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Connexin31 T M4UT 1 T PEHEXERTIRAR -
£ % % B RIB BAR BT X RC HRE RME

(TR SR 2 2 TR R S %, 1D 410078)

ESE A F

WE  Cx31 AW LLREH Ptk BT 7 N R R ARRAMENT ) N R ISR T 13 g, LAIAR T
2L R R A, S SO R0 A LEE — FR W A R e s 88 1A (site-directed mutagenesis, SDM) 14
@ connexin31 VENT 13 K FEAH R 284K Cx31R180X, Cx31E183K J1ifi A £ ELA% %15 34k pEGFP-N1, ;% HelLa
4N, %Y Cx31R180X-pEGFP-N1 il Cx31E183K-pEGFP-N1 Cx31 S48 445k (1) HeLa 41 )i Jif J& L A H B0 Bt Bl
ARGLOFIEREING, 73 A BT 44k} conA FlE/RIERGURL WGA HEAT S se 3 th, 45 R Cx31 WL PEWT )
FBEAH DT AR AR B B A E A R, BRI 8 A P R R e R A B RT3 G B Cx31 Fi4t GFP
PorR AT 8 A BE R, iES2 Cx31R180X, Cx31E183K E#E YL (1) HeLa 41 Ml o #4523 . W% & B Connexin31
WPk AR OGS AR AR Cx31R180X, Cx31E183K ANRE L H W B IF] BIE #0818, X 5 connexin31 EKV (841
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JHRIDs A AR5 ) M 5 S AR AR B i 3 i 20 40 LB 1 Rl ) B0 6 2 3 (R4S ASHRTRD, 327 connexin3 1 AN [R] #5407 58 48 5
FUA R M BURALEE T FEA—FE, T IR “one connexin two diseases” &AL 71 AT K.

KR Ox31, ERREHAR, REK, SOTOCEA
FROES Qol

B B 3% 4% (gap junction) & 7EAH AR 40 Y 18] 2 il
P—REEEIE, XKWE RN TP &
T 5 AR L AR I R e AR i B A )
U2 LT BT A 1) 40 5 2 2R 3 01 1) i 008 ok A%
A S TA) BT T A A I s e, WG R E A
Je A A v S R g E AR FH R T R TR] B
TE B 1) 18] B 3% B2 28 1 (connexin) s& — > 2 L A K
s RSKIGAN R R A B A s FEARRAE . 3 e
4 NEEIBEEE I, 2 AN RANER, 1 AN A R AL T
JHO S5 53 1) 28 kv B R AE i A . Herb S TELIX 5 i
ANIR e BELR ST, 1T BT 43 UDAE R R~ PSR AL,

[ BZE 46 B 1 31 (Cx31) A ) WG0%E 2 B 11 K e
R B 1998 4 B SR g = S5 0V IRAE F [ e
R AT T TR B S R L [
Cx31RI80X il Cx31E183K Wi AN &4, JL T [F] i
Richard 55 M7E AR 7 P 21 B2 JBk A A6 3 R il 21 G12R
A G12D WFh oAz, Hr, KOLCx31 RAE W T
. Bt H 2% (dominant/recessive hearing
impairment)™ , & a1k 20k £ A6 9% (dominant
/recessive EKV)UIY, Bl W) 1 pf 28 1 B - S [
#% 993 (dominant hearing impairment combined with
peripheral neuropathy)!', {H & connexin31 & X A [A]

R R AR 3 BUA [F] 55 (1) 43 1 WL — A 2R
THAE.

SE R RARH K (site-directed mutagenesis, SDM)
ATRLAR TR PRAEHAE H ) D05 | NPT 5 ) R
AR AT IAIH mega-primer 551N Cx31 ST I3 K
BEAHICZRAE, Cx31R180X 1 Cx31E183K, JHifi A
B L R IE 4K pEGFP-N1 1, %4 4% HeLa 41 i1,
WO SRR WAMEE PR IL e M I, I
5 B 18 i HiAth connexin31 Jik PR AH 5C 5 9 58 A 44
FIEENG O AR, L8] Cx31 5l
AN 135995 R B0 HILEE.

