v ;}% B3

BRRA-BV LI SRV AR FRERDRFAT LS54
BAFIRE S BRIEFIF > &A FH L Aea . 95 1/1000 % 52
AR ZEY (TET §Y w Y prelingual period) fe k€ R
Fit (severe or profound) » Connexins &_1# ft = enR2% » T “TH = £ gap
junction channels § F #3522 Zfod ¥ iEAEY > 3 o] A F PR
# 2 B connexin 7 = — B hemichannel (connexon) > £ d & &
hemichannel ¥ = - # gap junction > P # % 5 ¥ connexin & F|R % &2
WMy Mo GJB2 (Cx26) ~ GJB3 (Cx31) ~ GJB6 (Cx30) ~ GJBI
(Cx32) 4= GJAI (Cx43) -

Cx43 %rﬂ{ conneavin v '?:53? o] /;‘n,: — 1B A s TP b"" i': }_EE “;E 3—3:3&}‘_?‘ P

Beng T ANl S R 190 S B BEE 2 130
EA K A f R DNA e Cx43 L Fl e 45 o fh = Cx43 A Flehés
g%k o AP 1 AT (x4 4L %o 7 Al [+ (polymorphism) :
112A—C (K38Q) » & % 130 =Fe 4 & % 4 v 190 = Ffp Bge o
8% Al ik et A% 3/130 (2:3%)F ) (3.68%) > ¥ ¢t

B BRAEE 42— B silent 2% : 837C—T/wt (G291G) ~ — 1B
missence % % ! 205T — C/wt (S69P) 12 2 — B delection X % :
932delC/wt » B % % A #ick B #rikant 5] 50 0.53% (1/190) > 0.53%

(1/190)% 6.3% (12/190) » #+ 12 {3 phA S it % B+ > &% Crd3 &7
1



R 932delC/wt B 5 i o i B EH VR TS T R EE B%
I

APl A A pF etk 2D F 2 R Cod3 T A
R Hela % > 117 2 Cxd3 REAFIORBPE - F 5% G5EP
Cx43 39 9% 932 B Hpedt 4 {8 > @27, gap junction o F]p* ¥F
3 Cx43 L F12 B v Ap B AL F)# a0 87§ (Cx26 ~ Cx30 ~ Cx31 2 Cx32)
A F R LF g 0 f3 Cx 7% (connexin family) & & B Bl = 7]

POENI E



Abstract

Hearing loss is one of the most common sensorineural abnormal
diseases. The incidence of profound prelingual deafness is approximately
one per 1000 at birth and the cause of this disease includes many known
genetic and environmental factors. Connexins, a large family of
membrane proteins, are components of gap junction channels that regulate
a variety of physiologic and developmental processes through the exchange
of ions or small molecules. Each gap junction channel is formed with two
hemichannels that are composed of six connexin subunits. Mutations in
five members of the connexin gene family, including GJB2 [connexin 26
(Cx26)], GJB3 (Cx31), GJB6 (Cx30) , GJBI (Cx32) and GJAI (Cx43),
have been shown to lead to hearing loss.

Because Cx43 gene is the first o connexin gene to be associated with
non-syndromic deafness, we have sequenced the coding region of Cx43
gene from 190 Taiwanese patients with prelingual deafness and 130
unrelated normal individuals. In the 190 deaf patients, 14 were found to
have mutations in the Cx43 coding region (7.37%). Twelve of these 14
patients were found to be heterozygous for 932delC (6.32%), one
heterozygous for 205T—C (0.53%) , and one heterozygous for 837 C—»T
(0.53%). Heterozygous 932delC was identified to be the most common
type of mutation found in Cx43 mutants in this study. In addition, new
polymorphrism 112A—C was observed in both deaf patients (3.68%) and
normal individuals (2.3%).

To understand the role of 932delC in pathogenesis, two plasmids
have been constructed to contain wild type Cx43 gene and 932delC Cx43 ,

respectively. These two plasmids were transferred into HelLa cells and
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expressed. Our data indicate that the 932 delC in the Cx43 gene may
inhibit the formation of gap junction in HeLa cells. The abnormal protein
function caused by Connexin gene mutation might provide an important

insight into the mechanisms leading to hearing loss.



(Introduction)

RERY FIABAFIRZLRETFF > &3 FH 2504200 E T
4 & & %X (meningitis ) %ﬁ'{ ¥ (mumps) ~iFA & F g
( perinatal complications) ~ # &+ g 4 (‘materofetal infection) [4r:
# “ch % (toxoplasma ) ~ € B i 7% (rubella ) fr E Jm % g5 &
(cytomegalovirus) & %] ~ & ¥ £]% (acoustic trauma) % B 3 % 2.
(ototoxic drug) = X3 1/1000 B 52 h 4 P 4 | 325 HTF 2 &
¥ v P prelingual period e & € & #.Fi(severe or profound) » & ° B
F RN TF 60% Bk 2R @ FlF (Marazita & 1993) - ¥ 5 1/1000 3] =
£ R 0 ARG BeE P G BT F S S b K
¥ oo ¥ ¢b 5 g A (late onset) © B4 34 < 3t 65 & £ (dBHL) > ##
30~50 R L2 A2 03% > @ 60~70 Rk 2.3% o — A i A
Fd@enkyg FlE2 £ k% a &4 (Kalatzis {o Petit,1998) - .1 &
BB kg o8 RA i BERBARR B RpEH S
A PMIBERLSG AR BF YL T A i Ey BB K
T b m T RHE L
(-) & i k23 . K (syndromic hearing loss)

*G3E T 8V % FR(prelingual deafness) 30% 24 > 5 #ik

CREEHEGE OFRBE G EER A (pp g~ B R T
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oGS FnRH) A F A ABG N ¢ TR ER

(=) & ®m ¥ ¥ & MK (nonsyndromic  hearing  loss)
AW AR B opmE R 70% 0 DFN £ o7 (28
@ > DFNA # 7 %84 ¢ %8 & |4:% @ (autosomal dominant form) > DFNB
% 44 ¢ 82 M43 @ (autosomal recessive form) > 2% B Y v R
(prelingual deafness)® DFNB it 77% i % > m DFNA it 22% > DFN
8 1% 5k sel A )% % (Kalatzis v Petit 1998,Morton 2002) - %4 4 &
MEELR B2 KRy LEAKED s WA A PBELARR
(congenital deafness) » & - &_F] A #54x [io(cochlear defect)® # # 2 g
+ # (sensorineural ) E.fi 0 @ F 3 & ¥ S F i (postlingual deafness)d
F 5 25 (pedigrees) F| %77 it 2 R4 F RRE MR B A T Al A T
RE2ZA GG FRFEAENFC > LR LR G RN
% rig i (progressive) o 2% 3] (late-onset form) > B & it 5 Ful i F
dmzo e F)(F ke A EF 0.2~1% ) °
w2 A E o 2 EERME (nonsyndromic hearing loss, NSHL ) 9
A %1 A& (loci) #& Z_ (mapped) % F.Fi AL ] (deafness genes) #iE
78 (cloning) 7 B FeniE B o 1 4 » 2o i #F MRk F1 A& (loci)
-t Beow - BHAS MENE (Autosomal dominant) > = -+ B

