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CFTR(cystic fibrosis transmembrane conductance regulator) -7 A=
Qg &k FHWd Gy A5 (cystic fibrosis; CF)¥ 37 & o
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B Ao A= WA gene scanning B ©o]& 0}04 11794 9] AAkel
5o VA HET 2 WA Agd BxelA F 11719 CFTR vﬂx}
Hol 5 HAsIATh 22 wold dis] MA A 19299 sample
= 384709 chromosomes 714 iL haplotype assembly #4182 A] 3k
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double mutagenesis A2 QI1352HSF M470V Wol& T Al
dozew Cl T2 A7 CFTR oF&4 Fol wghohw o] k3]
[e]

A E= & CFTR Wo|, 7]3A 843, #1744, anion exchange, haplotype



#3 BARET o
dEY AHE AR 24 A fA% B

Ar et et o 7k
o A @
I.A4 &

CFTR(cystic fibrosis transmembrane conductance regulator) %A=
Aol &5t FHEel YEA AR5 (cystic fibrosis, CF)¥ & ¥ o
19899 Riordan 5ol 9lgte] A& F29 HUL' 28y} o] fxxte]
< Wik oty oy sFA 9 AsiA HE
th2° CFTR #312ke Aol C 52 7155
HAAT CI B2 715 ¥ ohE} o] o] FEHuEl]
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exchange 715& 43kl CFTRe] St EHlol T23 935 3=
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NBAGFEE 9 o NBAFEE B F 188
Zob BAH(1A-164)0131, 269 & A9l BRI -87A) Lk, EF WAy
NG Bl A AR 2HS B4, A 27 ol 485
$ol mE AgxGee B w4 A9 do FHawE 19
(194 -874) < Aelstith, W A B F 91 d0g o) el

=
dFE vAl= AFES AYedT. BE d AlsE
(Qiazen instruments, Hombrechtikon, Switzerland)Z& ©]&3to] DNAZ

FE g,

2. CFTR fAA &4

CFTR ##dx Wo]l= TDGS(two-dimensional gene scanning)
WS ol g3te] BAEth” TDGS #41¢] A}€¥ human CFTR
FAxe] primer AEE Accelerated Genomics Inc(San Antonio, TX,
USA) A #9438t PCR primer Z°| GC-rich ZZHGC-clamp)&
ZolFo] DNA =7t Z47te] 88§45 x4stdoh %3k short PCR
primer A|ZHA] primer 2o FFEDMHEX)S EASte] Ay 244
784S Stk Al CFTRE) coding B9 $1%1% intronic F-#-&
2974 PCR ®Hg< &3l & HAth WA genomic DNAE F3 0=
3to] 7} 3 intronic PG9S A A ¥l BE coding 9EE ¥3F
St % Long PCRES Fdste] 97le] & 7oz SH31%a ol g
ng] FH¥E PCR productE T332 3l 4719 multiplex short
PCRE 33t 100-500bp A X9 417 F7to] & HE5H 3ttt
PCR W22 wteEox 272152 PCR 34 % 43 denaturation}

renaturations &3l heteroduplex molecules’} A S A A}t 24



PCR product= A}&3}¥ 2-D gel electrophoresis 7] 4l (OptiAnalyzer
S008HT; Accelerated Genomics Inc, San Antonio, TX, USA)o| A =2}
7yzkel Aziel §g e wet AdHom Rk the fluorescent
scanner (Molecular Imager FX; Bio-Rad, Hercules, CA, USA)E o83}
A8k WMozt e AT 170 spotth Al 3-471¢] spoto = LA
H 3 AA opm|w=Ate] W3lE DNA 97 BAWS S8 2489

Primer extension W (ABI Prism SNapShot™; DNA link, Seoul,
korea)S o]-&3le] w7 ¥ WHole] heterozygote®} homozygote”} 42l x}
ghapel A o= Ao mlgR A=Al HMSISIAL IVSS Tnel ¥l
g A7 FAMS Fa A sk

Z+ 7h¢l9] haplotypes %olH 112 Bayesian algorithmol <%t
i Haplotyper =135 o] §3lo] dh=qlol A A <= 107H2] o]
haplotype ®4o] #5 Al&% = VS8 Tn, = 11709 lociel
Haplotype assemblyS =3 &} t}.

