#%: Cx31peF, 5’ CG gaa ttc GGC GCC
ATG GAC TGG AAG ACA CTC CA 3'(/NE N
EcoR T Vi1, FHRIZ A Kozak F#41) ; Cx31pcR,
5" CC aag ctt GGG ATG GGG GTC AGG TTG GG
3' (/N5 HindM V) 55). LA cDNA S #if, PCR
P Cx31 K 4gifdIX, PCR =N, FCfs] T
Bk, WFAESE P8 . EcoR T F1 Hind T 1)
JEW U H M A B, W B % pcDNA3.1/myc-

his (B, fz J& 14 3| 3% & it K Cx31-pcDNA3.1/
myc-his(-)B.

Wik 5I#: CX31-F, 5 CG g aat tcT GGG
CGC CAT GGA CTG GAA GAC ACT CCA 3’ (/h
5 M EcoR [ Y1) ; CX31-R, 5'GC gtcg acT GGA
TGG GGG TCA GGT TGG G 3' (/N5 K Sal 1 V] 15).
LN cDNA J#itR, PCR ¥ 1 Cx31 K 4ifdIx,
PCR P29 [nlie, sof ) T #dkr, W3 EsE 41
1EHf. EcoR 1 Fl Sal 1 BV I+ H 1 v B, T
% 4 pEGFP-NI, I Jo 14 3 % ik it KL Cx31-p
EGFP-N1.

FIK TR HT1080 40 il 55 HeLa 40 . %54t
J& 40 i T DMEM/10%FBS Wk 5 5595 24 h ),
I G418 % 600 mg/L i ik 10~15 K, #HyfEK
A7 v Al T -

23 MEFEEZEEBRENTEEN

25 cm? BE IR % 9% HT1080 4 iy (Cx31 % 4L An
KREEJ K — ) & 80%~90%I . FkigRdk,
PBS YLk 3 ¥k, REA1 ML 200 wl 2xSDS |- 4 2%
MORZMRAN, SLETF 100°C & 10 min, UK A
HLFATER A PEERI, ] anti-c-myc 5 FE ST
A Ay BH X HE
24 MIMEMAEGRERALLEE

FaE 21k Cx31-myce #il4 2 F H HT1080 41 i,
M T s e geta, /D R R, PBS UL
w2 W (-20°C) [ E 40 10 min, PBS/0.1%
Triton X-100 ¥5i% 10 min, PBS ¥E¥ 3 K, &K
5 min, 5% BSA Ff [4] 30 min, il —#$i (anti-Cx31
1:200 ik T 5% BSA), =i 1 h, PBS ¥t 5 X,
X 5 min, 5% BSA i & 4] 30 min, i — 4t
(cy3-labled anti-Rabbit IgG 1:1 000, #i B T 5%
BSA), &l 40 min, PBS ¥L¥% 7 K, K 5 min,
FE TS VIR B, WOGILRE BB SR,
25 MILBERBINE

100 cm? 5577 LK% 5% HT1080 4 iy, (% e A i
Yo Cx31 #%—1M) & 80% ~ 90%I 4. #AFAE 4°Cidk
17, FEE: L, JT0YA PBS VR4 0 2 Wk, Iz
fift 2% P 8 (50 mmol/L Hepes pH 7.5, 150 mmol/L
NaCl, 2 mmol/L EDTA, 1% Triton X-100, 0.5%
DOC, protease I ] 7 : 10 mg/L antipain,
10 mg/L aproptinin, 10 mg/L Leupeptin, 10 mg/L
trypsin 117, 50 mmol/L NaF, 2 mmol/L Na;VO,)
Tanfud, vk EZ# 1 h, ZEBEN 1.5 ml B0
¥, 20 000xg, 20 30 min, H B, A
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Agarose 40 wl, 4°C, FEGEHNFT 2 h, 2.0, HL
W, P FEY Cx31 K HT1080 41 iU 4 i
BN anti-myc, anti-Cx31, A BRI MG % 10 pl, %
HH: G Cx31 1 HT1080 41 e 24 % 135 i anti-Cx31
PoAE 10 ul, 4°C, #E LR 1h, %I protein A
agarose 20 pl, I i anti-mye 1) &Y N
protein G agarose 20 pl, ok, &L, 5k
T, HEYRSE M IRDERDTTE 4 IR, BEE N 40l 2x
SDS L FEZZ# i, 100°C f2 % 10 min, 250 HY _F
T, HE TN IR
2.6 Cx31 tHEERAEBRIE

