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H)% 3 4P F o gap junction AL ? # it P PiFehk & 4
FIAETREGL B A s ATk - RN S TR R
PAAFREPFEEDES c AFTIE AP BEFE
31 GJC3 (CX30. 2/CX31. 3) & Fl4r GJB2 (CX26) A& F1 R ¥
WHH B 222w g 4 5 N B U FE R RS

F] %’ﬁﬁ“ﬁﬁﬁé GIB2 4= GJC3 A FIFTEA 2 = @42 ¥ #7377 i
4 TR fRERE B AP EATER
CX30.2/CX31.3 #9 & Z0-1 &9 FF 23 iv* > 4é~épﬂ
-Qﬂr\l;i B 2R AR g A _F-iﬁ—d Ul Gew ,,‘\«,fi‘{,'(?
dore o b i & @ A5 gap junction v B F EE 43T
pannexin £ mouse Cx23 v “f%'ﬁ—;.hemichannelsffﬁi*i
ATPase # it o ¥ ¢t 3V 9 GJC3 & Flehp. R156G f= p. L23H
BORHLRRTERL R I E B PH I e
oo e A R prd 2 2 ATPase hrt i 0 @ p WTTS e
p. E269D % % F-—v A% Iﬁtiﬁ ) Fe? > B 5 dominant-
negative effect Iﬁtél # GIB2 (CX26) & Fl2 77 7 = & 2 i
I CX26 3-v fimie 8} #7454 2 gap junction £ 7 i
AAcoie 4 0@ pTI2ZNS R R § P ERE T RE
ﬁ‘ﬁ”ﬂiFﬁﬂﬁwﬂi’ﬁxﬂjiméi%&mJ o ¥ 4
p.G4D 2 p.R75Q & B % % v RIARF RITHF T F A W {oR
f=%#% > 7 £ 3 dominant-negative effect % - s f & #°
fEfauE 3G > APF Rz BF IR GIB2 fv GIC3 & F]
et B & connexin # F](zfcx27.5 ~ zfcx30.3 2
zfcx43.4) > 1% RT-PCR fr 25288 =52 % Hojbrig {7 2L 75
prafrledehd A 4T 0 AP g W zfex30. 3 fird
! zfcx30. PR IR-E > F AP
morpholino #¥r#|sx 8 4 (hp 24 1+ zfcx30. 3 A F1¥ 3 Bz rs
B A CHORIE G F A~ B RIRFEA B R T A SR
Fooo L IR 2fex27.5 T ¥ Fv € A2 Hela w2 chlm
e e oom zfex30.3 & W v & CX26 0 APV ARIE T
e iyt 4 I gap junction BaBL o AT H AL 2
2 Tol2sah A AT 5> P e GEIS BY LR
# >+ i{g,ﬁa Plav e L F o0 * SR kAT g o

AT 2% KB -#»aa7 w5 b

In the proposed project, we will focus on the study
of the effect on function of GJB2 and GJC3 genes with
mutation. Simultaneously, we will create a zebrafish
model to investigate the mechanisms of hearing loss.
Our results indicated that CX30.2/CX31.3 gap junction



¥ M

was transported in the Golgi-dependent pathway and
the actin filament or microtubule may be an important
component in the process of CX30.2/CX31.3 channels.
In addition, we also found that although p.RI15G and
p. L23H mutants do not decrease the trafficking of CX
proteins, mutations in GJC3 genes result in a loss of
ATPase release function of CX30.2/CX31.3 protein.
However, p.W77S and p.E269D mutant proteins are
concentrated in the cytoplasm and exhibited the
dominant-negative effect. In the study of GJB2 (CX26)
gene, we found that intercellular localization of
wild-type and p.T123N mutant CX26 were shown the
typical punctuate pattern of gap junction channel
between neighboring expression cells. In contrast,
p.G4D and p.R75Q mutants showed impaired trafficking
of the protein to the plasma membrane and
accumulation in the lysosome and Golgi apparatus
rather than in the plasma membrane. In zebrafish
model, we have analyzed zfcx27.5, zfcx30.3 and
zfcx43. 4 gene expressions in during embryogenesis and
adult tissues using RT-PCR and whole-mount in situ
hybridization. Simultaneously, our results reveal
zfcx30. 3 was detected in the inner ear of zebrafish
using zfcx30.3 antibody in the immunohistochemistry
(IHC) analysis. We knocked down zfcx30.3 by
morpholino oligonucleotide (MO) and zfcx30. 3
morphants showed the heart edema, shorten distance
between two otoliths, delayed development of otic
vesicle and abnormal somite phenotype. Then, we also
found intercellular localization of zfcx27.5 was
shown concentration in the cytoplasm, and zfcx30.3
was docked in the plasma membrane of transiently
transfected Hela cells. The results suggest zfcx30. 3
is more similar to human GJB2 (CX26) than zfcx2T7.5.
In addition, we have been established a Tol2 system
to create the transgene zebrafish lines expressing
GFP fusion proteins in the macula and lateral line
for further study.

GJB2, GJC3, mutation, hearing loss, gap junction,
zebrafish
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pane sy SOBAFNRE § EREH D = BAFNIp 4T 2 240 F  gap junction

BRAF R PR NE S CRF I H Al LR B AT TR B
GREREPIHERDES AT E P ha & & F ENFHGIC3 (CX30.2/CX31.3) &4 e
GJB2 (CX26) A FIR R L # i ch T2 F 250§ 4 5 W B b R = Bl 0B R
GJB24rGJC3 A FI AL A+ A2 Y i cnd ¢ IR Rop 4] AF L EAPER
CX30.2/CX313%% #ZO-13v B3 L3I iF* > Zwiep 1 & § RIEZAHDB4AF > L }%‘
d e Jov SR R T e b 4 R A A5 gap junction v £ #F 02 %% pannexin &
mouse Cx23 #-¥ #7 % = 2_hemichannels e 2 ATPase it ° ¥ ¢t A iy ZFF GJC3 A Flen
PRISGp.L23H B4 & X B2 R %30 £ 7 BFPLEHI =L 5 R 3
frde 4 8% ATPase % it » @ pW77S{rp.E269D % % F-v RIF MImF >0 p Fr? » £ 5
dominant-negative effect?L % o %.GJB2 (CX26)# F|2_F7 3 = % A P ILCX26 3-v B lw?e W
#7452 2_gap junction & F L F LA it 4 A p TI2ING L R #8273 € X% v 7}}‘»@%?]?'1
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RifH >R A NHM{-ZFF8 > 7 & 3 dominant-negative effectI % o st B & #5358 & 4 o =
e AP FIR = B R IRIGIB2IeGIC3 A Flehsa § 4 connexin k] (zfex27.5 ~ zfex30.3 %
zfex43.4) > 41 * RT-PCRAr > "2 88 Jn =52 < it {7 28 F]30 ’*L’?é-'fr',féifﬂi 4 IR A T 0 e pESN
f1* p ] ezfex30.358 @ P 3 zfex30.3> 0 ) B ek iz B 0 ¥ ¢F A 4] % morpholinod e 55
AP 2 Zfex30.3 5 FIF OB RARAE A S FOR RGN S5 4 ~ B pRNEE S A EETEER
TG0 AP Rzfex27.58 F F-9 € it HeLalw e cnlm®e F P > @ zfex30.3 1 ¥ v &
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Abstract

In the proposed project, we will focus on the study of the effect on function of GJB2 and GJC3
genes with mutation. Simultaneously, we will create a zebrafish model to investigate the
mechanisms of hearing loss. Our results indicated that CX30.2/CX31.3 gap junction was
transported in the Golgi-dependent pathway and the actin filament or microtubule may be an
important component in the process of CX30.2/CX31.3 channels. In addition, we also found that
although p.R15G and p.L23H mutants do not decrease the trafficking of CX proteins, mutations in
GJC3 genes result in a loss of ATPase release function of CX30.2/CX31.3 protein. However,
p-W77S and p.E269D mutant proteins are concentrated in the cytoplasm and exhibited the
dominant-negative effect. In the study of GJB2 (CX26) gene, we found that intercellular
localization of wild-type and p.T123N mutant CX26 were shown the typical punctuate pattern of
gap junction channel between neighboring expression cells. In contrast, p.G4D and p.R75Q mutants
showed impaired trafficking of the protein to the plasma membrane and accumulation in the
lysosome and Golgi apparatus rather than in the plasma membrane. In zebrafish model, we have
analyzed zfcx27.5, zfcx30.3 and zfcx43.4 gene expressions in during embryogenesis and adult
tissues using RT-PCR and whole-mount in situ hybridization. Simultaneously, our results reveal
zfcx30.3 was detected in the inner ear of zebrafish using zfcx30.3 antibody in the
immunohistochemistry (IHC) analysis. We knocked down zfcx30.3 by morpholino oligonucleotide
(MO) and zfex30.3 morphants showed the heart edema, shorten distance between two otoliths,
delayed development of otic vesicle and abnormal somite phenotype. Then, we also found
intercellular localization of zfcx27.5 was shown concentration in the cytoplasm, and zfcx30.3 was
docked in the plasma membrane of transiently transfected HeLa cells. The results suggest zfcx30.3
1s more similar to human GJB2 (CX26) than zfcx27.5. In addition, we have been established a Tol2
system to create the transgene zebrafish lines expressing GFP fusion proteins in the macula and
lateral line for further study.
Keywords: GJB2, GJC3, mutation, hearing loss, gap junction, zebrafish
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Boan )3 1/10000 b endf sasedi 4 2 g fe b ¢ € RECHR &0 B B R 3 R60%
SEFLRGF RS TY L2 AR REHERL Y EFATE R A PERA
GJB2(CX26) GJC3( 8Cx29 ; I &> A §1CX30.2/CX313)AFI L 3 HFAFTORE » 1 2%
© % % tAdudiology & Neurotology 2007;12:198-208-8 @ p w 3t igt A FIRF AL 2 R ¥
ooEH R S RS A RERAIE F DR - AFIAT R EEORENV AL K
CIEC - cF 48 RN PO S e ey ‘e‘nﬁ&w - wEAH e iF 2 el BN 3 3 GIB2Ar
GJCIF FIaT R R BHHH 7 00 chB BB 2 gt P rig = e 55 I R 1% B 0 5050 4R 3
AR AR O MR APFRO- BELE S o TP AT F Y - BEEEBR LSS
Tofl* sa8 & 5 W3 B b 4R GUB2rGICI A FIR #ig S HMR B W jgd b b B
e 2 feiR T R TS B A F] R 2E G EER Y OIOREE