9 o o

3. Wo] & A& (Mutagenesis) 2 2d

Dihydrofolate reductase(DHFR) -F7dx& ghfakal 2ot humen WI-CFTRS
okdxow wEEd 4= Q= pNUT-CFTR plasmid (McGill  university
Hanrahan A18)E AH8I9iom” 47)9] Wolek M470V W o] E QuickChange
mutagenesis Kit(Stratagene, La Jolla, CA, USA)S ARgslo] Ush= H-¢0)
Eddels dozlth  olgA  wEoldl  d¥¥3 WHo] CFTR &%
CHO-KI(KCLB 10061; Korea Cell Line Bank, Seoul, Korea) A]3zol
lipofectamine®2 82 =45t RPMIIGA0  wiFldel]  10% FBS$9F
penicilline(50 unit/ml)/Streptomycin(®0 pg/m-& F7RF £ 5% QO incubatarellA]
widsISIcE R =9 29 F nethotrexate (Alexis, San Diego, CA, USA)<
500 pg/mlz A2jste] plasmid7F Al b A ARlE AlETRS e o
a1tk Mutagenesisell AR&-gF 2HF] mutagenic primer+ T 2tk
E217G :5'- CTC CTC ATG GGG CTA ATC TGG GGG TTG
TTA CAG GCG TCT G - 3’, M470V:5 - CTG GAG CAG GCA
AGA CTT CAC TTC TAA TGG TGA TTA TGG GAG - 3,
1556V : 5'- AGT GGA GGT CAA CGA GCA AGA GTTTCT



TTAGCA AGG TGA AT - 3", Q1352H: 5'- CCT AAG CCA
TGG CCA CAA GCA CTT GAT GTG CTT GGC TAG - 3",
R1453W: 5'- GTG AAG CTC TTT CCC CAC TGGAAC TCA
AGC AAG TGC AAG TCT - &

4. CFTR¥ DHFR®] A H4H

A& 3} Wo] CFTRS sHgA o= wdsta 9= CHO-K1 Al
trypsine # 2|3 ¥ protease inhibitor cocktails skl U=
standard lysis buffer® # &A1zt o|FA 22 whole cell
lysate 50 pgS 6% SDS-PAGE gelol A A 7]9% 3+ & nitrocellulose
membrane®. 2 ©] 5 A7ttt CFTRe NBD2 H9& <128+ M3A7
monoclonal antibody(Upstate Biotech, waltham, MA, USA)$} 233t
secondary antibodyZS Al&3le] CFTRE & & dHelslgict ad
pNUT-CFTR plasmids®] transfection &&< BEAS7] 935t
cis—gene A=<l DHFRES WY GAste] 7z ®Ho] AxXE9
CFTR/DHFR H]&< 2<lakith.
5. wol< % 4 34

g2} Wo] CFTRE pH S4& F3EZQ BCECF/AMe] 4 uM

sh¥ PBSolA 10#7F loading3dt ¥ ¥ chamberel] 23k thS
HCOs; 7} &A= &7/ Ao Al excitation 37 477 nm 2 442 nm
23 emission 3¢ 510 nmol Al Y2 += BCECFe d3-& 43t
dF o ClY =5 145 mMZ FEH 0 mM & 4% ([Cl =
gluconate® W xghH AE 7]%5o] oW AEUF-o Cl 7} HE YrpaA
Al ME 9o HCOs 7F WF-2 5ot Ao pH7F &ef7be di&
o]-g3to] anion exchange 2745 FAsITE 5 d&o Hla] Wo
ol CFTR o+=4 T84 4] WE9] Zol& <lstgint.

o

o

d

6. Cl E=234 =
993 Wo] CFTRS shgA oz wdsta gl CHO-KI AXE
trypsin/EDTA(Invitrogen, Carlsbad, CA, USA)Z o]&aA wojl 3
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RPMI1640 wjFeho =2 A2 3 % patch clamp @7/ 770 AMEE
A AA 7] 3 whole cell patch-clamp WS AF&3]A Cl olsHS
=73t} Pipettef 9 22+ 140 mM N-methyl D-glucamine chloride
(NMDG-CI), 5 mM EGTA, 1 mM MgCl,, 1 mM Tris-ATP,
10 mM HEPES (pH72)& AF&38tlal, A2 9 gHo 2= 140 mM
NMDG-Cl, 1 mM CaCl;, 1 mM MgCl;, 10 mM Glucose, 10 mM
HEPES (pH7.4)& AH&3FATE RE AEE F&(2-25T)A Faaralon

S 37171 $BH 5 g forskolin®} 100 gm 3-isobutyl-1-methylxantine
(IBMX)S AF-€3F4lth. Holding potential® -30 mV 9121 Patch
—clamp output< 5 kHz= filterd}t At} o] AXE7} 7R = 3 =4
oz BASAL. A UFF} wWo] CFTRE single channel
S YolR 1z} 10-17 MQ BE9 A& 7Fxl pipettes Al E
| 24 FA3A Pipette €90 2+= 140 mM NMDG-C],
1.3 mM CaCl;, 1 mM MgCle, 5 mM Glucose, 10 mM HEPES (pH
74)& AREEFA A, 140 mM KCl, 1.3 mM CaCl,, 1 mM MgCl,, 5 mM
Glucose, 10 mM HEPES(pH 74)E 3sF#3 KCI AX ¢ £4&
AR TE AEe AFL(22-25T)0l A Axopatch—200B (Axon Instruments,
Whipple Road Union City, CA, USA)E Alg3ste] 335ttt
Single channel data+= 25 Hz= filters}$ a2 Fetchan ¥} pSTAT v6.0
softwares(Axon Instruments, Whipple Road Union City, CA, USA)
= Ab&ste] 483l

