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Na™/HtExchanger (NHE) [3#laR%+D Nat 1 # > DBEREEZREHE L TAWVWT
Natf A2 EHY M A2 %1 1| TT]RMET 3 Z & THIBRA pH BAR® Nat 1 F 2, K
DEEETOEELEEATHS. BEZTTNHEI~TOT7 AV 7+ —LPREI N TV
3. EICHVTRERSNFETRELEMARS SUREMBERE O LK E airway
surface liquid (ASL) ) pH S#i(C NHE #BI5 L TW 3 EHEEhTVS. LAL, |
H, BFICEHEBICETANHEDT7 (V7 4+ —LORES LIVRBERHShTOVEL. £
CTCSEE FBLVELEY FOSKEEZRAVWTNHEI~DO7 AV 7+ —LOREH &
URBOBEICOVWTHRELE. EF7AV I —LORIEDE-HEILEY FRFLED
RT-PCR %#fE{TL, NHE 1,300 mRNA %2#&H L 724" NHE2, 43 &kHEhkkh o7/ D&
CBEZANDLEHOE PBLIVEILTY NOBRKED in situ N1 TIVF(E—-2a%
Tof. NIARFX—E>2JTH% NHE 1[I HHEE L ZHFRICOAEESH /2. NHE 3(3 NHE1
ICHATRBRBEIO BV, SF6E FREMRICEEL T/, NHE 3(3 8360 B ilia
UTHESHBEAEBICORRZEDH N, BREBICE - ULEOERPS NI R
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f-. FERMRESIVASLICET B 148X, pH, REEREHIC, ERHEROEERR
MO NHE1&, EREMIO NHE3OmALPEEL TWB EEZLSNL.
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Expression and Localization of Na™ /H™ Exchanger (NHE) Isoforms in Nasal
Mucosa

Hisaki FUKUSHIMA

The Na* /H *exchanger (NHE) is an important regulator for intracellular pH, cell volume, and
transepithelial Na™ transport. The NHE has a tightly coupled] : 1stoichiometry for exchange of
Na*and H*. The exchange reaction is driven by the transmembrane chemical gradients forNa*. The
presence of multiple forms of the exchanger has been demonstrated by the recent cloning of seven
NHEs, NHE]1, 2, 3, 4, 5, 6, and 7. Physiological studies have shown the NHE to be a carrier protein
regulating airway surface liquid (ASL) pH and the intracellular pH in airway epithelial cells. To
date, the localization of the NHE isoforms in airway is not known. The present study was
undertaken to examine the expression and distribution of NHE1-4 isoforms in guinea pig and
human nasal mucosa. We used the reverse transcription-polymerase chain reaction to assess the
expression of NHE1-4 isoforms. Although NHE 2 and 4 isoform mRNAs could not be detected in

guinea pig nasal mucosa tissue, NHEI and 3 mRNAs were predominant. We used in situ
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hybridization to examine their localization in guinea pig and human nasal mucosa. NHE 1 isoform

mRNA was distributed in nasal epithelial cells, as was NHE 3 1soform mRNA, but the latter’s

expression was lower than that of NHE 1. NHE 3 isoform mRNA also distributed i the lamina

propria. Although NHE 1 was housekeeping, it became clear that it is especially mostly expressed

into a nasal epithelial cells. These findings suggest that NHE 1 and 3 regulate ASL pH and the

intracellular pH in airway epithelial cells. (Accepted on February 26, 2002) kawasak: Igakkaisht 28(2) :

(2 Nasal mucosa

@ Reverse transcription-polymerase chain reaction
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Na*/H *Exchanger (NHE) (34KNIZ L < 546
T HEEHTHA. Na' /K ATPase (Na* K >
T) AKX o TED & /iR, Milgsto
MUY LA ORERE ZREN ) L LCH W THIK
ANa" A4 EMAH A+ %1 0 1 TK
kT DEAMWICHED A F V%A TH
V=5 NHE ZHIREM pH 2 &HI$ 2 B A A &
b 59, MlApH2ME T3 2L H £ F &~
R AH U CTHIBN pH & — 2R D. 72,
Na' £ & » L IR Z A AR % 15
SELLHIIM. DX H I NHE (AN
DpH DR A A8 — 2 ZOKEFE, Na' A F >,