o * 1A M Cx31-myc/ HT1080 4 A Al
HT1080 41l Ju 15 7% & 95%#h 4+, 4°CHivd PBS ¥ 3
W, W, ZRSEMIRUK EZLE 15 min, WesER
VB, UK L TEZ4# 30 min, 16 000 g 250, Wtk L
i, WO protein A agarose, 4°C, it 2 h,
By, BBV, Cx31-myc/ HT1080 41 ffL Al HT1080
i o 24 % W %% N N protein A agarose 5 anti-Cx31
ZoEPiUk, 4°C, it 4C, 2000 g B0,
IYTyE, RIPA ZMlvess 6 Ik, I EFESE M,
100°CA%Z Y 10 min, SDS-PAGE 73 &, % Difssi
gett, Wit mite, O R, 50% & i
o, DTT &, TAA &6, I 4% 6k i G A
LC-Q-TOF Jit ii% 73 4 I fi#t 1 ) /& Mascot b 14T )it
T E A A
27 HRESREHEN

fea g F ik Cx31-EGFP @l &5 & 1111 HeLa 41 Jd,
TP ILe . /e D FFEFRIE, PBS
VEEE 2 K, 100% F I (—20°C) [#] 5 40 i 10 min,
PBS/0.1% Triton X-100 72 i% 10 min, PBS ¥t % 3
W, BER 5 min, 3% BSA B ] 5 min, M HAE
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& 11—t (anti-annexin II monoclonal antibody #i
BT 3% BSA), i 1h, PBS UEWE 5k, HEX
5 min, 3% BSA P& ] 5 min, 1P (cy3-labled
anti-mouse IgG 1: 500, i B T 3% BSA), % i
40 min, PBS Jt¥k 7 Ik, HEX 5 min, 287K
oLk B, BOGHIRE M P IS
2.8 SefEtkiniE

100 cm? £ £ MLEE 7% Cx31myc/ HT1080 41 ff 15
HT1080 41 (5% —1IIL) % 80%~90%3l. & . #AE1E
4°CHAT, Fr¥EgREs, HTYA PBS PRG-I 3 X,
IR T A, UK B 1 h, BRI
A 1.5ml E04%, 20000 g, &0 20 min, H LT,
g Pl SR 50 I A4 . HC— 17 Cx31mye/ HT1080
Il Ho 24 N N protein A 40 wl, 4°C, #EiHimg
Bf 2 h, @0, HOCEE, Pl anti-Cx31 2 50k
PUAR ) 10 wl, protein A agarose 20 wl, H{— 17
HT1080 41 f S w1 2 B X UMD anti-Cx31 £
S EEPUR 10, protein A agarose 20 wl; Uy —14y
Cx31myc/ HT 1080 4 B v nAH B A H a1 podk
(anti-annexin Il ¥ 50 B T /&) 10 pl, protein G
agarose 20 wl, HXU ;{7 HT1080 4 ff it v AE h
[ 1k X B N anti-annexin 11 5 58 B T 4K 10,
protein G agarose 20 wl. 4°C, & b e N it &,
2000 g 50, FEEVE, FHRMARS MM EUEGRUTE 6
W, N 40 wl 2xSDS _EREZE M, 100°C [ NV
10 min, Z/0HCEE, SR EpEES .

3 % R
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Waters alliance HPLC " 4lifk,, 4fifk 45 5 0K 1a,
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Fig.1 Hapten synthesis and purification
(a) Waters alliance HPLC purify the synthesized hapten, and collect the highest peak at the the retention time (20.801 min). (b)
MALDI-TOF mass analyses the sample from the HPLC purified hapten, [M+1] =1869.005.
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We#E Tk, HUE4T MALDI-TOF Ji i 70 #r, 45 % W,
Kl 1b, M+1=1869.005, L5-Hul (I FLE 5 F i &
VI, s BUEH.
32 HiEE B RENTEE

5 A ENEE (Western blotting) 45 R Wos: ik
I3 TP 3 K 25T Cx31 HiAk, s s 17
TEDL Cx31 Fidk, JIF HAM AIIE 1:2 000 (45 R % W
7R). JPEIMLTE £ sulfolink coupling gel- - $i JR 41k
i, T4 Western blotting £ 3l (K] 2), &5 R W 7x:
PU Cx31 U AE 1:1 000 I, 45 AT FLAL.

w +—Cx31myc

Fig.2 Western blotting result of anti-Cx31 polyclonal

antibody
The “+” is the fusion protein (Cx31-pcDNA3.1/myc-his (-) B/HT1080
cell expressed protein. The “- 7" HTI1080 cell lysate. The first

membrane blotted with pre-antiserum. The second membrane blotted
with anti-Cx31 antibody. The third membrane blotted with anti-Cx31
antibody. The fourth membrane blotted with anti-myc antibody.

