39

BhRREE 9927
F Y U A—HRBILGEET 7 I Y —0OfFHA

B R - A BE— (HRERKE ¥

HCO3 @ EE Ty I Y —E3 D0 A4 e XA (anion
exchanger ;: AE1-3) &4 D® Na-HCO3 ##%fE (NBCl-4) BWEHEREINT
W3, FEIZDT 7 I U—DFHAN—ZBRR L=,

3ODEFHEAIN—EREOY -y O—=>F TRELZ (NBC4, NBCS,
NBC6 tEEMICERZ &ET3). BHESETO—TIcLiz/) =370y hd
#ERTIE NBC4 3 EHERICE < BlE. MiCbREEL T2, NBCSIIBITOBHFE
BTz, NBC6 IIMICDAFENS 5z, NBC4 2D BIC KIAA0739 & LT
BFEHFEEIN, WEFRHOEE NBC3 LN TWS, NBC6IZTw hEENDIKD
cDNA 54 TS5V =2 A7) —= 7 LiReRI3ES NN 72,

~ NBC5 5w hOB cDNA 51751 —h52E%%E7~, NBC5 |1 954 7
I )EE DB, NBCL & 44%, AE1 & 33%DAFEHENH . NBCS 1383 D))
—TRETHIENFRENZ, £X 70T A b® RI-PCR TIIREESE
WOBRFREBENE SN, /=2 C—RKADHMBEARAA D157 I ) BOERRTF
RIZRT 2HEIC L 5 REHBRRE TIIBEEE O —HOMBOERREIC X5 /&,
t MREBMEIC NBCS 2REI B LT NI TLEKERDIOS 1 R/ EXER
RPEEOBENREI N, T 5IZZNE CO2 ORRVWIRETS 0.3 mM SITS @
FETTHHMHEI NN o7z Ty FOEFINEHTO /) —F 70y b OKRETIE
NBC5mRNA DFEBIET ¥ K—3 X, FhAo— X, BATEMLE, Lk
5T NBCE WIEGETL VLD b5 /%0 DD LAV TEEDBEER A X
= ZWIZAELTWSN, 7051 RORNNEEZBREITHS I EMWRBRE NI,
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BhEES 9927
F b Y v A—EHRBILWEET 7 I Y —DOfFH

BIEAFSEE - i B— (BHBERKTE KEF)

1. BIRHEL

HCO3 #HiElh7 7 IV —2 3 DDA 4 /A& (anion exchanger 1-3) & 400D
Na-HCO3 ks (NBCi4) AREFREINTWS, BEEMIID Na & HCO3 OFHZEDLNI S
Na22(HCO3), Na3(HCO3)DH/z & 20 EOMEOFEEIRMONTWS, Isi2o7usf [k
REHET A5 4 THDHOENTWA, IHIKIITFPITLDPD AU I LEHETEY A TdH
LENTHEY., FORFHEHEIPL 1 D207 7IV—2BELTWALEZ LNAQN). IhTTH
[BCOERBORIN, B CORERBOMMNEFOIC Na-HCO3 HIEEOHENTTHLNTES:
M. AP E SI23ER (a—ny. ZU 7. #E) 12D Na-HCO3 it HhHREENmR
INTWAS, Na-HCO3 FEuZ B AHiEA pH 720 Tz MIIBMIERIC D HE T A Z k13, Na-HCO3
HEZEOMERCORI 2R T LBICEECH L. HERD L) HIERFROR S -/ clt
Na-HCO3 Ft#gidtdidiigst pH Oy P —jUc b EELIFE 2T L CWATEEENRD Y. £O
EHl e —nrOBEEOa Y Pa—VZBEL TWARD LNEZWnER3). 4Rl 773 —
OFHA Y ) S— 2RIz

2. Wi
21 #Hioa—roRE

HIFEELT TIT 200D Na-HCO3 Htiiiidfs (NBC2) ZFEL#MEL TWAH 4). Ih
BT TIiZLonTWw/: NBCl OBBENEZ D LTV NY IO EST 547351 —
(heep:/www.ncbinlm.nih.gov/dbEST) % blast (D7 Y147 5 [ (hitp://www.ncbi.nlm.nih.gov/blast) THIE T 5
EW)SDOTHAH, EST 4 75—t cDNA OFHEIN L ) 7250 Cladin¥ TH S ek
LA, —F. 77 54T 5 Y —(hap:/lwww.ncbinlm nih gov/HTGS) % b L 1T blast DT 1T 5
LCTRET AHECIHBEETPRATLAEREDLO TERELLETH S, RBIA ¥—2 %
BLCav¥a—y—ETEBIoT.