Pel A =y
f

g oX
92

7. A 24

Genotype ¥} haplotype data= Yates' correction %+ Fisher’'s
exact testE® A}g3}o] chi-square test® S33Fth. Multiple
comparisons® 2|3 FAEAS 9%+ Bonferroni technique 3}
summation of chi-square statistics® A8t Cl o) % Zx}
CI/HCOs; exchange? 7] #4dli= ANOVA(analysis of variance)
WS ARSI P ogke] 0.050]8td A5 omle Ao R A4tk



1. CFTR A ¥ole w4

Syt E APHA GEA HAFS(CF) A7 =504 94
TDGS WHS o]&3le] CFTR fdA ¥olEs Zte A3 Fdsi3irh
TDGS+ 289 417} 4795 9] 7| #A 45 $hx}, 259 9] w4 #7449
A} 5 100l el Al@skdeh A8 TDGS patterns o}z
a9 1AS i ZARdelE dUEuA e 54 exond Wolrt
AGA A A HepES F138HA

A Healthy Control B Pancreatitis C

= 1 : Ex 22 - Sense

F g bh-
NS "
Bl= LS m NS <_‘AVL.IC_1(_‘.*J~:“'

CT TBATE@TECTTG.

:*‘gm NS ~Ex1da 140 150

0]=3 -

BT HF -4

3”Ilsl;—l 10 3 \ r] '\)\

!
P a'_
: ol i o
w el 19
IT) Riee Ak
Q B ro_g._ b
e ] 171 Ex 22 - Antisense
14b n
G- - : L ch
y 4 @ - ! <_ \(_ AT J.\I <J¢ 1 TETEEC
M -

500 = 100 500 m—— 100
bp Mw bp bp Mw bp

29 1. Human CFTR #4A A2 two-dimensional gene scanning(TDGS). A
CFTR 3 A9 coding 993 dH2 intron 9L 29419 PCR WsS &3 &%
H Atk 41789 short PCR 2452 4749 a2 &85 93] 2-D gel %ol A
Ralg . AAI A9 exonl0F exonldadl Al heteroduplex bandsE E.GTHA).
A4 szt 4 exonlda®t exon220 A heteroduplex bandsE E. I thB). Exon229]
AR WS obar ¢y BAyor 3 Ay QI352H(4188G>C) WoldS el
3 A THO).



TDGS 23 ®eol& Hol= 7} exonoll s 83k 7]

)=

UG |
stola] 2 Az & 9/1e] CFTR &z Wol=E wbAs 4= gl
ol TNe T&5E CFTR FxAF WHol] o|Aa ymA 271 A4t
CFTR 4z} WHo] o]t} o= AYstd #F1y 7}

£ 1. TDGS 23 #38% CFTR F34 ¥

Name Nucleotide_change Exon Consequence Reference
5= ol

[125T T to C at 506 4 Ile to Thr at 125 Mittre.

E217G A to G at 782 6a  Glu to Gly at 217 Zielenski et al.

M470V A to G at 1540 10 Met to Val at 470 Kerem et al.

I556V A to G at 1798 11 Ile to Val at 556  Ghanem et al.

T854T T to G at 2694 l4a  Thr to Thr at 854 Zielenski et al.

Q1352H G to C at 4188 22 Gln to His at 1352 Nukiwa&Seyama

R1453W C to T at 4489 24 Arg to Trp at 1453 Yoshimura
T

-86G=>C G to C at -8 1 ?

A309A C to T at 1059 7.1 Ala to Ala at 309
Ho] o]Z1} ofu]w=Ate] =i Cystic Fibrosis Genetic Analysis Corsortium (CFGAC ;
http://www.genet.sickkids.on.ca/)oll whebAd WHgPorw & 97fe] WHo| T 7THe T5H
CFTR 32 Wo] o] U= 271 29+ CFTR 3% ®lo] o]t

AT 71ARGHS L A FAdd Aol A heterozygotest
homozygote’} 1= X2 H|E&ZE EAst=A] dolr 7] 95t 1924 S
Aoz st HAEAT TDGSE o] &3Fe] 22 97019 CFTR
A Wolel A e &3 10712 CFTR # %A ®o] 1
A #AAAdo] ®iyE 3709 microsatellite &2 3F4<l intron
8] poly-Tel tiste] a3tk (GE 2)

_10_



E 2. 49 A9 CFTR #3A ®¥o

TDGS A¥ 2zt 2 oFelol] &3t A3 #AH Ao
CFTR #7Z#F Wo] CFTR 73+ Wol H 11% microsatellite

R117H (exon 4)
621+1G>T (intron 4)
F508del (exon 10)

E217G (exon 6a) 1717-1G>A (nt 10)
1059C>T (exon 7,A309) fron
G5H42X (exon 11)

M470V (eXOI’I 10) T577<) (IVSS, ref 16)
GH51D 11 "