4 ¢ W2 (Autosomal recessive ) fv— i X-linked ( Hereditary
6



hearing homepage) @ 7 59 BEIRAFe h g d 117 B 5 WML
R 14 B A7 WEE 1 BEMED 6 BT e "
33 Boe i HEH AR A F] (Morton 2002, Naz % .,2002)

d MR - A RRNE Y 0 ¢ f ML B 2 1 Y
FOFLHRE o AHEETDOATY 0 FF I ATTRB DR T
(encoded protein) ¢ & B ¥F¢ £ R > F A fE ¢ A gRha i 0F
LAt RMES A BN G SRR ATILE ¢ BRI i T
t4 (ionic homeostasis ) ° 4r connexin(Cx) #k F]--- connexin 26 (Cx26)
connexin 30 (Cx30) ~ connexin 31 (Cx31) ~ connexin 32(Cx32) %
connexin 43(Cx43)% o 348 Cx A FlZ IR ko H 5 Cx v £
= Gap junction ek ] e H i o pow prf LR Y 2 oy 20 f4
Cx #9¢ (Bruzzone ¥ 1996) > X #Feh Cx v 7 kg 8 Py pefoicik
fa B 7 e04p 0% A G oo~ B fry = 8= F48 (sub groups) °

Gap junction &_‘wPz £2 ZKiT % fF chid ig > H ¥ 5y A3 X mie
RF endg + (lons) ~ 34~ (metabolite) 2 % = 3 4 4 (second messengers)
— )4 ¢ cyclic AMP ~ inositol (Dermietzel and Spray, 1993 ; White and
Bruzzone, 1996 ; Kumar % 1996) - Gap junction £ ¢ Cx 3-v 55— i@ ¢
enke & i 4% (assembly processes)® A1) = (Bruzzone % 1996) » connexin
f 4 (endoplasmic reticulum)t ® 3¢ ¥ 4L = = & #7247 fp (folding) *

& d B & i 47 (oligomerizing) #-- % connexin =X ¥ {*(subunits)F & &
7



23 3 (half channel) » 2 connexon > #-% = % & &5 connexon & » p
Bt t > L g 4rgpd B £ B9 (calcium-binding protein).% & & i 3
% A& X %8 (Golgi body) (Paricia % 1998) 18 %3 A4 18 ¥ 1 w2 st
(plasma membrane)$t 71| » ¥ ¥7 RiT 'w P2 7 connexons E AREEF| = - %
B s ve B 230 i (intercellular channel)(*t Bl ) o A p B g EA 5 F A&
+ > gap junction A EHBE P B F- BEER L > F e KHES
‘w2 (hair cell)® ¥] 2 35 p 3 = % %i(cochlear endolymph)i i3k o
(Kikuchi % 1995) > #x% &_gap junction v H e F1 2 4 % SR
PRERLFERPPET . FAPIREFRFIECAFLE AL
BCAFTF Y o BRBEF? N O20AFIF B3 > A PR %
Fe b Cx26 AFnéide o ISR FAEMNE BRE
European Journal of Human Genetics (2002) 10, 495-498 - ~ 3~ ¥ &
47 - B Cx $ F-—-Cx43 & Flehr § o

Cxd3 & Fli+ 4 ¢ 8 6q21-q23.2 ¢hi= % (Corcos £ 1993) » Cx43
& F1¥ 5 di(encode) 7 382 BRI c HE 3w BT RS
(transmembrane domain) 2 % 'wm e H p 3 H - o f¢ p Ik (single
intracellular loop)fr = i sm %2 *} 7k (extracellular loops) » H "= =8 %

(amino terminal region)fr2s 7 =4 % (carboxyl terminal region) & - . jm ¥

B (Zhang and Nicholson 1994 ; Goodenough % 1996)(%] - ) -



Cx43 F-v #AF LR APHF ~ 7 & Murakami % 2001) ~ :}F:; R
s %% B g (Pazneka ¥ 2003 > Murakami ¥ 2001 - Britz-Cunningham
% 1995 and Liu % 2001)> 3 17 BA R R ¥ =% ¥ ODDD
(Oculodentodigital dysplasia) 7 B (Paznekas % 2003) ; Cx43 & % 2
S364P 1% % > B € B 5w 50 7 (Britz-Cunningham % 1995)

. Cx43 337 Nzpeniz ¥ e %2 V24A 2 LIIF DR ¥R 2 2 R
Bi(Liu % 2001) ( *# - ) > &% Connexin o group ¥ % — pALdp e
e B enh 7] o

g e 0 T @k RS LR R PRI K
MERRR > M Cx AFIREZ1L 0 Ra P S8k w1 gz
Cx F1PF F (51 Cx26 ) Bl > A2z DM RS 1 F Ocd3
AF2 S HFTHREZ 247 Cxd3 AR L5 0 E T d - &
b 190 BFTEYBREA SR AT ERARBAE 0 28 (x4

KFEFHEANL 2 BEIREAFILE 2> TP T Cxd3 AFIR%

mi o Cx43 30 2L Fr T R E(I}iatﬁﬁ



bt
(Material and Method)

- > B LR

l.

A AL R R ASE AR S B LR Sml &
4 130 = o

;[P’;,&

R

JeB 190 =5 ¢ pRB B RS 4 > Tk g 2-18 & 0 R
BRAG Bt Smi- KEELE) P LFFA T
# i e R = il s 2BV EFTRR
(postlingual deafness) > 2 & m 2Lz i ¥ H ¥ X 7 o B Iq
(nonsyndromic prelingual hearing loss) = ¥+ % » ¢ 7 RIEME
2 1% 3 14 B % (sporadic deafness) > & & 5 & #H-T 35K (500,

1000 2 2000HZ)(ACPTA)% % F A .l & M2 5 -

Degree ACPTA range
Mild 20<ACPTA =39 dBHL
Moderate 40< ACPTA =69 dBHL
Severe 70< ACPTA =89 dBHL
Profound ACPTA =90 dBHL
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4

v G R R

A REF F F R mie (HeLa cell) BEA & &1 £8 BA7 3 “TARMAY

S
(1)Human anti-mouse connexin 43 polyclonal antibody-F£p BD

Biosciences = &
(2) Goat anti-mouse IgG fluorescein conjugated secondary

antibody P& p Chemicon = & o

Genomic DNA 7774 B~ .

" % % heparin 9 5 ml = /& » | * PUREGENE DNA
Isolation Kit(Gentra ; = j* %P *tékx A)i& {7 genomic DNA &d
B o it {5 e genomic DNA 143k & b ¢ ik (Spectrophotometer ;
DU-640 - Beckman) ] & & 260nm = 4p ¥ =% k @& %
260nm/280nm - sk vt g o d gt F ar DNA g 8 R o gt

genomic DNA %33 1 -20°C o

. Cx43 A P75 § i H-DNA H % jp 3 5 52 40 47

(Single Strand DNA Conformation Polymorphism,; SSCP)

A a & 4 Cx43 A FIE B coding region i {7 R % B0
11



MR EFE >  CX43 A F] 2> & 1148bp > AP R-H 2 5 8F - 2% 8
$F primer 4 % & d1 > & B % £ {8 40 overlap 34 3] 65bp 3 &
% B primer B 740

CX43-1Forward: 5’-GGAGTTCAATCACCTTGGCGT-3’
CX43-1Reverse: 5’-CAGACTGCTCATCTCCCCAG-3’
CX43-2Forward: 5-GGAAGGTGTGGCTGTCAGTA-3’
CX43-2Reverse: 5’-CACATAGAACACATGAGCCAGG-3’
CX43-3Forward: 5°-GGTCCTGCAGATCATATTTGTG-3’
CX43-3Reverse: 5’-CCTCGCATTTTCACCTTACC-3’
CX43-4Forward: 5’-TGCCCAAACTGATGGTGTC-3’
CX43-4Reverse: 5’-TGCAAGTGTAAACAGCACTCAA-3°
CX43-5Forward:5’-TATCCTCTTCAAGTCTATCTTTGAGGT-3’
CX43-5Reverse: 5’-GAGTTCAATGATATTCAAGGCC-3’
CX43-6Forward: 5’-TTTCCTCTCTCGCCCCAC-3’
CX43-6Reverse: 5’-GCAGCCATTGAAATAAGCAT-3’
CX43-TForward: 5’-GACTGTGGGTCTCAAAAATATGC-3’
CX43-T7Reverse: 5’-GTTAGAGATGGTGCTTCCCG-3’
CX43-8Forward: 5’-CAGAACAAAATCGAATGGGG-3°

