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MEU &Z2sto] mE vAZY X CFTRY AMx9 234 F7}

FEA S (cystic fibrosis)S ®elo A 713 &3 AHHS A3
steE AdaA A A oR AAFHOR o 6 wko] Wo] o] AW
o Aok YEA AHFFE VI AARES T2 AT Zded o A HZF
o2 UEE 30~40 Aol AL wrAEl, AF7tA SRS A Eo] o
A&E A5c7] Al FHAA AR5 59 e ARE AR ofA7HA]
A zm7F oAHE AAHolr. o] AZ9 UL cystic fibrosis trans-

membrane conductance regulator (CFTR)9] 7" olo] 23 7|5 A2
o™, o]J g CFTR® Az Wele YExA AFTd 734G F 2
B AFE T 257 ® &s] AMe adetH, A2 d=lelM e
CEFTRO #dz Woel7} 7#ARH T 2 v A4d9 a4 #+
Aol Wt WadeA 7Hd £ FHA WMol CFTRY 508 W A
phenylalaninec] A4 ¥ ¥ ® 9 CFTR (AF508-CFTR)S 7FA &=
ZAelth. A2 FA® AF508-CFTRS WA FXE o]F7] wio
100 %7} Endoplasmic reticulum (ER) quality control systemol 2|3} A
HalHo] Axeow o]sshA XajA AWHE F2AZIH.

AMZ FAdE EE AFS508-CFTR % 9% WT-CFTR2 ERelA ER
W 2 MEA EA3= 3 molecular chaperoned ZAgHstA ).
2 E AF508-CFTR¥ 4% WT-CFTR<2 molecular chaperone® o#

2 3ko] e Ao old] A ubiquitination® ¥ ER translocon poreE
I sro= vpel 265 ZRHolFo] o8] #aH= AAS AXA Aok
Jwi d% CFTR @9 ZAL pre-Golgi intermediatett cis—-Golgi
element7} A = ©°] % & 394, chaperone¥} KDEL &4 Sof 2o&)A
Al ERZ 4348 § RBalEth cis-GolgiZhA] o]F % AFS038-CFTR] ER
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o138 COPI vesicleol &3 =X A|olA ERZEY d4%o] A= AHolx
KDEL S8 Add ¢ g EREZY 9% 9A A= a947F d5 A
o7 7hAsta, AlxW &7 ste] wE AF508-CFTRY AlxZdr dHd o

Lo

He ATES Bsto] g 2 ARE ddn ATxE 2 FAA
U723} CHO Al 2 CFPAC-1 AZ oA AF508- CFTRY Al ¥1
&S F7HA1 712 CFTRY Cl channel 71%5& 3 EA AT g
Azd 2 FAAe gZstE CFTR 9wjde 2do g Fi=
=

N

molecular chaperon®] W& = wWwla o] ybiquitination A %= 18] 3 3

| ko CFTR Ao iy
A= W FTMATIA Fd Eg o]y g Aol in
vivoll 1= dojy=x &35l 7] $3ted homozygous AF508 A3 F ol
2% sucrose®t 280mM NaHCO3;Z &3+ E2 Yo 7l8e A4
A4 5SS A= A S 4 Md3re AEEo] AA Frksk
18 22 NaHCO3E A3 A1 71 Homozygous AF508 A # o A% W79t
ol 1 CFTR 9 &A <l Isc7t 2 A F7hs At

ofZF 9] Ao oS H X

[¢}

Tl Aol

A

o

o] A¥NE FFete] B uf Axd @ ZFAAY s A
© 2 AF508-CFTRe°] ER quality control system= Hlojd 5 QA )59
AF508-CFTRY] M2 #ds Fv 98 & ¢ & AddeH, in
vivo modelol A &= o] g @Ao] dojds AT £ AT =T
o]# 3 A¥Z wleg o2 Vacuolar H-ATPase 50] %2 AAAZS Al-&3

ZA A o] s 2314 AF508-CFTR¢] ER quality control

=
system= Holyd

F AA dlF= & AFS08- CFTR® ek ¥4
Afrs A5 M2 Wyl 4 5 & Aotk

Ay = 2 : CFTR, NaHCOs;, = A A, ER, &z 3}
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Cystic fibrosis transmembrane conductance regulator (CFTR)+
cAMP 9J=%4Ql Cl == uofs duldae] Jo48S s =571
Ao FAAEAAN HCOs wH H AIAAE EHjde EH] 4o

2% &S s Yok shARE FdRelol o] CFTRE 7]wo] A

8

%_
¥ A< (cystic fibrosis)= At MAIHS R °oF 6 qho]

T TFV H A3y AWES f¥sid, A o5
TR Wol 7 NAAGHT 9@ v A A3
Ak’ walo| A 714 Ea fAWol= CFTRY 508 WAl phenylalanine
of 24 %9 el CFTR (AF508-CFTR)S 71#A & Zo]t}. o
AF508-CFTR2 A4l CFTRY CI & 75 7FA 1 YA A=



g ®  AF508-CFTRol HAY Fx&  olF7 #el 100%7}
Endoplasmic reticulum (ER) quality control systemo] 2JsfA] &3
slof Alzwo s olFatx RalA Hof Ao FEn

