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A7) o] 9) == Na/H exchangere} Na/HCO; cotran-
= 2 oA X9t AZFEFA] carbonic anhydraseol] 3 A7E= gloh 2 d7E 3F

AR, RSN Y 552

Zrastd ok A gt gdo A o] Wante e AAYA £} 7

7h 274 Frase A Qo]

AA 2R 9 Bxo] Wshe Westen 243} =

AN e wEsgen

[e]

o]
oleh e & $42

o FAzE vokssich 284

ofo

=
& Ao ZolA Weluke B90% Aol 23 Ahelrh AgiEh Awhe e AANYH 53] AR A=
o FAZAA asT WS MRETEE AQAIAE Wt sisdeh oloh HEAen wRs
3

o 44413 A U3elAM= dA8] F7lshsdt
o] Ake] A7 AZFYHZA AA AgT o)A carbonic anhydrase |1 -2 =

9ol wje} 2a

ol thge

FolE 7| &ath: 253 =, %33, Carbonic anhydrase |1, Western blot analysis, ™ & 2] 313+
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AAE Fale) pH 2ol F2T AT B 5 A
2ol dolofe HOO 5 HIst NH,to) e 5
sho] Fole) Ashrl A ek Aol g4 &
AHA3Fe] 71 L HF HCO, s =2 Ao axn Ak
Q7] FHE FAT S+ Y, o ATANA <3t
2 HCO; 7k A E4 Soja Abe] wjadg A1a A9k
ZoA] AT Q= Aotk A7) ﬁﬂ%ﬂ;ﬂ—oﬂp} =
A4 BFYS AeABNN HCOy AF7t F7k
AV FAa== A3 B o] ¢luh(Biagie)l Sohtell 1986,
Capasso 5 1987, Soleimani 5 1987, Soleimani ¢} Singh
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1995, Soleimani ¢} Burnham 2000, Ryu 5 2005).
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l‘?i*i 245 of3tg Zgole o
o] REFLA o] =] Aol A
ol & wlAe] HEAel 28 AT o] Fe]
$ Aol el ee AAMA 2AAY
93 SAATRAA L AR o]
al AR R 3}l A] 2]
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b sa sl el
=215tk ste)(Linas 5 1979, Backmang}
Hayslett 1983, Wright¢} Giebisch 1985, Ryu % 2005).
g A AF 9} AN WA eSS &
w3} 37 (Rector 5 1964, Kunau 1968, Jones 5, 1982,
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Capasso 5 1987, Hernandez % 1987) o]2|gt A &
Ze] 5o fAl= HCO;” Al F7tell eJafA] o] foi%l
ot ole} AAR AL 7)5Ad AFE EFA T A
A 22} sodium hydrogen exchanger-3 (NHE-3) £} 7] #]
£)M 2% sodium bicarbonate cotransporter-1 (NBC-1)
g4 F7tel el &sdvtk(Soleimani 5 1990,
Amla 5 2000, Kim 5 2004). 781} Laghmani 5
(2001)3 Wang 5 (1997)2> Z-§ Agd 47| 2
HEZ A F Al NHE-3 mRNAS] 2 djx+-3}
Zhol 7} sl ont, whill 2 23} AfolE HH
3 k3, Amlal 5 (2000)2 NBC-1 mRNAE tz7
of vlsl] A1 24, w4 L5 S, 1ET2A H,
ARl A F7HE et Barskodet. =3 NBC-12
EEA Tl A L= Aoz AR gle] Amld
5 (2000)%] FAYEEH Harel= ztelrh Qi ¢
9} Zro] AZFIFA WA FZFTE doTE 7
A2 NHE-39} NBC-1Rto 2= A™alr] kst o
2. carbonic anhydrase (CA) = Ztod & 7oz AZEd.

oldl ¥ QA7 3F AlAolA ZFAIF 2le] 7)1k
w2 HCO; 2§29 =15l CA 9] Alzhy e gl
22| W3k Western £A43 W9 x231sh4 wiwjo
= B TA S

JERET

1.4 S=

2 Ao gl B8 AF 2309 el A%
Spregue-Dawley7] 571 315 25vje]2 o}yl o= F
2aloloh A12S AAFA o] (150 mEg K*/kg, TD88082,
Harlan Teklad, USA) =, A|27-2 254§ 4] o] (potassi-
um-free diet, TD88081, Harlan Teklad, USA) 3, #|3+
o ZEAT Ao 15, AdE ZFAT Ao] 25, A5