22 cDNA 54 T5Y—DAT ) -7

HHEGTFRADE o0, 0O EST 20—V %7 7 LV AT LRL Y —F U 2 3F v 7 A
POBATS, BALEZO—VtmARSP LY I/ AL, BELTWAIZO—0THbEI L
ERRTLHELDIC. 4 ParBEAR EATRENN W LEEET S, /YTy bC
ZHBCTORBALHALEROLWERD DNA 54 T53Y—DT7—T5—45% 2P T4 b
—TCINNVLIEEST 70—y 70—TL LAY -2 7 L TLRE0D cDNA 2155,

23 J—¥r7ay b ‘

T ADEKED rtotal RNA 10 vg % 12%FVLT I FEET Ha— R 7ITERXE LT
FAOAVREIEF I VAT — Lz, EHIEFPT Y FOBMBD polyA RNA 2 vg A3 Tl EEROD
IVTP T ATy —ENTWE A aVERE IO YTy IPLBALE. INODORITST VY L
T54—TC32P 25~YbLiz7/a—T2HWC. AT = DFETNA TVIL - ay
BBIIpA, high strengency DRIF T -7z,

24 T FOBR T BT AL FORNA %D B3/ RT-PCR

Fw POBR IO ET A M REESEREETIZ dissection L. WIREEEZE 2 HWT cDNA 2
L. NBCS |\ Z$$EK2 S 54 T —(sense primer: aggcttcicgigatgagg, antisense primer: aatcgcrggggtaccagc)
% VT PCR(94 J& 1min, 60 & lmin, 72 J& 1min %2 3 01 Z))BIleo/. THO—AR7INZ
RLCREALDETIVAVERZIYPMLzd L T4 0V RCEIEERTC NS VA7 7—L C.
NBCS O/ —7% b BB Tty MECRRERZNY FERET 5.,

25 RYZO—FIVTROVER L e

NBCS DANWARFY ~FKEUMMBAFEAS VEF IS »DEERNTFF (—
EEEKTIPENRPEPEH--) % MAP 32 CDL Y 2 HOYFIZHEL C. AU 7 0—FibfiEeD<
>l BRTHABNTF FERBEFE LI ELISA ETHA ¥ —2HELEWIE ) O FFOmiFe Kk
WWHWW, ELEFTT 020D DEIZ: 5 L EDFRIERIL6 4 00 0f&THoTz. — /T v NE% PLP
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NBC Family

size of mRNA

amino acid

distribution

NBC1 7.5 kb kNBC1=1035 kidney, colon, liver
pPNBC1=1079  pancreas, heart
bNBC1=1094  brain, prostate

NBC?2 8.5 kb 1018 retina, testis, spleen,

muscle,colon,heart

NBC3 7.8 kb 1214 muscle, heart

NBC4 10 kb 1130 brain,testis,kidney,
1044 lung,heart,pancreas

NBCS 3.2 kb 954 kidney

NBCG6 6.5 kb ? brain

NBC2 93%
0,
NBC3 c6%
NBC4 48%
31%
NBC1 °
. 19%
NBC5 °
AE1

Fig. 1. Phylogenetic tree of 5 members of NBC family and anion exchanger 1(AE1).
The program of DNAsis was used to compare the the amino acids sequences. NBC2
and NBC3 may come from same gene.
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ElEL. OPC /Ny FICALCHZ U4 Ay FC8um DEXIZESTATGA FFFTRIZL >
OFtr. —&kPiE%E 5 0 0I5 EH R LT3 7C 60min F5X¥. FITC S LEHYSEHT /< —
Fa7Y k% 10 0 0fFIHIRL CEIR T3 0 35 s S B EEFRRFE Cli L 7=,