Aw7tA dEd CFTR 28 A4S vhaa 2o a9 104 A4
ME e ®E AF508-CFTR % 9% WT-CFTR2 ERel#4 ER
W7 2 AEAo EAs= v molecular chaperoned ZAgshA ).
HEA 02 calnexin, Hsc70, Hsp40, Hsp70, Hsp90 5 2] chaperones ©|
CFTR¥ ZAgattz gadxd  duk’® o5 P2 molecular
chaperones Ao & A]Z 7 CFTR @929 wd ko] 43517
ZFolEh. EE AF508-CFTR¥ 4% WT-CFTR2 molecular
chaperone¥} o2l ©ww A 3to] A5 2 &0 23] A ubiquitination®
% ER translocon poreZ %3 vro =z 1}o} 265 Z R HolFo o3 &)
gt AA4E AXNA A’ oy gi¥E CFTR @9d-& ERADO o 3
ERol A Eal ¥ x 7k A% CFTR @ AL pre-Golgi intermediatet}
cis—Golgi element7t# = ©]% S &1 chaperone® KDEL & %ol
e Al ERZ d5Fd ¥ B ETh cis-GolgiZtA o] FF A
FS508-CFTR®] ERZ9] Agfoll 7P 58 425 dh= 22 =449 pHolth
A A 9] pHE Vacuolar H -ATPased] 9&i4 pH 638 %9 A<
At A =W, o]y s A Ao A= AF508-CFTR-chaperone
G A et KDEL F8A¢ 2g= o] ZstA Ho] KDEL 4849 A=
F438 thAl ERZ 9443 & Z2golEd o EalwA =M
A Ao A ERZ9 9442 COPI vesicleo] 9314 o]Fo] 2i=d o]uj
ZA A 9] 24 pH7F COPI vesicle @A T3 9GS o, A4
pHAl A COPI vesiclex Z 34 A%, pH7F <273t H#A
COPI vesicle®] @AJo] & o]Fo] Ax| gF=t}”
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(Lys-Asp-Glu-Leu)

Carbohydrate Cytosolic & ER
Y Chaperones Sec61
. Hsp70, Hsc70, (Translocon 45[B0% wt-CFTR
o* Hsp90 etc... pore) 100% AF508-CFTR
=\ .

| *

V - Ubiquitination
Transport vesicle .

(COPII vesicle)

Transport vesicle
(COPI vesicle)

pre-Golgi intermediate
%H *-ATPase ‘ compartment & cis-Golgi
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un?
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29 1. CFTR 9W A9 Axv vtd 9@ 33 #HA

AF7HA FEAA AHF9 ASE H8] B2 A7 Jagso] o,
AA ME AFYolA AF508-CFTRe Alx® @wdS F7HA71E Al 714
WHol ez 9tk A A glycerol 59 chemical chaperoned Al X o

A e 3] A AF508-CFTRS Al Ew @S F7kA71% B3 4 30 C

o|N

o]3le] Lo AEZE wiokst: WM MAl thapsigarging ©]43) ER
calcium pumpE A #13te] ER chaperone? 7]%< @ Zo] 1 Zoljg P
shAlRE ol W2 Al AdolM e B oy AA gkxpe] A mo
Agst7lol= o2l 7FA] Alefo] W= 9l

H APAAM s AZW LZYst7E o] Fol X A A9 pHIE A
A E o] o]Z 918 COPI vesicledl &3 FA|Ao]A ERZ HFF0]

J 7512 KDEL &40 93 ERZY 94 A dAd= g7}
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ATE FHF Y. AFS08-CFTRS wdsts AEXF= Alge A
AMEAA FalE CFPAC-1& Ab&etiom, WT3 AF508-CFTR<=
Aad Al717] A4 CETRE wdstA @+ CHO A pCMV
vectorg ©] g4 CFTR %A+ F3gstdt. CFTR ©d wb
CFTR 5°]A ¢ M3A7 A& o] &stglon, =449 pH ¥3E

=487 YA pH indicator 92 st YFPol Golgi residental

=

H
m@

[‘_1_‘_’,
flo

sequence’t ¥ chimeric ¥ A& W HA] 7] = pEYFP-Golgi plasmid&

AbEEEA T AW Lz skl 9% AF508-CFTRe A ¥ 9 2 d

Az dZgste AE FFodA] AF508-CFTRY Alz9 2Hd S
<7713 CFTRE Cl T2 7ls<& IF5AzT. A% CFTR
chul 2l o] o] JFLE FE= molecular chaperon® W& #k chulz o
ubiquitination A% 123 ZZ2Ho}F A= FegFS n A Fdr}
Egk o]y Aol in vivoll M E dojue=x] gdg A3 2% sucrose®t
280 mM NaHCOsz& E@sts =2 #o 7w &9 d5& 753
Ay AFS08 5% HEA A A5 4 /L =& AA St
stttk 28l NaHCOzE A2 AFS08 3 ATA A9 &%
Yol CFTR 9 &4 L.F Wild Type AF =Ag9 o 21%
dE2 Uey CFTRY 7ol I+ dAEHd0Es #EsAT

ol e AaE Tl B wf AEHE B ZAAY @z 2HA
o2 ERZ9 9FF A& Fd AF508-CFTRe] ER quality
control system= Hlold F A sFAew, o5 F AF508-
CFTRY Ax= 2dS v 7o &5 ¢ F

modelel M &= o] g Aol dojds FAD = 3

Ao W in vivo

32,

52
=



1. 438 Al ¢ A7
N-(ethoxycarbonylmethyl)-6-methoxyquinolinium bromide (MQAE),
Pluronic 28 12 27,7 -bis(2-carboxyethyl)-5(6)-carboxyfluorescein
(BCECF-AM) Molecular Probes (Eugene, OR)ZYE <3}t
CFTR 5o]& 3l M3A7¥ 24-1 € x8A+= 7+7t Upstate (Lake Placid,
NY)¢} R&D system (Minneapolis, MN)ol A F+38th. Hsp703
Hsc700] Eo]A ¢l dAstA = Santa Cruz Biotechnology (Santa Cruz,
CA)ZHE FYsd . Bafilomycin Al2 Alexis (San Diego, CA)oll A
TYdsF o, a1 9o A2 Sigma (St, Louis, Missouri, USA)Z 5 H
THsgTh 71 #F AL 140 NaCl, 5 KCI, 1 MgClh, 1 CaCly, 10
D-Glucose 183 10mM HEPESZ 4 =e] glom, pHE NaOHE A

flo

&3t 742 29tk HCOs™ #F A2 120 NaCl, 5 KCI, 1 MgCl,, 1
CaCls, 10 D-Glucose, 5 HEPES 18] 31 25 mM NaHCO3= T4 5o 2
om,  pHE 742  wEArk. Clo-free HCO3™ #AFHAS 120
Na'-gluconate, 5 K'-gluconate, 1 MgSO4, 1 hemicalcium cyclamate,
10 D-Glucose, 5 HEPES 7123 25mM NaHCOs& 4= o] glom,
pHE 742 2Ft}