KRB ERE L RE 2R LT 5E T LD
5N TWAEY, 1989412 v + @ NHE @ ¢DNA

M U—= FENTUKY, B F T NHE1~
TOT AV 74 —LDBHESRTVEY Y,
NHEL1, 2, 3, 4, 5ix Ml B fE e LY 1%, NHE
6, I MR N ZR B\ AFAET 51971, NHELIZ
Y AF—E 2 TT T O & AT
T 5 DHEICE IR, HLE L, ORI
L, FIZpHHMEICHES L, MEo0dH s K
TIXAKBEMICREL TW 51917 NHE2, 3,
4mw%nf%ﬁuﬂﬂmew%immiui
Hh ETHERINTW B 10.12.18.19  NHE3 X
R OB BIE LEIZ Nat £ o+ Y IRILE 1T -
T3 1920 NHESIIM, FEEE, O3, W,

R TEHLTA, NHESIZI Fa v F
D7 ORNBEICY) NHEZIZ IV SRz 219,
T I T4 NI 5 iE NHEL 2TH D,
3,4 Tld e ‘?’”. NHE @ &4, $E6E 1
SNTE720%, REIZBTHWIERIIEA LR
STV

airway surface liquid (ASL) (3538 FEo#E
HMTRRAICELENTVWAEVEEKDBTH 2.
ASL i, A4 #EK, pH I, IEHOREE
MICEETH L7205 Th, wlatEHE, MW
BIZHFEETH M2, ASL O BHIIRE X
e, RO, Mol = 9% ASL
DR HIRE, AR, R - i o
Koy, BREOBEZEICL s THESRTSE
D, COBEMEOBENIEIK Fx v F )1, Cl°
F % v % J, Na'/K "ATPase, Na-K-2 Cl ity
@ﬁ&@ﬁ%L%éﬁ@%Lf“%”
NHE @ pH 3 & OF Na® £ F >, K5 i itk e
FOREES X OV ASL | %%Lfvé&%xbné
KWIZBIT 5 NHE O, 4B Tk

T RIAL E R IESY, B3 F M s 24
oD FEIEBEANIZ 7 3 95 4 FEZH o NHE 0

FEAE A0 F 2R/, [ X LRI RT-
PCR T/ A ¥ —V¥ ¥ 7 Ta 5 NHEIOIEEAS
WEINTWAEY, UL, NHEI~4D 7 4
V74— ADREORBII L. £ THE
FBEIELEY bOEKIEEZ VT NHE ©
YA TOREDS L CRIECOWTHRIE L. &
B, REBRIINFERKFEIWERET RS DK
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B %% (No.00-095), AKF: OB EEE
gD & T 7.

MR EFE

1. RNA OB

6 HiEiE, ENVEY FEYVIFNI—FT VT
W ARREERS, WTEA L C RS X OVIMEG & HE i
LR ECTHE L. F-RAEO L TRES
BEBEICTREMIBRMZITL, ML
t b FRFAREZ RIS R TR L7,
ENLVEY PRERE, MEBIUE FREEDS
total-RNA # fiith 3 % 72 %, ISOGEN (= v K
V=) BERMLEEYFA AL, 70O
RN LETM, BOSBEL, SRESNKEIC
AV 7Tax ) —=VERFEML, RNA 2Lk S &
2. 0% X% ) — )V Tikik, toal-RNA %
DEPC MLFE K2 L, RNase f Y ¥ ¥ —,
DNase % #M137°C 2 By IS & &, RNA O
i % 4T - 7-. total-RNA & 3% & 260 nm &
R E & D BE L7z,

2. complementary DNA D {E %

total-RNA % & cDNA Z R L7-. ENVE VY
FB LR b total-RNA (24 ) T(dt) 5 ¥ ¥ A
T4 —%MA, 72C 255k, KECE
L, 52 RNase f vk ¥ #—,  dNTP mixture,
DTT, x5 R HZ %Nz, 37C 1 BERSSE
cDNA Z{E8 L 7-.