P3P

AFE g P hE ()& - HFF GIB2 A FHr GJC3 A FIR #1848 # i o 18
g B AR 3 GJB2 A& Flir GJC3 A FI i) = e “riifichd d - X2 E R s
o) THE GIC3 A T4 p £ &Y Est(clone)d k> - BAPE FTHCx AFF2ES R o

=
e
S5

Bl R R A AR AP R e c(BE - BB g EE
oI 25 FTRNEZEHHE AAFIRY & G/B2 2 GJC3 AF2 FhAFa ik AT >
B 23258 F AWML E 2RI E E%\«}%rx 3R » 2L F] knockdown

F it (loss of function)fr A& F]4& 7 (transgene; gain of function)$ jtr X #£ 3+ GJB2 4w GJC3 £ F1 R
T EECETIE

2 %Jeal;’,z’;.

A #r(Cochlea) % % 48 » d AL % % (Basilar membrane){r % " (Reissner’s membrane ) %
AN ZBRRMOYEE o F R BaE s €42 ok auRS > FIA RN RiehEE
Bbe o BN AR e F BN O L mie 0 A4 T F 5T BE PR G #RA

EBEA L T xgn A4 R o S EAR IR i 2§ A 5 P (electrical nerve impulses)
HY 2 2F 5 a3 enie d(Coulogigner et al., 2006) - B xth(Cochlea)n\— BRARDET d &K

TR 2 FilanRF e > FEF I ERTAAM AT NG HPET DR g
12 % (ion homeostasis) » 4% 3 4 2% > P I fep B3 LRI T ¥ > F AR AR p
MTF BRI MApRIER > T FT AR I T EOFI00mV o BB T 2L ¥



Llmrz Rt R 0§ R B R F R B R g 4 (Steel ef al., 1987) - Gap junctionfr tight
junction A ft 4 ##ic P NE R & S ARF I T L H AT BTk RERp BG T R R
P AL i IR E R hd d oo

B A HE e g 2048 connexin gene 2% = B (Willecke et al., 2002) > & B A Ak F]
Yod¥ o T35 H 4~ 3 & (molecular weight in kDa) &+ & & £ A3 P 2 sl pe k s b endp i
M o~ B~ e F A (Sohl and Willecke,2003) » 4p F (homomeric) & # F = (heteromeric)
connexins¥ 14 % = % #& 7 I cficonnexon isoforms > d T AflE S ehFed X0 2 T A R Ft
4§ P (channel) ¥ A 3 EH B E B E R B 0 4o ¥ CX26 39 #73) % chigap
junction¥® & Leucifer yellow (457 Da)if i - & &CX26£ CX307) = heteromeric connexonf# » ‘m
"z ¥ g¢ i€ neuroobiotin (287 Da)ii i (Marziano, et al., 2003) °

GJC3 (CX29) F1(2007 £ CX29 & # s GJEI { &% GJC3 A F)iT M £ 1 % 8¢ 4F
78 (clone) 1 % (Altevogt et al., 2000; Sohl et al.,2001) > E4p§ #70 Cx F=v 3= B > L 8D
GJC3 £ F)(CX30.2/Cx31.3) > A iz *~ 4 & %8 7q22.1> & 7 & i exons > 840bp B *x ;% 3} 45 1=(open
reading frame) » H £ Mend-v 7 279 By=fph > » F £ 9 5 29kDa (Yang et al., 2005) - GJC3
mRNA % ¢ %% ¥ :f4? X5 & ¥(central and peripheral nervous systems)¥%§ & > @ &% 4 15
S SLA TLAF S 2 F (Sohl et al.,2001) o 2 G B ¥ RIE IR F 4 F Ak F A K (sciatic nerve)ih
2 P %0 %2 (Schwann cells)(Sohl et @l.,2001) ~ % % 4 5 % F i %2 (oligodendrocyte) fr & i
(myelinating) =%} T kn#2 (glial cell) (Altevogt et al., 2002) > ¥ ¢F CX29 {rH is &1 connexin &
FlE S R 4 CX32 ~ CX47 &% R A 5% M2 (oligodendrocyte) ¥ ¢ + [ % 3R (Kleopa et
al.,2004) - % Ahmad et al.,2003 7 3 4F % @ » g R 4pd1 GJC3ImRNA 7 73 3£ QA g > & H
AR W= GJB2m AP HF AW AR Y 0 LR R 4 2 (Immunohistochmistry) =
T A fchg B~ (Laser Capture Microdissection)ff % Cx29 e3-v Ak BB ¥ s e B3R
=0 ¥ IR Cx29 4 3R B ¥R4 5 (cochlear neurons) ~ ¥} *zgr + (spiral ligament ) ~ ¥ 3 & (spiral
limbus) ~ 7 # ** & (organ of Corti) % & ¥ ¥ (stria vascularis) » @ iz 4t 2 S4B sEPN 3~ § 4940
+ 2 Mg kR £~ B B (Yang et al, 2005) °c GJC3 » B KR AR B g p e
(Schwann cells) » & & B #g® ¥ # i “7¢ i (Tang et al., 2006) o ¥ F fo kw0 < }f%:}p it CX26
B0 @l P 30ATA% = 60 gap junction channel ¥ i€ #~ 94 4+ Cascade blue (548 Da)fr Leucifer
yellow (457 Da)id i » & & CX26 &2 CX30 4j = heteromeric connexon F# » T % 7 i 3f chgFfd »
¢ channel & ;% 3£ Leucifer yellow i€ i > ¥ ic & 4 = | 17 neuroobiotin (287 Da)ii i gap
junction #& #4 | #8317 e 4w *2 (Marziano, et al., 2003) = #2 @ ¥+ CX30.2/Cx31.3 ezt 5y p 7 T 7

O EEA P B



BT S BAFIZ B 3 iv* 5 - BRI 2 2 --Tet-On 3¢ £ 3 & 51 (Tet-On
inducible expression system) (Koreen ez al., 2004) » ¢+ = = | * f— & & 3R E 48+ (pBI vector,
clontech) F 3+ 3 B2 e 7> & ﬂ?* Doxycycline % #3755 B A Flehd g » 7]t
NPT QI F 2D KBRS AT R AR & 3 (heterozygous) s R % ATiE & e 3 R o

FI* F5 fosS REF A BE 2 ﬁv#ﬂﬁfﬁﬁ AP FEO- BEL oo FIR o AERE B
-~ A ARIE RS T UEARLFEL B LFEMD R A P 5 bR
(PR&R) 2w bbb fmd &1 g2 A0t EEFY RF T BAROH
i R S e T(knockout)“«érﬁﬁ % (transgene) % By f& & Fl tep i i chd 4 o 7

Glehen B B b T 7 AR > 01 Bl(mouse) & B4 B RIF A FI A p B g T e B RS
S VA Sy 'fg ArEEH e ¥ oA S et 7 K ﬂ* A X Bl(mouse) T — BIL B e Fof 0 kB
AT A Tl g & FIR 4 # h & ¢ (Friedman et al., 2007) o P %0 423 £ 37 0| 45 B g
e ed K N’k el F1(7 42 KIATePip b A )7 R % B 4 H058 e 35(1) gap
junction & F]: Cx26/GJB2 # F1(Cohen-Salmon ef al., 2002; Kudo et al., 2003)f= Cx30/GJB6 # F]
(Teubner et al., 2003) ; (2) tight junction #£ #] : Claudin 14 (Cldn 14)# #] (Ben-Yosef et al.,
2003) 5 (3) K'i€ i : kenel # F](Vetter et al., 1996; Nicolas et al.,2001), kengl # Fl(Lee et al.,
2000; Casimiro et al., 2001; Rivas and Francis, 2005)Fr kcng4 # Fl(Kharkovets et al., 2006; Winter
etal.,2006)° ¥ ¢t Cx29 A Fl» 7 & B B[R B 4 R % &b 4 #75¢ (Eiberger et al., 2006; Tang
et al., 2006) - B2 R iz A 5 BRI £ Ry #4455 o & Krogh’s principal # § #&3]- &%
RUEH- B A FH DR W RA BB P TER RSO P R R HEG
Pt eI T AP RER > 0 R EFH - AN 2 g & ko0 3 (Editoria, 2003) 5 4
FERIBHP AT 0 SRR EAF IS T R N R F A gain
of function % loss of function erfi~/w™ &2 MBI RF FF T o FIP AN PIREFH T - A
PREFEARB OB B ko