2. Al vl ¢ 9 Transfection

CFPAC-1 % CHO-K1 A¥xF+ ATCC (American Type Culture
Collection, Rockville, MD, USA)dlA Fdsdoew zZtzt IMDM¥}
RPMI 1640 8jeFelo] 10% FBS<9} penicillin (50 units/ml)/ streptomycin
(B50ug/ml)S 713k 3 5% CO, incubatoro] A1 ¥ 9 &} v}, CFPAC-1 Al



EIFE WY T trypsin/EDTAE Ag&8A4 AETE g3
3x10° cells/cm”®2 Transwell-Clear Pol membrane (0.4m pore
diameter, Costar)2 A3 4 "= permeable supporter ¢4 4~5 <
AE 7194 @ddZ0 7 tight junctiong °|F & 7|sHo=z E3ild HH
HAER sttt WI-CFTR¥ AF508-CFTRe] &d-& CHO Aol
WT-CFTR¥} AF508-CFTR A& =233t v pCMV plasmidE
LipofectAMINE Reagent (Life Technologies)E ©]-&3l transfection 3}
%13, transfection ¥ 24~48 A|ZF &b wikg F AP th. AF508-
CFTR #4#E5 x3tstar 9+ pCMV plasmid= PCR mutangenesis H
Moz vt5o] Hom A3 primers tS3 #Zt}h sense: 5-CCA
TTA AAG AAA ATA TCA TTG GTG TTT CCT ATG ATG AAT
ATA G-37, antisense: 5'-CTA TAT TCA TCA TAG GAA ACA

CCA ATG ATA TTT TCT TTA ATG G-3".

3.Cl o] 29 Alx" F3x 53
cAMP o]EAQl Cl o] &9 AxH Fi= 52 CFTRel 93 zo=
Cl' quenching ¥ 3 dye?l MQAEe] o3& F4 =3t ¢4 AF508-
CFTRS @dstE= CFPAC-1 AIXE coverslip HolA 48 A 7F &< wj
el & A2o]A 40 uM Cl quenching dye?l MQAEZE X33+ PBS
ol A 30&3%F ¥l F A ice HolAl 40 3F Wi kI, MQAE dye”t
loading® A*ZE A5 chambero] #23 & excitation 350 nm$}
emission 455 nmol A Y42 & MQAE ¥4 ¥W3E SAI. Cl 45
d A8e o 2k o 145mM Cl7F 23+d 7o
mM Cl ¢ 145mM¢] NOz 7} £8d #7Fd 859, Ax e d+=
Cl7F Al vro= FuyA ¥ &8¢ Cl

o
oo mA o waA ClY ol s AT + dsdth



4. AIXJ] pH 54

MEE cover slip?} permeable supporter oA vjkst 5 pH A&
3= 22 BCECF/AMeo] 4 uyM g% PBSolA 10+%F loadingget +
7 chambere] A2zt AXE #F chambere] F2rst & HCO; 7+
EA st TR Aol A excitation 477 nm 2 442 nme} emission 510 nm
o 1 BCECF9 @%9] nl&S #5sto] Axd pH ¥W3tE SA4stA0h
Cl /HCOs; exchange &4 A2 33 22 W o=z o]Fo Hr} 4

= 7 A TEoA U=
=

i

e AT RFds AEAow FY
chamber®] &A1 %

At 23 WA ol 130mM Cl 7} E &
Fo7F OmM Cl 7} =3 ¥ HCO; #FHo= oW, Cl/HCO3
exchangers S a4 AFXUHY Cl7F AL E AFHo =2 Yo
At BRded e HCOs = AXWHE 57k AW pHE F7HA
1A ok webA CL/HCO; s &4 A gtel] S7hs = AW pH

Wste 49 ¢ ddd

(i,
as
Q
&
)
4
2
fllo
(ot
A%

ot

5. Western blot

A ¥ Z Phosphate-buffered saline (PBS) fdoz A WH AL &
lysis buffer (50 mM Tris-HCl (pH 7.4), 1% NP-40, 0.25% sodium
deoxycholate, 150 mM NaCl, 1 mM EDTA, complete protease inhibitor
mixture (Roche Applied Scinence, Mannheim, Germany))S Y1 %%
Yo A 1073 ¥ A k. 10 F sampleg 2 oA sonicationdt & 4
Tol Al 13000 rpmo.= 157 94 E8ste] 45 S 8 stal Bio-Rad
assay kits Abgsto]l @S A A T 50~120 ugd @ E S 6
% acrylamide gelol A 7] o &53o] 23 5 nitrocellulose =2
2 Aolgt}t. Aol Aol nitrocellulose S 3 % non-fat milk, 0.1

9% Tween 20°] otf%¥ PBSZE A2oA 3 A7t F<F blocking?d +&



Zt @ de] SolAdd dAFAE ol gste] 4 TolM 1243 wEE A
Ao, gl B F THRFTE o5t T W AL oAFAE
& Fob HkS A AT ¢ AIZF & 0.05 % Tween

20°] ¥ PBS® 10&3F Ao+ ¥ ECL solution kitE Ab-&3lo]

6. N-glycosidase # &

CFTR< N-linked glycosylation® ¥z o]7] uwjio] N-glycosidaseE
2] 5} N-linked carbohydrates?’} E3 ¥ t}t. CFTRY N-linked
carbohydrates® #3813}7] 94 N-glycosidase F (New England
Bioblabs)& ol &stgth'™ WA CFTRS 2AAIZ CHO Al EojA

lysis buffer®= WAL g3 & 5 % SDS¢ 1% B-mercaptoethanolS-

¥t buffer® "HE0] 37 CollA 10 3+ wiksiA @] A}
TZE ZQY. 1 & N-glycosidaseE Yo 37 CollA 2 A7+ Fete
W] <& %3l N-linked carbohydrates + 3l 8} 1

