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The sodium bicarbonate cotransporter (NBC) protein is
functionally expressed in salivary glands. In this
experiment, we examined the role of NBC in HCO;
formation in human parotid gland acinar cells. Intracell-
ular pH (pHi) was measured in 2'-7'-bis(carboxyethyl)-5(6)-
carboxyfluorescein (BCECF) -loaded cells. Acetazolamide
(0.1 mM) and 4,4'-diisothio cyanatostilbene-2,2'-disulphonic
acid (DIDS, 0.5 mM) were used as specific inhibitors of
carbonic anhydrase and NBC, respectively. The degree of
inhibition was assessed by measuring the pHi recovery rate
(ApHi/min) after cell acidification using an ammonium
prepulse technique. In control experiments, ApHi/min was
1.40 £ 0.06. Treatment of cells with 0.5 mM DIDS or
0.1 mM acetazolamide significantly reduced ApH/min to
1.14 £ 0.14 and 0.74 £ 0.15, respectively. Simultaneous
application of DIDS and acetazolamide further reduced A
pHi/min to 0.47 £ 0.10. Therefore, DIDS and acetazo-
lamide reduced ApHi/min by 19 % and 47 %, respectively,
while simultaneous application of both DIDS and acetazola-
mide caused a reduction in ApHi/min of 67 %. These
results suggest that in addition to carbonic anhydrase, NBC
also partially contributes to HCO; formation in human
parotid gland acinar cells.
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Bl Ak A 77 HWE
o] AFo N AHubs WG,
Al sk, 43kE =9, Y AR
thFgt 715 gt o]2igt o] 7l FollAl Alatel ¢
3 A= A SAA 7AW pHE $49 7.0 <F
Fog AHAA FAAATE S5 Bl A 2
g 715 T shdeltth. olEgl s FE AXA
oA ErlEl= FTEMEOI(HCO, Pl 23l o]F-oixlct.
oshale] 745, A5 A= o Aol ®lE| Elluie] =
Etibo] & Tt 60 A=A Tokske] Sk =
3} A7 4= th(Helm et al.,, 1982; Lee et al., 2005).

EfelAl AT 27} FRRAbe] 25 A &sHA| Eulsh] $
A=, AZHA FrRAbo]2o] FGle] ukEolA ok
shAlak, 2 Al A 71 wEke] A Al @&
oh RS/ el 7P dolof|a] Bhilof oE| Alx
WEZ = o]aksteA(CO,7E = (H,0) ZAjtsle] &
Ak(carbonic acid)e] =iz, = & ®hilo] ®hAlEMA &
Z(carbonic anhydrase; CA)l & 2ol 2H B} F
ERilo] 2o 2 HajElm] HE Na'/H' exchangeol <]3l
AZHE w U7k HCO, + Azl S3H o= A
otf. ZEla FAE FrRMbo] L ASAE A5 A Al
ZdA k) AL e CI 525 53l Aoz
ZXch(Park et al,, 2001). 217k o]3}Ale] 74-Fol= AlE
A A= A FERbe| 25 Al7boz Wruo] Elele]
AF55 =T, 7AaE AXY pHe FTEMbo]o]
Az flef| ] o}A] Aol vt 3]EEIct(Nauntofte, 1992).

Sodium bicarbonate cotransporter (NBC)i= Al7ol| A
pH 4ol sl Azt <4424, 19970l Romero
ol 93l == =24 =AUt (Romero et al., 1997).
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NBCE AlA, A7, =3t ozl (Gross et al., 1996;
Kwon et al.,, 2000; Abuladze et al., 1998; Bevensee
et al., 2000) ZZoll= 35 = 7|3 el AdzAEZ
A= 7sH o wadrke Zlo| wsHict(Park et al.,
2002; Roussa et al., 1999). o]= NBC7} 7|0l <&
Z CO° Fhitol] o] BMAbEGA Faof o FEME
o] & FAI A, Izt Bl Azl zeA Az
Etabo] 2] T g T rleAe] Wi Erke
< 3K (Gresz et al., 2002). Skx|ut olo] 3}
T oh olFozl ut gl