5 & (zebrafish, Danio rerio)% 3 = #& mechanosensory £F > - A& p 2 —31 & § R

FieL g7 ¥ - fApls(lateral line)FF —1 & F ) bid-z ke o FERFTERF
BRI N  PBR AT A T A SRR UL F LS A R A 4
B os Mg R A (FRAUE T B AR 0 4 PR S ﬁ?g‘% B+ 12 j8_200 #% % (Hz, * §) ik ik
#) 5] 8000 A% %% @ B FACHEEF BN 1260 A B =L o BT @ A hit £ 40X 30 4 s 5
g 1 2 4§ 1 A T4 200-1000 A% 47 0 7 B GACFCE R BRI B L 90 A B 1 o BRI
Aehh Sz T R RE AR ESE- 20 AR T RRA IS B FF
MRANF WX D57 E LM hg A a B2 URE > A2 LR Gk ] F B
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D5 R A A B R L (B, 2007) - 3B b G 6 AT R S
Wi BR G AFRRGOP B > A des B RAMSEREG P RSN LSD) B 4o R i
(cochlea)k & # B o308 & - Ben¥ B AFHrfd 2 fod)- H LG 3~4 8] & e ehy
6% E(Weberian ossicles) » i& B 2 5 30 20 % f 1 o0& ik (swim bladder){frp B 2. & > § &
By (R T OB 84 f#(swim bladder) &£ 3 p B (Moorman, 2001; Bang ef al., 2001) °

w8 R A & UG B (inner)fr ] s (lateral line) & i ip] #h K gpds (kT Bk )t
#cm A 24 (Moorman, 2001) e @ § 4 ehp B ¥ 4 5 /3 R4 -—-1. + L I%(pars superion) & 357 B £
E fr- B-kT X = B2 R g (semicircular cannals)if #5 3] °F 25 & (utricle):h % 2 » = B2 R f
% "5 gt (labyrinthus membranaceus) @ ¥k B “L & P ® % (endolympha) ;2. & L ¥%(pars
superion) & 3% Ik A & (saccule)fr -] & (lagena) > @ 3£ 35 % (saccule) ¥ - B i & HE T F
(primary audiotory organs) (Bever and Fekete, 2002) - 73} % (utricle) ~ 7 3} % (saccule)fr-] %
(lagena)p & 5 — ¥ 2 Z (otolith) > % %5 7 Z BN AP > FIEZEH U DL REA T2 €5 #
#v > e 3 Fsa(macula) b £ ‘% (hair cell)™8 &4 cd £ (kinocilum) » B € F]x R @ §d 7 A
T A2 EEn A 2 T (Popper and Platt, 1993) o gt #8413 i3t L SR A 2 4841 > § &
A i BIED] B EE ¢ ih(scala media) b i X BT RN kT P E 0 £ 5 organ of Corti !
e stereocilia kxR # > § stereocilia X | B FPF - 3T HL BB RS Hid
(mechanotransduction channels) § A& 3= B » b B ok = % ¥ K" € niEip i i R we R
v AU GRS T NALAEI RGP RS ARG BT TR
(Roberts et al., 1998; Pickles and Corey, 1992) o ¥ *F fpr § g cp B g - SR HA 1515 3 R
B B F 3L ¥ (macula) e ] 2 (lateral line) b e fm¥e Hid 4 0030 A SF R MR B L X Beh L fw
L f?i% F_4p 5 i en(Popper and Platt, 2003) » Ffkenfisa d g p B ¢+ g ‘wre p 35 (epithelial
lining)» fri X g B ggp & w2 p fR(epithelial lining)— # 5 & filmie rie > p a5 ok
I >3 granular {rionocytes im?z % 3 H ¢ (Mayer-Gostan et al., 1997; Pisam et al., 1998) - e &_
AR S frs S b p B L e T A3 - R A B gL e il §REF A WD
FEdm e - P TR AT A I0B Y 2 RA e i B PR e TG BEDIRT
SR RIS R R oA SRR Al A B L e dicp ¢ T § L e X AR 1S AT
i £ 24 e(Higgs et al., 2001) »

RS E RS SR ST ST LR EE S NERRTIES A REE
?‘{ﬂ% AEERPMEF VRIS A RERAREEAFIRRE SN R R A

TP A S8 AN B Ak n R R 8 b (Whitfied er al., 1996)  # 3 *r iz 2 mis 3 384 73

AT hoagp B g T agp B AR 2 ALk 0 (Whitfield, 2002, review) o 7 1998 & Nicolson & 4 >



© 5B g A B A F12 mechanosensory £ n¥e i iy 3 B o e orbiter~mercury f- gemini
AFNRFHE G ¥ L e )i 3T acoustic-vibrational g L F e sputnik *
mariner x FlenR % ¢ B L3 L e bundle 9 F % ¥ o 2000 £ Ernest & 4 &7 7 ¢ #F IR
mariner N3 % {_d 3t F1 & B A3 Kb Myosin VIIA » %)@ 3¢ & £ % bundle 0% ¥ & % >

LiFA e A B8 e MYO VIIA A F1R R A7 A A nFAGEE 0 o Ae b gt K Fl(mariner)fe & 2 AR 0
Myo VIIA A F1 % 5 B & 0l it (homologous: & A #5 %) 85%4p il &) ¢ # § # 1 Myo VIIA
R A BRI EARY B B ARDETHE . Ft e P 0o mE b R AR @
M ER s 5 H5N o BT - B A i\E%Us,lér] TMIE 0k i L Fl(tmie) tesa § A AE R I K > 55
AFLEZRAEZHE 24751 )2 b ap 2w R e g T RFF
EE &4 0 PR for B B4 S F 5ol A) £ f% en(Shen ef al., 2008) « f B P $3
Pl a8 d RFFJEEPH 207 0 FdE° Flelwe S B2 FF7 7 4ol o1& | "9
PEFTROFTBRBEERZEFTR > AU PEATOF T HEA Fled 4p 2 5R r4r
L §EF AR L A H e o T PR ET RE NI E BRI 2 2R 2L
Bl e E s R AR N Y U ARFGERL AL s BT AR S AR AT
Piwend d feB FALFARAATY o R P ARP (X3 AL BEI S g s BB g
RAF A AFIERB2 Fhp o FIP AP EART HERAF ST A#H# 22 - B s
BAHN G REHRERAFS SR A2 CX AFEL A B8 % o 4 F AR
TR sl b s B E S REF CX ATFPREERL AL o Rt g M A
A MEE A ZHE A S RIFEN CX AFIERLESHROPIE- BPEF £ 27 (70

I

Vs

Bk
~ « HeLa'w® #-3
I 24 % 2 R % hConnexin (CX)zk 1%+ & % £ A 48
2. 7k #4578 (transfection) T HeLaw 2 k% I
FI* dmre o F A S B ED F A RFCXI0 W p R R
4. 2 EFFETARD ¥ &R ¥CX 30 dHeLakm? th
5. 1% gl AR e FEHCX B0 B B 2 4 fREL LS

[98)

= ~ Tet-onkv % I % ¥(Tet-on inducible expression system)

1. # = §& % % MpTet-onirHeLaln % &



g

2.
3.
4.

EHD K fo R B PCKE FIpBIE > & AR
# F]4& 78 (transfection) T Tet-on HeLa (T-HeLa) s % t& 4 3

Fl* fmre L F A HATRBRL F A RBCX D e ) iR R

=~ ¥ 2 RECXF-¥ #7e = 2 gap junction (gap junction intercellular communication; GJIC)

AL 3 R AR T

1.
2.
3.

2 | & #% $ i (scrape loading dye transfer assay)
B i1 %4 4 | HF(microinjection dye transfer assay)

1 * #5441 #] (pharmacological blockers) 2 #74|gap junction £ hemichannel# s¢

s Masl 2k W RV RLRE: H)2

1.

2.
3
4.

~ 3§ . zebrafish connexin (zfcx) & F]ei% 78

1.
2.

3
4.