1556V (exon 11) R5E3X Eexon 11;

2694T/G (exon 14a, T854) R1162X e(XOH 19)

Q1352H (exon 22) exon

W1282X 20
R1453W (exon 24) (exon 20)
N1303K (exon 21)

-8G/C (5'UTR)
1125T (exon 4)

ol o]E3 o}u=4ke] X E Cystic Fibrosis Genetic Analysis Corsortium
(CFGAC ; httpy//www.genet.sickkids.on.ca/)o] welx HHIdom Ajekele =3t
1078e] CFTR ®Wo] ¥ F<d3dtA R117H ®Ho|xt ¥4 )

MicrosatelliteE A €1g+ 1970¢] CFTR %A ®Wol= A&H <
DNA screening "4 (SNap Shot; Applied Biosystems Inc.)& ©]-&3}<f
A st al Tnd 83 97 ZAHE ol &ttt Ao &3
1071¢] CFTR 4 } Hol T FYUshA R1I7TH Wolnt 25
ZF7ke] locusell Wigh 732 WMol NIx= w39 A ofy] {7 ol
T BAHow 7AAEGT L vy AFAT P e BHo
A= Wol= QI352H °]%th Q1352H ®Ho]9] heterozygote HlIEE

chi-squareE ©o]-&3to] Fall& Ay 7@ &T SApol A= P kol
0.020] %31 T HFA HxFe] A= 0.005= HAFQlel] HlE] =

S MRS & = A E217G Wole] A$ 184 o] 59 5\_0}

&, Sul P kol 0.04= A<

TE YA AA 7HAGEST SE e R

A AT IVS8 T59 76‘—‘% A}

ol A RIETE A ugken 53] 7| dx S Skl B9 P oghol

-11 -



£ 3. CFTR frda ¥ol9 Hx= &<l

a5 (F7)
variation Genotype A3 71 8A &5 v #4444
(n=117) (n=44) (n=28)
Diallelic
+/+ 105 44 22
~86/C 4/ 12 3 6
+/+ 116 47 28
R117H +;_ . 0 0
1125T +/+ 116 46 27
(ex4) +/- 1 1 1
E217G +/+ 114 43 27
(ex6a) +/- 3 4 1
A309A +/+ 117 47 27
(ex7) +/- 0 0 1
MATOV A 23 5
+/- 52 28 14
(ex10) /- 49 16 8
1556V +/+ 111 45 28
(ex10) +/- 6 2 0
T854T /+ 41 16 8
/- 51 27 14
(exl4a) /- %5 4 6
Q1352H +/+ 116 43 24
(ex22) +/- 1 4 4™
R1453W +/+ 115 46 28
(ex24) +/- 2 1 0
Microsatellite
5/7 4 6 2
Ts-7.9 6/7 0 1 0
(IVS 8) 77 110 39" 26
7/9 3 1 0

Atz A3to A chi-square testS ©]835te] AW #AAANES EASI W
type2] expected cell number”’} 5¢]38Fo]| ¥ Fisher's exact testE Ab&3lth A3t
AA SAA 9u7t e A H2 FAZ YERdY. () A=
variationsol| A o] typeS YERHATE P184] o]dte] ol VBAFFFT BATHS
ggoz P valueE T8 004 2 Ui A4 A3s A48

AAkelo] wa] AgFol| A Wol WMlwrt 7FA%FS vERTE *p<0.05, T p<0.001

-12 -



3. Haplotype pattern® A3 3¢ ABA

Haplotype< Bayesian algorithmoll EZ_P% haplotyper ~ =13
o] gatdom® TDGS A3} 2-& 974e] CFTR 47 wols} A %}?Joﬂ
=3 10788 CFTR #xa Wo] T #FdstA e RIITH ¥o]
223l poly-T el A 1170 F-9lell thal 19278 9] A thdak = 384709
genotype datag °©]&3te] FaAT T VS8 T:9 45 Tse
Wol typel® Fil UYHAE AP R ot w1 A THsd
haplotypee] 157& S8t tHE 4). 229 haplotypes &%
HolQl M470V et 2694T/GE ol &3t 1738 et sw(E 4 714
LEE) F Wort AeAl d#H A5ES gdT F AdUTh
Haplotype 8(2-2), 12(1-1), 13(2-2)& #|¢J3+ Y™A] haplotypes =5
VAT0-2694T(2-1) H=i= M470-264G(1-2) vlEol A YUk &213F3 .
A Tos Wol typel® ato] a3 T2 haplotypeit A ol Al Toe
haplotype 122 assembly® %131 Cuppens - haplotype 12(IVS8
T9-M470-2694T) vl&oll A F508del W o]e] 95%7} Ay shrlal W 318}al
ATE FvE A% haplotype 129] WI%E7F gaele] Hg ofF g
g F AATGE D).