3.3 MRERERAETR Cx31 ENLT 8B EEL

Cx31 s — Ml BRiEEE H, EE—DRix
oAk, FRATH Cx31 F e AR H 4L 1f HT1080 4 f
AT e 9 geta, K4 R 2oR (Kl 3), 7 Cx31
Y () 20 P IR BZE AR A S b, A S TR S 1)
CLERIGATE S, A e B 1 40 M v s X A5
5 R T 40 B S e GRS

(a) (b)

Fig.3 Immunofluorescence result
Cx31-pcDNA3.1/myc-his (-) B/HT1080 Cell fixed with methanol, and
then blotted with anti-Cx31 antibody. (a) Arrows show the cell-cell
contact gap junction. HT1080 Cell fixed with methanol, and then blotted
with anti-Cx31 antibody. (b) control. Nucleus stained with DAPI

(900x).

34 HREBINE
TSR S REUEAT S pie b, F

fITH Cx31 F YRR GL ¥ HT1080 4 f it 47 555,
HH®IET —F I, SR WE 4, Cx31
(1) HT1080 40 M EAT % i s n Cx31 Hrik A
myc A BH X I Sk T 34 AT A O B H R
T 00 S B |7 03 (0 W% A 4. R
HT1080 4 M Sy Jive, I Cx31 Hifk, %A 1x%H
(afr. gE R BoR, PR T R DTE S

3 4 5

1 2
.

+«— 1gG
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Fig.4 Imunoprecipication result of anti-Cx31 antibody
The first to the fourth line are Cx31-myc/HT1080 or HT1080 cell lysates
immunoprecipitated with antibody or pre-antiserum. /: Cx31-myc fusion
protein blotted with anti-myc antibody; 2: Cx31-myc fusion protein
blotted with anti-Cx31 antibody; 3: Cx31-myc fusion protein blotted
with pre-antiserum; 4: HT1080 lysate blotted with anti-Cx31 antibody;

5: Cx31-myc fusion protein directly blotted with anti-Cx31 antibody.

3.5 Q-TOF [RifkfEER
Kl 5a 4 Cx3l-myc/ HT1080 40 i 2) 3%
anti-Cx31 polyclonal antibody % ¥TiE, SDS- KN
RIS IV & S DY e S kA T - B
(@)

<«— Actin
<— Annexin [l
<« (Cx31
Gvdevtivnilter
(b) ~ L)
~ = =
a g =
> 9 o
o o X S
5 = F e
S ERD =t =
—_ X x>
= = I = S
Pa 4ol S~ ~ = . _
Y o= Se T = 4
o 4 s> 2D =
T O O O
A TR0 0 T | |
200 400 600 800 1000 1200

Fig.5 Pull-down results
(a) SDS-PAGE and coomasie staining of protein obtained in a pull-down
assay with anti-Cx31 antibody with Cx31 myc/HT1080 or HT1080 cells
homogenate. Arrows show the actin and annexin Il . Both proteins were
identified by MALDI-Q-TOF in the pull-down fraction. (b) Sequencing
of one of the peptides from annexin [I by MALDI-Q-TOF.
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Jo 2%ty D e 2% R g g fif, - LC-Q-TOF-MS/MSS Jiit 1%
i, B4 R LR A actin 5 annexin I
(I 5b).
3.6 ‘MAEfefEHENS REILIE

it 325 2] ¥ 0T BEAH B/ H 22 11 annexin [ 5 Cx31

(a) (b)

HEAT 40 0 %0 2 St e A, MK 6c TT KT Cx31 5
annexin II 3 5¢ A7 (35 (508 35 5E A7 44). Annexin [ 5
Cx31 BEAT e 3Lyt dE, M 7 Al % Cx31 &
annexin Il S JLUTUE, M AN M G e 3w A7 5 S
FeytvEn s, Cx31 5 annexin [ AH EAEH].

Fig.6 Colocalization result

Cells were stained with antibodies against annexin Il (Fig 7b, red ) and in green show the Cx31-EGFP(Fig 7a). The arrows show the merge.
(1500x). (a) Cx31-EGFP; (b) Annexin Il ; (c) Merge.

Blot: anti-p36 Blot: anti Cx31
1 2 3 4 5 6 7 8 M

Fig.7 Coimmunoprecipitation results
Cx31myc/HT1080 and HT1080 cells lysed, immunoprecipitated with
antibodies against Cx31 or annexin Il , and revealed for annexin Il and
Cx31 by immunoblot. /: Cx31-myc fusion protein directly blotted with
anti-annexin Il antibody; 2 and 3: Cx31-myc fusion protein,
immunoprecipitated with anti-Cx31 antibody; 4: HT1080 cell lysates
precipitated with anti-Cx31; 5: Cx31-myc fusion protein directly blotted
with anti-Cx31 antibody; 6 and 7: Cx31-myc fusion protein,
immunoprecipitated with anti-annexin Il antibody; & HT1080 cell

lysates precipitated with anti-annexin II .