1.
2.
3.
4,

Sl

s 5 4 (Danio rerio)2. &5
SR RTINS SE L R
Bp R5 R AR xlf 3 Bp PAM K H iR F

FhasgEgaei

PERIDCHEE I RA T
Jb P~total RNA T /5 %8 ¢t f& 4% 5 cDNA

reverse transcription and polymerase chain reaction (RT-PCR)

EIESE h.2fCx27.5 ~ zfex30.3% zfexd3 45 FEF kA A

5 dozfox i Flenk B 47

Jo B PS5 E E_%r%\« gtotal RNA

S hzfex27.5 ~ zfex30.3% zfex43.4 7k F1* pGEM-TH 48

& 2zfex27.5 ~ zfex30.3 % zfex43.4 5 F1ehRNA#E 4-(RNA probe)

288 32 < (whole-mount in situ hybridization)

B85 4 zfexfokl

g7 5 Hp(tissue sectioning)

FI* LB m A ¢ P Rafox v 2B g p AR R

F1* morpholino (MO)#r#|s.5 g p A 1AL Flend L gL P58 7 20 B2 58



v A T g uE
1. i = Tol2 s FIHE 7 i 5
2. ZEHTol24 18
3. & = transposase CRNA
4

% ficii &+(microinjection)

5. € kg R pe
FEEHES

- ~ GJC3HA FUCX30.2/CX3I.NRF2F T
RPE AP EY S RA LN E R GICI AT g I u R H Sty e
I 48 1 (Table 1 ~ 2) = &4+ GJC3 FA ] p.E269D R #Becrp 3 » s B & Lo erp?
%**ﬁ?&?%%%ﬁﬁié%iééﬁﬁ*W?ﬁ’fiﬁﬁ%%ﬁ%
(dominant-negative effect)Z % » 2 % ¢ 3 % % Human Genetics 2010:127:191-199 - H

©ORBE AT T S FRpRISGIrpLBHA BERLRHT 3 ¢ B BRF v 48
R LSRR R RS S N R R SRR s £ T
p.W77S % % 35 Blr p.E269D % % v — HALE M) FRER)F - 2 FRYF
dominant-negative effect 3 % (Fig.1~Fig.4) » ' 4~ # & % 7~ 3t % 25 K (2010)2 ?‘ gmi

B § B 4 o

=~ GJCIAFCX30.2/CX31.3)% ic 2277

&4 GJC3(CX30.2/CX31.3) 8 Fl# st et 3 > P L 39 22 CX26 ~ CX30 &
CX43 F-v >t mre fF #7352 2_ gap junction 3@ ¥.(plaque)# > CX30.2/CX31.3 ¥-v 5@
kB4 A B e s+ (Fig.5): ® 5 d % 4 (Brefeldin A ~Nocodazole 2 Cytochalasin B)
A R e BiES(S 0 HLRI B9 hlwie p i@ iXiEARY 4 R EREE g AR
Wnig 4 > FJFd b By SR e E EE T wre o A A A Y @
Golgi-dependent 4 ;& & (Fig.6~Fig.10): } it 4~ # & % 73 % 27 & (2012)2 3 % g
%ﬁﬁﬁﬁﬂ%%°F“?WW%%#%ﬁﬁ%%3éﬁﬁﬁ?(X%l@&L3}hﬁ
ZO-1 3% FRHEF 23 %% (Fig.1l) o § lwfe cweds Foo Skl g R E 5 pUR 1S > 827K
CX30.2/CX31.3 3w 77 £ B3 imoe i b > R APE I 0 Blmie i b 5 7 1Pk &
Hoo Flpt Z0-1 Fv FAFE S 0 TR Mo 2 eds B SR AT g B
de BH R Fed A (Ao ZO-1 B)F e 3 0ER o kA B G e AR
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I

SE TR FE- IR e

AP e P I CX30.2/CX31.3 Fov AL3F 3 | P2 5C #7352 2 gap junction T & j*
-t § A EE s CX Fv 973, 2. gap junction 7% (4 : lucifer yellow %)
(Fig.12) » ® ‘g d L 3@ i #4113 18a-glycyirrhetinic acid (18a-GA)% Carbenoxolone (CBX)
A 1S 0 LB $-9 #E 003 pannexin 2 mouse Cx23 3-v £ F (hemi)channels %4 i; >
54T B TR T T 84 ATP 1 40 % ¢ (Fig.13~Fig.14) » s 2% ¢ % & A FZH 7| Cell
Biochem Biophys 2011;61:189-197 - ¥ ¢t itﬂ\P’{éL% P GJC3 A F] p.RISG 4r

pL23H & B RGBT LA P ER LA B RBIEFL RR IO AT R IR
Plimfe Wt i 4 0 R TP ISL A R 9 A ATP s i Bl 2 o A R
ANF VT RQUIDE FFEMEFaeE EEARE A 0 2 PR AT o
AP Apr A AEFR pWTTS R Y &2 iFFiE T4 R Hela wmie @ >
FRLZRELFFREIRE S B AFREA w5 P EODNA PRV pWTTS
I mRNA £ L&~ &P & % L (Fig. 15~ Fig.16) » 4Bt 2 % 3o crpt 0 ¥ 2t g5 18-
WREF AP e s g A s FP A PG FR IR pWTTS R Ry miE
FAETF R Hela fmve ¥ cnF & R F H i S EIRenis ) o

GJB2& FICX26)% % 2.7 %

AP R ¢ RAD S LR 516 TR G ERR L iR T he B
GJB2 # %4 & R % 2 p.G4D ~ p.R75Q ~ p.T123N 4 p.R184Q 14 2 i+ ¥ GJB2 3 F|= = iF
B o X BE-H E Tk A RV (Table 3) o &4+ GJB2 A %] p.R184Q R ¥ gL
ToOAPRELT T A EHET N RYITEFL R I §HH R A S H(Golgi
apparatus)’ # j= I ¥ 18 3% $| kw7 %02 A & gap junction® ¥ 4t R F-d ¢ B L ¥ CX26
% CX30 F-v &% > £ 3 &g idrd)>c i (dominant-negative effect)Ih % » b i i % @ &

# . European Journal of Human Genetics 2010;18:1061-1064 - H is % % gLchd~ 9% #7 §

SEFRPpTIZING L RETL 7 ¢ R ERE 0 Z‘fﬁ‘»@%] Fllmfe it @ AN FIHL > (B B lhm
T £ 4 54 fel K Bv Al s i 9 Fie- % A5 ¥ 4 pGAD 112 pRI5Q A
BREIY THRFRAFF AR 2 281§ CX20 30 £ AT HFIR
BBRERY FEARTEI e A AT e AR AR 3 LG HEIFDURR §
(Fig.17~Fig.21) » & flmfe Ho b #7le 5027 & ch R BT {230 if (heterozygous gap junction)&_F

RS FE- AT SRR 2T BRI SRR R ¢
REAR B £ o NP iR * Teton B FH AR AANEF LM ¥ 2 2% CX26 30 M H
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g

E= Jﬁ" heterozygous =& LA iy > T BLE S Jﬁ" %> Tet-on Hela ‘m#s ¢ thi =% § F &
EREALRERE P RAPS RS EREF KR O ¥ 2 %% G/B2 $ F]* pBI
i 48t (Table 4) -

GJB24 FI(CX26)7 & 272§
L4 GJB2(CX26) 2k F1# i e 7 > VP It 3w &2 CX30 & CX43 3o % 7 3%
‘wPe BFA) = gapjunctions AR E Y AP AL ¥ 2 R CX26 v L
JiennHela ‘%2 $&(Table 5) » 45 d scrape loading dye transfer 3% s % F & % CX26 3-v
ARAE IE T Pe O 9735 2 gap junction & F i F AT FH B CX F 1A 2 gap
junction 1% #| lucifer yellow (443 Da, -2 charge) - @ & &34 ¢ 4% GJB2 # 7] p.T123N
REEAGFTY > AP A HFERT L RE 0 BRI E gﬁa?];f'l.f‘:m’?é B b e 4 0 e d
#rA% = 2. gap junction 7 & 5 i 3% LA ey 4 (Fig22) > P o 3V i AsB 7 )% kL
BPenS UL R E I BT AT ¥ 2 p.TI23N 2 % CX26 3-v chE 3pimbe ¥ > 11—
# FE 3% gap junction 03 1% # i 4 o
AT E Y 24 GIB2 3 %] p.G4AD 4r p.R75Q & B R R ELGHTF o A g
A fAREIY EFARFET w2 W A5 gap junction A * AT F A M {oppE
1o (e 5 d 3 ps i dr4]& Chloroquine (CQ)IF™* 51 R 3 HFIRR R I F P AN 4v ep
W% > F1 p.GAD fr p.R75Q & B R ¥ Bhid = FR s 4| ™ 3 Fi&- H 247485 o

)

w5 g 0 e
RAFE R - EAP e I 4 F T 2 55 p Ensembl (ZFIN: The Zebrafish

Model Organism Database (http://zfin.org/cgi-bin/webdriver?MIval=aa-ZDB__home.apg) !«