CX43-8Reverse:5’-TCTTGATGCTTTCAAGCCTGT-3°

i#* DNA R & pvéasi F & (Polymerase Chain Reaction,
PCR) 2 33 41 & f = & thcoding sequences » & ¥4 5 25

pl o kA 5 10 mM Tris-HC1 (pH 9.0) > 50 mM KC1 - 1.5

12



mM MgClz > dNTP 100 uM > 0.25 units/25 ul pro Tag DNA
polymerase (Promega) > 200 uM primers > 4 % DMSO 2 100 ng
genomic DNA » #-p* & &2 7% % > ) & R B (Perkin-Elmer
9700) ¢ &7 > F ikt ik & F <] % primer # @ F T
o Bk AR D pul 2 % E " (agarose) oAk A T 0 U FE
TEFTRERET IS PCRASFDSEF > R &* DNA H %
1‘#;"} % 254 4 47 (Single Strand DNA Conformation
Polymorphisum ; SSCP) % it = ~ & enéw:E (Bl— ) > 4 % Z DNA
EBH# B ATFAed 3 REEE N DNA 5§ 7»}1..—«5'1’1#;
A FE-HEHRMEF R FEEFTDNAR A A 47
MRBAF AL OERE o el YRR mTr V2 TR)
Poe fOETRR e 0 PR i T F SRR S enEFiE o Flpt #-20pl
PCR * & &k is & 4 » 10 pl formamide loading dye » 4¢
#95 'C 10 min f6 2 3§ 7k b » B p eh a3t % DNA 4+
B = H % > Joading 20 pul **% 5 % glycerol ~ 0.5 & TBE
buffer 2= 8 % Polyacrylamide (acrylamide:bisacrylamide
=49:1) MR T A ZAER 512 °C~ 15mAmp ~ 14 /] PFiE =
DNA # e @t » 7 A = (8894 * DNA Silver Staining
Kit (Pharmacia Biotech) (= i %B'd4r]) > MHAAL T <

1% 2 B WO AR e sk S 2
(Sl TR P ARicie sico

13
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= Cx43 K 7|74 7 »

A A & 44 Cx43 AR FIE B exons i (7 R F P
Primer #< % CX43-1Forward: 5’-GGAGT TCAA TCACC
TTGGCGT-3" » 11 % (CX43-8Reverse:5’-TCTTGATGCTTTCA
AGCCTGT-3’#4tc i@ * DNA X & f=4a4f - J&(Polymerase Chain
Reaction, PCR) ™ # 3 ) & £ = B ¢ coding sequences * ~ &4 Ff
225 ul 3R ER S 10 mM Tris-HCI (pH 9.0) » 50 mM KCI -
1.5 mM MgCl, > ANTP 100 uM > 0.25 units/25 ul pro Tag DNA
polymerase (Promega) > 200 uM primers > 4 % DMSO % 100 ng
genomic DNA > #-} & &3 % ¥ v ) & & % (Perkin-Elmer
9700)® &7 > & ik 2 ik exons * @ F TR o Bok AR
5 ul 12 2 %E % (agarose) T A AT 0 MAR R E = PR E R AT
* % PCR A4 ch& 5 » £ & * QIAquick PCR Purfication Kit

(QIAGEN)# it PCR A # (= 2 2R "4 B) > T/ ¢ * ABI
Prism Big Dye Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems ; = j* P& *t4% C)% ABI Prism 310 Genetic

Analyzer (Applied Biosystems):i& {7 & #4 F 7| b 4 T T_F o

= if77‘£ Cx43 ¢cDNA jcéfé’ ;

14



P~ 100 ng genomic DNA > i¢ * PCR 2 #F3 5 B E <0 coding
sequences * PCR3.1(invitrogen) 5 48 (®]- )¢ 7z 3 cytomegalovirus
immediated early promoter (pCMV) & H it frf S 8fimoe 2 ME 2
Ampicillin resistance # %] o Primers 4] * forward primer 4v }
Hind 111 *3+| = c*7 8L(Cx43-Hind 111 : 5’ATG AAG CTT ATG
GGT GAC TGG AGC GCC) - reverse primer *r + Not | *T+4|fix *»
2E(Cx43-Not I : 5’ATG GCG GCC GCC TAG ATC TCC AGG
TCA TCA) > i# * DNA X & =484} F J& (Polymerase Chain
Reaction, PCR) 14 #f 3 1) B B = B Cx43 coding region jf¥_ start
codon I stop codon > 1149 bp - & R 5 25ul > B iR ER
% 10mM Tris-HCI(pH 9.0) > 50mM KCIl, 1.5mM MgCl, > dNTP,
200uM -+ 0.25 units/25 pl pro Tag DNA polymerase (Promega) >
200 uM primers > 4% DMSO % 50 ng /25 pl genomic DNA » #-pt
FORA R B e R &R B (Perkin-Elmer 9700)¢ - :2{7 DNA %
4G F s FRIEE S 94C S~480°94C 1 248 ~55C 1
g~ T72°C 2 2 4830 B Jﬁﬁiﬁ’x) » 72°C 20 ~ 48 0 B TSR R dE
% 4C - £ 2 PCR & 4 {r PCR 3.1(invitrogen) 5 #4(Bl - )z 5 : 1
3 B gt o FORARA S 10 ulo f1* T4 DNA ligase(Gene
Mark) 2 25°C T i®* 1 > BH FZ3 4 ul 71 1%FF %

(agarose) & # 4 7 > F| T 0 3ul & transformation i¥ » XLI1-blue

15



cell (competent cell ; = /2 SR *Fé D)R-H %k 7 7 #22 %2 (50
( g/ml Ampicillin)é Luria- Bertani 2 & 7L (LB agar) t > ] * o
4 & EE D 7 %E’x"] B B R A 3TCHE e
% P H - FHRI 7 24 % (50 1 g/ml Ampicillin))&7 5 ml LB
BERP >N 37TCAE 4/ pF > £ @& * QIAprep Spin Miniprep
Kit(QIAGEN ; = j# PR '4 F)R-F 3 1 > 1% 4p e e primer
27 DNA R & pedasy & & iv4~ H Fesn 2 "W} ps HindIll » Not 1
T* 1) prgarinis > £ 1 ABI Prism Big Dye Terminator
Cycle Sequencing Ready Reaction Kit(Applied Biosystems % ABI
Prism 310 Genetic Analyzer)(Applied Biosystems)i& {7 & =4 B 7 vt

HoomnypHatle e

N R CeAS DV FoA
#-o FEIL D K h Cx43 F A > 1% QuikChange® Site-
Directed Mutagensis Kit(STRATAGENE ; = j# % P& 44+ E)
B Cx43 REOFRE > A 18P 3ul & transformation i » XL1-
blue cell #-H % %7 7 +#v2 % (50 1 g/ml Ampicillin)s~ Luria-
Bertani 3 % A (LB agar)} » f1%* fod R &E N 74~ A5 P K
SRR B R AR 3TCHERR A LPEH - BRI