7. Patch—clamp technique ©°] 8% CFTRY Cl A/ FA

CHO %o Wild type®} AF508-CFTR<% transfectiondt & 5% CO»
incubatorell A 24 A ZF wjeFg % 2% CO: incubatoro] Al 12~18 A%t
St wl ke MEE trypsin/EDTAE ol &34 ©@$] Alx AEH=z &4
58 3 patch-clamp ¥ chambere] A X E TAAZ T whole cell
patch-clamp techniques Alg3lA4 CFTR9 Cl AR/E FH3A
pipette €942 145 mM KCl, 5 mM NaCl, 1 mM EGTA, 1 mM
MgCly, 0.4 mM CaCly, 2 mM Mg-ATP, 10 mM HEPES® 4 ¥ 9l o,
pHE 742 ZA3A . Bath €92 150 mM NaCl, 5 mM KCI, 1
mM CaCly, 2 mM MgCl, 5 mM glucose, 10 mM HEPES=Z +4 ¥ %l

10



ow pHE 74% %AsA BE AP 22~25 CollA Agugon,
pipette?] A 3& 3~5 MQ °]dt}t. CFTR 5149 ClI AHFE 5 uM
forskolin®} 100 uM IBMX #}=Holl ol A H AFE T3l AL
Holding potential& -30 mvelglem, ClI AFE AxoScope 8.1 system}
Digidata 1322A AC/DC ¥ &7]o] oA 7] 5=t}

8. A4 pH 53

ZA A9 pHE pEYFP-Golgi Vector (BD Biosciences, CA)E o]
sto] SA e At pEYFP-Golgi Vectore pH W3lol| we} 3 Fo] W}
YEPSF A Aol et @id d57t 1,

T

ol

ih

Fe duge Wy

i
o

3l =AA FeolAHd pHE FAH4T 4 AA sl+vh. CHO A X
PEYFP-Golgi VectorE WAAIZ1 5 Zeiss LSM510 confocal 8% &1]7

o] &3] Z=A A AL Y YFPE excitation 480 nmol A 1

=

o

)
R

emission 530 nmolA ¥FS =ATt}F. confocal FFdAmw] 7o &

2L

Aol FA g A7 dFde Adz SHFUA dEs

)\
ol

st a1, 145 mM KCl, 10 mM HEPES, 5 uM nigericin 12 1L
monensin® T ¥ pH 5.1, 5.8, 65 181 729 pH AHA S95

To AT FFs Ve ¥} ALE pHE HIAANA ZAA 9 pHE

T =

ol

zaEolEe] FAS =AHF7] e ULV -GFPE 21459
Ub“™-GFPE ZzuolEe] 714z aAgst=d ZdotEe 7%l
AW GFPe] @go] Z7skA Atk o] o] 3ol ZaeolEe B4
AEE Z48 & ddrh $4 CHO AXdl UL -GFPE ZaAAz F

MEZ 2% CO, incubatoro] A v ksl Ay bafilomycin AS A2 72§

11



5% CO- incubatorol /] viekalS w] ZFzbe] GFPY 833 Zeiss LSM510
confocal 333 &AvA & ALEaA SAsAT. GFP 332 excitation 480

nmoll 4] 12 I emission 510 nmeol Al =4 & 2 t}.

10. Real Time PCR

CHO A2zl Wild typed} AF508-CFTR FAXE HHAIZ F 24 A
Holl 2% CO: incubator$t 5% CO: incubatorel A 12 A|ZF & i
gt 1 & HNEE PBSE F W AL F Trizol (Invitrogen, CA)S Al&

s

2
jur)
(o
O

5} total RNAE F% 3}3 random hexa-primer ¢} Oligo-dT primers
AL§-3lo] RNase H-reverse transcriptase (Invitrogen, CA) G HALE A E
AAAE FPslo] cDNAE T AT T4 ¥ cDNAE template= 3|
QuantiTect SYBR Green PCR Kit (QIAGEN, CA, USA)¢ Rotor
Gene 2072D (Corbett Research, Australia) Real Time PCR 7| A&
Abg8te] Real Time PCRE 33tk B-actin mRNA 2d A%
Internal control® A}&3tAth. A& 3 primer?] 97144 % PCR
o A7l o Zth CFTR, sense: 5-GCT TCT TTG GTT
GTG CTG TGG C-3), antisense: 5~-AGT GTC GGC TAC TCC CAC
GTA AAT G-3 (150 bp); B-actin, sense: 5-GAC CCA GAT CAT
GTT TGA GAC C-3, antisense: 5-CTC GTA GAT GGG CAC
AGT GTG-3" (145 bp).

il

2

11. in vivo 5% A ¥

Y
2o A 2Tk NaHCO:2 el 29 As Uux 18 S42e
BE RS UEE At B AgdME FE2L w2 2%

12



sucroseE X3otel= 52 Yol o+, 2% sucrose?t 0.9% NaCle X335 =
S Hd o 283 2% sucrose®t 280mM NaHCO3& X dsle ES
el o ® o] AF 4 MR AEES #Eed. a9 AF
4 hE7A AETF A 2 (HelAR F9)s A=dte 10 uM
forskolin¥} 100 uM IBMX #t=ol g CFTR ¢ +4<l short circuit

current (I..) & =74 314t}

—

12. A3 299 HCO:; ¥ =4 ¥ pH
COs, HCO3; SIGMA Diagnostics Kit (132-A)E AFg3iA &4

i\

!