2 NCBI® B FH R ¢ 51§ § GJB2(CX26)F-GJC3(CX30.2/CX31.3)F i 3 ] » % %
B AMFE ] BGJC3(Cx30.2/Cx31.3) A5 F14p 0233 5 B . chiexd3. 4(zfex43.4) 4 F] > @ 4 3
21| B GJB2(CX26) 3 FIRI4p 2% 30§ d chex30.3 (2fex30.3) e ex27.5 (zfex27.5) 3 64
Flo AL BB R E R R I A 47 (Fig23) o -4 zfex27.5 ~ zfex30.3fvzfex43.4
= BAFI LS @B T AR AP d RT-PCRA F B f5 =2 B AFIA 5 &7 F
BILE TSR A A G S DA RE S R ET s34 p 0P T 1.5 hpfF|96
hpfd #fie < £ 4 A zfex27. 54 Fl i ?a% 7 1.5 hpfF|3 hpf i M 21 $ 76
hpf3]96 hpf- B 4+ & % 3R> 2 zfex30.3 4 F] %2758 5 9 hpffs 4 B 4o 0 B D) & % R »
TR R ofex27. Sesfoxd3 AR TS0 BTG SR AR 2 AR AR P DR
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LR A zfer303A AR & AR g 5 ) 55 B 4 R(Fig24~Fig.25) ¢
Nipa g E Y e B Bd bR Flzfex27.5 ~ zfex30.3fvzfexd3 4 = = iE
7 o A W #-H 2 42 pGEM-T-Easy § 48 + & & = 4F - (probe) 4 & {7 2 2 M i =52 %

-

(whole-mount in situ hybridization) » % % 3 Tzfex43. 44 F1 4 3072 hpfiarsene P4 78
(tectum)~ & *(hindbrain)~ F% (retina) ~ @ 5 (Branchial arches){?3 # (pectoral fin)> @ zfcx27.5
Frzfex30.3 78 FIR] H_% 3309275 B 4 (otic vesicle) » ¥ wu BRe 4 Fozfex30.3 78 Flend BEL
(Fig26) > tiftlg % 30 5265013 F+ FH I & Fjier § Fdp s & o

Yo rmyd P AL p ®zfex30.3% zfex27.5 % tkikl (Fig.27~Fig.28) » i 4|

*p iAo LR A F R T 2fex30.3 & AT T2 hpfiafhens B2 B R R
(macula) > >t = g R E_# R3] B ek (7 & (saccule) 2“7 A5 & (utricle)Fsa 7 zfex30.3:7%
B T AR A ot mre gt chim e P (Fig.29~Fig.31) » B A )
zfex27.5 5 AL 7 LB e R d 7L R zfex27.5 30 FPIRR R Y hA IR o £H 4
zfex30.3 R Fl1 e sd b g P58 5 ¢ st o A 3 0 AP 4 morpholino (MO)Fr#za g 4 p
4 Magfex30.3 48 F) B R H RS A W HOR MR F R4 2 s A ¢ F A 7 R

e s D B T B %% (Fig32-Figdd) » B % +1Q011) 5 sl § 73 § B4R 3

ey kg b oauE >

hAFETFEY AP g% S Tol24 Flg s k suaud = (Fig35) F ¢ %7 & - 42
oA Fl R AN B dpvalb3bkxd 3 FRTEE 2 2 E AL E R AaE ’}#TOQ#E B 48 (Table
6) o ¥ bR G I L @ a2 2 BE AT SO -TO2 A TR S T s b 4 X A
ALY > FRFE A PRAEUBEATIEAY AHE 4 PRAP AL E Y o
& & DIF2E 2 pvalb3b:TagGFP £ FliE 78 4. 2 2 FOX & epvalb3b:CX26-TagGFP £ #)
WAL > A F Y EFD P AR D f e Rl A (Fig.36~Fig37) « A k2t i s
FE2 A g LA FmE b0 TE 2 AEECE R K RZ 7 ARG R L F e RN
PR EEECXAFERE S b 2> 112 RPCXA T S s -

5 & I Ak Flzfex27.5% zfex30.32. 7 3

AT R A PRR R A S RGIBACX26) 2 Flehsa & zfex27.514 %
Zfex30. 3/ F1R HiEFE > X o BRSO F LA RPHM Y > B R FRE dzfex27.518
¥ 39 ¢ 3afpitHelakn®e chln?e B¢ > @ zfex30.31 % v B2CX260%-0 4p e ¥ AR & 7|
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fwmre W b 4 IRgap junctionza B (Fig.38) o ]t Jaiplzfex30.3 £k F1 82 GJB2 2k F|enp i i
B o RH et 4735 2 gap junction®_F - B G F S Fenr i vy Fik- A

4 -

S % p =

AP AP EAFT IS F LB RNREY I 2 TG A BN 0 A
e A RLAERY c FRERFAFEQ010)2 & FEBLFE § - $26E(2011)2
FEBEFE§ ~ FTEQOIDF M LS 2 B% 3% > Q011 2 #sa s dF3t g 12 5275
Q0I2)2 H FHE L Fjiest -8 GRS S F LBV RN R B3R BR(F 7
AE B 9% RPN ) hFET P E Y A FHF ¥ 2 RRGIC3 (CX30.2/CX31.3)4GJB2
(CX26) A Fl i fm®e p chA A5 % #5 o ¥ b apr B g hsiepuz > b APz L Em L g
3 | BLGJC34-GJB2 2 Fl4p i ez B . connexinfk | (zfex27.5 -~ zfex30.3 ~zfex43.4) » & p &
zfcx27.54vzfcx30.3 % fhIAl 12 18 P S 'fﬁ BRI g g e hi R %ﬁ 4 morpholino (MO)
B fRzfox30 3 Fl a8 4 B f 3 7 F A Ehd d o P PEA L 2 A 2 Tol2 A FliE w4k
S0 o AP e & E 3R $lpvalb3b:TagGFP{epvalb3b:hCX26-TagGFP = f& & & 7k Flid 78 52 5
o SFETHEPF T AR LB EAPFAENITEPNFTE R R L AR OT AT

T3 188 L GIB2ArGJC3f Flig & 2 G HER R By
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Table 1. Completed plasmid constructs expressing GJC3 (CX30.2/CX31.3) gene used in cell model.

Gene Vector Fluorescent protein Constructed plasmid name
pDsRed DsRed pDsRed::CX30.2/CX31.3 .
pEGFP EGFP pEGFP::CX30.2/CX31.3

CX30.2/CX31.3,
pTagRFP | TagRFP pTagRFP::CX30.2/CX31.3
pTagGFP | TagGFP pTagGFP:: CX30.2/CX31.3
pEGFP EGFP pEGFPZZ CX30.2/CX31.3 RISG
CX30.2/CX31.3 risc
pTagGFP | TagGFP pTagGFP:: CX30.2/CX31.3 grisc
pEGFP EGFP pEGFPZZ CX30.2/CX31.3 L23H
CX30.2/CX31.3 1230
pTagGFP | TagGFP pTagGFP:: CX30.2/CX31.3 23u
pEGFP EGFP pEGFPZZ CX30.2/CX31.3 w778
CX30.2/CX31.3 wr7s
pTagGFP | TagGFP pTagGFP:: CX30.2/CX31.3 wr7s
pEGFP EGFP pETagGFP:: CX30.2/CX31.3 w778
CX30.2/CX31.3 k2690
pTagGFP | TagGFP pTagGFP:: CX30.2/CX31.3 g269p
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Table 2. Completed plasmid constructs expressing GJC3 (CX30.2/CX31.3) gene used in Tet-on

system.
Vector Gene Fluorescent protein Constructed plasmid name
CX30.2/CX31.3 TagRFP pBIL::CX30.2/CX31.3 \,,-TagRFP
pBIL::CX30.2/CX31.3,,-TagGFP
pBlL::CX30.2/CX31.3g156 -TagGFP
TagGFP pBL::CX30.2/CX31.31231-TagGFP
pBlL::CX30.2/CX31.3w775-TagGFP
CX30.2/CX31.3 pBIL::CX30.2/CX31.3g269p-TagGFP
pBI-Tet | CX30-2/CX31.3r156 pBI::CX30.2/CX31.3,-TagRFP/

CX30.2/CX31.3 1231

CX30.2/CX31.3wr7s
CX30.2/CX31.3 5ar0 pBI::CX30.2/CX31.3,,-TagRFP/

CX30.2/CX31.31231-TagGFP

CX30.2/CX31.3 pis¢-TagGFP

TagRFP and TagGFP

pBI::CX30.2/CX31.3,,TagRFP/
CX30.2/CX31.3w775-TagGFP

pBIL::CX30.2/CX31.3,,-TagRFP/
CX30.2/CX31.3g269p -TagGFP
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Table 3. Completed plasmid constructs expressing GJB2 (CX26) gene used in cell model.

Gene Vector Fluorescent protein | Constructed plasmid name
pTagRFP | TagRFP pTagRFP::CX26yr
CX26pr pTagGFP | TagGFP pTagGFP::CX26yr
pLEGFP | EGFP pLEGFP::CX26y7
pTagRFP [ TagRFP pTagRFP::CX2664p
CX26G4p pTagGFP | TagGFP pTagGFP::CX266.4p
pLEGFP | EGFP pLEGFP::CX2664p
pTagRFP [ TagRFP pTagRFP::CX26r750
CX26r750 pTagGFP | TagGFP pTagGFP::CX26r750
pLEGFP | EGFP pLEGFP::CX26g750
pTagRFP [ TagRFP pTagRFP::CX267;23n
CX267;1238 pTagGFP | TagGFP pTagGFP::CX267,23n
pLEGFP | EGFP pLEGFP::CX267;23n
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Table 4. Completed plasmid constructs expressing GJB2 (CX26) gene used in Tet-on system.