% (50 £ g/ml Ampicillin))cF5ml LB3: &% ¢ » 3 37C % 4]
16



pF > f i * QIAprep Spin Miniprep Kit(QIAGEN ; = j# %P *itésk
G)#-H 44 &1 » 41 * *LH|a5 Hindll » Not 1= 37°Cie* 1] pF

BRIz 7 Cx43 ch P B8 5 2R 1 11 ABI Prism Big Dye
Terminator Cycle Sequencing Ready Reaction Kit(Applied
Biosystems % ABI Prism 310 Genetic Analyzer)(Applied

Biosystems)i& {7 & = B 7| v $F o Fr il B AR “,/TT A e Cx43 7 8

REIL R TR

{ At REIBAE AT % -

=R Cx43 B e po A R EA) 0 5 A o B
HeLa m%% ~ 3 %3t 25cm® Flasche » » 24 2 3.5cm’ &2 %
x ¥ 3% (NUNC)» ‘w32 %% 7 90% MEM with non-essential
amino acids and Earle’s BSS > 10% Fetal bovine serum * 1%
Penicillin and streptomycin (GIBCO BRL) » # wm?z k & i 31 0.9-
4.0x10° (7 2 2 B4 E) > Fmi £ T 80 %PET ¥ 18 * pein ke
= 2k i 78 ) 4 (Effectene ™ Transfection Reagent Kit;
QIAGEN ; = i# %P4k G) » - H 8% » Hela w® >}t 32 %

m B 5%C0, 0 3TCIR I & 0k 32 % 48 | -

17



L e A RE AR

% ey ki A T 5 B 4 (Effectene ™ Transfection Reagent
Kit; QIAGEN)# e 24 /| p¥ » #4575 2 3 % 18mm’ coverslip 1
35 cm” # %z ¢ (NUNC)® » & 24 TREESEERER LB
PBS*i& 5S4 4E H 3=x >+ 2 ml 4% paraformaldehyde #-'w % F 2_
R TOEY 20 A 4808 0 0 1B PBSWHIRS AdEE R 3 0 Mo r
2ml 7z 1% BSA- 0.1% Triton X-100 2. PBS /3 % ¥ w2 & (73 &% » »%
FETIEF 250480 M 1 B PBSHES S 4E R 30 B 5 ng/ml 2
100 pl mouse anti-Human connexin 43 antibody (BD biosciences)if *+ i
b B ACTEr 16 PES > 1 11 PBS ik SABER 350 &
B~ 20 ng/ml 2. 100 pl goat anti-mouse IgG fluorescein conjugated
secondary antibody(Chemicon);f ** sm¥2 + ¥ >+ 37°Cie* 30 » 451 >
w1l PBSWHESAEER 3 0 &is 1 dH,O * ik > 12 Mounting
medium(biomedia)#t ¥ - & * ¥ k&g pcsk (Zeiss, Axioplam) (excitation

=488; emission=507)FL % connexin flm¥ p 2_ A i ¥ K= E % fwme F)

G
o
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(Results)

AMET R 130 g ¥ 4002 190 g R F £ SSCP
SRR RT Y43 AFERB-) c FEFRBFSAT AR
Plig TR/ (T8 — H durin e it Cx43 R F)ehiéite 2% » APgn
1 AT Cx43 A Fl e Al H (polymorphism) : 112A —
C(K38Q)/wt ~ et ¥ 130 g4 & ¥ et fr 190 = fH b 7 2485
A Ar Rt Bl A B 5 D 3/130 (2.3%)fr 7/190( 3.68%)(% — ) o ¥ ¢
hAF T ¢ g d B 54 37 et $#(NCBI NM-000165 Human) 35
4% Ak B e 1122A—G (R374R) 2 1127G—>A(R376Q) - *
TR AP AT RA SIS ATEE F A (26 A)frEREH ¢ (90 1)
T OER e

AAZ 190 FRMBE XiET Cnd3 AFhé #e > $RF 3
B &7 0 R % 2L :873C — T/WH(G291G) ~ 205T — C /wi(S69P) %
932delC/wt » H A w] #7 ik vt B 51 0.53% (1/190) » 0.53%(1/190) %

6.3% (12/190) (%= ~ 4 ®) « & Cx43 § 873 By fd CH+ T>

)

“AF T X re A5 Silent mutation ;A F % 205 By pd T #
* CP % 69 Brcflpid Serine % = Proline > #7124 5 Missence

mutation ; 7 Cx43 & %] 932delC sh3 $ghi=% 17 Ca L A
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%190 HEHLE K7 Cxd3 AT B REFRT 12 =3

\
>~

R#E(63%) ¥ R P - Bhindk 4 R % ( deletion mutation) »
932delC ek % = % 311 Brefpid Alanine % = Valine ¥ {& m &
E. Frameshift > ¥ &% 347 % condon &k (% =) % it L iF > 7 f%
932delC iz B % % E_F % if @4 ( inherited) ™ 2% _1% % {4 (de novo) » #&
B 7T REBRORE 12 A FEY R § S BRBA Y NERE 2
R e )BT Cxd3 A F L A7 (F T ) o 44 932delC( hetrozygous)
L PR E Cod3 ATIR DS % 0 ¥k THLISA &4 2 Fo
b B4 Cx43 2 %] 932delC %"ﬁm\’ - ) ?ﬁ'ﬁm—’* P

Cx43 ¢ 522 % > K5 v Frie 4B Cx43 £ %) 932delC E 3

Rl

“ demnovo (¥ 2 &d 2 MELEHR > »THUESFIFEARN) o
PR HES  b Cod3 AT T - G AT 2 932delC 0
HERA =25

4%+ THL184 ,%'fqz F2E Cx43 AFBGHRFI - CBE ,ﬁ'ﬁ P 5
932delC/wt (heterozygous) ~ #+ L 5 & % > oL 8 FHEP
THL184 ,ﬁ'ﬁ 1 Cx43932delC 2 g @ p S B(&k T )

23 Oxd3 hlete N Fd chARE NG 1R L BREH gap

A\

junction &% F B > A 7 Cx43 cDNA hf # (7 4 1 ¥
Cx43; 205T—C % % % 932delC 2 %) 5o frigfiz A Flam »

(transient transfection) HeLa fm®¢ » %] HelLa ‘m? 2 7 p 4 |4 (endogeone)
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connexin v ¥ #EH T 2t in vivo % IL connexin kw7 (George

% 1998) 5 #r2Ak & FlaE R 4 ¢ Hela sme >t 48 | Fris » % fmwe

B 5k AT Y R - PR A e
2

X dm e BT e peptide 3~ £ RPN T A 2 H R

B A7 ¥ LRSI Cx43 3% ~ 205T>C(S69P)% 932delC

L}

REASIV)Iv Bl p A () FREFFREF

Cxd3 ehfes SB iR 3 LR d 5o bine TR LA W) 7R

O BV A3

Cx43 3o g AL 5 o 3F ﬁi%] I w*z % (plasma membrane) > T ¥ ¥ £ 4K

i1 Hela fm#¢ 25 = Gap junction(B] = ) > @ 932delC % % ¢ Cx43 H

bl
N
S
F_‘k
-
ﬂ"\‘i\
=
=
.