A
2

i)

¥ HCOs %S =433t CO; sample start reagens 37 C=

2
rl

% gpectrophotometer® 340 mm= 2r3o] 37 T2 $AA 7tk CO,
sample start reagen 1 m{S tubed] ¥ 1 AFEZHE 2 5 s Ao
SA o] & A& F 37 CTolA 581 kgt m e F 340 nmeol A]
spectrophotometerE o8& 4 O.D. a2 2Aar 20, 40, 42, 44, 46, 48
mM NaHCOz& ©]&3l4 HCOs o] thgh standards Frol AF AW
¥ HCO: 55 Ao, 281 A5 &AW pH 42
Az AWES W& =i Glass Micro-pH Combination Electrode

(9802BN, Thermo electron co., MA)S o] &3lA =A3

13. Short-circuit current &3

AFAE W B S AQe Holg dd FA & td AFY &%
(HolAd H9)e A=3sUd. 4&38 A3 Classic Tissue Ussing
Chamber (Warner instruments, Handen, CT)ol # %3 v} 37 C=
A8k 25 mM NaHCO37F el @ ool A 10~20 &3F b4 34A17
t}e 10 uM forskolin® 100 pM IBMXZE Yo cAMP A=+2& H =3

CFTR ¢ &7 9l short circuit current () ZA3dtAtch o o 2%

|

¢

13



ZA42 0 mVE A4S AR H3teE dF = PowerLab data
acquisition system (AD Instruments)S ©]&3to] =A 39 t}.
14. 993342

AHA Y =4S OCT compoundE o] &4 Az ALz A
-70Ce] B3 F micro tomeS o] gl ZAS 4 m FARE ZEhA
slide glasse]l &9tk 2SS -20C methanol® 10 &7+ 1A
permeabilizationg A7l & PBSE F W A& 3 t}& blocking &4 (5
% goat serum, 1 % bovine serum albumin, 0.1 % gelatin in PBS)% &
Aol A 1 AIZE o wiYstAat. 1 % =4S PBSE 7T W AA
st & CFTR 509°]% dx34A (24-1)F blocking & o 1:1000. 2 3]
Ak 5 90 R s Aol A wjdst At Mg B F PBSE 24
AW Al AL o] 2 A S 1110022 blocking & ol A A AF-2 ol A]
L AIZE Feob wickstsich. 2 o PBSE Al W A § EVE &
A AT T Mounting media® cover slipg ZFZF o] Eo] & slide
glassoll L AAIA HAl AZAZ TS Zeiss LSM510 confocal & 3%
o2 FFE

o\'J

Ralel B

14



m. 23

1. Al¥Y &¢Zg3ld 2 CFPAC-1 Al¥9 Cl1/NO3 exchange

B4 W

AF508-CFTRe wrdst+ A A4 #AAEZFQ CFPAC-1AIXZE
o] &3t M2 43t mE CFPAC-1 Alx9] Cl S22 &4 WslE
Cl quenching dyeql MQAEE Al&3to] F5A439 . CFPAC-1 AX &
gzl st Al7171 YElA 2% CO:x incubatorol A 12 Al ZE wl &3k
CFPAC-1 Ax9 % 2% CO: incubatorol A w3t AW pH7}
Al 2] pH=
ok 62 AEE AL FA5= o] Vacuolar H -ATPase’} A Ao
ol EAst7] WiEelnt. webA A AREe] pHE 227 A& 5% CO»

incubatorol 41 Vacuolar H ~ATPase #1412 bafilomycin AS* 12 A7t

)

715 £ 01114 766 = 0.060.2 AFatA €. 183 =4

FoF A5ttt 1 & MQAE dyes Al X9 loadingdt ¥ CFTR 2o]&% ¢l
Cl =9 4 ®HgE =As3st7] #1814 5 uM forskolin® 100 uM
IBMX=2 Alxs A= Fol AZW cAMP F7tel 9% Cl1/NOs
exchange &4 W35 FASAG. 249 204 & F Xl

% COgz incubatorell A wjekgr A3 5% CO,

N}

CFPAC-1 A=x2 =
incubatoro| A wj kst AlEHTF C1/NO3; exchange&Al o] =LA =715 ot}
bafilomycin AE *#3s AEZY 75 Ho]F bafilomycin A% & =l

Hl & gl o] C1 /NO3; exchange &Aool 7134

15



BA 1 UM
a 290, b ......

S _ gllo P BA 0.5 uM
2 lior i 5% CG; Py % 50C0,
o B o I S—
g 1050 ' 5 105 :
2 100 ¢ 100
o
2 osf 3 o -
% Qr Forskolin 5 Wi g 90 Forskolin 5 W .
g esh [ + IBMX :]LOOuM . 2 85 | + IBMX 100uM .
L 1
145 CI 0ClI 145CT 145 CI 0Cr 145cI
+ 145 N&Y (mM) + 145 N&Y (mM)

C

14
12
10

onNn O

MQAE fluorescence (%)

n=6 5 4 5

BAOEM 05uM 1pM
5% CO,

2% CO,

a9 2. CFPAC-1 A9 4 C1/NOs exchange 84 =7

cAMP Ao 9% ClI/NO3; exchange &4 S Cl quenching dye¢l MQAEZE A}&
stol =A38tAth. a. CFPAC-1 AI®£E 2% CO: incubatorol Al 12 AJZF wjekat &
cAMP #A=& F°] CI/NO; exchange 24 ®3tE A8 %th b. Bafilomycin AS
12 N 7F F¢ AF3d & cAMP A=E Fo] CI/NO; exchange &4 W32 =43
ATh c. cAMP A=5& & F 10 = Fol T7Fd MQAE @3¢ gt *p<0.05.