upebr] 2 odFollAs Bl Skl 7Ht Tk o
&5 sl Qe FERbo]o] oIzt o]dhAl Al XA Zulo
Al AR Z1FlA, AEHA] Rl 7129 o4
shalol] o3k P47 NBCE 53 A& vlagrozx
NBC7} Al FEkAke] Aol 7]ofslaL Qe A=
vlaL okl ®azt 5ol
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4,4'-diisothio cyanatostilbene-2,2'-disulphonic acid (DIDS),
acetazolamide= Sigma (St. Louis. MO, USA)9| Al
°]aL, collagenase P= Roche Molecular Biochemicals
oll 4] Fulsleier, 2'7'-bis(carboxyethyl)-5(6)-carboxy-
flourescein acetoxymethyl ester (BCECF/AM)= Molecular
Probes (Eugene, OR, USA)?] Al#o|tk. HCO,7} ¢+
4 HEPES (HBS)?] ZA-2(mM) 140 NaCl, 5 KCl,
1 CaCl,, 1 MgCl,, 10 glucose, 22|32 10 HEPES (pH 7.4
with NaOH)e|t}. A5 F=+= 2F 300 mOsm & =4
sIct. HCO, 382 [HCO, -buffered solution (BBS)]
< A4 HEPESelA 25 mM NaCls #2 %2 NaH-
CO,= thAlsF AL, Na-free 8- 4 HCO, bufferel]
Al NaCl& NMDG-Cl (N- methyl -D-glucamine)2.,
NaHCO,Z choline-HCO, & A3ttt NH, 3-8
<= 20mM Na% 22 5= NHE diAlsigion, o
o] BE HCO5 95 3 €52 Ad A 5% CO,-
95% 0, 7k=5 1087 2=l F Aol ARE=3ie

AE F¥l P AZW pHEFA

o] Age Aeuista Azl dTaeiile] $1<13]
o] &2l sloll =t (CRI06002). AR ofskAd =
A2 At o] slell et qrelut A3 Seo= <l
3 T FEs e ] AHEEEE A%
o] % A= 222 10mM sodium pyruvate, 0.02%
trypsin inhibitor, 0.1 % bovine serum albumin (BSA)
7b A7k A4 HEPES 84 Wollx] 71915 o]8sf %
A Bodnh, T F collagenaseS #7713 ¥ 37 °CollA]

20i ZFH o= pipettings E5k] 71AIF Sl EElE AF
shdA 1417E St wlokskitt (Evans et al., 1999). &
25w AFAEZES Al 2uM 2'-7-bis(carboxye-
thyl)-5(6)- carboxyfluorescein (BCECF)& 307+ Al
o4 loading|Z3L, A+ HEPES &ejo 2 Az & A
Pol| A7 A7Al A5 SollA] B= ek, Az
pH W3l= Photon Technology International system
(South Brunswick, NJ, USAYS- o]&3l] =4 =it} BC-
ECF9] &332 u|Ad %434 (microspectrofluorimetry)
o2 ZAsderl, 440 nmet 490 nmo| IS o]-85
o] o]&9| &% v](ratioys Z43sIArH(Koo et al., 2006;
Nguyen et al., 2004). A% W32 2341717 S8l
20 mM NH,CIZ oF 15#7F 35741532, DIDS®} acetazo-
lamide 5% HAz § pHO| 3| H=5 s
ot Ad A BREEE 2mlmin AEE SRge, A
ol A g st FA FTERbe]R $-8(HCO,
buffery> g A #7F GHoz ARGE S

Ammonium prepulse technique

IHrls 44 HEPES &4 °F 147k 20 mM
NH,CEE gt 8olo & upto] 4 Alxuje] pH (pHi)
= dAAR] A5 & F43] "Hojx|=d| o]F NH,CI
prepulse techniqueo|2}al 3kc}, ©]F Na-free&4 22 A
< IATIE P pHIZE AIE AL of = AJHA] A
4 TERbo] & Slggalo g IpAl7IW pHive W A
7F W AAe 7 3E =) (Li et al, 2006; Kim et al.,
2003). & <d7olAE o|Hdt pHi 35&F 7IFoE 5
ElAlo]2ofl o]t pHi 95535 *7FsI3icH(Choi et al.,
2000).