FELSESE TR SN TSN

Gap junction » X ™ & A4 K FlH 7 i 4 0 Hela ‘w5 5 7 P & fi

/N,]D %%’{,p]ﬁ." T ¥ ‘FL‘/

Y aﬁﬁﬂ:"#j&ﬁébiﬁ R i

ot
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(Discussion)

AFZALSTTRECEE RF T EV VP AERERBREF O
Cxd3 AT X fcd 190 BRBAEHFZ 130 B4 o ¥ 4 k=
CX43 3515 AR PTH > $he ool @3 Feng § 353 DY 2p 5
IR Pl Begsg 2 2 it o

I BAMBEEZEY P2 ¥R M HT B connexin
7E A Tl > ¢ 2w B Gap junction B F2E 0 CX26 (GIB2;Kel %
1997) » CX31 (GJB3; Xia & 1998 and Liu % 2000) - CX30 (GJB6;
Girfa & 1999) > CX32 (GJB1;Ber % 1993) > 2 % 1 i Gap junction o
32561 CX43 (GJATL; Liu % 2001) ; &4 = 444 CX43 3 F] 90 e 1
190 = EF23Z3 % 130 = F4 & % A ¢ » #23 gFHe &vl §F Cx43 2
32 B =% 9% A4 (polymorphism) > F @ 75 &% Cx43 TR A 47
A SRzEE %ﬁ'ﬁ ? 35 IR 1122A—G/ (R374R) (&= % ¢ 126 & ; B2 B
%190 4) 112 1127G—>A (R376Q)( & % * 26 4 : FH & ¥ & 90
L) iR Ehai g FIS AR ¥ A2 RREF G FRE kg
¥ 4o NCBI # 4 0B 57 — 0 #r A P et 8 LA Cnd3 o

B BEEET A &3 AESEFEE M A 1122A—>G (R374R) 2 1127G—>
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A (R376Q)iz BB FRFEFE > P oy & A F 4 A adimics
BEP R B b oAEH O3B R
AT AR ERAEFY S HI 43 AFE AL Ly RERR
7 #4317 N 28 Domain 7% % 2k L11F #2 V24A( Liu et al.;2001) >
S 190 RS 2 130 B4 0 K 4 CX43 ATl T
A3 FRFFHRFE > @ Oculodentodigital dysplasia (ODDD) ¥ £
JEFFRR G B8 B R FE: YI7S > SI8P > G22E » K23T » L9OV >
Y98C > G138R fr V216L (Paznekas % 2003) > @ i #rértg e’y 5 H
@iﬁ@ﬁmﬁﬁﬁﬁ,ﬂﬁgﬁﬁﬁﬁﬁﬂiijﬁﬁéﬁi%
2t o
AT AT Cxd3 A F R4 3B B 3 4 Py e L 205T—~
C/wt ~ 873C—T/wt ~ 12 % 932delC/wt - H ¢ 205T—=C/wt (1 = ;
0.53%) % 69 =i fad Serine % % Proline » ¥_% Missence
mutation o ® & f b i+ 205T—>C/wt & %mﬁ +*H p2%EP CHERA D
FoOARMKR oz OB IR 5 3BRE FlaZzEEE
RA2Z R d Pk ia 24 d 28 F % pE @ E denovo
d 3R Gk 0 3 R TR BEOR R R P B BT R
Bood 3t Ox43 ¥ 69 B ALk & E Bd B i e b 1A% A
p— e % > 4 Connexin wo% *F 92 B B % ] Hemichannel 2

S A ek B 2 R EFED I 4~ F fE T4 (G.Dahl ¥
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1992 » C.IFoote & 1998 > Vlidimir & 2000) - # Cx26 % % # D66H
(lwPz B00h % - i B 1) R PR ¢ 3142 f R (E. Maestrini #
1999) » ¥ ¢ Cx43 th% 69 1kt (Serine) t & - 48 ¥ ¢ Cxd3 4 ] &
FRAOEFH ok =) 7 LA Cxd3 B % Soeiptibd & & o
B e AP S Crd3 3 F] 205T—>Clwt ch % % € i & Fold -
v~ 575 M 873C—>T/wt (THLO19) » © @4 d g% 4 o
¥oFaZzrEEA dgle gl RPLF LA B M A
L

REELH LR T 5 % (G291G) > A7 fE3t Silent

de novo o @ ¢
mutation > T+ i Feor i P2 g E S RE 0 Ra pAa G
% 38 % 4p &1 Silent mutation § * # RNA splicing ¢h I fEft &7 & - 147
i# = % ILA] (phenotype)e7 f (Cartegin & 2002) » F]pb 2% it 058 I e
i silent mutation £_F € B > ¥ Flo Gy REP o
¥k Cx4325 %1 932delC/wt (A311V)iz B R ¥ 8 > - f8Cx43 C
i A R R A IETE ¢ RIS BB A (127 6.3%) -
FEA T R T i % T A 4R R LB T denovo ~ 12 FR &
'f;,*” iR Bz STigil‘ﬁ,%'fa” P A % FrE T 4 de novo i FE o A
PR®RED AT P o 2 121Cx43 48 F] 932delC/wteng i ,ﬁ'ﬁ ’ “,/f
T1ERAR L (THLI84)E H b AFanx g4 Ay Ny kR
B o NFBBEFTT ESAPREE - Cx43 & F932delC/wt

(Heterozygous) ¥ # ¢ = ftlg & G THLIBAR F &2 R % % 9 3
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PH AP F 5 Cx43 932delC/wt (Heterozygous) *F - » F 5 Cx26
235delC/235delC (Homozygous) > 4 7 H 7% = R 1k & (7 v H Cx43
932delC/wten® i @k p < > Cx26 235delC/235delCH ¢ — i %
BATFHG R A T - kP 5 Wang® < (2002): 3
S % 4 11 Cx26 2k #1£1235delC/235delC (homozygous) ¥ i = Ll
B Xenpuss£ g ek 3 ¢ & dg > Cx26 frCx43 -9 P Z I K en

F A dere o @ A RaeCx26% Tk bk 2 TR ek s B g BT

—

¥ Cx43¢07 i (Rouan #2001); Ap$fenp Cx43 8 2 X% » L5+ ¢

s

FRCx26hn ¥ #a pa B2 Flpties fACxEd 2 B 3
fed AL - Rt e

% 932delC/wt (A311V) ch% 1 & € 5142 frameshift » T & % 347
B H AL B BAg(stop codon)@ A A F % Fehgn o @ gt fhic
ARPENCx43 Fv hCx (B-) o X 7X%ERE Cx A7) Czhen
R ET Cx20 PUB R ERFRA T F a5 A C A
Ao blde Cx43 fv Cx46 2 C B A K 7 7 v eh iz ¥
(Phosphorylation site) (Vladimir % 2000) - Britz-Cunningham (1995) %
CHRTE N Ond3 Fif C spemRARA R EH 2 e 0 blde S364P
EFE Cx43 oo L EA G R CEFE T AR A T RED
Cx43 - 7 ¢ I L ¥ Cx43 chrt g o *TU AP g 12 = Cx43

A7 932delC/tw R % > BEAR Y 5 - iEH B AFF L RE > L ¥
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SIF GRS S ES T GESE LS 1 EEr
% o ¥ b5 932delC R i % 311 =4 @ Alanine—Valine =it
%@ 2 {36 BB Frameshift » & & % 347 Bref izt » £ 7 47

RS ST R RN E P S PSR A

Bl
b

{

FR-HaEgPE Y e

Ahmad (2001)% 4 & Cx32 # Flehim g ¢ R YE C 43 4
Calmodulin-binding site > #* ¥ 3 &5 ' #-§ R Connexon 77 = >
A % COS7 e ¥ > 4-4F Cx32 % 215 B reihfe {844 2 (Cx32 C =4 e
# A )PPy L FIM R Cx32 mff mmfe pom 2 A= gap
junction > FJpt A Cx 72&¢ B C =3 A& gap junction &7 iy b ¥ & 307
~wihd 4 o ¥ Oxd3 A FH 31194 (Alanine) & 2 484 640 Cx Fo
K FRAEMETHE (A7) P RAERARAFC 2 ER M
@ Cx43 932delC % 311 =z pkd Alanine % % Valine ¥ i ¢ ¥ Gap
junction 75 = & 4 B 58 o