2. Alzu ¢Zested m& CFPAC-1 Alx9 WA C1/HCOs3

exchange &4 W3}

Alxete] CFTRS wdst= Alx9 4% Forskoline A2 sj4 CFTR=
43 Al7]W Cl/HCO; exchange @A o] ZA F7hath ™ Az
b Zhe] sho] o]s] CFPAC-1 AlZol A AF508-CFTRe] Alxuto =z e
F A=A dolrr] &l CFPAC-1 AlEE permeable supporter 9 ol A
vjoFs) 23 A7 5 pH dye¢l BCECFE o] &3o] Cl/HCO3; exchange
g4 Ae2 =A319ch” Ba¥ CFPAC-1 AZE 29% CO, incubatorol] A]

16



12 A7k vj%kgl & BCECF dyeZ loading3t ¥ Cl/HCO;3; exchange &4
H3lE =A5AY. 29 3949 2] mini ussing chamber system=-
Ag3stel CFPAC-1 AlZ W7o Cl/HCOs; exchange® A3 A7
CFPAC-1 AIEXE 2% CO; incubatorol A wjeFstsl e CO
incubatoroll Al ®jF3 A EZo| A w1t} ClI/HCO; exchange &4 o] Z7}
Easy

o
X

oo

a_ 5% CO,- grown cells b 2% CO ,- grown cells
Luminal 0 mM Ct 0_mM Ct Luminal O_mM Ct 0.mM Ct
7.6 Forskolin 5 UM 7.6 Forskolin 5 UM
-5 + IBMX 100pM + IBMX 100uM
I 7.44
o
7.3
7.2
7.1
Basolateral 0 mM Ct Basolateral 0mM CI-

C **

HCO; Influx (ApH/min)
5 B 5B
Q\S‘a/ :l
c
444/0 I
Sy H

0
&
Q Q Ny
5% CO, 2% CO,
(n=6) (n=5)

19 3. CFPAC-1 A X9 W79 CI/HCO3 exchange &4 =4

CFPAC-1 MXE E3 A7l & BCECF ¥3% E2& o]&3dA Cl/HCO; exchanger?l
o Was MIEW pHiE =AU a. 5% CO. incubatorol A 12 A1z wh k3
CFPAC-1 A2t b. 2% CO2 incubatorel Al 12 Azt F<t A2 d CFPAC-1 Al
cAMP #A=& F7] A3 = FT o ClI/HCO; exchange @4 WH3E =AU, c.
cAMP A=< F7) A3 & o =719 pHO 33k *xp<0.01.
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3. AlxW ¢Z¥stel @E Wild typed AF508-CFTR @4 A 9|
g ds)

Wild type(WT)-CFTR¥ AF508-CFTRS CHO A2 2HHAZ F
AEE 5% CO; incubatorol Al v &g A3 2% CO2 incubatore] A uf
F3 A 18] 32 Vacuolar H -ATPase A A ¢l bafilomycin AS 2] 3
wog #FFT F CFTR 5ol4dd a3 (M3ATE Ab&stol CFTR
G By Y-S BEEAT CFTRS 1¥ dacl A 9F o] 3719
band® et} ZHZLe] CFTR band: glycosylation®] ¢F¥l band A,
core glycosylation®] ¥ band B 18] 11 mature complex glycosylation¥
band C& et Band B ER9lA core glycosylation® ¥ Ej o]
band C¥ ERE Hlojy ZFx Ao A mature glycosylation AL A3l

Fee) Ao AEuel] EAsts CFTR 9= 58 4 k'™ a9

st

4aoll sl AH WT-CFTRS 7% bafilomycin AE 83 <+ 2%
CO; incubatorel A1 wlFgt Foll Al 5% band B7F F7Fstch vk A
F508-CFTRe 4% 29 4bollAAH 5% CO, incubatoroll Al 8] gk A
o = Holx &Y mature glycosylation® band C7} bafilomycin AE

el 3 2% COs incubatorol Al wRSFdE TEoll A T Q)

il

WT-CFTRo| A Ho]= band C7} glycosylation®] ]3] YEUY= A QXA
Folsl7] Y 19 4adlA H o] N-glycosidaseE = &35t}

N-glycosidase #glol 2J3] band B¢t C7} AFg}% il band Awro] 3z
3tk o] band B9 C7F CFTR ©# A9 glycosylation® o ®z}=
A& ottt 17 4boll Al K% e] AF508-CFTRS wd3t= CHOMNEE
2% CO- incubatorol]l A vj 93t & cycloheximide (CHX)E *]g]3sld, Wb
717F &S band B w2 A 7FAasie, wzk7]7F 21 band C7F 2H1EHA

2~
T U

o]
HeE A el

-
i3
et

d
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a b

WT CFTR (20 pg) AF508 CFTR (100 pg)
250kD — e 0 ) — 250 kD
LY TEe
160 kD — W ks '—160kD
2%co, = + - + + 2%co, - + - + + + +
BA - - + - - BA =—- = + = = = =
PNG — — - - + CHX - - - 0 05 15 3h

a9 4. AIZW ¢ZE 3o 9§ Wild typed} AF508-CFTR © ¥ & uv-3d W3]

a. Wild type(WT)-CFTRS CHO A Xd] 2dA 7 & AEXE 5% CO: incubatorol] A
okt A3 2% COz incubatorol Al weygt 31 18] 3 bafilomycin A (BA)E A2 &
To 2 Yol CFTR ©¥id wd 9fAtS #3519l Band C7F muture glycosylation®
CFTRS A &2sl7] 9l A PeptideeN-Glycosidase (PNG)S A d &4 CFTRY
N-glycosylation& #| A 8 94 tF. b. AS08-CFTRS CHO AMFo] @A T AE
5% CO: incubatorel A ®l%kst AF} 2% CO; incubatorell A wgks A a8x
bafilomycin A (BA)E A3 o2 5o CFTR @ d &d of g8 #Azstoic =
cycloheximide (CHX)E A gldtod AR @A FAHSE AT T A3
w2 AS08-CFTRO ©wuld 2| wistsE ##shalvt.