> ZEAITE Alo] 3FR Ao|A5-& AFt. ZEAl
o] 4F7} wiztd 7oz A% Eujo}

20| oz ®olg A,
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flo 12

2. CHH 23)9} Western 2A

ZgA T Ae] 77k whe 214 27
AAzel F7t F45 FAAA F 24 d5-E Non-
idet P-40 buffer (150 mM NaCl, 1 mM benzamidine, 50
mM Tris pH 8.0, Trypsin inhibitor 1pug/mL, 5mM EDTA
pH 8.0, 1 mM PMSF, NP-40 1%)¢l] Y31 & <o)

o
)
oy
ot
2

glass homogenizer=. ¥ ]

o 30%7t A3k #A-> 3,000rpme g 1587k
AAAA AeHe 23 o5 oA 15000rpmez
1087+ dAsla A5og diquot2 o] —70°Col)
B sl ©h == bovine serum dbuming 7]E
© 2 spectrophotometer = A =F3lstolet. FE3 F
40ugS 10% polyacrylamide gelell A7) ¢3%3 o2
nitrocellulose membraneol] 4°CellA] 20mA & 12A)7F A
o] 5l93t}. Membrane2 TBS-T buffer (20 mM Tris, 150
mM NaCl, 1M HCI, pH 7.6, 0.1% Tween 20)¢i] 5% skim
milk7} A~7}= blocking buffers] A-2o|A] 217+ Z4}t
2]t & 1x} 34 CA Il polyclona antibody (Biogene-
sis, UK, 1:5,000)¢]] 2A]7F Al2elA] WH-&-A|Zc) BhA]
TBST=Z 1084 3¥ $A)8la2 peroxidase conjugated
donkey anti-sheep 1gG (Santa Cruz, USA 1:2,000)2 X
A3k3iek. TBST= 39 At WA ql ECLE-Y
(Amersham, USA)ej] 537+ wH--A171 & A)7F 2 d4

N
2L

255 pentobarbital sodium (50mg/Kg, ip)e.& n}3 s}
o] B7ks 2 A7) ¥ W59-& S35 phosphate buffer-
ed saline (PBS; 137 mM NaCl, 2.7 mM KCl, 4.3 mM
Na,HPO,, 1.4mM KH,PO,)3} 4% paraformaldehyde 177
Ho= FF FAAZS A7 AN 3A7F Ft
A3t & PBSZ 33] A 3sl3 ethanol= 2714 &
7% ¥ paraffinell Zwjalsdet. Zojd 222> 344
AR7) 2 4um AL o] Wz e NP
sheiet W21 5}et ol ALgE YR CA
Il polyclonal antibody (Biogenesis, UK, 1:2,400)3 ) &
o =518t 93 -2 Vector ABC Kit (Vector Laboratories,
USA)E o] 85}%c} 2, & paraffin 74 A% dHe
WA peroxidase &A1& Al #3}7] $18l 60% methanol
o =41 3% H,00 30 #2171 o} PBSZ A A3}
93t} 10% normal donkey serumeo 2 308 HF-SA|7 F
Mye) 5ol d u-e-g olajsha YRR 4°Cell A
14~ 16417k WA Zh HE-A17) 242 PBSE 534
3w A5}z biotinylated anti-sheep 1gGel] 3087} 1%
AlZ] ©}& avidin-biotin conjugates]] 30%-7F ¥H-S-A]Z e}
HhSo] i Awe PBSz A3 & 3,3-diaminobenzi-
dine tetrahydrochloride 2 787} A X7 o1& @43}
A& AR F permount=. gqiste] FetAn|os 3t
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Fig. 1. (A) Protein expression of Carbonic anhydrase |1 to changes
in dietary potassium. CA Il protein was abundantly expressed in
normal group and its molecular mass was ~30 kDa. CA |l expres-
sion of potassium-depleted groups was slightly increased than that
of normal group. (B) Densitometric analysis of Western blot. N:
normal; 3d: K-depleted 3 day; 1w: K-depleted 1 week; 2w: K-
depleted 2 weeks; 3w: K-depleted 3 weeks.

Aol T mo A AAuSA L HAT 4 1ol (data
not shown).