AdAAT 3l FAXE = 'student t-test S A3}
A3, p-value7} 0.05 vl=kel 739, BAIZ oz fojido]

e Aoz BRAYL.

o7k olstAl AlZA|Ze| ammonium prepulseE 7|5}
AZ W55 AKISE 4171 H, A5 o] e® pHt 3%
S Swg 245 ol vzwes A of
157k2] NH,CI prepulse A=22 AZU9] pHE= UA]
el 45 F & sk, Na free§ollA= w2 pHi
7F fAEe 2 % A4 FERbe] SEglo® I
A7 pHin= whe A7k o Aoz 318 Fo} (Li et
al., 2006; Kim et al., 2003, Choi et al., 2006). Fig. 1
< = A3e 4], NH,CI prepulse * pHi 3]5-&(pHi
recovery ratey> 1.40 = 0.06 (ApHi/min, n=5) & =%
Hiet

= Ag 5 wx NBC7} pHi 3]0l 7]osl= A=
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Fig. 1. pH,; recovery from the 2'-7'-bis(carboxyethyl)-5(6)-carbox-
yfluorescein (BCECF) -loaded human parotid gland acinar cells.
pH; recovery rate( A pH/min ; indicated by dotted line) was mea-
sured from the acidified cells induced by NH,CI prepulse tech-
nique. Average pH, recovery rate was 1.40 £ 0.06 (n=5). pH;
values on the vertical axis are normalized.
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Fig. 2. pH; recovery from the 2'-7"-bis(carboxyethyl)-5(6)-carbox-
yfluorescein (BCECF) -loaded human parotid gland acinar cells
treated with 0.5 mM DIDS. Average pH; recovery rate was
1.14 £ 0.14 (n=5).

= Frls] Bich(Fig. 2). DIDSE So]-&m3t A4
(anion exchanger inhibitor)e]™4] NBCel gt o]
A A o]tk (Luo et al., 2001; Nakamoto et al., 2007).
DIDS®| =35 Stistslr] s & AdelAw 3 A
A 25A5E 0.5 mMe] DIDSE ¥Alzlend, 48 A
3} pHi 3]8-8S 1.14 + 0.14 (n=5) EA], o|& =T
o wlal 81 % A=Sict.

ool = BG4 G4} pHi 350 7]ofsls A=
= ¥H7lel Bokch(FIg. 3). £ Algol4= 0.1 mM aceta-
zolamide?} AF&EEH], o] BHFERRAE 4 (carbonic
anhydrase) AR EA] BRAbo] rdo]&a} FREAbO]ZO
2 29 == AL wolErh(Beal, 1991; Novak et al.,
1986). Acetazolamide= DIDS®} =7 x|z 33 A%
28ANE] A o] Aol 0.74 £ 0.15 (n=6)
o] pHi 3l&-&o] FA= o, o]= 2T pHislH&2

NHaCl
Na-Free
 —

0.1 mM acetazolamide

7
- )
(=2

6 /‘

5

(sec)
4
0 200 400 600

Fig. 3. pH; recovery from the 2'-7'-bis(carboxyethyl)-5(6)-carbox-
yfluorescein (BCECF) -loaded human parotid gland acinar cells
treated with 0.1 mM acetazolamide. Average pH; recovery rate
was 0.74 £ 0.15 (n=6).
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Fig. 4. pH, recovery from the 2'-7'-bis(carboxyethyl)-5(6)-carbox-
yfluorescein (BCECF) -loaded human parotid gland acinar cells
treated with both 0.5 mM DIDS and 0.1 mM acetazolamide. Aver-
age pH, recovery rate was 0.47 = 0.10 (n=4).

53 % A=oltt.

FoZ DIDS9} acetazolamided 5Aloll A z]sl] ®k
th(Fig. 4). ©] 749 pHi 3582 047 £ 0.10 (n=4) &
A, T AleRE BAll ARt A A W E AEek
Aol A uct FofsHA o] 2 pHi 3lE5-85 23

Fig. 5AE ti=7ol#1e] pHi 31882 1008 Boks
o], DIDS, acetazolamide 12]3 DIDS2} acetazolamide
= 25 AZstge w9 pHi 3585 histogramo 2
FAGE AogA, o]&2] pHi sla-85 27 81 %, 53 %,
33% = velyich 28 SBE ®l&T, DIDS, acetazo-
lamide, 12|32 DIDS®} acetazolamide &A] Fof of
A1 NH,CI prepulse = #A=¢]3] A}zl pHizl 3]
e 2= ¥ 733 Az VR 28 Ze|t DIDS
9} acetazolamided FAloll Fo43F 73-9-(254 sec £ 42.4)
ojufgl AJekxE AEdhA| R tE2Te] 7-5(112 sec
+ 31.7)2} DIDSY} acetazolamides Z+7}+ w502 *g]
gk 79127 sec = 20.4, 156 sec = 36.3)2c} pHiZl =t
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Fig. 5. (A) Histogram for pH; recovery rates in control, DID, aceta-
zolamide and both DIDS & acetazolamide group (D+A). The num-
bers on the top of each bar indicate relative values under the
assumption that control pH, recovery rate is 100. Each group was
compared to control group by student t-test. (*: p<0.05) (B) Total
recovery time(sec) of pH; to reach the pre-stimulus value in 4
groups (n=3-5). There is a significant difference in total recovery
time between the control and DIDS & acetazolamide group.

