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——— Abstract

Background We and others have demonstrated that cadmium (Cd) intoxication caused bicarbonaturia, reduced

and fi
reabso;

maxium transport of HCO;, low plasma HCO; level,
the transporters and/or enzymes that mediate HCOj;

nally renal tubular acidosis. These findings imply that
ption may be inhibited. Therefore, we examined the

changes in sodium-hydrogen exchanger type 3 (NHE3) and cagbonic anhydrase IV {CA IV) enzyme in Cd-intoxicated

rats. Methods Brush border membrane vesicles (BBMV) from

renal cortex were prepared by Mg precipitation method.

NHE3 activity in BBMV was measured by spectrofluorometery using acridine orange dye. The expression of NHE3
antigen was determined by immunoblot and immunohistochemistry. CA IV activity was measured by a end-point
colorimetric method. Results Proton (H') permeability of BBMV prepared from Cd-treated rats was not different
from that of control BBMV. Hofstee plot indicated that Vmax of NHE3 activity was decreased in the cadmium group

but Kna was not changed. Hill coefficient was also not altered by cadmium. Western blot showed that NHE3 antigen
was reduced in Cd-treated rats compared to the control, which was confirmed by tmmunohistochemistry. CA IV

activity was not changed. Conclusion The results demonstrate

that the decreased expression of NHE3 in Cd-treated

rats reduces bicarbonate reabsoption in the proximal tubule, which is likely to cause bicarbonaturia and renal tubular

acidosis in Cd intoxication.

Key words : brush-border membrane, NHE3, bicarbonaturia
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AR MTE opnjieite & Fajufn o] Ao F
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Molecular cloning A7+l 2]shd AlA =3 A A £
A& 67FA] o}& o] Na-H exchanger (NHE) 7} &) 8t&
Aoz w&x 9l o] 7kdl NHELS basolateral
membrane (BLM)ol| &4t A ZW pHe AEE 3
FZo #dF=d v 8l NHE3E brush border
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BBM2] H-ATPase?] A7 Y7 2% 2438 7
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o] FEAY ANEFTE S4ES AAbeTh

Hf’a}‘i B AT E Ftes F5A A7) HCOs A)
el 7harh 94 =3 BBMell &4 8k NHE39} CA
IV &aef st} o] AEAE FARITH
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he AUNGSE ARAA W] AL Aol F
NS AU NAVE Restel W Aol

mannitol €F2-8-24 (300 mM mannitol 18 mM HEPES-10
mM Tris, pH 7.5 el 1/10 (wiv)e) Bl 8& ¥ =39}
471 (Pouters homogenizer) & ©]-83F4 1,300 rpmol] 4] 23
3] e #F59 (homogenate)-S VHERITE F5 <
ZRE Aol BEgE gedt go] Algdok
WEdalRe]7) (Sovall RC-3B, superspeed
centrifuge, SS-34)oll4 3000 rpmE 1037 dAlEalgH
T AFAE HEF 10000 rpmell A} 1527 14 F-2] 8t
o shte] A peller Wil F M peller?]
HERRS mol thAl 18000 pmel A 087 214
Ak olRe) Wz Fre] AL pellerd e
OP’H MeCL&-A -8 Hrtste] #F5 e
AeFsl 203 500 rpmo]
A 158 24 —Eraléw ‘&t o} thA] 18,000 rpmel)
A 308 PAET o] pellete] Alxab7tuba A (brush
border membrane vesicle;BBMV)Q1H] ©]3 & Joading &4
(100 mM sucrose, 150 mM TMA-gluconate, 20 mM
HEPES/Tris, pH 60 Wi dgdM 147
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protein assay kite = 27 3
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Fluorescence spectroscopy & ©]-8-%F Na-H exchange®] &9
4 24

HAE Qo] pHAAY dEstE Sk
Warnock 7o) 798} acridine orange (AO) quenching
HRH S ARQITE = 6 uM AO7F E3E 2 mL medium$F
ZR(100 mM sucrose, 150 mM TMA-gluconate, 20 mM
HEPES/Tris, pH 7.5)e T4 24& 7131 pH 6.0%]
BBMVEE 10 ulg F7Fehd k9719 AOe HAazulE

243)7)