Hgate] Zoll A CA Il ghije RAx G, npp4a
A R S200 9] A V3ol HRAHY =
ks e A gBRos 24 Fasgch A%
FrelAle] AL E MANEA Ao FAEE
] ekasiet (Figs. 2A, 3A, 4A, BA). ZHgA| 3 Ao] e
A Hukg Fols A el 23 Abelzt flsiek |
ARb-eAdS ZAA RN FFaeiglon] 58] IR
MAMES} FAEAA FFstT o) 22 22
ZEAT Ae] 3FA | AA skt (Fig. 2B~ 2E). upg
&4 v 2R E ATl ZEAT Ao A7
uhE W3 AR 4 U3 (Fg. 3B~3E). ojek=
Aoz wEEd L2743 AP S5AAF
7 U3l A o] Heu-g-A2 F7hekslom (Figs. 4B~ 4E,
5B~5E) 53] /MAAMEe] Z7)9k 53 F7PL #EH
E ZFAIT Ae] 252} 3FA ol AA 3kl (Figs. 4D,
4E, 5D, 5E).
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Carbonic anhydrase (CA)x= o}
2 CO,¢ HCO; 9] 714 W ' uE-&-(CO,+H, 02 H*
+HCO; )& Evisle 55, AFS
T 5 2L oeFs AEA 2 AESH A
Fedab QlAe] 7] BE Ao SRt i =
g AR 7EA] CAE 10 F9] F9 it od3A gl
v ZA MEW CAgt M=z CAZ FFXch A=
CA: N ZA| ZA)51= CA LI 111F A=A & Z=2)
3= CAV, Az Ex139]7F 292l CA Vil gl
AZe] CAL ol ZA3rsl CA IV, 13l CAVI ¥
535l CAIX, Xl 5e] A=t 3ksiet (Slyeh Hu 1995,
Nishimori £} Onishi 2001, Lee 5 2004).
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Fig. 2. Expression of CA Il in the rena cortex of control (A), K-depleted 3 day (B), K-depleted 1 week (C), K-depleted 2 weeks(D) and K-
depleted 3 weeks(E) groups. In control group, immunoreactivity of CA Il was detected in cortical collecting duct. Signal intensity was pro-
minent in the intercalated cells and weak in the principal cells of the cortical collecting ducts. In K-depleted groups, the pattern of cellular
labeling of CA 11 protein wasidentical to that of normal group, but the signal intensity was decreased. x 200

NN 27} g om FAZE mlofelgl. o] of 72
27 o)A AFAES] WAxA st 7 dA|3
v} (Brown 5 1983, Holthofer 5 1987, Kim 5 1990).

ZEATE Aol o] WAxAFEE Ao Wk
e A el 23 Abel7t glsl ot Hduk-gA
ZAAERANA Fastgon 53] ¥ M
FH ZA A ZFAET) o) 2oz npgs:
A SE27HT AEH SSAAFT L U3 A ¢

t o o

A2 s Stk o, vigsA v E T
H3 At Wshe A 4 ook 2AA Tl
Ao AaRes w2743 AFR &5
AR TR ST ZFA A CA Nl shijo] oz
71l Western #4228 S13ls) & 5= 9l
& ploz A= w3t AZgdSA A AT
Ao CA Il shif2- Rejel meh da o] d5& o
Alskslet. T2 A1 918 g gae] Alele 24,
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Fig. 3. Expression of CA Il in the outer stripe of outer medulla of control (A), K-depleted 3 day (B), K-depleted 1 week (C), K-depleted 2
weeks (D) and K-depleted 3 weeks(E) groups. In control group, immunoreactivity of CA Il was detected in the outer stripe of outer medullary
collecting duct. In K-depleted groups, the pattern and signal intensity of cellular labeling of CA 1l protein was identical to that of normal

group. x 200

w1l &4 W2 Wedern 24 Algle] 23 g
T

Zrg Ag> A 2RSS fdskar(Rector 5
1964, Kunau 5 1968, Jones 5 1982, Capasso 5 1987,
Hernandez 5 1987) ¢]2¢] A= HCO; A &4 =7}
oA o] FeiX|=d o|9} AR VAL =FAH
HEA =2 NHE-39} 7|3 ¢]A| £ NBC-1 &4 2] F7}
o ¢Jgte}a s}ede}(Soleimani = 1990, Amla = 2000).