1 #MR573%

1.1 XE5EH
1.1.1 U4, Pioneer Z kG RS (ABI A H]), JE
JHCH B OB AR AT ®AT I B BTiS (ABI A 7)), Q-TOF

N,

(VYRR AT - ®ATHFIE) i, MicroMASS A7), &

5] 5% s AT 7 R BRI (973)(2001CB510302) F1E 5% 48
Rl2£%£42(30370737, 39970372).

IR AL

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

AR H M 2005-03-20, #2352 Hl: 2005-04-08



. 404 - LS S YRR

Prog. Biochem. Biophys. 2005; 32 (5)

RO A 3 (Waters 2 1), 6 St R £
(Radiance2100) it ¥ %%

1.1.2 # K. Fmoc-AA-OH (9- % 48, 3k 5t i 3 a8
%), HATU, DIPEA, DMF (- H 3 F ki),
Piperidine (W& E), TFA(=% L R) (ABI A #l);
Fmoc-Ala-Wang resin (B JF & B2 A1)s - o B AA 571
(Sigma /A #); sulfolink coupling gel (Pierce /A #));
Pyrobest /i (TaKaRa 7~ 7 ); pEGM-T (Promega A
7 ); pEGFP-N1 (Clontech 7~ w); HeLa 40 fifl
(CCTCC 7~ w]); anti- GFP polyconal antibody
(Clontech /A 7 ); anti-rabbit IgG/HRP — #T
(CalBiochem.); ECL plus detection kit (Pharmacia
7y 7 ); ConA (Molecular Probes A #] ); WGA
(Molecular Probes 23 7).

1.2 A&

1.2.1 MAP £ fik ¥ il % T Cx31 §ii . MAP
(multiple antigenic peptide) % JIkiZ: 5 KLH 22 % H
% 2 e bU AT k. 5 KLH AL, MAP £
IR HATHAREC T #RAER R S PN B
{5 2, 12 H DNAstar 21 £ protean 7341 A i
Cx31 J74l, EFeamfre ik, 147 Blast 4347,
i € Cx31 250~266 fr % JE 1% h & 38 f Be, 8
MAP Z k& BOE G 2 Ik B, g2l 5
BV A, SRR, JFalifh, JIFH E S eI
(Western blotting), 4 Jifl ft 18 5% 5t Y4 €4 2K 1k S 15 3
PN Cx31 HUAR IR k.

1.2.2 Mega-primer A i SEARARI IS FOkE. Fir F 31
38514 : Cx31peF, 5 CG gaa ttc GGC GCC
ATG GAC TGG AAG ACA CTC CA 3' (/N5 N
EcoR I VI, FRIZ4 Kozak [¥41) ; Cx31peR, 5’
CC gtc gac GGG ATG GGG GTC AGG TTG GG 3’
(NEN Sal T V) 51). 5272254 Cx31R180X, 5
CTA CAT TGC CTG ACC TAC CGA G 3' (T W%
AF f); Cx31EI183K, 5" GCC CGA CCT ACC AAG
AAG AAA ATC 3' (A AZAZ 1). PCR 2 H)In A &
Ja, v RERT Bk, Wk S8 A OE
EcoR 1 H1 Sal 1 g U1 3 [ H i v B, W vd p 2
pEGFP-N1, # Ja 13 #| & i5 Jit B Cx31R180X-
pEGFP-N1 #1 Cx31E183K-pEGFP-NI.

1.2.3 4 e e e (i, if i /& LipofectAmine
2000 #% 4 Cx31R180X-EGFP. Cx31E183K-EGFP.
Cx31-EGFP (1] HeLa 40l ifd /| J- %< 't e R 3L for. #5
VEDBR: MW 223597 265 F PBS Uk 1 ik, RJ5
FH R (-=20°C) [f5E 15 min, ] PBS ¥k 4 X,

X 10 min, #/ii )52 A(ConA, 1 mg/L)akZZ ik
#(WGA , 5 mg/L)4f 30 min, H PBS ¥t 4 X,
£¢K 10 min.