Vector Gene Fluorescent protein Constructed plasmid name

CX26wr TagRFP pBL::CX26y1 -TagRFP

pBL::CX26yr-TagGFP

pBL::CX26G4p-TagGFP

TagGFP
CX26yr pBI::CX26r750 -TagGFP
pBI—Tet CxX2 6G4D
pBII:CX26T123N-TagGFP
CX26R75Q
CX26T]23N pBICX26WT-TagRFP/CX26G4D -TagGFP

TagGFP and TagRFP | pBIL::CX26y7.TagRFP/CX26g7s50 -TagGFP

pBICX26Wy-TagRFP/CX26T123N-TagGFP

Table. 5. Wild-type and missense mutant of GJB2 (CX26) gene were expressed in stably transfected

HeLa cells.
Vector Gene Constructed plasmid name Intercellular localization

CX26wr pTagGFP::CX26yr membrane
cytoplasm

CX2664p pTagGFP::CX266.4p Golgi apparatus  231/1065=21.7%
Lysosome 583/1012=57.6%

pTagGFP

cytoplasm

CX26r750 pTagGFP::CX26750 Golgi apparatus  436/1019=43.7%
Lysosome 904/1044=86.6%

CX267;238 pTagGFP::CX26723n membrane
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Table 6. Completed plasmid constructs used in zebrafish model.

Entry clone

Completed plasmid name

5’ entry clone

pDONRP4-P1r::pvalb3b (0.6 kb)

Middle entry clone

pDonr221::TagGFP

pDonr221::hCX26w1-TagGFP

pDonr221::zfcx30.3wr-EGFP

pDonr221::zfcx30.3G4s-EGFP

pDonr221::zfcx30.3r7su-EGFP

pDonr221::zfcx30.3gr 36k-EGFP

3’ entry clone

p3E-polyA

Expression clone

pDestTol2pA:: pvalb3b-TagGFP-polyA

pDestTol2pA:: pvalb3b-hCX26wr-TagGFP-polyA

pDestTol2pA:: pvalb3b-zfcx30.3wr-EGFP-polyA
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Fig. 1. Analysis of missense mutant CX30.2/CX31.3 expression in transiently transfected

tet-on HeLa cells by immunocytochemistry using pan-cadherin antibody.

Fluorescence microscopy of tet-on HeLa cells expressing CX30.2/CX31.3V-EGFP (A),
CX30.2/CX31.3V"-DsRed (B), CX30.2/CX31.3*"*S-EGFP (C), and CX30.2/CX31.3"*"-EGFP (D)

exhibited a uniform pattern which is continuous fluorescence along the apposed cell membranes,

respectively. The CX30.2/CX31.3%V7"® (E), and CX30.2/CX31.3"" (F) transfected tet-on HeLa

cells show impaired trafficking and concentration near the nucleus. Arrows indicate expression of

(CX30.2/CX31.3 protein. The cells were counterstained with 4'-6-Diamidino-2-phenylindole, DAPI,

(blue) to highlight the nuclei. Scale bars: 10 um.
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CX30.2/CX31.3V"-DsRed merge

CX30.2/CX31 3V DsRed merge

fﬁ'

CX30.2/CX31.3V-DsRed mergee

=

CX30.2/CX31.3%"-DsRed

CX30.2/CX31.3E269D_EGFP CX30.2/CX31.3VlDsRed merge

Fig. 2. Co-expression of mutant proteins with CX30.2/CX31.3"" using tet-on protein expression
system.

Tet-on HeLa cells co-expressing CX30.2/CX31.3%V-EGFP and CX30.2/ CX31.3V"-DsRed (A)
revealing co-localization of the two proteins at the plasma membrane. CX30.2/CX31.3**S_.EGFP
(B) or CX30.2/CX31.3"*"_EGFP (C) co-expressing with CX30.2/CX31.3""-DsRed exhibited the
same pattern as homozygous WT. CX30.2/CX31.3V"S.EGFP (D) or CX30.2/CX31.3"P_EGFP
(E) co-expressing with CX30.2/CX31.3""-DsRed displayed both of them were perinuclear
localization. Arrows indicate co-expression protein. The cells were counterstained with DAPI (blue)

to highlight the nuclei. Scale bars: 10 pm.
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merge —

CX30.2/CX31.382°D_EGFP merge

Fig. 3. Intercellular localization of the missense mutant CX30.2/CX31.3%-EGFP and
CX30.2/CX31.3**P_EGFP protein. Photomicrograph of tet-on HeLa cells transiently transfected
with CX30.2/CX31.3""S-EGFP (A) or CX30.2/CX31.3"%P_EGFP (B) ¢cDNA and immunostained
for use as markers of ER. The staining results for mutant CX30.2/CX31.3V""S.EGFP and
CX30.2/CX31.35%P_EGFP showed substantial co-localization in the ER (White). Yellow arrows
indicate the localization of ER. The cells were counterstained with PI (red) to highlight the nuclei.

Scale bars: 10 um.

CX30.2/CX31.38265D_EGFP merge

Fig. 4. Intercellular localization of the missense mutant CX30.2/CX31.3V"5-.EGFP and
CX30.2/CX31.3"*P_EGFP protein. Photomicrograph of tet-on HeLa cells transiently transfected
with CX30.2/CX31.3V"S-EGFP (A) or CX30.2/CX31.3"*P.EGFP (B) cDNA and immunostained
for use as markers of Golgi apparatus. The staining results for mutant CX30.2/CX31.3V">-EGFP
and CX30.2/CX31.3%P_EGFP showed the different localization from Golgi apparatus. Yellow
arrows indicate the localization of CX30.2/CX31.3 mutant protein. White arrows indicate the
localization of Golgi apparatus. The cells were counterstained with DAPI (blue) to highlight the

nuclei. Scale bars: 10 um.
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CX30.2/CX31.3-EGFP pan Cadherin

CX26-EGFP pan Cadherin| m

Fig. 5. Analysis of expression of CX30.2/CX31.3“"-EGFP in stably transfected HeLa cells by
immunocytochemistry using pan Cadherin antibody. (A) Fluorescence microscopy of
CX30.2/CX31.3VT-EGFP in stably transfected HeLa cells revealed continuous fluorescence along
cell membrane. (B) HeLa cells transfected with CX26"™ EGFP showed typical punctuate of GIJ
channel between neighboring cells. (C) Fluorescence microscopy of EGFP. The cells were
counterstained with 4'-6-Diamidino-2-phenylindole, DAPI, (blue) to highlight the nuclei. Scale bars:
10 pm.
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A Effectof Brefeldin A(BFA) in Hela cells expressed CX30.2/CX31.3 analyse B Effect of of Cytochalsin B{CtyoB) orfand Necodazole(Noco) in Hela cells

with MTT assay expressed CX30.2/CX31.3 analyse with MTT assay
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processing time

Fig. 6. MTT assay of cell survival rate after pharmacological compounds include Brefeldin A
(BFA) to disrupted the Golgi apparatus, Cytochalsin B (CytoB) to depolymerized actin
filaments, and Nocodazole (Noco) to disasembled the microtubules treated with HeLa cells
stably expressing CX30.2/CX31.3"-EGFP. (A) CytoB or Noco 2hr and BFA in 30, 60, 90 ,and
120min. (B) CytoB or/and Noco in 1, 2, 3, and 4hr. (C) CytoB, Noco 2hr and BFA in 30, 60,
90 ,and 120min. (n=3)

C€X30.2/CX31.3"-EGFP

Fig. 7. Effect of Brefeldin A (BFA) in stably express CX30.2/CX31.3%'-EGFP HeLa cells and
immunocytochemistry using anti-Golgi antibody. (A) Methanol treated with cells 1hr. (B) BFA
(5pg/ml) treated with cells 1hr to disrupted the Golgi appartus. (C) BFA (5pg/ml) treated with cells
lhr to disrupted the Golgi appartus. Arrows indicate formation of gap junction channel with
neighboring cells. The cells were counterstained with 4'-6-Diamidino-2-phenylindole, DAPI, (blue)

to highlight the nuclei. Scale bars: 10 pm.
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CX30.2/CX31.3*"-EGFP a-tubulin
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Fig. 8. Effect of Nocodazole (Noco) in stably express CX30.2/CX31.3“"-EGFP HeLa cells and
immunocytochemistry using anti-tubulin antibody. (A) DMSO treated with cells 2hr. (B)
Nocodazole (10pg/ml) treated with cells 1hr to disasembled the microtubules. (C) Nocodazole
(10pg/ml) treated with cells 1hr to disasembled the microtubules. Arrows indicate formation of gap
junction channel with neighboring cells. The cells were counterstained with 4'-6-Diamidino-2-

phenylindole, DAPI, (blue) to highlight the nuclei. Scale bars: 10 um.