19 #

TR DI REmE oY, 23R I I P gl £
R e P, ASLE R Bt PR, Z2IkE
A A B PUR I 7, S aifh e B Bk g B
KLH |, ey 3 vh 22 M Ja 3R15 s i 16 2 b
ik, & bid—RAISLIUEM, 1] LLgEfT Western
blotting frll, 4 i G e 5 OGATI, S bTvE A,
HHE0 TR GIB3 SR ) Dy RESEAE 1 s AT )11 T
81N v a i S 710U ) i i e 1 975 /T
s MR VEAR 1 2 IO B b At TR BG4 42 2

1 S A 1 A R

Annexin Il /& annexins Z &4 f)— 1, annexins
2K Ca? M B i 45 & 82 . Annexin I 7] fig
16— RAVA G B AR, a0 Ak
(exocytosis)®), i1z fii(membrane trafficking)”. 4
JOMETEES, R R AR T T2, Ok E R
S5, A AP annexin I DU SR AR 0] BEAE S 41 B 3 B
T ZT U )5 (plasminogen) Fl ZH 2R 4135 i I S0
7| (tissue plasminogen ativator, tPA) [ %2 14 .
tenascin-C [F) 5214, DLz Procathepsin B 7t it & 4l
Murf R sz Ak, 7eJUM R AR EN , g B g
B 2T BOARS 3 B4 HAE A TR0 i ed 4 i
KA, WALt MR E I F 75 .

Annexin Il 7247: Annexin [T )25 4045 P4 A0 g
WA 5 pl 1 TR B -G W0 Y. 76 N et
deguffrt, PRI RAT BRI R, AR AT
g g B2 S AoE L, oA B0 B 9%
calpactin | 32 8E WV HLA7 2 F HILAE 40 f & 48, BN
B gl b, annexin II =5 22 52 47 - 40 Bg i (cell
membrane), )5t HH L — 2835 (000, SR R
EA o, annexin [T (2)p11(2) PUZREAKE & W) £
AV B0 )i 6 ) )i 3 T

Annexin Il J2& b B2 4B K K52 4k (EGF-R)FI i
%R (tyrosine) W pp60v-src )3 B KA, 1ML/
frEAK 1 (PDGF). 5 A4l A=K 87 /
scatter [Al - (HGF/SF) 2 {4 i 2 I U I 47 &1 1 41 Jifg
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WY, 22218 70 2 8 &1 WO an &5 3 e C
(PKC). cAMP-dependent protein kinase A (PKA) ]
JEA). LR annexin 11 PY 2R A4 1) B R A & — $7 1
A5, annexin [T DY SR 44 1 25 85 92 Ak 1) G 22 11 0
WOS i

X connexin 31 I ZIREI T ENZ L, G
connexin 31 5 annexin Il (% annexin Il PY & 44 1) A1
FAF B MRS, ASSCHR ] HT1080 15 HeLa 41
MOEAT 525, A&t TR P AP 4 e 1 Cx31 &
1k, 1 HeLa 4 )[R B (1 50350 e Rk, A&
H AT 5T T B2 B 1 I 4 R RNy, AR S
I8 7EUIE 5K connexin 31 5 annexin [T A B 1F H] i #2
H, SRHRINESRE R RIS 5%, ARt —4
UESEHAR N ) ELSEE DL, 11T annexin IT DI REAR 2,
annexin Il % Cx31 5 1EH H AN ATHE, EA7
Rt — 505
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multivesicular endosome biogenesis in the degradation pathway of

Human Gap Junction Protein Connexin31 Interacts
Directly With Annexin Il *

LIU Yu"”, HE Li-Qiang™, TAN Zhi-Ping, TANG Cheng-Yuan, CHI Jing-Wei,
CAI Fang, PAN Qian, LONG Zhi-Gao, LIANG De-Sheng, WU Ling-Qian,

DAI He-Ping, XIA Kun™, ZHANG Zhuo-Hua, XIA Jia-Hui
(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. And then the differential
immunogenic peptide was synthesized, the purified peptide was coupled to the hemocyanin from keyhole limpets
(KLH). The peptide-KLH solution was mixed with freund's complete or incomplete adjuvant and immunized rabbit
to prepare specific polyclonal antibody against the topology of connexin31. A proteomics approach was used to
screen Cx31 binding proteins using HT1080 cells stably expressing a myc-tagged Cx31. Immunoprecipitation
followed by peptide sequence analysis identified association of actin and annexin II . Interaction between
annexin I and Cx31 is further confirmed by coimmunoprecipitation, and immuno-colocalization. This result

would be useful to study the function of connexin31 further.
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