= o]HeY R Iued oA o B A7k
o] At} (p<0.05 compared to control, student t-test).

K
]

el A 940115— thekgt Aot 405} Foll4l NBCY
Aol gt A7rF #3E vl Uk elelAdo] ek o
:|L°1WL 77y &5 3 E}"”H ERglell =& NBCH|
TA|e} Aol gt A7t Y E|o], Ao} k] o]FhAl,
712} whe-2=9] o|sfAl T ofslAl ALEA| ZofA4 9] NBC
o] osto] B3y u} 9lct (Li et al, 2006; Lee et al.,
1993; Poronnik et al., 1995; Luo et al.,, 2001). »}$2=
o]3Aellx= DIDS2} Na'/H' exchange A9l
amiloride® ©]-&3F A&o] 9lodi, o] Alg o]kl
Az 435w} ol (Park et al, 2002; Kim et al.,
2003). ¥ 17 Ak ol3HAl AlEA|Eoll4e] pH &%
7IHE w3 Ao 2A CO, Bl o] eRlErA S
49 A9zt NBCo 95 AA FAH o= v]as] £
A wlA Agolels Aol ooF Zo} & 4 9l
DIDS®} acetazolamide® Z*2]gt $ NH,CI prepulse
5 T 7%, pHi 318582 tj&To] vlsl] 25 yolxrt.

o= DIDS®} acetazolamide”’} E-F pHi 3|85 A3}
= G} Q5 oueltt. &, <7k o5kl Al ZAZY
oA A= I FEMbol & PAAell= CO, 4k}, NBC
= o] &3 FrMbo| 2o AEZW o]F, o] F AERI} =
T 7lefgkes Aotk 2Eu o] AlglellA] NBC| A
Aol DIDSel o3t pH 3889 74 ¥r} el
g4 JAAS] acetazolamideol] &3 pH 3589 74
7F vl Zerng AzAE 2o FERbole -f-5o
NBC Hrhe, 7|Ee] d#A gwd AAH COo, gt
BRAMRRFA G 4o oJgh o] FERbe] Aol T
G A= AT Bl T e F 2%t olskAl
AZA|Ze] FEA 1L 3] &4 NBCE #A pH 3%
o 19% A=, zl N3} BRI S A 47 % A
cholsla 9,\‘3 S o4 4 i}, DIDS®} acetazolamide
25 AElE Wﬂ le Sl E-g-2 w7 vldl 33 %
F=o|9lth. DIDS9} acetazolamideS FA| Foidh 7%
o= @4 pHiel 35| W= M2 CO,
NBCE & FrHbo]29] 3]3o] Ql7b ofshAl AlxAllx
o] pH 3|5 7|Ae] Aed Hi-& sia ol A& A
Aoy, o] 71AE Hshe E thE 4<% (transporter)
7t A sAY o2 diAb AE(metabolism)e] Sl&
Ues e Frka slch

rlu & e

E

\ m]ru l-ﬂ

o

AAA] Fof & 2= A pH 3|5/ 2=l F A
7k ARl AdolA, diz73 DIDSH acetazolamlde

o Apolell ol g Wk} Tﬂr%ﬂﬂ shet. ofz’h A
= & Adelx ARE pH 35 SAnbe] o AlF
Aol 9o, F A= Ol&ﬂ W7 A 9ot

X

7+ EA %%Lg 23| Frh. 28ol= B35k DIDS
T2} acetazolamide w49 A= AF7HA] $27F &
154 E.‘SEE‘] ERAlEl A g 4 0] 72 4] 71_% DIDS$} v
4 S Aol AlE 2. 3 CO, i
< ELWE A g4 0] Z-go| 93t HCO3 4ol NBC

B3l HCO, AZUH 2] 4% EAUA wlE A7k W)
o o) FellERE Aoleh, of A% 23 olshd A1 A

m]m g ol

QFg Aol wlal Bl FuAlele Fwo} Wl A7
ol FA43 F4E 4 G Ae F A4, & Co, ¥

Akl °l° Eale4 g4 0] 2-go] 23t HCO3' Rk
NBCE 53 HCO, AlXU 29 o]go] AL -gAlol =
Feoed s A voirRins Aol Fol8
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