Genotype data ¥ % o}y 2} haplotype 23l A% Q1352H ®Hol=
7}A] = haplotype 42] P Ztol Z+zF 0.02, 0.008= 7] #4A &35 A
A BRI BHol U= & F UJYT E217GE
haplotype 6°] 4-¢ AA 7|#A&FT Ao d= n7F glAA]
2ol AR EFS Aol A 58u =2 HIE
Genotype dataollA IVSS Ts7} 7] #X| &5 kA3 Aol
Ao 2 ugki=tl haplotype #4] ZAINAH %= w72 AFA
B = IVS T2 7FA+= haplotype 59F 99 A% AAFQl 18-l A
a2 HIx7F HSEEkARE 7| BA ST Aol = V4T
haplotype 59 Hl%=7} =249 wha] M470& 7FA|+= haplotype 99
B AT R WE Aol gles 1 #F 4 U

-

N

X

2 rE
orr oox

o [ G o

N
-
=)
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¥ 4. Haplotype &4

L 8 o= B o —~ % o = Group BMATOV -
Allele S=5EgY § 2EBH g A e 2OHT/G

D o=z = o > o= < B ;_—m: = gl = A< Background
1 GRITETZCWVYITAQR 121 47 24 2-1
2 GRTITECUWMTIGA QR 78 25 18 1-2
3 CRIETCUWMTIGA QR 11 3 5 1-2
4 GRIETCWVYITHTR 1 4 4 2-1
5 GRITECS5 VY ITAGQR 2 5 1 2-1
6 GRIGCUW MTIGA QTR 3 4 1 1-2
7 GRTITETCWVVTA QR 5 2 0 2-1
8 GRIECTWVIGQR 4 1 0 9-9
9 GRIECS5 MTITGAQR 2 1 1 1-2
0 GRIECWMIGOQUW 2 1 0 1-2
11 GRTET CWVITAGQR 1 1 1 2-1
12 GRIECUWMTITA QR 2 0 0 1-1
13 CRIETCUWVIGAQR 1 0 0 2-2
14 GHTITETZCWVVTA QR 1 0 0 2-1
15 CRIETWMTIGA QTR 0 0 1 1-2

- 234 94 56

Haplotype Bayesian algorithm®] 7]%E % Haploytper’S o] &3} 225191t}
Allele®] ololt] s=x&= A9 haploid gene? Wxo] wel AAstgch A7
At Alo] 9] x}o]i= chi-square test 9} Fisher's exact testS ©]-&3lo] 243}t
MAT0V-2694T/Ge] 24 z42ke] haplotypes 1E3}ato] BA kst 16Ty 182

Too] 455 APz sto] £

4 9 Wo] 2EAN ERAEHA A5 AT

29443 CFTR 7|53 A3 doAde dolnr] ¢ste] CFTR ®Hol2]
BB ESHE 75 AFE Ssoth shclo A v 979 Wol I

A CFGACe Hai¥ 4709 Wolel E217G, 1556V, Q1352H,
R1453WE A gsllon BE WHol:= M470S 7FA= haplotype 2
o

=l FFS AyiE A3 maturated
glycosylated CFTRe] @] & ¢Fo] E217Gel Q1352H W olol A 74
st tH(2®  2A). HE3  transfection &8 HASY] st
expression vector?] cis—gene product?] dihydrofolate reductase
(DHFR)= @id 23 gS g9l o & 23 43S & 5 AL
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CFTR 99 ZXEZE cis-gene producté! DHFRZ uFo] A =3}
g u E217GeF QI1352H ®Wole whw kg gro] zh7b 64%, 73%
AAaeS SRlstA T 2B).

Anti-CFTR
250 =4 . .
e I . 1.04 p=—
160 = v 0.84 L -L
KD

o
3

>
=
=
[]

o
xI
m
A

Relative intensity
(CFTR/DHFR)

o o o o
o b B

a9 2. 4% ¥e] CFTRY ©¥ 2dG &2, 487 ¥o] CFTRS g Hox wdstx
9= CHO-K1 AXE &33te] CFTR NBD2 doaming <143F= monoclonal Ab<%}
cis-transfection markerq] DHFRZ blotting 3t tHA). CFTR¥ DHFR® staining =&

CFTR/DHFR ¥l &2 £43}30th. E217G} QI352H Wolo] 4% wul w@eo] 7288
S ATHB).

o

Wol7b 9le A% CFTRY Cl B2Ael ddS nxEx] dolry)
Qste] 483} WMol CFTRE ClI T=2EA4S whole cell?} single channel
patch-clamps ©]&3lo] A3 th. Whole cell patch clamp®] 739
5 mm forskolin A= 2 CFTRS €43 A|ASW QI1352H "W o7}
RS AT €38 CFETRO Hl3] ClI ols o] 2 ¢S BHAar
(19 3A). CFTRY Cl E=zgAo] 714 & Al @A ramp pulseZ=

Fol IV 7l&71E Yeuds W AFzEol (e dFH<
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CFTR #=224<% ®om QI352H Wol& 7HA &= CFTRY 44
71717 A Aske, 5 CFTRY ClI &4 Fol=+