AT M Cx26 AT 22 LFFr REZEY P LRR
HR R %ﬁ 1 Cx43 L FlenF LR > $>% Connexin A F] 2 FfR ¢ 87

FEARE  KFLYTRCETEV B A B HRARY A E 4

o+

FiE @ o JH Cx43 A T2 H v ApRE A FIFE 7 (Cx30 0 Cx31 > Cx32)4_

REHET LE L0 AR o A F B ETH T BT e

26



FHIE R il @

27

24>

FOSF

g HEA



Bl- Cx43 & F]2. DNA ¥ 445 § 3|42 4 47 (Single Strand DNA
Conformation Polymorphism, SSCP) o Lane 1 ~2~3+4: Cx43 &
1 932del C % %3] ; Lane5~6~7: & ¥ * DNA -~ =4 %'SEE:}F, Ei N
932delC % ¥ = & DNA % 8%Acrylamid % * §a ! k crdp B (i %:14 &
%2 15 C R 15 ) pF) o
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| C'x43 PCR product

i 1 :f

pcDNA3.1/
myc-His®

Comments for pcDMA3 A/myc-His=A
5484 nucleotides

W= Cx43 3-v 2 P H -

AP (x43 Normal £ 205C—T, 932delC % # & ¢ genomic DNA - 4 & &
forward # reverse primer 4 %|4c} Hind 111 *L4|fzc*» 8> i277 PCR ¥ &
AL ken PCR A 4 0& 3 B E (x43 coding region j¥_start codon I stop
codon >+ 1149 bp> I * K 4 ' W4 |fs*7 8L > £ {7 subclone X pcDNA 3.1

vector (Invitrogen) s & ** pcDNA 3.1 vector + % 5 CMV promoter ¥
e O TN

B m
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A Normal ¢ ACAAGTCTTTCCCA

230 2

B205 C->T/wt G ACAAGCCTTTCCCA

a3

250
£

Bl= Cx43 A F1R FnZF : 205T—C/wt

A : Normal B :Hetrozygous 205T—>C/wt > = d % 5 #7dp 3 REH > &
normal R ~E_T %= C> % 69 B '=ffed Serine ¥ % Proline » ¥ 5 Missence
mutation e

A Normal TARTGGE GACAG AA
50

y

Y

B BI3C->T/wt TAATGGNGACAG AA

il 8@

Bz Cx43 A F1R B2 R : 873C—>T/wt

A : Normal B :Hetrozygous 873C—T/wt °

4 B R R
& normal /n » E_C % = T * R % 5 Silent mutation ,iZ 3 & =%

L i daala & I
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ANomal CTGGGC TAAT TAC
130 140

Y
B 932delCit €T GE GNTATTNC
140

BlI Cx43 A F|RBOTFE :932delC/wt

A : Normal B : Hetrozygous 932delC/wt = ‘= ¢ 4 8 “7dp 5 R ¥ B &
normal it # £_T %= C» g+ Cx43 v & 311 =4 fd Alanine % % Valine >
2514 frameshift » & &% 347 B A 2L B A (stop codon) A 2 F =&
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Bl J1* & F L4 P HeLa m?s b Cx43 v £ R

DF Cxd3 v At imie e 5 4 B L Cxd3 3 AR o AP 0| Cx43
v 3R T ARG wmre R ¢ 87 ARIT e % ¢h Cx43 3% 45 2 Gap junction
B: Cxd3 12T to C R ¥4 4 & thgerd « ¥ flm TR S i £4ri2§ 5 5l fto
e b ey B H U e )2 Gap junction a5 o
C: Cx43 932delC % %1 4 + thded - 7 hlm®e it H I @ L4rind 5 5l 3 o
fm¥2 A5 = Gap junction 35 o

D: A4k L Flig 7a g 4 v Hela % o
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Ve

Extracellular

i M, | M, M, Plasma
membrane

VI4A
CL Cytoplasm
L11F  ASLIY

NT

cT

Cx43 rﬁ%—’f#:fr' 4 B EHEROR P

s

LiuZ Xetal., 2001 #7% % 67 Cx43 R 8L > L 2 R gLty

GHRET W -

205A—C(S69P) £ 932delC (A311V) 2 %8 o &% F1 F 1%
AR BB S6OP =t imie b H - BIRL 0@ A3V R

et Cv% o
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2o 130 =L ¥ A2 190 =FYETwEFASRERES

Cx43 % A et &)

PR B | AR L [ BI(%)
(Nucleotide change) |(Amino acid change)
T A 112A—C/wt K38Q 3 23
R —‘F'T 112A—C/wt K38Q 7 3.68

#2190 IR E & Cx43 HR %" b

28 F]4](Genotype) S d v 51(%)
205T—C/wt | 0 53
Heterozygous
873C—T/wt | 0.53
Heterozygous
932delC/wt 12 6.30
Heterozygous
Total 14 7.36
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22 190 = ERE 3 Cx43 R SR TP F

e
» £h 2o i 5 H omp g gk .
%4 fk Tf% % B—g‘m I% eI (Al}ele frgquency)
(Nucleotide (Amion acid (Predicted effect) 24 FgEcp
change) change) (Chromosome
No.)
205T—>C/wt S69P Missense mutation 0.26 (1)
Heterozygous
873C—T/wt G291G : :
1 26 (1
Heterozygous | No change Silent mutation 0.26 (1)
932delC/wt Frameshift,
Heterozygous AV stop at condon 347 3.15(12)
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e 190 2EVFT VR FAEHEREY Y O3 AFR

Caes No. Nucleotide change Amino acid Predicted Effects
change
THL004 932delC/wt A311V Frameshift,
stop at condon 347
THLO19 873C—T/wt G291G Silent mutation
No change
THL020 932delC/wt A311V Frameshift,
stop at condon 347
THLO032 205T—C/wt S69P Missense mutation
THLO052 932delC/wt A311V Frameshift,
stop at condon 347
THLO071 932delC/wt A311V Frameshift,
stop at condon 347
THLO076 932delC/wt A311V Frameshift,
stop at condon 347
THLO083 932delC/wt A311V Frameshift,
stop at condon 347
THLO093 932delC/wt A311V Frameshift,
stop at condon 347
THL158 932delC/wt A311V Frameshift,
stop at condon 347
THL161 932delC/wt A311V Frameshift,
stop at condon 347
THL184 932delC/wt A311V Frameshift,
stop at condon 347
THL192 932delC/wt A311V Frameshift,
stop at condon 347
THL197 932delC/wt A311V Frameshift,

stop at condon 347
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27 AT BERBRIE Cx43 AF2 1 %

S B 7 F1A] Kok A& F17] 2 Nl
(Case No.)  (Genotype) (Case No.)  (Genotype) (Hearing)
020Father wt/wt %
020 932delC/wt (
020Mother wt/wt L 1
071 932delC/wt 071Mother wt/wt %
076Father wt/wt oW
076 932delC/wt {
076Mother wt/wt 1
083Father wt/wt W
083 932delC/wt
083Mother wt/wt W
% 184Father 932delC/wt s
% 184 932delC/wt
Y 184Mother wt/wt I
192 932delC/wt 197Mother wt/wt oW
197Father wt/wt L 4
197 932delC/wt
197Mother wt/wt L 4

Cx43 932delC/wt

* 184 (
Cx26 235delC/235delC

Cx43 932delC/wt
Y 184Father ¢
Cx26 235delC/299-300delAT

Cx43 wt/wt

% 184Mother ¢
Cx26 235delC/235delC
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> A %F Cx43 3¢ 22 2 4 f& connexin F3%E 1t i