3. ENVEY b EHED RT-PCR
—XRPCRIZENEY I BHBED cDNA I X
tarra—n& LT/HEDDNA % &
L T external-sense 7*F f ¥ — S 12E, S3E,
S4E (Table 1) & antisense 75 4 < — AS1,
AS2, AS3, AS4 (Table 1) # f\v»T47o7-.
TR PCRIZ 5u¢ ®—K PCR UL EY % ik &
L C internal-sense 7°J £ < — S1I, S2I, S3I,
S41 (Table 1) & antisense 7° 5 4 = — AS],
AS2, AS3, AS4 (Table 1) % F\TH7- 7.
¥/, 2 a— NV ELTG3PDH 754 <% —
S, AS (Table 1) % Hi\v7-. £hZhdPCR
{Z DMSO, dNTP mixture & ampli Taq DNA K1)

Table 1. PCR primers and expected PCR product sizes

PCR product

Primer sequences 5'-3' ¢
size

Isoform

NHE1l: S12E CTGCTCTCAACGATGC (AC) GTCAC 519
Sil  GCCAGCTATGAGTATGTGGGCATC 468
AS1  GATGAACCAGGTCAGGAACCAG

NHE2 : SI12E CTGCTCTCAACGATGC (AC) GTCAC 519
S21  CAGATGAAGACCATCCAGACCGTA 465
AS2 AATCACCTGAGTCAGGACAAA

NHE3: S3E CCTTGGAACAGAGGCGGAGGAG 260
S31  GGAACAGAGGCGGAGGAGDAT 256
AS3 TCCGCTTCTGTGCGCGCTCCCT

NHE4: S4E CTGCTATTTGGCAGCCTGAT 646
S41 AATTTGAGGACATAGAAGCG 464
AS4  ACTGACATAGAAGAGGGTAAA

G3PDH: S ACCACAGTCCATGCCATCAC 463
AS  TCCACCACCCTGTTGCTGTTGCTGTA

A 5 —%¥ (TaKaRa Shuzo, Japan) #{RE& L
programmable thermal cycler (model 2400 ; Perkin
Elmer, Norwalk, CT) (2T 94C 5 %7 ® melting,
(94C30%) ; 58T 308, 72C14) 217 —)
ELT300 A4 7 ViTolz. E6IZ2CT7TH5DK
5% 4To72. PCREWIZ2%T A —RA7T NV
BRKHHBIFITLATOI FERELBIZL.
ENLE v MERE O NHE]L, 2, 3,40 .k PCR
IS EY # I ZF N pZEO-2XX 7 ¥ —
(Invitrogen, SanDigo, CA, USA) |2/ u—=" 7
LDNA ¥ — 7 = 4 — |2 TR % iR
L7.
4. ENEY FBXOR b BRI in situ N
TN)VFAL ¥ —ars
1) EWVEy M NHE OEFEE Y O MR L
DIG E# RNA 7o —7OE#R : ELVEY M B
L P RAEDN OAER L 72 cDNA Z A &
L7 4<—S-1, AS-1 (Table 2) %\ T
— PCR %17V, T ®O—XKPCR JSHEY % R
¥ & L7954 ~—S-2, AS-2 (Table 2) %* i
WT ZXKPCR #4To 7z, PCRIZI3T 15D
melting, (93C 14, 60C 176 1% 47N
2o &1C §20/&F;72C3%) 217 —
ELTIOHA Z70b, 512 (93C 14 ,50C 1
53 72C 34 R17—MELT2594 70,
D EIZ72CI03 DO RIS 217> 72. PCR EY
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Table 2. PCR primers and expected PCR product sizes

PCR product size

_ NHE1 NHE2 NHE3 NHE4
S-1 CT(CG) CC (AL) LC (CT) AT (CT) (AG) T(CG) (CT) TGGA 698 098 704 707
AS 1 A(GT) GAA (CG) ATGAAGAT (AG) A (GT) GGTCTC