C)(30.2/CK3?"“-EGFP F-actin

N S

CX30.2/CX31.3%-EGFP F-actin

Fig. 9. Effect of Cytochalasin B (CytoB) in stably express CX30.2/CX31.3"'-EGFP HeLa cells
and immunocytochemistry using Phalloidin staining. (A) DMSO treated with cells 2hr. (B)
Cytochalasin B (10ug/ml) treated with cells 1hr to disasembled the microtubules. (C) Cytochalasin
B (10pg/ml) treated with cells 1hr to disasembled the microtubules. Arrows indicate formation of
gap junction channel with neighboring cells. The cells were counterstained with

4'-6-Diamidino-2-phenylindole, DAPI, (blue) to highlight the nuclei. Scale bars: 10 um.
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Quantitative analysis of gap junctions formed by CX30.2/CX31.3 after the
pharmocological treatments.

I IIIIL

control CytoB Noco BFA & CytoB BFA & Noco CytoB &  BFA & CytoB
Noco & Noco

100.00%
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40.00%

30.00% -

20.00% -

paired CX30.2/CX31.3 - expression cells)

10.00%

percentage (gap junction - paired cells versus total

0.00%

Fig. 10. Quantitative analysis of gap junctions formed by CX30.2/CX31.3 V' after the

pharmocological treatments. Data representzSD of the percent, after the pharmacological

treatments, cells expressing gap junctions versus the total of paired CX30.2/CX31.3% -expressing

cells. (Cells number of control or treatments are 1500.)

4

Fig. 11. Interaction of CX30.2/CX31.3%"-EGFP with ZO-1 proteins in stably transfected

A pan-Cadherin

;3] CX30.2/CX31.3%t EGFP

HelLa cells and in transfected glioma cells and immunocytochemistry using ZO-1 antibody.

(A) Fluorescence microscopy of ZO-1 in HeLa cells revealed fluorescence along cell membrane. (B)
Fluorescence microscopy of CX30.2/CX31.3V"-EGFP in stably transfected HeLa cells revealed

continuous fluorescence along cell membrane and interaction with ZO-1 proteins. (C) Fluorescence

microscopy of CX30.2/CX31.3%T-EGFP in transfected glioma cells revealed interaction with ZO-1

proteins. The cells were counterstained with DAPI (blue) to highlight the nuclei. Scale bars: 10 um.
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Rhodamine B dextran Lucifer Yellow Propidium iodide neurobiotin (NB-CI) biotin ethlenediamine (NB-Br)
10000 Da, no charge 443 Da, -2 charge 415 Da, +2 charge 287 Da, +1 charge 297 Da, no charge

| ...

(Liang et al.,2011)

A

CX30.2/CX31.3
HeL cell

B
Mock
Hela cell

Fig. 12. Dye transfer after scrape loading stably express CX30.2/CX31.3"“"-EGFP in HeLa

cells. (A) Fluorescence images of stably expressed CX30.2/CX31.3""-EGFP in HeLa cells (B) and
mock HeLa cell. Cells were incubated in Lucifer Yellow (LY; 443 Da, -2 charge), propidium iodide
(PL; 415 Da, +2 charge), neurobiotin (NB-Cl; 287 Da, +1 charge) or biotin ethylenediamine (NB-Br;
297 Da, uncharge). Rhodamine-dextran (10,000 Da) was the negative control. There are no dye

transfer to neighboring cells.
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B CX30.2/CX31.3 wt 98.50 + 56.07 454.23£88.71

Fig. 13. Analysis of activity of CX30.2/CX31.3 hemichannels by bioluminescence assay for
quantitative determination of ATP released from CX30.2/CX31.3Y"-EGFP in stably

transfected HeLa cells.
Bar chart showing ATP release from stably expressing CX30.2/CX31.3V'-EGFP HeLa cells and

the mock HeLa cells, cultured in 0.9mM [Ca*'] with PBS or 2mM EGTA with PBS (n=3).
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Fig, 14. Analysis of effect of CX30.2/CX31.3 hemichannels by gap junction hemichannel

inhibitor 18a-glycyirrhetinic acid (18a-GA) and Carbenoxolone (CBX) for quantitative

determination of ATP released from CX30.2/CX31.3V'-EGFP in stably transfected HeLa

cells. (A) Cultrured 18a-GA 100uM medium and DMSO (control) in time course. (B) Cultrured
18a-GA 100puM and 200uM with 1hr. (C) Cultrured CBX 100uM medium and ddH,O (control) in
time course. (D) Cultrured CBX 100uM and 200uM with 1hr. (n=3)
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Fig. 15. Analysis of wild-type and p.W77S mutant CX30.2/CX31.3 expression in transiently
transfected HeLa cells. (A) Fluorescence microscopy of the p.W77S mutant CX30.2/CX31.3
transfected HeLa cells show progressive decrease in time course. Mock HeLa cell is a positive

control. The statistical analysis of cells expressing fluorescent fusion protein presents in panel B

(n=1000).
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Fig. 16. Analysis of genomic DNA and mRNA expression in p.W77S transiently transfected
HeLa cells. (A) DNA fragments were not significantly detected in CX3 0.2/CX31.3%""S expression
and mock HeLa cells. Then, mRNA expression of CX30.2/CX31.3"" and CX30.2/Cx31.3V""®
were detected from 3 day to 7 day using RT-PCR (B) and Q-PCR (C) The statistical analysis of
mRNA in panel B and C.

33



(A) (B)

Pan-cadhcrin CrGe ' Cx265wTagZFP | Pan-cadherin

Pan-cardherin " n o Pan-cadherin

Pan-cadherin 3 el Pan-cadherin

(©) D)

Man cadhenin 3 C: 4 Pan-cadherin § Merge
At

Pan-cadherin

Pan-radherin

Fig. 17. Analysis of wild-type and mutant CX26 expression in stably transfected HeLa cells by
immunocytochemistry using pan-cadherin antibody.

Fluorescence microscopy of (A) CX26"" and (D) CX26"'#N HeLa cells showing expression of
CX26 fusion protein at the plasma membranes. In contrast, the (B) CX26%*" and (C) CX26""?
stably transfected HeLa cells show impaired trafficking and concentration in the cytoplasm. Arrows

indicate the localization of CX26 protein. Scale bars: 10 pm.
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Fig. 18. Intercellular localization of the mutant CX26%" -TagGFP and CX26R75Q-TagGFP
proteins. Photomicrograph of HeLa cells stably transfected with CX269*P-TagGFP (A) or
CX26R75Q-TagGFP (B) cDNA and immunostained for use as markers of ER. The staining results
for mutant CX26%*P-TagGFP and CX26""°%-TagGFP showed the different localization from ER
(blue). Yellow arrows indicate the localization of CX26 mutant protein. White arrows indicate the
localization of ER. The cells were counterstained with PI (red) to highlight the nuclei. Scale bars:

10 pm.

A pTagGFP::CX26c4D
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Co-localization : 436/1019 =43.7%

Fig. 19. Association of missense mutant CX26%**-TagGFP and CX26""°%-TagGFP proteins
with Golgi apparatus. Photomicrograph of HeLa cells stably transfected with CX26%*"-TagGFP
(A) or CX26""°%-TagGFP (B) ¢cDNA and immunostained for use as markers of Golgi apparatus.
The staining results for mutant CX26%*°-TagGFP and CX26""**-TagGFP showed the substantial
co-localization in the Golgi apparatus. Arrows indicate the localization of CX26 protein. The cells

were counterstained with DAPI (blue) to highlight the nuclei. Scale bars: 10 um.
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Fig. 20. Association of missense mutant CXx26%* -TagGFP and CX26R75Q-TagGF P proteins

with lysosome. Photomicrograph of HeLa cells stably transfected with CX26%*°-TagGFP (A) or
CX26"°%-TagGFP (B) ¢cDNA and immunostained for use as markers of Golgi apparatus. The
staining results for mutant CX26%*°-TagGFP and CX26"°?-TagGFP showed the substantial
co-localization in the lysosome. Arrows indicate the localization of CX26 protein. The cells were

counterstained with DAPI (blue) to highlight the nuclei. Scale bars: 10 pm.
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Fig. 21 Co-expression of mutant proteins with CX26""

in transiently transfected HeLa cells.
HeLa cells co-expressing CX26" -EGFP (A) or CX26"'**N-EGFP (D) with CX26"'-TagRFP
revealed co-localization of both proteins at the plasma membrane. CX26%**-EGFP (B) or
CX26"°°-EGFP (C) co-expressing with CX26"'-TagRFP exhibited the same pattern as
homozygous WT. Both of them were displayed at the plasma membrane. Arrows indicate
co-expression protein. The cells were counterstained with DAPI (blue) to highlight the nuclei. Scale

bars: 10 pm.