1.24  FABRFIRMAIN. Cx31R180X-pEGFP-N1,
Cx31E183K-pEGFP-N1. Cx31-pEGFP-N1 % %t
HeLa 41 Jfl, JH G Fi4& LipofectAmine 2000 k47 %%
e, HAKT71E W LipofectAmine 2000 1B 45, 4
Jii 24~48 h K. fin G418 % 600 mg/L 77k 10~
15K, bkl gkl Ml cx31 £
o [ BRI GFP Bt AR 8 11 5t B 284G I 1 i 1
PEWT ) BEAR DG SEAR R 1 R IE T DL

2 % B

2.1 EE B REN RS

e SYPREIRY TP O N R T (TR L RS S ol
FIPr Cx31 Pk, GBEAMIE PRI R P Cx31 HUik,
IEHAMATIE 12 2 000 (45 R 3 BoR). RBEIE &
sulfolink coupling gel- TR 4k J5, F& M H R
BRI, 25BN 1) P Cx31 Puik M 7E
1:1 000 I, R BEAR.

Fig.1 Western blotting analysis of connexin31 polyclonal
antibody
1,2: Cx31-pcDNA3.1/myc-his (-) B/HT1080 cell lysate; 3: the HT1080
cell lysate. Arrow shows theCx31-myc band (32 ku).

2.2 Cx31R180X ., Cx31E183K X% {k EGFP fi&
FIEH AR HTE

% M PCR ¥ 7 M4 iff Cx31R180X Al
Cx31E183K [f] mega-primer, &M MUEL /35S, H
VR . B PCR 7™ )45 | )47 38 L 58 A8 Ak 4
K, wBER T &AMF, WFIESER I 5 NRA,
TEHEDI 6 N\ pEGFP-N1 1 EGFP &A1) i, 1542
Bt & & ik # /K Cx31R180X-pEGFP-N1 il
Cx31E183K-pEGFP-N1 (/& 2).
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Fig.2 Expression plasmids construction of the dominant hearing impairment associated connexin 31
mutants Cx31R180X and Cx31E183K
(a) amplification of the mega-primer. /: DL2000; 2,5: negative control; 3: Cx31E183K megaprimer; 4: Cx31R180X mega-primer.
(b) amplification of connexin 31 mutants. /: DL2000; 3,5: negative control; 2: Cx31E183Kmutant; 4: Cx31R180X. (c) EcoR |
and Sal | enzyme digestion of the Cx31 mutant constructs. /: DL2000; 2: Cx31E183K; 3: Cx31R180X.

. 405 -

23 HpEREREE

BEYLHE A Cx31-pEGFP-N1 [ 41 ifg [7) Bt 3% %
Ab AR TR, A R S I AR O T
M % %+ Cx31R180X-pEGFP-N1 Al Cx31E183K-
pEGFP-N1 Cx31 58244 J5URL ) HeLa 40 g Jid 57 v ]
M RTEE 2 31 o) ox (== I (20510 B S B N B3/ B (35 TN

Fig.3 Localization of the R180X and E183K mutants of
Cx31 in HeLa cells by confocal microscopy

L: RI180X; M: E183K; A: WT-Cx31. N: EGFP; Green fluorescence

indicates the connexin EGFP fusion protein. Red fluorescence shows

Golgi dyed with WGA. Note the conspicuous aggregation of wild-type

Cx31 at the plasma membrane between the cells. In contrast, the

majority of the mutant R180X and E183K were cytoplasmic and with

less apparent membrane localization. Arrows show the gap junction.

Yo TS . Fl WGA Fil ConA 73 il %t e e
(") HeLa 4 fi i 7K JE A4 R P 52 9 AT Bt R IR
Cx31 W MEWT )N B AH 5¢ 58 A8 A4 8 1 40 A1 0 48 i ot
W, H R R R SRR (3, ] 4).

Fig.4 Localization of the R180X and E183K mutants of
Cx31 in HeLa cells by confocal microscopy

L: R180X; M: E183K; A: WT-Cx31; N: EGFP. Green fluorescence

indicates the connexin EGFP fusion protein. Red fluorescence shows ER

dyed with conA. Note the conspicuous aggregation of wild-type Cx31 at

the plasma membrane between the cells. In contrast, the majority of the

mutant R180X and E183K were cytoplasmic and with less apparent

membrane localization. Arrows show gap junction.
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24 EBERENTAENRTIREFE LA HeLa R EY
Fix