Primer sequences 5'-3

S-2 GG (CG) TACTTC (AL) TGLC (CT) (AC) 646 646 653 661
AS-2 C(AG) CT (G (CG) (CT) C (AC) (AG) CATCTTCA

2 2%T7 A — AT VERIKSELF VY AT
03 N3 UMERRTE, pZEOmwm-2N27 ¥ —|Z %
O—=%7 L DNA =21 H— (2 THER
72, THIZE Y 75 A3 F gpNHE],
2,3,4& 77 A 3 N humNHE3% #%7-. gpNHE],
2,3,417 v N NHE & b L 22 BACH 8 &
U7 3 BRECH DAY % R~ 7.

T yFey AT -T2 O 7% gpNHEL
% Xhol, gpNHE2% Notl, gpNHE3% Xbal,
gpNHE4 % Xhol ] REEF CYIHF, humNHE3%
Xbalffl| BRE#EFE CTUIWT L 41k L 7-. DIG RNA
Labeling kit (Behringer Mannheim, Germany) %
iv»T DIG-11-UTP & SP6RNA K1) 2 5 —+¥
ZRMLUELVEY FNHEL, 2, 3, 4 BXU¢v
; NHE3® DIG #£i# RNA 7 v F+ > 270 —
7 wERL7:. FRRICIHERRN LA T 17
Y ha—)v & LT gpNHE], humNHE3#% #
N Z i BamH1 THE#L L DIG-11-UTP & T7
RNARY A —EBE2FMLELEY FBLO
[ NOE I Syl Sy i (S

2) RO ER . 6 Lo 6 kK, €
VEY bR VIFINI—F IS T AR,
ANN) UHERBEWN4%NTRIVAT VTR R
(PF)/0.1M PB T#itEREL7z0L, Bk
BN xR 4%PF/0.1IMPB T4 TCT
120 HREE L7z, F-ERRREED T B
NYIBEM TRt L7 8 ¥ % 4 % PF/0.1 M
PB T 4 CC24RMEE L7, BELZELE
v bR, BB L e b BR85S T 4
AL, ZUFAE Y FT5um EIZYIH L
MAS 22— MM+ & A5 4 F# 5 A (Matunami,
Japan) FAZHE D fFiT 72,

3) insiunN{TI)FL = a3 s A54
NI A% L TI0B (2E) £100%
TH = Th55M (3m) B 71401,
JEFZ L7z, 0.2MHCI T 1 7-[ELei g, PBS T

(528 %27 2002)
5 0 M #E i L 72 @ 5,10 yg/ml proteinase K
(Behringer) /PBT (0. 1% Tween/PBS) T37 C 30
AP A 1T > 72, 4 % PE/PBS T204 [ [H 52
L, 2mg/ml Glycine/PBT |2 5 % [ii& & X 47~
0.125M YL ¥ ) — )L 7 3 > /0.25% HCI400
mhZE L, L2095 8HKFERE L ml % 5 4
R THTL, SO0 REHEL7 7L
kL7, 50% 4NV 27 3 F(FA)/5 x SSC %
MZ55C405 WA v Fax=F LT LA 7Y

NHE NHE NHE NHE
2 3 4

A 1

marker G3PDH

b
6122

495

210

NHE NHE NHE NHE
B bp marker 1 2 3 4

612
495

G3PDH

210

NHE NHE NHE NHE
2 3 4

marker 1 G3PDH

6122P
495

210

Fig. 1 RT-PCR products of NHEs from guimea pig 1leum
and nasal mucosa on the electrophoresed gel stained
with ethidium bromide.

A RT-PCR products of NHEs from guinea pig tleum
30-cycle PCR with external sense primers and
antisense primers With primers specific for NHE1,
2, 3,and 4, single band of 519bp (lanel, 2), 260
bp (lane 3), 646bp (lane 4) were detected mak-
er, molecular weight marker ¢ X174-Hinc T .