26 BEZEHNE~D NBCS D—iBME5EH

NBCS % CMV 7RE—¥—DTFTHRICYT /70— T LURT 2o g L D) human
embryonic kidney cells (HEK cells)iZ—@PHIZ S &1, MIIRM pH % pH BSFMEDECH S BCECF O
440nm/500nm OWHELTD &L biz,

27 7 F— R, TIvha— A, kS y FOVERE

TRV ATy b TIVAO—L ATy MIENBRRAKIZ 0.IM OIFEILT /B2 L,
B2 DL, HAMRSTAZETHERL. KTy Mi 2 HE/KZRESDWI & CHERL 2.
FNENDOEH L total RNA % Isogen DF v b2 b BWTHHL / —r 7y NCREWRL.

3. WSS R
3.1 I NBC 77 3 U—AVN—DFEIFE

EST 54 75 1) —% NBC1NBC2anion exchangerl-3 OGEERFI% b L 1T blast —FFTHI LI
FoT, 3DDFMAIN=DHOD T2, TNEND EST O accession number (TN HD T T—2/
BRFEED-OIFNE L Lz, YEmIc NBC4, NBC5, NBC6 LIS L1 § 4, NBC 43k, B.
M. R EOAL SEHPA LGN NBC2IZ 77%7 X /B CHREITH Y NBC1 &L 57%HEICH - 7=,
NBC 5 [ BICDOAFEIASEA SN, NBC2 & 52%, NBC1 & 36%tHFETH 5. NBC 6 i DLSEELHiA
5. NBC2 |2 78%, NBCL IZ 46%HH[EI T A, 7238 NBC1 & NBC2 | S3%#HETH 5. LizhoT
NBC2 TR L {87z NBC4, NBC6 (3 1 DDOH T 77 I U—2BHRLTWLEELZLNS, TNIIXL
CNBCS3FRBIOYT 77 IV —REELTCWALEZLNS (Tabl),

32 &R -0

NBC4 |3D 5T KIAA0739 ¥ NI L LTERINLDOTeRE ) HUENZ Ioo7z. NBC6
BRI LAERAEASNZWOTI/ YTy JOL M cDNA 54 TFY =% AT~ T LT
BT I BT L TIIVREL =K A0 BREE COTO— LEAASNT. HE 500HEDE D 16000p
DB — 7 ADPMETHSH, Ty M cDNA T4 TF5U B AZY -0 T LT b
LY ERoZa-ik A bniehr oz, B M DNA(Zy R D —NEDB W5 RACE BT
RolBEnblwi A 72/ AL iz, Thii/ —¥ 7y T NBC6 ) mRNA O
REIZALLE T EBBEWDWIEEDN N KECOULDNHEL WD EEZONS, 7/ L
I0—Y% XA TNKREZEDT PCR T DNA DLRE I BHELHLHN. 7/ LT xy b Tl
PIZHE LNITIRBTHH Y. ER ¢ KOBMNIHALBMEINST / LP80—2D N RKIZ—FHLT
w5,

—F NBC5 (&7 v & DNA 54 75— AZ Y —= VT L CEERA &Nz, 31780 L1
0. 954 7 I JE% a— F L C\»/=(GenBank accession mumber: AB024339), / —# 70wy b€
NBC5 @ mRNA DAEIEZASLE 3kb { HWERDTX bN=70—VHEZLRENN—LTWS
E AT I L DA A2\, 5 non-coding |3 34bp “T 3°noncoding | 280bp Tdh - 1=, LFED in-frame stop codon
BEWHELDDAF A=Y Da FrDED YL aag ATG A T 1) Kozak D aac ATG A L{HTHY
MBS L EZ b5, E O NBCS(accession number: AB032762)DY J L — & L AMTTIT
BEINTEYENICL B L PRI D FIREIGESIC > TWA, BReAZk MCIEss 5 ek
Ty TINSLI LIS,

33 NBC5 D&

' NBCS DELREVRHE LML S>T-OTCH LD THREQY —EiF2 L ThLE. mHBEWVLD
Y a7 F@ NBC ‘G4 5%, NBCI &4 4%, AR2 & 3 3%DR—MTH->7-. NBC &b
AE LD ENIEERVERICHADIT TR E3DY T 77 I —2BR L CWATRESELED S