=
=

4. Az ¢Ze st 2 Wild typed AF508-CFTR9 ClI A
W 3}

WT# AF508-CFTRS CHO Ao wdAAZ F MEE 2% CO:
incubatorell A 12 A]ZF ®jek3t F whole cell patch clamp techniqueg:
Abgstel CFTRE ClI A#E =4kt CFTRE Cl A5+ forskolin}
IBMXell 23 cAMP #At=rel 9s] #F=520v. WT-CFTRE 4+ 2%
CO2 incubatoroll Al w &t -& w 5% CO, incubatorol Al wj kg A3
ol ®wup C1 A77F 43 S7hskslnh. AFS08-CFTRE 4% 5% CO»
incubatorell A il ¢Fsl S Wl WEtuA ddd Cl AdR7E 40w,
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9 5eol A ®%o] CFTR 59o]& 9 2XA82o I/V curveE Y EFWH T

o] CHO AlzolA Azl dZests &3 AF508-CFTRo] Al & 2o
DAL e Eah
a b
oo WT-CFTR WT-CFTR
4000 1 50
3000 1 w 40 —_
2000 =
g_ 1000 1 %_ 30
0 20 n=4
-10001 10
2000
-3000 1 0 6\0/ <o
T 5% co 2% CO ", ‘q
0 2 0 2 2 Oe
C AF508-CFTR d AF508-CFTR
500 - 50
400. a0 ’
300! ] 4.0
200: | %_ 3.0 .
g_ 100 ol I
0 ‘F—_b s 20 B
-10 0] 1.0 n=5
-20 ] [rotssmmntrinsmnnd 0 ]
-30! ] So/ 90/
-40 0| OOO oo
50 5% CO, = | 2% co, % O,

e AF508 CFTR, 2% CO,

Forskolin 5 puM
+IBMX 100 pM

120 -80 . + DPC 100 uM

40 80 120

mV

a9 5. Alxy ¢ZEste @& CFTRY Cl current ¥ 3}t

a. WIT-CFTR® c. AF508-CFTRS CHO Mo =dAZ & HMEE 2% CO;
incubatoroll A 12 A]7F wioFd ¥ whole cell patch clamp techniques A}-&3}¢]
forskolin #F=oll ¢J¢ CFTRY ClI HFE FA39E. b. WIT-CFTR¥ d. AF508-
CEFTRol 93 HdFE Al

D

5=
fl

HA v 2 ol =E38 &tk e. AF508-CFTR<
W s= CHO A EolA CFTR Cl 29 I/V curveE 7] &89t #p<0.05.
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5. 4Zral A w3 Bafilomycin Aol
pH W3}

2% CO- incubatoroll A 2] nfoFel]l o]t wjekale] &2+l sle}l bafilomycin
A Aol o A A Axde]l pH WsE BCECF dye¢t pEYFP-
Golgi Abg-3ste]  Ele k. pEYFP-Golgi plasmids
YFPol Golgi

g AEQ L FAA

plasmid& pH

indicator 9 && 3st= residental sequence’} £

chimeric 49 &S THAA =AAY pHE SAHAYL & UA o 19 6

o Al &

s

Aol FAA ] pHE &2 w3} bafilomycin Aol 2] &) A]

e
pH 6.2°1A pH 7.0 A= 45t AAN, Axde pHeE 24
3

AR S
ozhal A wjeke] o Awt F71el L bafilomycin Al ¢l &) A= pH
Hsl 7 gl T
a 72 " b 72f 2my
S gl 2mp Fiﬁﬁ S et i*ﬁ*ﬁh
§ 4 s ..l *F'
6.4F i 6.4F }
| b I
T flt N .
SHCo:  2%CO [ 5%Co,
C B N
7.8F 2min 7.8 'ﬂr}
2 7.4 : * g 7.4
© 72 KL ° i UL T
BA 1 pM
5% CO:  2%CO: 5% CO»

a9 6. =AA 2 AEZY pH FA

a. CHOAl 2o pEYFP-Golgi plasmidE& 2 dA 7 & &7 A wdFdt b,
bafilomycin A (BA)dl &3 A A9 pH Z43AT c.
BCECF #3% =45 Ar&s &Ze4 wddat d bafilomycin Aol 9] A4 9

pH W3S SA45Ut

21



6. A|Zto] W2 A7 A vjgAI Bafilomycin Aol 23 A¥xza <
EA A pH W3t 2 AF508-CFTR @A od x4

CHO A3l A 2% CO; incubatoroll A1 9] vl &3} bafilomycin A *] 2] o
ot At mE AEZAS pH W3E BCECF dye®t pEYFP-Golgi
plasmidE Alg3ste] A A . 2% CO» incubatorol A wjeFst 49 12
AZko]l Aatstolm AIEAY pHE ¥ T7adlAAd dZEE fA
AARTH L 27 Tedoll AT A A pH A 12 A3F Z 3 Fol =
AEHoR dids FA8tL &S FUskrh AFS08-CFTRE = d
st CHO MAEE 2% CO; incubatoroll A wefst 79 1A%t

k<3
=
dd o] A Frbekl o, 1247 ol FHFS FA ek

a Cytosolic pH b AF508-CFTR
7.8
250 kD =—
7.6
pH 160 kD — . ‘
7.4
7.2 f
oh* 1h 4h 12h Oh 1h 4h 12h
5% COp =————
2% CO2 2% CO2

_ Golgi pH Golgi pH
or 7.0
6.8 6.8

PH 66 pH 6.6
6.4 6.4
6.2 Ij 6.2 Iil
oh* 1h 4h 12h Oh* 1h 4h 12h
o 2h -nh o sh 2 20N 27 -2n
5% CO2 p—— BA L UM
5% CO2

Y 7. A BE AXY dZEste 9@ Axd W XA pH WA 4
AF508-CFTR @929 @3 3t

a. CHO M ¥ & 2% CO: incubatordl Al A& o2 w|dstHA BCECFE 443149
Nzbe] we AEAe] pH WEE =459k b AFS08-CFTRS dd= CHO A%
2% COq incubatorell A A &A o =2 wjFstHA A7k W& AF508-CFTRO ¥ wW3stE
A& A} ¢, d 2% CO: incubatoroll A9 wj %3} bafilomycin A 83 & A|7to] o} &
A A Y pH W3S pEYFP-Golgi plasmid= Al-g3to] =439
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CAIEY €2 3ol @2 molecular chaperone® ubiquitination¥