B . RT-PCR products of NHEs from guinea pig nasal
mucosa 30-cycle PCR with external sense primers
and antisense primers NHE] and 3 single band
were detected, where no band was observed using
primers specific for NHE 2 and 4.

C : Nested PCR products from guinea pig nasal mucosa
using mternal sense primers and antisense primers.
With primers specific for NHE1, 2, 3, and4, single
band of 460-470 bp (lanel, 2,4) or 256bp (lane3)
were detected. maker,molecular weight marker ¢ X
174— Hinc O
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SSC, 50ug/ml, 0.1% SDS, 5 X 7
0 255 C208: 4T - 72

T20451 (2
-HCl pH 7.5, 150 mM NaCl,
5 HRESET.

Acid Detection Kit(Behringer) ZfEH L,
Tay XNy 77— (L.5%7avyx 7/
TBST) # 1 B[, 1:5007VH YRR T 75—
YHDIGH K/ 7y ¥ 7Ny 77—% 4T  Flid
TBST T 5 77 (3 1) #%
Tris-HCI pH9.
5,50 mM MgCl,, 0.1% Tween) 3 77, 2\ T
1:50NBT/BCIP, 0.1M levamisol/NTMT |Z T
MLEE L, PBT CRUSME L&A CRIZ L 72,

2 BRI RS & & 7.
% L7-%, NTMT (0.1 M NaCl,

B R

1. EVEY D REKMEDRT-
PCR

RIF447aryrbrua—it
NHE1~4D ¢ R THREHRT 5 &
CEPHSNTWANES S
L 7> mRNA O first strand cDNA %
R L PCR #41ig L 7z. PCR 3§ig

— X PCR BUIG EY) O B X KB
¥, NHE1~4O HHOR S DN
v &R (Fig 1-A). 7/
LA DNA DRAD W LiX, G3
PDH CHEZE L 7. MERIZENLE
v b BFS IR » & 15 72 first strand
cDNA @ — X PCR EY % &X ik
g3, NHEL, 3O HHOR X DN
v Fa@ol. LirL, NHE2 4
DN FidEEed 5Nz A - 72 (Fig.
1-B). — X PCR K& T NHE1,
31358 < NHE2, 413§5< i 528,

NATYFAE—
& gpNHEL], 2, 3,4, humNHE3 8 X. 0" & » R
DIG #Zi#% RNA 7 1 — 7 (1000 ng/ml)
VL ¥—aryNy 77 —(504FA, 5 % 2.
7 NV M)
55C ?50% FA/ 2
X SSC T304+, 2 x SSC T1047-f#, 0.2x SSC
) ##% L, TBST (100 mM Tris
0. 1% Tween20)

ik KRG 13 DIG Nucleic

HMOREEDONY FHPFEL, BHARBIIEDV D
hr#zobn7 (Fig. 1-C). Z®PCR EYD
¥EAELFIZ, NHEL,2,3,4& —3% L 7.
E)VE v b NHE OIEIEY OFEE
insituNA TNV FAL =T aIZHWET
U— 7% ERT5-0FEVEY P BEE
cDNA %# 75 4 <— S-1, AS-1, (Table 2) %
FHAWT—RPCR%R2L, 3HIZTF74<—S-2,
AS-2, (Table 2) # W T RPCR %477,
TR PCR EW#% pZEOy-212 70 —=V 7 L
1.5% 7. 75 A3 N gpNHEL, 2,3,4% DNA ¥ — 7
IyH—TH~N, $v F®»NHEL?2,3,4%—%
L7- (Fig. 2). €JE vy b ® NHE]L?2, 3,4DR
FEAEPHONTELT, v b NHE
& R L 7236 Tt NHE11392.0%, NHE
21386.0%, NHE31388.5%, NHE4 (185.4% ®
HMEME2H D, 7 I/ BEES]TIiX NHELZ97.2
%, NHE21397. 2%, NHE31396. 3%, NHE4 [394.
5% DM H - 72,