(Fig. 1), NBCS @ hydropathy profile |2 L iUd 1 2 » OIREBERAFET H(Fig2). NKE C Kl
MIEPICSH S LEZ SN, N kD C REVRVWORBEYTHS., 20 N Rz 7ar1 v FF—
Y APKA)YTY VEMELEND LEONAEHMN 2 0H -1, &b, 04V UE—F L Lith bl
DOMIBASY VIS 7 LREET A LB X BILA F AL U RA LN (Fig. 3).
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NBC5

Fig. 2. Hydropathy analysis of representative NBC family members. o
Thge uppeyr v£ue %presents the hydrophobicity. NBCS has a shorter C-terminus than
NBCland NBC2. Twelve transmembrane segments are present in each NBC.

()I’I\'_( “§ites
g .cucinifr + N

Fig. 3. Schematic drawing of the secondary structure of NBC5.

Twelve transmembrane domains are shown with boxes. Two PKA sites in N-terminus
are shown with circles. The exon-intron boundaries are shown with bars. A leucine
zipper motif in N-terminus is shown with a box.
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Ht BrSp Lg Lv Ms Kd Te

S
i
;

Cor OM 1M

=
+

Fig. 4. Northern blot analysis of rat multiple tissue filter (Clontec)with NBC5 probe.
NBCS5 was expressed selectively in kidney (Kd). The right panel shows the expression
in cortex but absent in outer medulla (OM) and inner medulla (IM) of rat kidney.

Fig. 5. RT-PCR of NBCS5 in rat kidney nephron segments. -
“probe” represents the positive control using NBC5 plasmid DNA as a template. PCR
products were electrophorased and blotted to be detected by Southern blot with 32P-
labeled rat NBCS5 probe. Only cortical collecting duct (CCD) expressed NBCS5.

_8 1_



11 13 3

3.4 NBCSmRNA O 575.

G w P OO polyA RNA DD 5127 4 )V —TD ./ =Ty FTIIBIZDMA 33 kb D
IV REHRED(FE 4. [ EPOOMBICIIEEEA L DR, BORE., HHEITHITTHANT
AL L BB DOBFRIALN(Fig. 4), EOR IO 2T A MZERE L TWA I EFI~LBIT.
5w FOAIRE(GL). ERIHRMEECCT), ANERMEEST). B~ L ETH@TAL). BE
IFEAE(CCD). HEIIEAEIMCD)% dissection L'C NBCS D7 FAI FERIFT7ay ba—jb
L LCRT-PCR 8B o7-,PCREWE T HO—AFWZRLTYHY 7y & LTHhbBE CCD
VOIS REMEDI=(Fig. 5, IS/ FOYAL XD T4 7—hbFEINSDO60SPII—EKL
Tz

35 NBCS DI

Fv FB% NBCS LJ_mTé-J*'J 20— )it T 4 L B OESFHIRIERE > Tw
o DX T A NI o TWisholz, AL TALEERBEIBRBL TE > Tz,
e 28T A L {1 & B > TWz(Fig. 6). CCD Tlt 4 0 B HATEIIRTH D ED% <
MAR—H—H L SCHBHDTNBCS |2FE LTR—F—AEMIRICER L TRHLEERL LN S,