Hsp703 Hsc70 5 ¢ molecular chaperone® ubiquitination¥]
242 CFTRe s 3 2del glofd T893 d4ds st v
g5 A . wEq MEW &2zl st 7t molecular chaperoned}
ubiquitination®] ojw st TS v X =% LolH 7] YA Hsp707}
Hsc70 Eo]# ¢l dx}3kA) ¢} ubiquitination® w2 Eo] ol A x}aA=
AL g wss #RsATh 17 8aolA K] CHO AEE
2% CO> incubatorol A ®f Skl A Y bafilomycin AS A g stod = A XU
Hsp703} Hsc709] & o= W7t gl th. ubiquitination® 1 2 9]
FdE 2" ThelA HXo]l MAEIE 2% CO; incubatoro A v kst A
bafilomycin AZ gl % o}F-& W3S Ho|x ¢Fokr},

Ubiquitin

H§Q7O

250 kD
- o &P 160 kD
Hsc70 100kD
B 50 kD
&ﬁo 9000 xg\%o ‘5\00 é% 5 6‘%
20 ° %%
AF508 Transfected AF508 Transfected %

a9 8. AEXW 2¢Z 3ol mE molecular chaperone? % d F 39
ubiquitination® @& A ] w3}

a. CHO AIXZ 2% CO: incubatorol A ®j%kgk 3} bafilomycin AS =] 8] 3 ol A]
Hsp703} Hsc709] AW @Hd s s s dolrr] 8] Hsp708 Hsc70 So] A2 U=

GAE o] 83l western blots FHsFHA T b, =S T A9 ubiquitination F =&

-

Yolr 7] #3]A ubiquitination® @M@ Eo]H <l AxggAE o]L43}e] western blotS

A
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8. AlZ= W & Zeste & Z=EHolEF &4 W3}

F508-CFTR2 X5 ubiquitination® % Z=ZHo}Fo oJs]A Ea )
et AEW SAe s 2R HokF] Ao oud dFS vA=A
Ao m7) el Ub-GFPE! Abgslgih. Ub™ ' -GFPE Z 2 e oo
7Ndz2 Agsted ZREEY 7w ol AAHH GFPe ¥#eo] ek
Ak, U™ -GFP7} Addor zgss sy g Zzeols
A A A lactacystine A AT ZHIANA & & Adxo] 2% CO;
incubatorol A i3 A Y bafilomycin AS A& A 5% CO»
incubatorol A Wi F3le wok GFPe] &4 A=o Aol7F yEhubA] gkt
283 GFP 839 Z71= oA 19 8bolA HEo] lactacysting o]

ZzdolE BHE AARAL W eby

5% CO, 5% CO, 2% CO, 5% CO,
Lactacystin Bafilomycin A

UbS7sV-GFP

a9 9. AlX] ¢ZEste WE =2 HolE &4 Wst £A
ZREolEe #}A4S =A57] 98 CHO ATl UL -GFPE wadA 7l

T ab5%
COs incubatoroll A wj okt 3} b, ZEEo}FE A2 lactacysting A3 +, ¢ 2%
CO2 incubatorol] A} ®jeka + =28 12 d. bafilomycin AS A8 & oA confocal
o) 4 & ol gato] FdxoA U -GFPY ##<S =A%)
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9. XU ¢Zste] & WTFH AF508-CFTR9 mRNA 2dF
W 3}

AZW dZe 37 CFTR fFAzke] 2o d3s mA=A 24ls7]
93l Real-Time Polymerase Chain ReactionS ©] &34 WT}
AF508-CFTR® mRNA & &9 Wsts 4R gt B-actin mRNA

e AEE ) xt oz AMgston, AtiA e CFTR mRNA 2d AES

l:kl
i

B-actin mRNA 23 2o et 28 1004 B Eo 2%
ferst A9 WTH AF508-CFTRY

o

jas)

CO» incubatorol A Al =
mRNA 23 A7} oFzh

AT o2 Al Le s

ol
B>
o

go ngAW BAH e

¢

=2
Lo

g CFTR @] 2d F7h7t

CFTR f A7 #8 F7ko] o@ Ao ohjehs A& Felsgleh
WT-CFTR AF508-CFTR
121
T
B 10+ [
Q
2 < osf
-
g D,I: o6t
d & o4t
2 5
7 021
&
0
S S >
Q Q °Q
Q Q Q

23 10. AAEY 2¢Z83te] 2 CFTR A9 &d A3
CHO A Eo] WT-CFTR¥ AF508-CFTR #+dA42 2¥

Riis}

A 5 27 5% CO»
incubator®} 2 % CO: incubatorol A 12 A1+ wjk3g 1S cDNA A T WTH
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Abstract

Intracellular Alkalization Increases the Membrane Expression of

Misfolded CFTR

Wan NAMKUNG

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Min Goo LEE)

The most common form of the disease-causing cystic fibrosis
transmembrane conductance regulator (CFTR) mutation, AF508, leads
to a misfolded protein which undergoes endoplasmic reticulum
(ER)-associated degradation (ERAD). Retrieval of misfolded protein
from cis—-Golgi or pre-Golgi intermediate compartments is a critical
factor in ER retention and ERAD of AF508 CEFTR protein. Therefore,
the inhibition of retrograde Golgi-to—ER traffic by the alkalinization
of Golgi lumen may permit functional AF508 protein to reach the cell
surface. We examined the effects of alkaline treatments on the
misfolded CFTR-induced defects in cells and in mice with AF508
CFTR. In CFPAC-1 cells which endogenously express AF508 CFTR
and CHO cells in which AF508 CEFTR is heterologously expressed,
intracellular alkalinization by reducing CO: concentrations in the

COq-incubation chamber or the intra-Golgi alkalization by bafilomycin
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Al treatments increased the membrane expression of AF508 CFTR
and CFTR-dependent anion transport. Of note, chronic administration
of the weak base NaHCOs; increased the long term survival of
homozygous AF508 CFTR mice and induced CFTR-dependent short
circuit currents in the intestinal epithelium. The above results imply
that the escape of ERAD by alkalinization of Golgi or pre-Golgi
intermediate compartments can be a potential therapeutic target for

misfolded CFTR-associated diseases.

Key Words : CFTR, NaHCO3, Golgi, ER, Alkalinization
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