ARE
BYth(29g 3B). o9 #e WHow RE Wo] CFTRY 71&7E
Hlastol M E7F 7HA = S g, pFO R yFo] AE A7)0
& Hoto] ol HolE HAS =x3 AT BE W
CFTR9 current 24 =7} 998 CFTRel wd] #42gS g2lstst).
o] % QI352H Wolx 714 2 current #A2(71%)E H QL
R1453W ®oleo A% 74 22 current 44 37%)E HIAG

(L4 30).
e drd g Cl F2gA40] &ds dAskA FoerE
single channel®] 54 & dol H 7] 9 35to] cell attached A E el A
single channel patch clampE G383ttt MXEE cAMP cocktail =
A= P& w ¥ conductance currents7t F % HAaL AP
Hugl s 2E WolodA &d dAF =279 AHole YELA
9r 2kt Open probability(Po)E ¢oF B2 -80 mVol Al 6% &<t
current& F43tF (17 3D) 1 AdE v a2z E eyl
(29 3F). 9383 \udgsSu 1556V, Q1352H, R1453W W o]ol A
Z} 7} 34%, 55%, 78%2] Po’} 74 3HS &<l3kdt}. single channel
conductance® Z7|& AA3t7] ¥ste] -120 mVel A 120 mV
7} voltage EQUQEZ s|l2~E1WH o2 YEFYJA L Gaussian L=
filterstAth. 19 3E= 80 mVelX 43 deojty. & CFTRY
A3+ conductance™ 7.6 pSolil WMol CFTRE FAFet conductances

7 gl
E217G Wole A% #Fa" Cl

_16_



0.2=  Forskolin § ph +IBMX 100 pM

0.0
-0.2-
-0.4 ,
-0.6 *
g 0.8 gk
-1.04 e
-1.24
1.4
-1.6 1 ] ) I 1 1
0 100 200 300 400 500 LV curve o Y
Time (s) &8 § $ &
¢ ¥ & &
D 05pA E F
30s
wr Ty | L S5
1 p AI f— ..*"___'!‘.,."‘"."....J,.T"..._' 0.6"
E217G i TV i — 05 *
0.4
15002 ek
1556V by 0.3
(01T Tl 1 - W CETR . ok
15a08: =76 pS 0.4 D
108
Q1352H T Y = N .
01 2 é‘ o A
— A
RIS T W 1 oA g & &L

a9g 3. 987 WHe] CFTRY CI” B2 &4 (A-C) €387 ®Wo CFTRS
ehgH oz Wdsty ¢t CHO-K1 AZoA CFTRY Cl S2842 whole cell
patch clampg ©]-&3te] =439 th. Holding potential® -30 mVE 812 Whole
cell& NMDG-CI7F o &-f¥ &HoA A Azl * 5 um forskolin® 100 wm
IBMXE 33 cAMP cocktaill2 43} A7l & F27F HUZ2 43 HSuy
ramp pulseZ -50 mVelA 50 mVE o] I-V 7] 27]1& SA3A 7]27]5 v ulsd}o]
AEZZE 7= S g, pFeE Uiro] AX a7]e] wE Hshe olFw Aol
BAsI] =73} 3t YeEl At (D-F) Single channel®] 5432 holding potential 2
-80 mVZ &} cell attached “JEfol A =73} L open probability(Po)® #2138} T}

m\I

it
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CFTRY JIAxE W79re] Cl/HCO; exchange 71%5< Z43+d
B gl T2 98S Fh wolst A& AS fole ud
thal 7)o ojWl dEks m x| selslry] 9Eke] CFTR 9&4 Lo
Wk gl S vaskgith 98 Wo] CFTRE transfectiondt Ao
TEMIY0l = Cl SR8 #FA7]197F Cl & gluconate® W x| ¥l
gHdog HADAFFAS A AE R Cl7F drtdA A

AE 959 HCO3 7} W= Eo9 Al£¢ pH7} iﬂV‘fL A=
o] &3t pH <71 7] €712 Cl/ HCO; exchange 7]5S =73ttt
(19 4). Mock vectorg transfectiondt M3EZ2] 7-¢- basal CI/ HCOs
exchange 7]%°] 0.083+0.05°]%1 2L forskolin AH=o. 2 A3} A|ALE W
2ol 7 gldl) 18y 98-S tansfectiondt Al3E2] -9 basal Cl/ HCOs
exchange 7]°°] 0.141+0.021% <7}stdal forskolin A& FUS
0.677+0.0632.% ClI/ HCOs exchange 7]s°] ZA ZS7Fslith vbd
QI1352H ®olE 7[A|+= CFTRe| 7% basal CI/ HCOs exchange 7]s<
d Zpol7b UAAAIRE forskolin AF=5-& FA&w] Pl Hl&| ClI/ HCOs
exchange 7]%5°] @AA8] A4S IRISATHE 4A). 7ol W9
CFTR9] CFTR 9]&4 Cl/ HCO; exchange 7]%< cAMP #}=2] 7-5-9F
Ab=ebA F9ke A5 Blaste] =St hAvH(CLE 4B). A&l Hl s
E217GF Q1352H wWole] AH-§- forskolin A=l s Cl/ HCOs
exchange 7|5°] 77} 66%9f 77% 23S glsidith
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A Y b B cavP-activated
(b—a)

