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BHOZ<(I. BRLERUT S AEBROBEKBICEELTWS . BAaLFERTERDL F
CEEEEHIFL TS, RKBICBVWTREZEOBFRICEN TS ICHFHLRKPCERLTH
578, EADS Na* P CHREDBBARA 4 U HRE L. BRICKRABKIDRATIREICZ
H5ENTNS, EITRKARBBRICBVWTERENDIFEICHFELCRE L TRABKIEH N
U, RIBKKPDAF 2T 52BLTHEBNICRVAD ZETERANDA AV RAF RS VR ER
2TWS, ZOE, A AVORYAZDFELE>THWLIDONERPIIICHEET S|
mitochondria-rich cell (MRC)& IRIN D45 R /LR TH 5.

MRC IZZDHRDEN I AV FUTEZBBICSUA A VEREO L EMRTSHS. MRC IZX
BOIPOVRUTICK>TEET S ATP ZHIVT Nav/K*-ATPase EZEBHTI &L > T
BRPNGREAEEZEY. B2 A ORYRABETELCLTNS, LpLANS, MRC
ICBWTEANICEDOL D B FRETA A ORVARDPAIRECA> THUIDEELELS DD
D2TWEN, RRRTIEST / AF—F XA RTETHRL BRBFESEILIZh TR ES
57 4 wia (Daniorerio) ZHWVWTMRC IZEIT S Na*DER VAR ICBRT D5 NI EORBTE
EEDBEEDRIFET o/,

EF7574v2a@MRCIIDESEH2EHHIZ LMD H>TWS, —DId vacuolar type
H*-ATPase (H-ATPase) ZZE(CS1 H-MRC T. $5—A4ld Na*/K*-ATPase #BEICST
NaK-MRC T# 5. @ZDEEH| &R\ =REBH 5. Na*OEL U ;A2 (21X Na+/H+ exchanger (Nhe).
Carbonic anhydrase (CA)& 7 »EZ7#ix# Rhegl NEBLQERFEZRELTHWEENS &N
RBENTE e, 22 TAME TIXFIRD Nhe3b & CA2a. CA15a [CHT 3R Y & 0—F Lk
ZREL. RERBZAD LLE>TENENDY U NIHORBAREERELE. 20K
5. Nhe3b & CA15a (& H-MRC OFHIBEICIFEMICRIBE L TWS & EHE LA, £/ CA2a
(B L TIE H-MRC Qs RUBIEEAOFBEEERL 4.

RIC CA15a OFMARELEZERTHDERARMERVEREZ{T 7. BABOCA IV &
HRAESE W CA5a L CRERICCPIZ Y A—EF =72 > T3 EFHRENTHEY., BRE
HAICBELTWBLHESR TS, ChEEETH4D. FLAG TH S ahiz CAlba

(CA15-FLAG) % 203T IEHHiBICEFBRRNEE, vz Ry 70Oy T4 9 %5707, FLAG
HBERWERBOBR, BHRRXE N/ CA5a JHBEESICESEATVWA Z 00 ho
o EHICHREAMARBENACRELTWSINZRETSAH. COS7T BlERANVT
CA15-FLAG ZHFIRF . BEEBANBZTOTICREAREREEIT o/, TOHER, FLAGH




ik 2REIMBBACEEEZEIINA TS PALKEAE (HLA) SEHROREHER
L. oo &M5 CAl5a ZBFIRIRE # Sh/ERMRICH T CA15a (FHRAICHEEL T
WA EMBELICIRD . L

5T, m\tmemUﬂakourib<ﬁmétwLE&é SREOBEARDICHITS
CA2a & CA1ba M mRNA m%sﬁié gPCR [Tk > THRR L 7. EDHER CA2a, CA15a (2 0.03
mM Na* BBk R TIL 0.7 mM Na*BiEkh &R TRIEROEMMBR 5k, HFUOT Morpholino
antisense oligonuclectide (MO) £H = CA2a & CA15a DEIRRIAE T\, ThOOREE
Na“RERFOHELHE Sodium Green ZHVTHRE L. TDER. ca2a-MO. cafsa-MO,
ca2a-MO +ca15a-MQ & A ¥ 1o ay L-HAICBWTHABECETARESI W L
D= EMD cala, calba DEBREMIZL Natq 4V ORMYAHICHED>TEY, ThoD/vod
Y vick>TNa'DRYASZDEEEND LB TRENE,

SheOEREBE X, in-situ proximity ligation immunoassay (PLA) Z VT Nhe3b & CA2a,
Nhe3b & CA15a, & (2 Nhe3b & Rhogl ASERICRE LTINS M ERNL, FOBR, THho
PBSHEICBNTHINSDS UV BSEMICRELTVS I ESDMY. ShbdF N
HSEMEEEBLTOWSAEEIREBENL,

Bi%I2 Nhe3b B EDBIEN A2 > TLWAMERTLHAEH. T7UAUA AT OiEHa%E
BONEEREEFNERET> /. NheD 77 TU—ERS< Natd HOZTRIEEM 11 1 2L
EhNTERES, B REZEICETST7 4y a0 Nhedb [d Natd HORREEREE n: 1 0
SEgEEATREE N,

LEOWENSE TS T 4 v a® H-MRC Tld Rhcgl % Nhe3b, CA2a, CA15a HEEER
T3 LC& > THERNIC Na*OIRYAZEREICL, & 5(C[3 Nhe3b ASBEFE D Nhe &R

BEMEEDCLICE ST, RIE Natof # VREBE IS > T Na‘a F DR Y ALERTHE
[CLTWBATREES R EN,
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Freshwater fishes actively absorb salt from their environment to tolerate low salinities. in
the zebrafish, vacuolar-type H*-ATPase/mitochondrion-rich cells (H-MRCs) on the skin
epithelium of zebrafish larvae (Danio rerio) are primary sites for Na* uptake. in this study, in
an attempt to clarify the mechanism for the Na™ uptake, | performed a systematic analysis of
gene expression patterns of zebrafish carbonic anhydrase (CA) isoforms and found that, of 12
CA isoforms, CA2a and CA15a are highly expressed in H-MRCs at larval stages. The ca2a
and ca15a mRNA expression were salinity-dependent; they were up-regulated in 0.03 mM
Na' water whereas ca?5a but not ca2a was down-regulated in 70 mM Na® water.
Immunohistochemistry demonstrated cytoplasmic distribution of CA2a and apical membrane
localization of CA15a. Furthermore, cell-surface immunofiucrescence staining revealed
external surface localization of CA15a. Depletion of either CA2a or CA15a expression by
Morpholino antisense oligonucleotides resulted in a significant decrease in Na™ accumulation
in H-MRCs. An in sifu proximity ligation assay demonstrated a very close association of
CA2a, CA15a, Na*/H* exchanger 3b (Nhe3b), and Rhcg1 ammonia transporter in H-MRC. In
addition, Nhe3b exhibited strong electrogenic Na*/H* exchange activity when expressed in
Xenopus laevis cocytes. This suggests that CA2a, CA15a, and Rhcg1 play a key role in Na*
uptake under freshwater conditions by forming a transport metabolon with Nhe3b. Moreover,
zebrafish Nhe3b has a unique activity that may play an essential role in the uptake of Na”
from the extremely diluted environmental water.
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