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The Effect of Vanadate on the Optimum pH of Na-K-ATPase and K+-pNPPase
in Rabbit Kidney Cortex

Yun Sun Ea, Jae Suk Woo, Bok Ki Han and Sang Ho Lee

Department of Physiology, College of Medicine, Pusan National University

The effect of vanadate on the optimum pH of Na-K-ATPase was investigated.

The results were as follows:

1) The optimum pH of Na-K-ATPase was shifted from pH 7.4 to 6.8 at 10 mM K by 5%
10-°M vanadate.

2) The ratio of Na-K-ATPase activity at pH 6.8 and 7.4 increased with increasing vana-
date concentration.

3) Inspite of the presence of 5% 107°M vanadate Na-K-ATPase activity at pH 7.4 was hig-
her than that at pH 6.8 below 50 mM Nat*, and the ratio of Na-K-ATPase activity at pH 7.4
and 6.8 was higher than that of the control. '

4) Na-K-ATPase activity at pH 7.4 was higher than that at pH 6.8 below 7 mM K+,

5) Optimum pH of Na-K-ATPase activity was shifted from pH 7.4 to 6.8 by 10~°M vana-
date at 5 mM K+, '

6) K*+-pNPPase activity increased with lowering of pH, and the degree of inhibition of
K+-pNPPase activity by 10~’M vanadate was decreased with lowering of pH.

These results suggest that vanadate shifts the optimum pH of Na-K-ATPase activity to
more acidic pH than pH 7.4. This effect may not be caused by the decrease in the inhibitory
potency of vanadate itself to Na-K-ATPase by the change of medium pH, but mainly by the
alteration of Na-and K-binding site, which appears in the presence of vanadate only.

Aoz ggel, 2 o]F Na-K-ATPaseo] ojgk van-
A_l % adateﬁl Cﬂ}}] 7‘3_-\1}' "3 7‘““‘:‘5‘ /q’c’] %%7 ?\10“ ’Hstl_ ?%
2 of F7} o] Fo]3] & u}s~P Na-K-ATPase ¢ 34 pH

19751 Charney &% e TAZ 4  FE3% o] wlx% vanadate ¢8| Fatd] WAL BHa ¥
Sigma 3] AA] F¢] ATP o} Na-K-ATPase &4 & < 4| 2 912 v}, Nieder £19¢ Na-K-ATPased| 3%

Ego] &AL AL x»xstgz 19774 BA 2 gzl gz oe Ktstimulated p-nit-

Cantley $%72 o] Edo] AxldF Wi s rophenyl phosphatase(K+-pNPPase)$] &4 ol o
Q11D Vanadium ¢] oxyanion-§Es| ¢l vanadate g1 3} vanadate & =}go] pH$ o3¢ A gerlxn

— 163 —



— gt B & E A A 189 A 235 1984—

3t 2 £33 Michell 3 Talor®: vanadate 7}
Na-K-ATPase ¢] 3= pH E 7.48c} AJEo g o
FAZ S sty o] st £ catecholamine
Foel Ktsrg dioeed 4440z dgr. o
v K+teE7F ¥olxw vanadate ¢} Na-K-ATPase
< A gAYl F4F +5 gle=z vanadate 7+
49 Kt bt 2gE-E 44 34 pHob A
getn AR sl o cte Stk =g pH A
< 938 vanadate }A¢] AAwste FZid g o
A el F75velE vanadate FAlA 7.4 B} o
pH o} &) Na-K-ATPase 24 o] 3 o] = vhebuk 2= 9l o},
28] i vanadate ¢] Na-K-ATPase o] w3k o Al=4&-
2 g4 Natyx 4ol Krex Frte 48] 37}
e ez oA e,

w2}Al & A z}l& vanadate 7} Na-K-ATPase ¢ 3
A pHol w2e J3sh olel #a gol Narsp K+
FTEH Fa5 THwA & A9-E g

MYy

1) MEa2 % microsome 2E/2| F2|

AT 2.0~2.5kg e 5% 72 E AHE THdel
A+g-3kgl et

7}% A A s]d 9 microsome -3 -2 Jorgensen 3}
Skow»s] wyoz Reldgrh FEY FERE
etz A 594 Adshd 48AA F & A5
Eiled Wik 0.12M NaCl/0.02M KCl-g o2 =
AA PdN-e AlA g ). Stadie-Riggs microtome
2 49388 ¢ BE] $AE % F 250mM sucro-
se, 30 mM imidazole, 5 mM EDTA £<8-8 1:10(v/
w)2o 2 73 ¥ homogenate & ubE¢lrtt. Homoge-
nate & W E4 Xg] 7] (Sorvall, RC-5B)ell 4 SS 34
rotor & o] &3t 7000 xz 2 1587 Y4Bt 4
28 3%t Ultracentrifuge(OTD-75 B, Du pont/
Sorvall)ell4] 50,000xg & 3087 14 -Ee gt