Mock
ocr
- Forskolin 5uM 0.6
= 1
T 0.5
<
£ 04 1 1
=
' 0.3 *% ook
WT ;
0.2 T
0.1 [
Forskolin 5 M 0.0 = ~ o
S
S & L& &
) K »
TIgEE S
c <

Forskolin 5 uM

329 4. CFTR 94 gol& n@ w9 ¥4 W%, CHO KL Axel gol&
we wale] $48 248 e 9% CFTRS RANZ ¥ Sole we v
F9E 24U cAMP AT % fole wd we] #4Y Tk CFTR B9ol
FAG W Aol AL FAAsgnh od@ AU WFoE A3 CFTR
2719 Wo| CFTREG WaAAA ol w@ wle] IYAES wasglth O o4
802 BRAANGL IS glconate® AF Solow ARFAL 45 Az
CI7h MAUARA f45 Faagel oJs) F715% pHel 7187 1; %01—3 g
[e]

2 S ZA3AT. E217G9 QI352H WHolE 7HA = A% TR &4
Sol2 w3 A 7T HAastAh olE cAMP A=< A $< } 6}1 Aok
A= 5

38 Wwste] EEshatah
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5. Q1352H ¥ o] ® M470V °|F W]

Q1352H Wole] A-¢ FAGHom 3t Ag Addds el
Haplotypes A3 R W A dH ool A Q1352H Hol= V470 whgro Ak
el = (E 4) olA7FA o] BE 23S M4A70 wlgrol A o] Fof
Ak 2 A QI352H ®olo] V470 WolE Eiste] o] wESS
gels] 2 Ay oyl g o= wshyb glvh(® 5A). ¥y
Q1352H w®ole] V470 ¥olE E3td cAMPASl o8 &3 =&
Cl 527]%¥ ClI/ HCO3 exchange 7]%°] ZZF 99%¢ 95%%

A Anti-CFTR B Anti-DHFR
L T R e— -—— e T T e—
< KN & N F & s ef'b NS
S & & &£ §&F S & § £ &8
\d
¥ s & & N ¢ TS
Forskolin 5 uM + IBMX 100 pM
0.2 M 470V 30 . P<0.01
00 +Q1352H 25
. *
-0.2 w 20
3 -
-0.4 < 15 %k ok
% : —
1.0 wT 5 * ok
1.2 0
1.4
1.6

AN S
S & KIS
T T T T T T é\ » :g’ t\“b',‘l
(] 100 200 300 400 500 S o g"\‘i
Time (s) 4
b - a
0
P<0.01
0
£
£ (]
=
5 g B
=
g o * ok
0.
‘b *
X D v AN
§ & & & &8
s \4 » > P
S o s &

Hol = M470V o]F Wol, 933 QI1352H Wolol M470V

=sle] 9ok 7o "W o g dl wEek ° C] ¥27]%53 CFTR o&3
gl okl g5 gholskgith M470V WHolrh =9 HdSw 933 Q1352H
il ke oko = WHEksE gldth ey M470V Holol m=lo g QI352H

o] cAMP A=l 9% Cl 52843 CFTR o&4 gol2 ug dwe] Ao
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CFTR #FxA= Ml 4
fibrosis, CF)3} #edse] 1939 Riordan 5ol olate] 2 F2yd Ut
a8y Syt s dd 3 CF 847 =8 #AAZ CFTR #+3d#
Holo digk AF7F mekgk Aol o] AlFA o AF+= HFo=R
gh=lel A A% #d CFTR 3% Wol& dATsidittal & + St
2E]al glel A e CEFTR # Xdz} WHol Ato] Akl ol

55 A 5 AAJT A g &3+ 10719 CFTR 3 AF WHo] &
RII7H ®Wolvk Yeltom =19 79 haplotype 129 ®1%(0.9%)7}F
e e #9184 9ldrh o] haplotype IVSS Ty ~M470-2694T =
Cuppens 5°] ®usH MMadl slFHct o] haplotype?] %7t A4
Ao ele] A9 73%clx 7bd &3 CF #2 Weoldl Fdel508,
G542X, 7183 N1303Ke] 95%7} ©] haplotyped] /] A&t} ? o} 2]

4og ol FPAA BRAW FHQle AL o FAA
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rob
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e
S
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IVS8 Tnel ®Wol= exon9® RNA splicinge] A4S F+=d IVSS
Ts Wo]l+= splice acceptor efficiencyS 7HAA7]H CF 2 oy o
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] | oA
RNAS} gl do] s %] E3ala o]2 ¢8| CF & CF ¥y 239l
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(%]
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VS8 (TGm3} 4% 284S do7v o e 2% dugS Jepig”
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¥ 3F3l+= haplotype & F7F%= V470 WolE 7}A+= haplotype 59

%
A5 AT Ange & AATHE 4).