Yav

A A

NHE1 5 5a
gpn: GYFLPLRQFT ENLGTILIFA VWGTLWNAFF LGGLMYAVCL VGGEQINNIG LLDONLLFGSI ISAVDPVAVL AVFEEIHINE
rat: P e ﬁitTttt*tt wkA ARk Rk kR kiR 267
52 5b —
LLHILVFGES LLNDAVTVVL YHLFEEFASY EYVGIVDIFL GFLSFFVVAL GGVFVGVVYG IIAAFTSRFT AHIRVIEPLF

L L L L S N Ll S * SkakAAHkE 337

7 _8
VFLYSYMAYL SAELFHLSGI MALIASGVWM RPYVEANISH KSHTTIKYFL KMWSS
PITI2 I LY 442

AS 2

NHEZ

S T, (- - I—
gpn: GYFMPTRPFF ENIGTIFWYA VVGTLWNSIG IGVSLFGICQ IEAFGLRDIT LLQNLLFGSL ISAVDPVAVL AVFENIHVNE
T L T T T e L L L Y

$-2 Sb 6
QLYILVFGES LLNDAVTVVL YNLFKSFCQM KTIEIVDVFA GIANFFWGI GGVLIGIFLG FIAAFTTRFT HNIRVIEPLF

ARRRRRRRR SRR RR R AR TRk kR ok ko bk Rk kokk Hokkdok kR k314

7 8
VFLYSYLSYI TAEMFHLSGI MATTACAMTM NKYVEENVSQ KSYTTIKYFM KMLSS
Rk kAR kKRR Rk ok 369
AS-2
NHE3 ) Sa

gpn: GYFMPNRLFF GNLGTILLYA VIGTVWNAAT TGLSLYGVFC SGLMGDLKTG LLOFLLFGSL TAAVDPVAVL AVFEEVHVNE
B Lt L A S e L L]}

S-2 Sb

6
VLFIIVFGES LLNDAVTVVL YNVFESFVMI GGDKVTGVDC VKGIVSFFW SLGGTLVGVV FAFLLSLVTR FTKHVRIIEP
MR &R RAROROR ﬁttﬁttttTL D R T e R L.V

_8
GFVFVISYLS YLTSEMLSLS AILAITFCGI CCQKYVKANI SEQSATTVRY TMKMLAS

P L R T T A A 341
AS-2
NHE4 S Sa
gpn* GYFMPTRPFF ENLGSILWWA GLGALINAFG IGLSLYLVCQ VQAFGLGDLH LLQNLLFGSL ISAVDPVAVL AVFEEARVNE
rat: R R L R L T Y )

S-2 5
QLYMMIFGEA LLNDGISVVL YNILIAFTKM HKFEDIEPVD ILAGCARFIV VGCGGVFFGI IFGFISAFIT RFTQNISAIE
*oARRRRRRARK RRARRRRRYT R AR RR RO Bk R 30D
8
PLIVFMFSYL SYLAAETLYL SGILAITSCA VIMKKYVEEN VSQTSYTTIK YFMKMLAS

R R e e LI 360

AS-2

Fig. 2. Comparisons of deduced amino acid sequence of cloned NHE fragments
from guinea pig nasal mucosa with rat.? 'Y Amino acid numbers of rat
sequences are shown on the right.  Asterisks denote amino acid identity.
The primers used 1n nested PCR recognize the nuculeotides encoding amino
acids which are underlined. Membrane-spanning domeins are overlined.
gpn, guinea pig nasal mucosa.
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3. ENEY FERED insitu N4 T) ¥ A4
Yr—ar

ENVE Y MEKEIZBIF S NHElI~4 0
mRNA OFEH % insiu )4 7)) ¥4 ¥ —3 3
TRz BRI B R 12 NHE1O 383 % 32

¥ 7: (Fig. 3-A). NHE3(Z, ¥[8 4 8 TR
THHOMAMBETIERRO Sk -7 (Fig. 3-C-
). ZS5ICREMOFREE UL TIZ RN FE T
bREBZ RO, MR TIERE Sk o
7> (Fig. 3-C-2). A F1+7arbua—nk
L THLNIEE > T A0 b5 (Fig
3-E). NHE2, 405833380 S5k h -7 (Fig.
3-B.D). KV Fq47arru—nEeL T, ff
ETAHIEDPHONTWAEIBYZHWTR L
T =7 Tinsiu A7) ¥L X~ a r&wff
HE&, TTIEMHE SN TVD X IZE RIS
NHE1~472338 8l L T\ 7> (Fig. 4).