DA Fatslo] Eoj7itk F4E A0 WaFW H 3
Aste] AOH 2 vl &) o] A& w7t Aol ¢l

ong max ol wEA fo} wgepbr olFH A02]
RS medium$HF o] A0 FE7F astai(o] #E
quenchinge]&} YA<=th ol st HtE
(SLM400OC)E AF&-3}e] excitation 493 um, emission 330
ol A 2 4 oy onjAd A3 quenching&
40-50% doJ ™ K/H ionopore?] nigericind}t K-gluconate

S YRFNo Friske pH AARS gloid de &%
9] 95%7VA] 3 E-F At THe A2} E 4-8-3te] BBMV
o] Zx138l= Na-H exchanger 4 £1a)
Na-gluconate # 7}gict oju] HL 2T W3R (pH 6.0)00
A E(pH 75 sksle AALE ulal o5 Aol

o3

spectrof luorometer
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SDS-PAGE®} Immunoblotting
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mannitol =AY MR g AAAE 2z PMSKE
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2 F7Hich 283 BBMVE 5% A -mercaptoethanol ©]
¥3%+E Laemli sample buffer (Bio-Rad, Hercules, CA,
usa)el ¥ 100CelA 1087 Bk dzest 7t=
E AXE BBMV WA 50 pgg- 8% Tris-glycine gel
(Novex, CA, USA)dl Z+z} Joadingsle] 150VellA] 0% 5
ot #1719 % A7l & nitocellulose membrane 2. 2 M A=
=4tk S 77 S8 o)
blocking buffer(5% nonfat dry milk, 0.1% Tween in PBS,
pH 7.4)0l 2A]17} incubationA]Z] & 1xF <]
anti-rat NHE3 monoclonal antibody (Chemicon, Temecula,
CA, USA)E 1:10002 3] 3}a] 147} incubation® o}, 5
Wl =4 & 22} 83| ¢] HRP-conjugated goat anti-mouse
IgG Ab (Chemicon)E 11400022 3FA A7 blocking
bufferel] 147} incubation3l & Z28-3] Mol o}-2 ECL
kit (Amersham, Piscataway, NJ, USA) 2 2 signal2 €<l
Bt} signal®] LI EBagle Eye Still Video densitometer
(Stratagene, La Jolla. CA, USA)Z2 =43t}

H] 50} 4] FolE

mouse

& % &) 3} 8K Immunochistochemistry)

ZHEZ etherz kA7l 3 7)) E5le] AlZul AR o] ()
Zus ARe T e sl gEUe 2 Ao

=

10 mLe] PBSE #FAZ T the Bimesderfer 572 1
3t FASHA PLPZA N (2% paraforaldehyde, 75 mM
lysine, 10 mM sodium perodate, PBS, pH 7.4) 20 mL&
2~3871) Ax AFAFTE AAS A& T /\pg}i o]

e F PLPIA Ao 4417 WAjEte] $ A7)
CHA] 30% sucrose bufferel]l B7F kAl -aA]71 E]— o] =
w3 =g 4L shhe] paraffin Zuffol 23
SHeE thgo] o)F AN B ¢ e S HAa
gtog ZAuk o) TuiAE 5 um FAER wdske

probe-on slide (Fisher Scientific Korea, Seoul, Korea)ol}

A7) T 56°CAA 647> o) AF %3 T xylene L2 &
HHFHA 7| AFEM HFre] EILE AMEEle
GAE FARG =3 HIA HO9 28-S oA st
71 & 3% HO.E 677F AHelsha ol

immunoassay buffer (Biomeda, Fostar City, CA, USA) S 2
Mol g H|Eold AT wzl3}7] 98k blocking
buffer (Zymed, South San Fransisco, CA, USA)Z 1582 7¢F

2217k immunoblotoll A AR 3 A3t FA 3 1213
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3-amino-9-ethylcarbazole (AEC)S AFER} o™ =g
AR Th

2 Mayer's hematoxyling-

Table 1. Urine flow and urinary excretions of protein and
phosphorus in control and cadmium-exposed rats.

Treatment Control Cadmium
Urine Flow baseline  30.7 £ 7.2 305 £ 48
ml/kg/day 3-week 214 £ 43 373 + 83*
Protein Excretion baseline 158 + 24 187 + 4.1
mg/kg/day Jweek 282 + 64 445 £ 11.0*
Phosphorus Excretion baseline 165 £ 109 108 = 39
mg/kg/day 3-week 140 £ 76 428 £ 9.2*

Cadmium group animals were subcutaneously injected with 2
mg Cd/kg/day for 3 weeks. The values represent the mean
+ SD of 7 rats in each group.

* P < 0.05 vs. the matched control.