QI352H Wol= FA 4 dast 2AA=4 75 Aol 7HE
o9l WolAHrt. o] Wel= CFTRY + WA ik A3 H99
‘linker peptide’, 'signature motif’, =+ 'motif C'8tx &&=
glutamine-rich sequence®] ¢ x3tt}, v g]o} ABC transporter

NBD #9119 4% 9+ ZA3} linker peptidex= ATP 7} 3l & =4

3t NBD %7} folded AHl®2 #XA3t=d T3 988 3t
d# A CFTRY linker 992 ‘LSHGHKQ' 2 TA %ol &t
ol= A& Al linker sequence?] LSGGQ'¢= ¢F7F tr=t) 1y

ra
o

o] sequence= RE HZERA = BEH o 9 npx|ut F2 ]
s|l~Edoe® vy e QI352H wWole 9w wd i} single
channel®] gating 549 9&S v A A Ach(2g 29 3).

E217G Wole A 71s2 A4 Zd= CF A AA Aoz
A=Y 54 24 23 243k 93488 Bk E217GE mildg
CFTR wWolo|la BExAESHH AgAxtel AX|3tc} E217G Mol 2|3

Ely 7

]
P Aa3a CFTR 9f&4 ol agh o
o

Wole]l 4% M470 haplotype ®F&elA SA PSS & 3] gFt
CFTR9] 7]5°l Slold E217G Wolef 2e 3HAaE YeEl At |
2,34). 18y E217G ®Wole ASE= =2 A4S YehdlE M470S
7}A)+= haplotypeol 4] YEF} 2L (haplotype 6) WHd Q1352H ®Holo] 73-%-
vro S LR V4708 7HAE haplotypeol A WERSTH haplotype 4).
aH 22 QI352H Weleo] A9 M470V Holet &4 Heu HA] CFTRY
7ol o & S vt & 4 vk AdAl Q1352H ®eolo
M470V ®Wolg =9sto] dH& Fhd&d CFTRE Cl &= 243
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CFTR &4 gole w@ wue F4o a3 A ol
SATHE5). olel tE Aok /1A ol AgPeld WA FA
M470V$H Q1352H ®el7k CFTRe] ¥ NBDel 747t 91A18j4 4s28<

87] wEoleha AZu

N
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=
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3 A&
Agow Yot oo AdxzRE CFTR fFdzke] oz $x0l
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FEFS AT & = Ao o7 ¥AelA haplotypes ©]-&3F
=42 CFTR 2z ik opyel vh2 A8 vd fHzte] 23k #dAy
Aol EdAelva & o

ool AnE F3tsle] Euj CFTR #FdAF Wol7}t 7| #x 4= &
T AT A-de] lom shube] f{FHA WMol HU cis-gene?

ool HEAFl 1 FAAL 5l o B 9F
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Abstract

Analysis of CFTR mutations in Korean patients

with bronchiectasis and chronic pancreatitis.

Ji Hyun Lee

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Associate Professor Min Goo Lee)

Aberrant membrane transport caused by mutations in the cystic
fibrosis transmembrane conductance regulator (CFTR) gene is
associated with a wide spectrum of respiratory and digestive
diseases including cystic fibrosis. Using a gene scanning method,
we found 11 polymorphisms and mutations in the CFTR gene in
Korean population. Individual variations at these loci were analyzed
by conventional DNA screening in 117 control and 75 patients with
bronchiectasis or chronic pancreatitis. In a haplotype determination
based on Bayesian algorithm, fifteen haplotypes were assembled in
the 192 individuals tested. Several haplotypes, especially with
Q1352H, IVS8 Ts and E217G were found to be the candidate
haplotypes associated with the respiratory or pancreatic diseases in
a case—control study. Notably, a common polymorphism of M470V
appears to affect the intensity of disease association. Among the
two haplotypes having IVS8 Ts, the T5-V470 haplotype showed
higher disease association than the T5-M470 haplotype. In addition,
a QI1352H mutation found in a V470 background showed the
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strongest disease association. The physiological significance of the
mutations was vigorously analyzed. The nonsynonymous E217G
and Q1352H mutations in the same M470 background showed a
60-80% reduced CFTR Cl currents and HCO3; transport activities.
Moreover, additional polymorphic variation of M470V on the
Q1352H mutation completely abolished the CFTR anion transport
activities. These findings provide the first evidence for the
importance of CFTR mutations in the korean population.
Importantly, the results also reveal that interaction between
multiple genetic variations in a cis—gene affect the final destined

function of gene products.

Key Words : CFTR, polymorphism, TDGS, bronchiectasis, chronic pancreatitis
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