Amino Acid Connexin 43 Number

Protein Species 1T 17 22 23 24 38 69 90 98 138216311 367
Cx43(GJAI) human LY G K VG S L Y GV AR
Cx43(gjal) mouse LY G K V G S LY GV AR
Cx43(gjal) rat LY G K V G S LY GV AR
Cx43(gjal) chicken L Y G K V G S L Y G V A R
Cx43(gjal) xenopus L Y G K V G T L Y G V A R
Cx46(GJA3) human L HGK V GAULUHS V A -
Cx33(GJA7) human L HG K VGALY S VA -
Cx26(GJB2) human I H G K I G S LY - V A -
% Deafness Mutation F S E T A Vv - VvV C R L -
Cx43 205T—C I Y G K V.G P LY GV A R
Cx43 932delC I Y G K V.G S LY GV V -
% Deafness Mutation : @ 422 Ffi 7 B 9 Cx43 R %
Cx43 205T—C (S69P)
Cx43 932delC (A311V) and framesshift stop ,at condon 347
& Cx43 3¢ % 69 2 311 iz} > &2 H & 4+ 4 Connexin +* #ds &k > ‘%’Ki’ﬁ B R

HIR G o
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o
(Appendixes)
B B > ;2 (Procedure

A. PUREGENE DNA Isolation Kit (Gentra)

1. Add 3 ml whole blood to a 15 ml centrifuge tube containing 9 ml
RBC Lysis Solution. Invert to mix and incubate 10 minutes at
room temperature.

2. Centrifuge at 2000 x g for 10 minutes. Remove supernatant leaving
behind the white cell pellet.

3. Vortex the tube to resuspend the cells.

4.Add 3 ml Cell Lysis Solution to the resuspended cells.

5.Add 15 pl RAase A Solution to the cell lysate.

6.Mix the sample by inverting the tube and incubate at 37°C for 15-60
minutes.

7.Add 1 ml Protein Precipitation Solution to the cell lysate.

8. Vortex at high speed for 20 seconds.

9. Centrifuge at 2000 x g for 10 minutes

10. Pour the supernatant containing the DNA into a clean 15 ml
centrifuge tube containing 3 ml 100 % Isopropanol.

| 1. Mix the sample by inverting the tube.

12. Centrifuge at 2000 x g for 3 minutes.

13. Pour off supernatant and add 3 ml 70 % Ethanol to invert tube
several times to wash the DNA pellet.

14. Centrifuge at 2000 x g for 1 minutes.

I5. Air dry for 10-15 minutes.

6. Add 250ul DNA Hydration Solution
17. Store DNA at-20°C for long term.
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OIAquick PCR Purfication Kit (QIAGEN)

Add 5 volumes of Buffer PB to 1 volume of PCR reaction and mix.
Apply the sample to the QIAquick spin column and centrifuge for 60
seconds.

Discard flow-though.

Add 750 pl Buffer PE to the QIAquick spin column and centrifuge for
60 seconds.

Discard flow-though.

Centrifuge for an additional 60 seconds at maximum speed.

Place QIAquick spin column in a 1.5 ml centrifuge tube.

Add 32 pl Buffer EB (10 mM Tris-Cl, pH 8.5) to the center of the
QIAquick membrane, let stand for 1 minute and centrifuge the column

for 1 minute.

ABI Prism Big Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied
Biosystems)

Sequencing Reaction :

Template DNA (ds) 200ng
Primer (10 p mole) 0.3ul
DMSO 1ul

Big Dye 2ul

5x buffer 3ul

d,H,O 11.7ul

Total 20ul
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2. Cycle Sequencing Program:
96°C, 10 seconds
50°C, 5 seconds 25 cycles
60°C, 4 minutes
4°C, hold

3. Purification of PCR Products for sequencing:

3-1 Take 2 pl of 3 M Sodium acetate (pH 4.6) and 50 pl of 95 %
Ethanol.

3-2 Vortex and leave at room temperature for 15 minutes.

3-3 Centrifuge for 20 minutes at maximum speed (13000 rpm).

3-4 Discard the supernatant.

3-5 Add 1 ml 70 % Ethanol to invert tube several times to wash the
DNA pellet.

3-6 . Centrifuge for 5 minutes and discard the supernatant.

3-7 Air dry the pellet.

3-8 Add 12ul of TSR to a vial containing dried DNA.

3-9 Heat for 2 minutes at 95C.

3-10 Chill on ice for about 5 minutes. Transfer the sample to a vial and

cover with a vial septa.

D. Preparation of competent cell

|. Take 7 ul competent cell Escherichia coil (XL 1-Blue) into 7ml LB
(Luria-Bertani) broth, 37°C, overnight.

2.Take 200 pl bacterial broth into 10ml L B broth, at 37°C for 3hrs
(0.D. g9 nm about 0.5~0.6)
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3.0n ice for 15 minutes.
4. Centrifugation 4500 rpm for 10 minutes at 4°C.
5. Remove the supernatant. Add to the same volume deionized H,O
and invert several times.
6. Centrifugation 4500 rpm, for 10 minutes at 4°C.
7. Remove the supernatant. Add to 1/2 volume deionized H,O and
invert several times.
8. Centrifugation 4500 rpm for 10 minutes at 4C.
9. Remove the supernatant. Add to 1/5 volume deionized H,O and
invert several times.
1 0.Centrifugation 4500 rpm for 10 minutes at 4°C.
1 1.Remove the supernatant. Vortex the sample pellet and add
deionized H,O to 720 pl.
12.Add glycerol 720 pl (144 pl +576 ul deionized H,O ) (This is
stock).
13.Store at —-80°C.

E. Transformation of E. coil

. Add the 300pg DNA into competent cells, Mixed , ice for 30 min.

2. Heart shock at 42°C water bath for 1 mins and shake.

3. Quickly put into ice box, and shake 10 sec. Put on ice 5 mins.(add
water in iced, and shack several sec.)

4. Add 2ml LB broth, incubated at 37°C for 60 mins.

5. Plating to LB/amp plates.(took 200ul/plate; 3 plates)

6. Cultured overnight in 37°C incubator.
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Site-Directed Mutagensis Kit(STRATAGENE)

Synthesize two complimentary oligonucleotides containing the
desired mutation, flanked by unmodified nucleotide sequence. Purify
these oligonucleotide "primers" prior to use in the following steps .

Primers should be between 25 and 45 bases in length, and the
meltingtemperature (7m) of the primers should be greater than or
equal to 78°C. The following formula is commonly used for
estimating the 7m

of primers:
T,=81.5+0.41(%GC)-675/N

* N s the primer length in bases

+ values for % GC and % mismatch are whole numbers

The primers optimally should have a minimum GC content of 40%
andshould terminate in one or more C or G bases.

Prepare the sample reaction(s) as indicated below:

5 w1 of 10x reaction buffer

0.5 ©1(50 ng) of dsSDNA template

1.5 ©1(10pmole/ 1 1) of oligonucleotide primer #1
1.5 ¢ 1(10pmole/ 1) of oligonucleotide primer #2
1 11 of ANTP mix

ddH2O to a final volume of 50 11

Then add 1 w1 of PfuTurbo DNA polymerase (2.5 U/ 1)

4. 1f the thermal cycler to be used does not have a hot-top

assembly,overlay each reaction with ~30 ¢ 1 of mineral oil.
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Segment Cycles Temperature Time

1 1 95C 30 seconds

2 18 95°C 30 seconds
55C 1 minute
68°C 7 minute

5. Following temperature cycling, place the reaction on ice for

2 minutes to cool the reaction to =37°C.