EAte4=8 4 (carbonic anhydrase isotype IV, CA IV) 54

Brion 5'7¢] "Wk me} 1 Fuprt Qe AlEd
16G ¥hs 208 #H3 shtdEe AlBE, b8 shis
(o = |

100% CO.7F EoJe £719 A s CO:9
150 mL2 ZF3sith o] Alg&E d3o] A 100
L H)o]Ad| Fr}. WA BBMV 20 4 (40 ug ©] 37} &
EE MM AMETHe FFT 480 S ¥ AER
d (O, 2 283 7344 20 mM imidazole, 5 mM
Tris, 0.2 mM p-nitrophenol, pH 9.5¢] A& 713 A %
ZM 500 405 HamiltonFA7| 2 @51 ¥h-2-2 A] &3he},
o] 29 CO= CA7} EAME o HO9 ] RE-g3te] &
oz niynzg Algsh) gde Ao g, a2
A ZA]ZFQ] p-nitrophenol @] M 7Zo] FAo g H3l=
ul o] A7 A8 E Alke] CAY A4S ov|gith
Brion $'7¢)) )5l 2= 7ete] ER)skE CA IV
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Fig. 1. Fluorescence quenching and proton efflux in BBMV
from control and Cd-treated rats, BBMVs with pH 6.0 were
added to extravesicular buffer with pH 7.5. During the
recovery phase K solution (final 25 mM) were injected at

appropriate interval as shown, respectively. (A) Acridine
orange quenching. (B) Time course of fluorescence recovery
from quenching. (C) Semilogrithmic plot of florescence
recovery. Linear regression lines were drawn by a computer.
Covariance analysis showed that the slope of the two lines,
which represents efflux rate constant, were not different
between the two groups.

8 2AE Nag #H7}slk 23 HE Na/H exchanger7}
Z58ke] &@339] quenchingo] 3]E-He= S A7t
upe} ##ek Zojtk o 7]A Na/H exchanger®] 2714 %=-
BBMVE 713 #F5E BBMV t2 2 Na9] influxgh
Yojg &) A 3% 5 £=-+ QPO =REH ¢
O 2 tangemtE 22A AHIth 28 2BeA EXo] W
Z3% JHEEE EF Nad $=7F 3714SF Na/H
exchanger®] X+ F7H3ch :LEJL} Y3 Nas ol
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HAdck 2% 2BE 29 2AE AEE A= Hofstee plot
o= AFAF R 71F e xstHE
o] 477 (mM) F=Ew0] 500019120, Na/H
exchanger®] Hdjo]F%E YEPE Vmaxe o]
148.7 (FU/min) 7}=8-<+0] 99827 7t=gato] thRat
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Na/H exchanger (NHE3)2] Na 13}22 7 2]
W 3lglo] NHE3S) Wi e] 74 = wrnover rae] 744
2 oJujglc} 1Y 2CE Hill plorg YJER) Zojth iz
9] A8 regression 71271 1.248, Fl=EolAE
()91501041] gk 71€-7]19] covariance ¥4 A3} F7tol
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Fig. 2. The initial rate and capacity of Na-H exchanger of
BBMV from control and Cd-treated rats. The experimental
condition was the same as in Fig.1. Within 10 seconds after
adding BBMV to the extravesicular buffer, the stock Na
solution was injected to get the final Na concentration on each
line. (A) The initial rate of fluorescence recovery. The Na-H
exchange rate for initial 3 seconds was manually determined
as the slope of a tangent line in each group. (B) Kinetics of
Na-H exchange. (C) Hofstee plot. Covariance analysis
indicates that the two regression lines are significantly
(P<0.05) different from each other in Vmax, but not in KNa.
(D) Hill plot. Hill coefficients were 0.92 in control and 1.25
in cadmium group.