3.6 NBCS Oie

HEK #ljlc NBCS 2 —EMICHR I W, TORIELMIEA pH 2RET 5 & TRNTAHT.
BHEOF FUILEIY RUFYLICERLTHMERA pH (LW, NBCS (2T FUTLE
HCO3 OIERRIT LW LD & bl icol=(Fig. 7). D NBC CidF U LTI —IZT AL
WIIEPD pH MMETT 505 Thb, —FBBROZU54 FE2 703 — MIEET 5 EHIIRA pH 13
FRL7. Zhid CL/HCO3 ZSHiiOBEENDH S Z L BRLTH Y, NBCS |IHEEINTIZINI F 3
DL > 7 anion exchanger DT 7 I U —IZHWI L AHE SHITleol=. T HCO3/ICO2 DIpViREER
COHBEDOZ T4 FEOZEL LHIEA pH 12TV H VLT ADTC CUOH ZHURIEE LT A EEZ
e, B, "ZY—OH% T AT LI HEK #ilEClE Zh SORETHEA pH O%
1b%H LDTVRN, /XY K 30 CL/HCO3 REHEIE A F IV ALEWCIHI I NS Z & ARS
NTWAA NBCS @ CL/HCO3 ZSHuifiEl 0.3 mM SITS CHIMEhizh -, ZhuIR—%—4
TERARED S IENED CL/HCO3 ZREDRMTHY., O Lhbd NBCS BR—&F—NTEHIED
BBz 55 CL/HCO3 A TH AL L EFFE LW,
3.7 T RE—=L R, TIvha—L A, BKI v |FCONBCS DFIB
AR — N TR BRI H 5 CL/HCO3 Rkl HCO3 £4WT HZ LIildoTTIVAan
—L ARSIV EIITLTWS, 27054 FORIHES L CWbaEEbH S, 7T F—¥
ADE XIIREPMEH SN CWATEEREDHS. TITTY F—VA, TIviia—T R, KT »
T NBCS DR/ —Hr Ty FTLONTCH. T F—=L AL TV iad— AT NBCS
DT PRIV ST F-, K TH NBCS OSEHITIEM L CTu>/>(Fig. 8).

4., EBE

4[El) NBC 77 IV —ORET 3 DDFHAN—Hk PZH B Lhbhol. €D
50 1 DNBCID BITHD IV — T L > TEFEINTL £ o= THENT SN WAL L 234F
LB ORI LTALEBLLANAD LN, EBE NBC4 DFEROL WEFHIRO BEEAH
FEINTH YD No/HCO3 HEEOBEEARINTWAEG). 4—D (NBC6) 1IMICBRLCH YR
RS - B ST A H L2 EMNZ S Twizyy, NBC4 3 NBCS bilE NBC2 IZ{HCHY 120D
YT TN —TRERLCWA, NBC2 |I NBCl & BAWEBRIIFHD Na/HCO3 HEnETH Y (6).
NBC4 d NBC6 dBRMIICHIED Na/HCO3 ik THAHuREEND H. LIFT= 2 — 12> CHGEIIC
RENTVABRINC D NoHCO3 HEREDEMIT NBC6 DuREMEA H A, NBC2 |TERMITH
HEERF FU Y LF Y RV EEHET Ao~ RO HLOTHENED NS, ZOF M) T4
F % 2IVIE NBC2 lIZHTET A UIHEED b D2 EHL T 2O THTH 5.

NBCS |2 FOLENHE S/, ik, MBRELSD X ST oAIERICBIRIR
WHDTH o1z, FTF—REET HCO3 #iEtbA—N—T77 I —DahTlidbo b/, &
72 NBC D F)v—T & AE DY V—TORMNIEIET 5. BRERYIZIE CL/HCO3 it C AE O J)V
— BT B, RELBESMCHED YD M PRE ST TWwiews, NBCS [FBOMIHEL CH
D End CCD ON—F —NEMIROFEIEZRBEL TWb, NBCS 137286 EOEMBHTHTSD
o T — & — S TERNED S AR DIDS insensitive anion exchanger ZDHDTH A L E X HNLH(7.8).
COEBIZHPALTEINY F3ZOHD LT HRMERD > BB L AARD L o7209). Lizh-o
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Fig. 6. Immunohistochemistry of rat kidney cortex with anti-rat NBCS antibody.

A polyclonal antibody against a synthetic peptide of C-terminus of rat NBC5 was
detected by FITC-labeled anti-rabbit IgG. Cells of CCD expressed NBCS5 at the apical
membrane.

Fig. 8. Northern blot analysis of NBCS5 in rat kidney.

Rats were made acidosis and alkalosis by adding 100 mM NH4CL and NaHCO3 to
drinking water for 7 days, respectively. Another set of rats were dehydrated for 48 hs.
Total RNA (20 ug) of kidneys were loaded in each lane.
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Fig. 7.

Intracellular pH of HEK cells transfected with
NBCS5 in expression vector

HCO3
ChoCl LiCI NaCl NaGluc NaCl : NaGluc

R

pHi

1T min
HCO3— HCO3
NaCl NaGluc NaCl NaGluc
pHi N T I A A e
7.2 A T )
7.5 — i P ,': i
N ! .