pellet & homogenizing solution © 2 protein F=

7} 20 mg/ml A 243t —20°ColA x5zt

P ok

ot

2) Na-K-ATPase 2tz &3
% ATPase &4A-& &£A35l7] $% incubation £
2] 242 50 mM Imidazole(pH 7.4), 100 mM NaCl,
10 mM KCl, 3 mM MgCl,, 3mM ATP = 3o,
Arlel dlek 100 pg &) FEaA & Arbshe] A
o] 1ml=A stgrl. Mg-ATPase &4 == A7 x4
< Natzl Kto] gl Abe]ol4 1 mM ouabain &2 4]

o] 23%te F ATPase @4 £9} Mg-ATPase A X
Ato] & Na-K-ATPase 2 &gl t}.

ATP 7 9% fae]4 108%q} . preincubation 5F
F ATP & Aristed 8¢ Adaiges Fatabi
1082 11.67% perchloric acid 2 0.4ml st uk
$& ARAAA

ATP 7} 7tdalsel felsle 571949 55
Fiske ¥ SubbaRow®d wyloz Z3Fzgon w}
zZl ¢} or2 Bovine serum albumin-§ &g o g
o Lowry 599 walo e 23389

3) Kt-pNPPase o} &Mz &X
K+-pNPPase 34 2. uh5169] wlwl 0 2 & 519 o}

7]
]

o o

MY H

1) =% pHA B|X|= vanadate 2| S3f

1] 4845 A2 microsome %3¢ Na-K-ATP-
ase 84 T 5x107°M vanadate off 9] & of 2k 50%A
= AA s g HepA o2 Ao 4E 5X10°M
vanadate 7} <45 9l v},

Fig. 1& vanadate 7} AT w2} AR ¢&
=] incubation €<§¢] pH ¥ 3}e] w2 Na-K-ATPase
8 FAEE E Aolrt. pH L Imidazole buffer &
o] -3t} pH 6.6414 7.87b2 WA}, Vanadate
b ¥ #E pH 7,404 ANBYEE Bz 1 =
71 24.7840.37(pmole Pi/mg Protein/hr)e] g t}.
5x107M vanadate 7} €A% wll= pH 6.844 4
F4¢ ue pH 7,414 9 FAHE wi: 80.70%
sl i et

2) pH 7.49} 6.80A} vanadateo| 0] ma

k=L

Fig. 2= pH7.4¢] 6.8-8&¢ 4 vanadate X9 w-
2} Na-K-ATPase &4 o] A =& o4& AT A4
Aolr), pH 7.40]4 Na-K-ATPase 342 5x10-°M
vanate o] 28] 50% A X A =gl 5X107°M vana-
dateo] &l A AF A =g pH 6,844
Na-K-ATPase &4 & pH 7.44]14 8] ZA vl o
% 87%RAEE vehll g 50% HAFEE 107°M o]
glv}. Vanadate 2z FXEo)| wle} pH 7.4 49} 6. 84
A¢] Na-K-ATPase $] @4 4] (Ac 7.8/Ac 7.4%100)
& A4S A5l vanadate o FTb ol E v
7t ke A BT 5X107°M el A& AL 24
ol &3k ek

— 164 —



—o] 44 9 39 : 7tE 417 Na-K-ATPase © K*+-pNPPase 2| 34 pHol

15¢
~E
=N
> C
- &
<§10_
[«4
é?
s
v 2
s E S5t
Zz 3
0,._L 1 1 1 t 1
66 68 70 72 74 78

pH
Fig. 1. Effect of pH on Na-K-ATPase activity in
the absence((Q) and presence(@) of 5X
10-*M vanadate. Mean+S.E.M.(n=4).
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Fig. 2. Na-K-ATPase activity in relation to the
dose of vanadate at pH 7.4(Q) and 6.8
(@). A; the ratio of Na-K-ATPase acti-
vity at pH 6.8 and pH 7.4, Mean+S.E.M.
(n=3).
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Fig. 8-A. Effect of Nat concentration on Na-K-
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Fig. 3-B. Effect of Na't concentration on Na-K-
ATPase activity at pH 7.4(@) and pH
6.8(B) in the presence of 5X107°M
vanadate. Mean+S.E.M.(n=5).
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