CAIV 84
AAe] CA isozyme Zol|A] CA I Al E&Wel, CA IV
= BBMoO| &A1& CA 117} 95%, CA IV & 5%S #HA|
3tm BBMOIA HCOy AFE 24 deshs @i
olUy oz HCOy & CO2& W) MErzoaH
HCO, A&F 882 worh'Y #2014 1% BBM
ZA e CAIV 8HEE 223 7l=goA §A
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o2 {ogt Apo] & HolA| gt & AFPAA iz
9] 287 WolA| 4 (inter-assay CV)& 12.6%, =4 7F
o] 7| F(intra-assay CV)E 5.5%0]Q 3 7F=Fol A&
747} 19.8%, 6.3%°| T} 3HH AAFF oA H-8] 3 BBMV
36.4 ug,:_ AFE-EF] 500 uMe] FHEES 37ColA 308
23k 3 CA IV AL =3t in vitro AP A = tf
Z0] 17.0+1.2 (sec), 7F=H°] 18.6+0.9 (n=5)ZH
F-7kel| zHel 7t AT

Control  Cadmium

— 97kDa

—— 66 KDa

—— 45kDa

— Bl kDa

Control Cadmium

Fig. 3. The SDS-PAGE and immunoblot of NHE3 antigen in
control and Cd-administered rats. (A) SDS-PAGE. Fifty ug of
BBMYV proteins was loaded in each group and separated on 8%
gel. A band of about 50 Kda size was newly formed in
cadmium-treated rats (Arrow). (B) Immunoblot. Signals were

visulaized with ECL kit. Densitometric analysis showed a
significant difference (P<0.01) of NHE3 expression between
the two groups (n=3, respectively).
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%5}"]?—-_1 + Qo B¢ 0}
AdstAY SH71E
= 9ok WA NHE3
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g 2ARE 0] 29 20/t FHEBZOIA Eele BEMY
°] NHE3 ©#de] H F3%, Na ZAFSA, Na
stoichiometry= thz23} 2ko]7} 9tk Park £ A
%2 FA Z2g BBMVel| 7t=5-8 A RS © Na-Pi
cotransporter®] Na ZAZEA, Pi 4TEAH 2L Na
stoichiometry 7} ¥ 3}#] 92k w3l v} Qi) whala
Ft=Eol 3 NHE3 B4 =9 74(ad 2B9} 20)& 3
o|x o] Thald xpA|e] As}sry EAJo] MstHo 2N
et @42 ofd Zez AAXI.

H 2

NHE3¢] AJs}etd] EA4Jo] WalA] Fdeod= E73t

7t=F 5 Al NHE39] FHojo] & 5(Vmax)2 33%%
T 229 2B), o8 E dide v AI7HEA &
ahte] 2 QA1 Ao ' AztErt AA, 7]":D°ﬂ ]
NHE37} AF & o2 o459tk Ahn 572 in vitro 2
oM 7t=F =7} 571 9 BBM %H&zﬂ—«l als
S(transport activity)o] % o]&H o g AAEHE oA
3oL ol Fh=EFol oal olE W7 A A7
Yol dHt AR 7I=ES 2 2 F
FEFE, WFS T cisplatino] WA Gl o] 7]
5 @A A SHES B34S EX)
NHE39] turnover rate7} 245t} ChungS>29e] -
o ostH A FeA g ZAH = BBMV
TN=HS 3 =FA|AXE Na-Pi cotransport &4 o] &
A== o] 79 Na-Pi cotransporter =AHS t) F 3=

_.12_
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PFA bindingo] & ®s}7t gl o2 Al = 1)
Fo] 7l=F F5 Al BBMY =354 (membrane
fluidity) ®3}o] ¢ 8k NHE39] turncver rate B3t 74
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Table 2. Carbonic anhydrase IV activities in BBMV from
control and Cd-intoxicated rats.

CA 1V activity (EU/mg protein) P
Control 393 £ 496
Cadmium 35 =®= 472 0.70

Data are mean * SD of 4 experiments conducted in tripl
icate.

AnHoE ASEFERA BBMO| EAlshe #AQ
alkaline phosphatase, leucine aminopeptidase, hydrolase &
o] =7} BF JAE. 28y 2 A3 E CA
IV 84jo] A8 H3kA] ke Wk olUEE 2) AA4H
Ql FH oA &2l g BBMVe] 500 uM CdE 2] X3} in vitro
AHANE 3718 ex vivo AP FAM A4S A
t}. CAE ol = 2H metalloenzyme L. 24 1 FAd-o
CAEAF #xH9] OH77} & 17F £°](C, 1, B,
SCN)LZ X v B4} 243 ajez 27}
Fol2Rl FF=FE2 CAIV B4 dTL FA] £3d
Ao oA

Fig. 4. Immunostaining of NHE3 in control and Cd-
intoxicated rats, NHE3 antigenecity in the proximal tubules
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was greatly reduced in Cd-intoxicated rats than controls. Note
the effacement of brush border, necrosis, and protein casts in
proximal tubules of Cd-intoxicated rats. (Magnification: 200

X)
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