6. Transformation of XL1-Blue supercompetent cell(see appendix E)

QlAprep Spin Miniprep Kit (QIAGEN)

1. Take 1ml of overnight culture of transformed E. coli strain XL1-
Blue.
2. Centrifuge at 12000 rpm for 10 seconds.

Pour off supernatant as clean as possible.

(S

4. Resuspend pelleted of bacterial cells in 250 ul of Buffer P1.

5. Add 250 pl of Buffer P2 and invert the tube 4-6 times to mix.

6. Add 350 pl of Buffer N3 and invert the tube 4-6 times to mix.

7. Centrifuge 10 minutes, place a QIAprep spin columns in 2 ml
collection tubes and to remove the residual wash buffer.

8. Place QIAprep column in clean 1.5 ml tube. Add 50 pul Buffer

EB (10mM Tris-HCI , pH 8.5) to the center of QIAprep column,

let stand for 1 minute, and centrifuge for 1 minute.
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. Estimation of cell number

l.

Culture adherent cells (HeLa cell) in growth medium ( 90 %
MEM with non-essential A.A. and Earle’s BSS, 10 % FBS, 1 %
penicillin and strepmycin antibiotics).

AS the tissue culture flask (75 cm?) (TPP) filled 80 % confluent
Use pipettes to remove growth medium.

Quickly wash the cell with the equal medium volume of 1X
phosphate-buffered saline (PBS). To release the cells, add 2 ml of
0.25 % trypsin-EDTA (75 cm®) and incubate 37°C and 5 % CO,
for 2 minutes.

Add old growth medium to tissue culture flask. Pat the bottom of
tissue culture flask to lose the cell, transfer the medium including
cells to 12 ml microfuge tube.

Centrifuge 1000 x g for 10 minutes.

Pour off supernatant and resuspend pelleted of cells with Sml in
fresh growth medium.

Take 7 pl of cell suspension and 0.5% trypan-blue solution () 7l
to mix. Deliver sample into two sides the coverlipped
hemocytometer by capillary action.

Count the total number of cells in four corner squares and the
middle square in two chambers.

Add the number of cells to in a total of ten chambers to give the
number of cells in 1x 107 ml. (1 x 1lmm with a depth of 0.1

mm=1 x 10 ml/square x 10 squares= a volume of 10~ ml)
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Effectene ™ Transfection Reagent Kit

[—

Prepare 6-well plates. The day before transfection, seed 0.9-4.0 x

10° cells per well in 2 ml pf growth mwdium.

2. Incubate cells at 37°C and 5% CO,, The cells should be 80%
confluent on the day of transfection.

3. Pipet 3.2 ul of DNA in Buffer EC and add 25.6 pl of Enchancer
(DNA:Enchaner=1:8) to mix mastermix tube by vortexing for 1
second. Incubate at room temperature for 5 minutes and spin down.

4. Add 20 pl Effectene and mix mastermix tube by vortexing for 10
seconds. Incubate at room temperature for 10 minutes and spin
down.

5. For adherent cells, aspirate the growth medium from all wells and
wash cells once with 2 ml PBS. Add 1.6 ml fresh growth medium.

6.  Add 600 ul growth medium to tube containing DNA. Mix by
pipetting and immediately add the total content onto the cells in
the wells.

7. Incubate transfection plates at 37°C and 5% CO,to allow for gene

expression.

DNA Silver staining Kit (Pharmacia Biotech)

Soak the gel in the fix solution for 30 minutes.
Replace fixing solution with 125ml siliver solution for 30 minutes.
Pour off siliver solution add water for 1 minute.

Pour off water, add 125ml developing solution for 6 minutes.
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Soak gel in stopping and preserving solution and incubate 30

minutes.(All steps need to shake gently)
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Il 2 .4 % (Preparation of reagents and buffer)

Solution Method of preparation

0.5M EDTA 186.1g disodium ethylene diamine tertacetate
2H,0

(pH 8.0)

800 ml dszO

Adjust pH to 8.0 with NaOH

10X TBE 108g Tris base
55¢ Dboric acid
40 ml 0.5M MDTA (pH 8.0)

Bring the volume to1000ml

50X TAE 242g  Tris base
57.1g acetic acid
100 ml 0.5M MDTA (pH 8.0)

Bring the volume to1000ml

10X DNA loading 50 % glycerol
dye
12.5mM Tris-Cl (pH 8.0)
60mM EDTA (pH 8.0)

0.01 % bromophenol blue
0.01 % xylene cyanol FF

Luria-Bertani 10 g tryptone
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medium Sg yeast extract
(LB broth) 10 g NaCl
Bring the volume to 1000 ml
Autoclave for 20 min
LB/Ampicilline 10 g tryptone
plate,1L
Sg yeast extract
10g NaCl
15¢ Agar
Adjust the PH of medium to 7.2~7.4 and autoclave
it.
When the temperature of medium was lowered to
45 C, 250ul(100mg/ml) of Ampecilline was
added.
0 mM KCl 1.86 ¢ KClin 100ml deionozed water
1 M MgCl, 20.33 ¢ MgCl; in 100 ml deionozed water
2 M glucose 36 g glucose in 100 ml deionozed water
SOC medium 950 ml LB broth

10 ml 250 mM KCL
10 ml 1M MgCl,

When the temperature of medium was lowered to
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45°C, 10 ml (2 M) of glucose was added.
Bring the volume to 1000ml
Filter-sterilized this solution

Store at 4C

PBS 500ml

4g  NaCl

0.1g KCl

0.72¢ Na,HPOj,
0.12g KH,PO,
500ml d.d. H,O

Adjust the pH of buffer to 7.4 and autoclave it.

4 %
paraformaldehyde

fixative solution

2 g paraformaldehyde
502 10N NaOH

Sml 10X PBS

Bring the volume to 50 ml
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M do— T4 S e Cxd3 R Rk

Muclcotide Amine  Acid Diseases Eeference
hange Change
S0A=C Y1753 FCDDD Bovadjiev et al ; 1995
52T = =18F ZDDD Tudisch et al.; 1979
61G=4 i321E. JDDD Parnelkas et al.; 2003
ILE =Y i322E xCODDD Traboulst and Parkes;, 1520
GBEA=C E25T #CODDD Gorlin et al.; 1963
119C=T BAOY ZDDD Parnekas et al.; 2003
1450 =4 49K ZDDD Boyadjiev etal , 1995
154-156dupTTT  Fi2dup ZDDD Gellis and Feingold 1574
pRlIeeT.Y Eres CDDD Stam slaw et al., 1995
2ERC=G Lagy FCODDD Bovadjiev et al ; 1995
2984 =03 YasC FCODDD Bovadjiev et al.; 1995
306G=C E1021 ZDDD Farnelas et al.; 2003
389T=C I1z0T ZDDD Parnekas et al.; 2003
4004 =3 E1=:4E CDDD Paznelkas et al.; 2003
412G F135E. FCODDD Bovadjiev et al , 1925
L ISTE = E20zH JDDD Paznelkas et al.; 2003
HdEiG=T W216L xCODDD Bovadjiev et al ; 1995
1117 A=G5 RETXIE Heart Britz-Cunninghatn.; 1995
malformations
1090T = =364F Heart Britz-Cunningham ; 1995
malformations
20C=T L11F Deatness Linetal.; 2001
T1T=C Wadh Deafness Linetal ., 2001

CDDD &% Oculedentodigital dysplasia

% ODDD : 45 % B B R AR
F 41 R IBAH B Paznekas et al ;2003, Britz-Cunningham.; 1995 & Liu et al 2001
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