43 IR Cx31 FI GFP HiiA KA Cx31 ()3
S OL(E 5). | 51, 2, 33E I Cx31
Z i BEPURR I EE R, A BL Cx31250~266 1
GILTRAE A PUR T BT vE 22, 1 R180X G X 5
AR T 179 47 LU R FER, WOH HUAA GRS
ME RISOX RAMKEN. WS4, 5, 6ENH
GFPHUAKLIIES SR, RI80X 5845 &I U RAR, 5848
BAERT 179 MG AR, SO0 e &
15N B AR Cx31 I P R A4 S e A
FRe Pk H 4

Fig.5 Western blotting analysis of Cx31 R180X and E183K
variants expressed in HeLa cells with Cx31 and GFP
antibody respectively
1 and 4: WT-Cx31-EGFP; 2 and 5: EI83K-EGFP; 3 and 6:
RI180X-EGFP; 1, 2, 3 blotted with anti-Cx31 antibody; 4, 5, 6 blotted
with anti-GFP antibody. A shows the normal size Cx31-EGFP band; B
shows the truncated R180X-EGFP band.

3% ®

connexin31 (Bl Cx31, X.#% 4 GIB3) J& i) Bl
BEAZRGHR— 5. 1998 4 7 H, Wenzel 2515
Bt N 28 Cx31 L DA, [A)4F B 50 Be 1 28
Richard 5® [A] N 38 T connexin31 4 4 4 44 i
PEWT I B RIAR 1 215 JER s £ AL IR 380 JE 1R, (R
SEABATTHRIE AR AL sTEAAH R Steel M4 5 PE ik
“One connexin two diseases” KR X —IME. —H
DL AR connexin3 1 3t [KIAS [R] A 050 5 8UAN [A] 952
W FHLE T REAZ . IS SRR FT, Diestel
ZEUSA] Rouan Z81153 HIHIE S Cx31 [P AS o PR AR 1
21 J Ui A A6 (EKV) 8 4% (G12R #1 G12D) fig
FIE 2 G B T T ) B4 42 8 3E 1T Di ST
iIF 52445 GI2R Fl G12D 76 N ¥ 4 /> EKV R 48
(G12R, GI2D, R42P Fl C86S) /N fitis fir 4= 41 i it
JBE, DRI AN BE B R B IE 230 18 . RN, Gottfried
SIS HL Cx31 B bE EKV 28748 L34P RikHIE A
Ny e TN AR A U S (b E PN TR
L L34P AR RAEAML A

Harkhik, % %T connexin31 & PEWr 77
T BEAH R T AR AR 35 N 5 A AT DL IR . FAT TR H
R R R R R B OR B Cx3IRI80X,
Cx31E183K Wi fh connexin31 &1k WT 77 T B A 56 5¢
AR, RILZ A BT )R B DGR AR R AN BRI
Wy AN MBI, DRI AN BE R T R R TE . X
5j Diestel 25545 ¢ Cx31 EKV Al 55845 1R REWS 12 fiy
S0 RIEE EIT8 % a) 32 22 10 3 R E AN ], A
MM fRRE “one connexin two diseases” M4 {53+
IV Z25 AR

2 % X #
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Defective Membrane Localization of Dominant Hearing Impairment
Associated Connexin31 Mutants®

TAN Zhi-Ping, LIU Yu, CAI Fang, PAN Qian, HE Li-Qiang, HUANG Liang-Qun,

DAI He-Ping, 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 erythrokeratoderma variabilis (EKV), hearing impairment and peripheral neuropathy. The
pathological mechanism for Cx31 mutants in these diseases remains unknown. Using Site-directed mutagenesis
(SDM) to construct two dominant hearing impairment associated Cx31 mutant expression plasmids,

R180X-pEGFP-N1 and E183K- pEGFP-N1. A number of functional analysis were described to investigate the
effect of two dominant hearing impairment-associated Cx31 mutants, R180X and E183K, on connexon trafficking.
The majority of the mutant R180X and E183K were cytoplasmic, they can not traffic to normal intracellular
localization and can not form functional gap junction channels. But not observed with wild-type Cx31.This may

provide an insight into the pathological mechanism of Cx31 mutants.

Key words connexin31, site-directed mutagenesis, mutant, EGFP
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