=3 Kim 5 (20040 #7258 =4 NHE-39} NBC-1
shio] EeimaBel ] BAA o] ZE 418 Z7HE
nQlokz se] 7] 71E AR spsdeh 2 A4
Aol e ohE HCO, o) Al =254 3ol A)
80~90%7} o] FolA|w] Vmix| WA 3} Aghol
M o]Fol |3 E7F HCO; HiAte] CA E47} %)
7) Wgol] HBEFREA CA 4] MBw o e,
AR AT ATE FAZY AN ZZ e



Fig. 4. Expression of CA Il in the inner stripe of outer medulla of control (A), K-depleted 3 day (B), K-depleted 1 week (C), K-depleted 2
weeks (D) and K-depleted 3 weeks(E) groups. In control group, immunoreactivity of CA 11 was detected in the inner stripe of outer medul-
lary collecting duct. In K-depleted groups, the pattern of cellular labeling of CA 11 protein was identical to that of normal group, but the

signal intensity was markedly increased. x 200

T A AANEE AR BY ANz BFE
A% ARAEE AF(HY) Fa)o] Fofste] H3u) 2o
H-ATPase, 7]*] £]4 Z=}o]]  chloride-bicarbonate exchang-
e Y AlxzAe CA IS 7R3 §l3, B3 /NN E=
MEAT 712 M E1te)] H-ATPase, 34 12bo] chlo-
ride-bicarbonate exchanger 2! A £2lo]] 2k712] CA IS
7 A3 gleb stk (Brown 5 1988, Verlander 5 1988,
Alper 5, 1989). ¥ A7 27eA AZFIZA HY

WA o] MRS £EH S AW S5
& U3e] AAMZAAM FrstdET o] F-9lol= B
WA £} 7b vl Ha AY A ET} Ao
A W7l A F45 CO7F CA el 2J3] HCO; = =
o] Yoz AFFHy IZAIFE fAseH T
A Zloz AAFHH. o] #-912] CAlld] 23] v
o]zl H'= AZFHSA] HIK-ATPaseo| 23 Hi7te
2 FHE I HA] K& g5 & ez 550 o
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Fig. 5. Expression of CA 11 in the proximal portion of inner medulla of control (A), K-depleted 3 day (B), K-depleted 1 week (C), K-depleted
2 weeks (D) and K-depleted 3 weeks (E) groups. In control group, immunoreactivity of CA Il was weakly detected in the inner medullary
collecting duct cells. In K-depleted groups, the pattern of cellular l1abeling of CA 1l protein was identical to that of normal group, but the
signal intensity was increased. x 200

o} 22 F52 ZFATA vPREAATR SEFH AW AR CAll g 2d Zrb7h HCO, A
=3 SRR ARG AAAZE 271 27 F4s FAA A eSS fREeE 4R

Z713e= B3 (Stetson 5 1980, Elger 5-1992)¢} H/IK-  3toddt 7lo =z A=)
ATPase (Zhang = 1995, Ahn 5 1996)7} =7}t ¥
7% 7Rk AE 4 9lek

o] Atz AZFIFTA A AFHAA 9] Car-
bonic Anhydrase Il 5H-o- B.9Je] wie} wkalekate] o
25 oA Fla, vpEEA 23 = AgtAa 44 Ahn KY, Park KW, Kim KK, Kone BC : Chronic hypokalemia
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Enhanced Expression of Carbonic anhydrase Il in Hypokalemic
Rat Kidney

Yong Chan Lee!, Chaeyong Jung™?, Kwang Il Nam!, Seung Won Lee!, Choon Sang Baet,
Baik Yoon Kim?, Sung Sik Park!, Kyu Youn Ahn'2

!Department of Anatomy, Chonnam National University Medical School
2Medlical Research Center for Gene Regulation, Chonnam National University

Abstract : A number of acid-base or electrolyte disorders are associated with decreased or increased HCO5~
reabsorption in the renal tubules. The present study was to examine the alterations of expression and distribution
of Carbonic anhydrase Il in the kidneys of normal and potassium-depleted rats using Western blot analysis and
immuno-histochemistry.

Western blot analysis demonstrated that CA 1l protein, ~30 kDa at molecular mass, was abundantly expressed
in normal group. All potassium-depleted groups showed slightly increased CA 11 protein compared to normal group.
In control group, immunoreactivity of CA Il protein was detected in the entire collecting duct. Signal intensity
was prominent in the intercalated cells and weak in the principal cells of the cortical collecting ducts. In potassium-
depleted groups, the pattern of cellular labeling of CA 1l protein was identical to that of normal group, but the signal
intensity was decreased in cortical collecting duct, markedly increased in the inner stripe of outer medullary and
inner medullary collecting ducts, and unchanged in the outer stripe of outer medullary collecting duct.

These results suggest that chronic hypokalemia impact the expression pattern of CA Il protein depending the
portion of the collecting duct.

Keywords : Hypokalemia, Collecting duct, Carbonic anhydrase 11, Western blot analysis, Immunohistochemistry

Correspondence to : Kyu Y oun Ahn (Department of Anatomy, Chonnam National University Medical School)
E-mail : kyahn@jnu.ac.kr