4. & NEINELO insitu N4 T) A4 - 3

v

e A

(2528

o
b

2002)

=
29y

PG

o
B

¥

g

Fig 3. Localization of NHE1, 2, 3, and 4 mRNA in the guinea

p1g nasal mucosa by ISH

A [ Locahzation of NHE 1 Positive labeling was found
the epithelial cells.

B | Locahzation of NHE 2. NHE 2 mRNA expression could
not be detected

C-1, 2 : Localization of NHE3.

C-1 . NHE 3 mRNA was distributed n the lamina propria
except the nasal gland.

C-2 . A longer reaction ime. NHE3 mRNA was distributed
not only 1n the nasal epithelial cell but also 1n the lamina
propria expect the nasal gland

D : Localization of NHE4 NHE4mRNA expression could
not be detected.

E . Control using sense probe shows no significant labeling.

(% 40)

ENLVEY P THEREAZED2 NHESIZDWT R
MM T HER T RA. ELEY b OKE
CIaKk, BORGRE R A, R R R I A
THLREEZAED. LaL, Bl TcoRssig
LMol (Fig. 5-A,C). 254732 bua—
WEBLTHLMIYFE > T (Fig. 5
-B).

Z =

AP FETRED ) baE, SRR R
339 35 X O T BUR B b R o0 5 38 M
DIEEBEMIC T I 05 4 FEZM D NHE A3F
fEL, $72b POKE, XIS NHEIA %
HLTWAZ LIIRT-PCR EETHEZE XN TW
%°" Dudeja PK %37 | representaive RNase pro-
tection blot i THIEMI A E X, MIAEX, [E
W, XA TOHONHE1D RNA O5BLE % g L,

ERERNIZ R DI 2B E T 5 &
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LTWwW5. 4a, —XPCR THHEIZ NHEL,

SORBELAH. S5, BHETOREL
RO insiuNA TV ¥—-a
fTo72. ENVEY MBEMED D B EREMIRZICN
v AF =Yy TEICpHFAMICES LTWD
NHE10) mRNA OFH 2B 7. T ORRIE

INETOREICHFEL &\, NHENINT A
F—E U7 THYTRTOMBITHFET 720
Sl R TORADYARDILTHA. L
ML, insiung TYFAL = a T, B
o bR RIS T AT EPL L
70, NHELZ SRR FRZ MR ClZ A 2Ny
AFx—E 7L L THETTRL, LEIIBITS

A4 VERICKRECHSE L TR EBbNA.
F72, ~KRPCR THMBEIZHEHAZEDL

NHE3IZ, insiu N4 7V ¥ A= a viET
KN E A B TR E R0 7o A e T

Ilb\y) %

Fig. 4 Localizaion of NHEL,2, 3, and 4 mRNA in the
guinea pig ileum by in situ hybridization with di-
goxigenin-labeled cRNA probe.

. NHEL.

: NHE2.

: NHE3.

: NHE4. Posttive labeling was found in the epit-
helial cells.

: Control using sense probe shows no significant
labeling. { X 40)

T AaAw»>

=

BT A% 89

Nhihotz. ERMOBEILTIE, SHELE
D EBRZED D, B TIEmt I e
Ao 72, NHE3IZ SRR Al IC B L Tw»
LI ENHS M E R o72HY, NHE1E LA
RwEBEbhs, b b ERHETIIRERE AR
BMWREAZDL SO0, LRI TIETEWIE
HAEDONLDATHY, EVEY b EFB
DR % 187>, NHE3IZFIZ Na" 1 & » DOWIT
Vel A3% b, NHE3IZ S Rzl o K 55
Nat 4 + VHRSICEES L Tnwb EEZLNS.
BREIZ B 5 NHE2, 4D S8 IX, =X
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