Fig. 22. Scrape loading dye transfer in HeLa cells stably expressing CX26"'-EGFP or
CX26""PN_EGFP. Fluorescence images of stably expressed CX26“'-EGFP (A) or
CX26"*N-EGFP (B) in HeLa cells and mock HeLa cell. This Cells were incubated in Lucifer
Yellow (LY;443 Da, -2 charge) for 30 minutes. The wounded cells took up the dye in all cases, but
no dye was transferred from wounded parental cells to neighboring cells in CX26"*N-EGFP

expressing cells.
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Fig. 23. Nighbor-joining tree. A nighbor-joining tree show that the zebrafish Cx30.3 and Cx27.5
amino acid sequence is closely to human CX26 as well as zebrafish Cx43.4 is also closely to human
(CX30.2/CX31.3. Bootstrap values are base on 1000 neighboring replicates and indicated as node
labeling. Hsa: Homo sapiens, Mmu: Mus musculu, Dre: Danio rerio, HPcx47: Halocynthia

pyriformis cx47 is out group control.
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Fig. 24. Analysis of zebrafish cx27.5 and cx30.3 gene expression in embryo development stage
by RT-PCR. Zebrafish c¢x27.5 (zfcx27.5) is small expressed in the 1.5 to 3 hpf and large expressed
after 6 to 96 hpf. Contrarily, zfcx30.3 transcripts are hardly detected until 9 hpf. zfcx34.4 transcripts
are consistent expressed from 1.5 hpf to 96 hpf. Efla (elongation factor 1-Alpha) is an internal

control. hpf: hour post fertilization.
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Fig. 25. Analysis of zebrafish cx27.5 and cx30.3 gene expression in adult tissues by RT-PCR.
Zfcx27.5 and zfcx43.4 are large expressed in most adult tissues, except liver tissue. Zfcx30.3 is only
large expressed in the ovary of zebrafish including two isoform. Notably, zfcx27.5, zfcx30.3 and
zfcx43.4 are expressed in the inner ear of zebrafish, which is similar to human GJB2 (CX26) and
GJC3 (CX30.2/CX31.3) expression in the inner ear. Efl/a (elongation factor 1-Alpha) is an internal

control.
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Fig. 26. Whole-mount in situ hybridization (WISH) in 72 hpf embryos. All images are lateral
views, anterior is to the left and dorsal is up. (A, B) zfcx27.5 mRNA is detectable in otic vesicle (ot).
(C, D) zfcx30.3 mRNA is also detectable in otic vesicle (ot) and heart (he). (E, F) zfcx43.4 is
expressed in branchial arches (ba), retina (re), pectoral fin (pf), and hindbrain (hd) of 72 dpf

embryos. (G, H) bmp4 mRNA probe is a otic vesicle marker. Scale bars: 1 mm.
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Fig. 27. Zfcx30.3 antibody production. (A) We clone zfcx30.3 c-tail sequence in the pET32b
plasmid and express recombinant protein by BL21 strain of E.coil. Then, we purify the recombinant
protein using nickel-column and immune rabbit to obtain the antibody. After immune 2 weeks (B),
4 weeks (C), 6 weeks (D) and 18 weeks (E), we test the rabbit serum and found that the serum can
detected to the lower from 0.5 pg to 0.05 pg recombinant protein using western-blot analysis.
Anti-his antibody is positive control. (F) We also detected zfcx30.3 protein in 48 and 72 hpf

embryo of zebrafish using immune 6 week serum.
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Fig. 28. Zfcx27.5 antibody production. (A) We clone zfcx27.5 c-tail sequence in the pET32b
plasmid and express recombinant protein by BL21 strain of E.coil. Then, we purify the recombinant
protein using nickel-column and immune rabbit to obtain the antibody. (A) After immune 5 weeks,
we test the rabbit serum and found that the serum can detected to the lower from 2 pg to 0.05 pg
recombinant protein using western-blot analysis. (B) Anti-his antibody is positive control. Arrow

indicate the protein molecular size.
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Fig. 29. Immunolabeling patterns of zfcx30.3 in the inner ear of 72 hpf embryo. (A-D)
Expression of zfcx30.3, indicated by yellow arrows, is shown in the supporting cell using
anti-zfcx30.3 antibody. (E-F) Zfcx30.3 expression is not shown in the 72 hpf embryo using
preimmune serum. (A, E) Sections of the 72 hpf embryo were counterstained with DAPI to
highlight the nuclei. (B, F) zfcx30.3 expression (C) (A) merge (B) (D) HE staining. Scale bars: 50

pm.
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~
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Fig. 30. Immunolabeling patterns of zfcx30.3 in the inner ear of 72 hpf embryo. (A-D)
Expression of zfcx30.3, indicated by yellow arrows, is shown in the heart using anti-zfcx30.3
antibody. (A) Sections of the 72 hpf embryo were counterstained with DAPI to highlight the nuclei.
(B) zfcx30.3 expression (C) (A) merge (B) (D) HE staining. Scale bars: 50 um.
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Fig. 31. Immunolabeling patterns of zfcx30.3 in the inner ear of adult zebrafish. Expression of
zfcx30.3, indicated by yellow arrows, is shown in the saccule (A-D) and urtricle (E-H), especially
in the supporting cell (SC) and hair cell (HC) using anti-zfcx30.3 antibody. (A, E) Sections of the
adult tissues were counterstained with DAPI to highlight the nuclei. (B, F) zfcx30.3 expression (C,
G) (A) or (E) merge separately with (B) or (F). (D, H) HE staining.
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Fig. 32. Morpholinos to zfcx30.3 phenocopy otic defects in wild-type zebrafish. We
microinjected 4 ng morpholino oligonucleotide (MO) to knock down zfcx30.3 translation. All DIC
images of 72 hpf embryos are lateral views, anterior is to the left and dorsal is up. zfcx30.3
morphants show the wild-type like (A), heart edema (B) and abnormal somite (C) phenotype. The

statistical analysis of morphants presents in panel D. Scale bars: 0.3 mm.
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Fig. 33. Knockdown of zfcx30.3 expression causes shorter otolith distance in the 72 hpf
embryos. zfcx30.3 morphants show the wild-type like, heart edema and abnormal somite phenotype.
(A) We detected the distance between two otolithe and (B) divided the distance into five groups.

The reduced otolith distance in both zfcx30.3 morphants phenotype. Scale bars: 50 um.
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Fig. 34. DIG images showing the inner ear phenotypes of zfcx30.3 morphants in the 72 hpf
embryos. (A-C) Lateral views of wild-type (WT) inner ear for comparison with zfcx30.3 morphants.
(D-I) zfcx30.3 morphants reveal thr reduced otolith distance and size of cochlea. OD: otolith
distance, ao: anterior otolith, po: posterior otolith, ac: anterior semicircular canal, lc: lateral

semicircular canal, pc: posterior semicircular canal. Scale bars: 50 pm.

A B
ENTRY clone
’ ORF attL1 ORF attL2
PCR amplify
ORF with attB- attB2 ¢ +LRdonase > LR
containing primers l AN ™\ reaction
[aftR1] ccdB/icam' [atiR2]
Destination vector
[aftB1[  _ORF___ JatB2]
BP_ l
+ BP clonase reaction
—attP1] cedB/cam®  [attP2}— —atiB1]____ORF ___JaftB2}—
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l +
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ENTRY clone by-product
+
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Fig. 35. MultiSite Gateway cloning system (Invitrogen). (A) Description of the BP reaction for a
polymerase chain reaction amplified open reading frame to get an ENTRY clone and by-product. (B)
LR reaction between an ENTRY clone and a Destination vector to get an Expression clone. Note

that att sites are not to scale.
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Fig. 36. Cellular distribution of TagGFP in the pvalb3b transgenic line. All DIC images of 96
hpf embryos are lateral views, anterior is to the right and dorsal is up. Fluorescent images of 96 hpf
embryos demonstrate TagGFP labeling in the otic vesicle (A) or/and lateral line (C). (B, D) In
ventral view of embryo in 96 hpf, sensory epithelia containing TagGFP-positive cells are located
beneath the two otoliths or crista. ao: anterior otolith, po: posterior otolith, am: anterior macula, pm:

posterior macula, kc: Kinocilia of the crista hair cells.

Fig. 37. Cellular distribution of hCX26-TagGFP in the pvalb3b transgenic line. All DIC
images of 96 hpf embryos are lateral views, anterior is to the left and dorsal is up. (A) Fluorescent
images of 96 hpf embryos demonstrate hCX26-TagGFP labeling in the otic vesicle. (B) In ventral
view of embryo in 96 hpf, sensory epithelia containing hCX26-TagGFP-positive cells are located
beneath the two otoliths or crista. ao: anterior otolith, po: posterior otolith, am: anterior macula, pm:

posterior macula, kc: Kinocilia of the crista hair cells.
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Fig. 38. Analysis of zebrafish connexin 27.5 (zfcx27.5) and zfcx30.3 expression in transiently
transfected HeLa cells by immunocytochemistry using pan-cadherin antibody. Fluorescence
microscopy of the zfcx27.5-001 (A) and zfcx27.5-002 (B) transfected HelLa cells show
concentration of zfcx27.5 fusion protein in the cytoplasm. In contrast, the (C) zfcx30.3 transfected
HeLa cells show expression of zfcx30.3 fusion protein at the plasma membrane. The results
demonstrate zfcx30.3 is more similar to human GJB2 (CX26) than zfcx27.5. Arrows indicate the

localization of zfcx27.5 or zfcx30.3 proteins. Scale bars: 10 um.
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