NBC5 in pCMV-SPORT was transiently transfected in HEK (Human Embryonic Kidney)
cells. The intracellular pH (pHi) was measured by BCECF fluorescent dye.
Upper trace: Sodium replacement with choline or lithium did not change pHi.
However, Chloride replacement with gluconate increased pHi,
suggesting the presence of functional Na-independent ClI/HCO3 exchanger.
Lower trace: HCO3 removal decreased pHi. Even in the absence of HCO3, chloride
removal with gluconate increased pHi, suggesting the CI/OH mode of
anion exchange. '
Mock transfected HEK cells did not change pHi by these manuvers.
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TINF CT—xREED NBC | LD iFV /= NBCS & LATEA MUY LIEKEROT AE4 L
IE~RELBLNEL, LAL AEL123 116 0 %L EOFHREMELH HDIZH LT, NBCS {3 0 %2
BOHEFE L2 AF L LEDITEEY A2 22\, £2°C NBCS |t HCO3 Hui{kA—/\—7
7 I —DEPTIEH LW T Z)—F & LT anion exchanger XI(AEXD) & L EOMRIWEEZ SN
5, BELL AEX14 { S50WOTA VT4 —LBPFHETLHEEZL OGNS, 2k ZE HCO3 ZAEIZH
W AR duct 1ZEZDTA Y T4 —LPFEEL TWAIRENELN DA, ¥ HEIITIE AE
BEINTWRWSASTHAS, Tz due HEOFEEEBIC H R FHEBTELTHY CCD DR—F
—NTekiliE e L Q. BREE L TwahbThbdh s,

NBCS O HIREI2HEETABNTETIVI v b TZOHBE L O~ PAKTHEIAIEA
BDOE 754 FIRINAAG 2R b D THAZ LR L, ThERRTAHAEEBENLREDDHS
10), SHUZHLTTY F—=Y AL T AR—L ATEDITHEAMEA LW L, ERIZTVF
— A CHIRE L R OMEI S Sl h o 1=Dlt acid-base R AF A& — A2 NBCS ST AT
PP Indrd L, ZNEINE TDS OWED acid-base RAF AL -2 AIZERT
HEZELETRLTWAD L B> TWA(11,12), NBCS DIEFIOXEMHITZAT4 FOWRIZH A ETH
12, TS ENT-HEREITT AP, H RACLLBAWCHIIN Ay L Torad4
FORINCIe A EEZL B, HCO3 ONWITERBITO H R AL 5 pH ET2SEE H R
VT ORI ENTWADPDENZW, FORDT Y R~V AT H Ry THE+3EH7eL T
Wi nEEd NBCS ORBUIMBA TL AL EL N5, TOENMIBEFHIO pH RTIVIIIET S
= E T BINATIA XN AR OIEIC NBCS HEE L TWANREN DS, 128 2T pH B
BRI LF e FIVRTVELT ORI ENEL GNA, SERERRANO pH DL Fa L —&—L
L T® NBCS DIFEIARE I nipirniiize &,

5. ABOME

NBCS WL Ty AHTIVIID R/ LICHB ITCERIPEL L 2L L BROBTE T
D5, MEPRTER NI T4 v 5V T CHEADBITH acid-base OIRFETHEIZ 91T TWAHAEENED
H5H, BEEIEEINTVESA acid-base ORBETCATEREOBERPD B L Wb Z L Do
13). LALBETH OB EBRTAHEDLD L . ML b B S 5 TH 5(14). NBCS
D N RICHERZ VS L EELE D1 RAL VEH o120 PRA OU VEBHEENAHLHDT. 20D
AHTKEET B Y LI % two-hybrid IETHZU—2 0 FTEOBEDHLANIS). T2 VEEICL
S THEEPEBICEILRASN AN E D, F2U VBIET 25BN RIChAERET ADDE
BECHAH(16), F/= NBCS BKIETH/ v 7T I A%DL 5T & C NBCS DEHERPL D) A
HEOHPRLAREELD S, DLITA FORNAECH L2 LRMEITRESTHAY, €D
&3 Liddle JEBEEO X 12 NBCS OMESTECEMTE L2 H 5O TENTEORKEZT & L CE
HY 20BN SH, —F acid-base PETH 572 LERBMOZJUWHF N> TTIVIR—L AR B TH
65&3ﬁ5%®7WWU#mﬁﬁg&m:&Ki%@m%#”&mﬁ%/@ﬂ@%#m6#n&%
TTREMED D B

BRICICBRLTWA NBCS OLE2I/—oy 7L CHEERELZHELMITAZLIZEHR
WO & S IetiiE R T NBC DIREIZHH LT T E H L) BT H BRI,
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Molecular Cloning of a New. anion exchanger Selectively Expressed in Rat Kidney.

Kenichi Ishibashi
Department of Pharmacology, Jichi Medical School.

Summary

A family of HCO3 transporter (solute carrier family 4A, SLC4A) have been
identified that include three anion exchangers (AE) 1-3 (SLC4A1-3) and four
Na/HCO3 cotransporters (NBC) 1-4 (SLC4A6-9). In the kidney, NBC1 functions
as HCO3 absorption at proximal tubule and AE1-3 function as HCO3 absorption at
collecting duct. However, the molecular identity of HCO3 transporter at apical
membrane of beta intercalated cells to secrete HCO3 at cortical collecting duct
(CCD) is currently unknown.

Here, we report the cloning of a new gene of NBC subfamily (NBC5) from
rat kidney by homology cloning. EST-data base was screened with NBC
sequences. Three new NBC sequences were identified. They are tentatively
named NBC4, NBC5,and NBC6. NBC4 was ~60% identical with NBC2 and
widely expressed and later deposited in GeneBank as KIAA0739 by Kazusa DNA
research EST project. NBCS5 had lowest identity with NBC1 in three and was
selectively expressed in the kidney. NBC6 was ~70% identity and predominantly
expressed in the brain. To obtain the full length of NBC6, rat and human brain
c¢DNA libraries were screened with NBC6 EST clone. However, the full length
was not obtained.

On the other hand, the full length of NBCS5 was obtained by screening a rat
kidney cDNA library. NBCS5 is composed of 954 amino acids with 44% identity
with NBC1 and 33% identity with AE1. NBCS5 has putative 12 transmembrane
domains. ‘

In Northern blot, NBC5 was selectively expressed in kidney (3.3kb) and
absent in other tissues (heart, brain, spleen, lung, liver, muscle, testis). In RT-
PCR of nephron segments, NBC5 was expressed at Cortical Collecting Duct (CCD)
and virtually absent in glomeruli, proximal tubules, thick ascending limb of Henle
and inner medullary collecting ducts.

Using carboxy-terminus 15 amino acid peptide sequence of NBCS, a
polyclonal antibody was produced in rabbit. Immunohistochemistry of rat kidney
revealed that NBCS5 was expressed at the apical membrane of some restricted cells
in CCD.

NBC5 was subcloned in expression vector under the control of CMV
promotor. In the transfection of NBCS in human embryonic kidney (HEK) cells,
Cl removal alkalinized the cell but Na removal did not change cell pH. In mock
transfected cells did not change cell pH to the either procedure. This pH change
was not inhibited by removal of ambient HCO3 nor 0.1 mM SITS. The resulit
indicated the the function of NBC5 is CI/OH exchange and it is Na independent.

To gain the insight into the physiological roles of NBCS, three kind of rat
models were tested for the expression of NBC5. Acidosis and alkalosis models
were produced by adding 0.1 M NH4Cl1 or NaHCO3 to the drinking water for 7 days,
respectively. The dehydrated rats were produced by depriving water for 2 days.
In each animal model, the expression of NBC5 mRNA was increased by 1.5-3 times
higher than control. The result indicated some role of NBC5 in acid-base
regulation and volume regulation. As NBC5 was stimulated in both acidosis and
alkalosis, the functional regulation of its activity is more likely than the number of
transporters. '

In summary, we have identified a new anion exchanger of CCD. NBCS5
may be a bona fide HCO3 transporter at apical membrane of beta intercalated cells.
Its lower homology with other NBCs may indicate that NBC5 may comprise the
third subfamily in HCO3 transporter superfamily (SLC4A). Further analysis of
other members of SLC4A will reveal the new mechanism of cellular pH regulation
in our body.
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