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Studies on the Activity of Microsomal ATPase of the Rabbit Kidney

Sang Ho Lee, M.D.

Department of Physiology, Pusan National University College of Medicine

(Directed by Drs. Suk Ki Hong and IlI Sup Koh)

The present investigation was initially undertaken to see if there exists Na*—K* activated ATPase

in the microsome fraction of the kidney. Having confirmed the presence of such an enzyme, further

attempts have been made to characterize its nature and the following conclusions were obtained:
(1) The ATPase activity was greatest at the Na* concentration of 100 mM as well as at K*

concentration of 10 mM. Moreover, the ATPase activity was found to be depressed by Ca** in the

presence of Mg**,

(2) While the ATPase activity was depressed by Cuabain, the magnitude of inhibition was greater

in the Na medium than in the K medium.

(8) NaCN augmented the ATPase activity whereas NaF and IAA depressed it. On the other hand,

DNP had little influence on the ATPase activity.

(4) Diamox, vasopressin and aldosterone had no effect while HgCl, markedly depressed the ATPase

activity.

These findings indicate that the nature of ATPase isolated from the microsome fraction of the

rabbit kidney is quite similar to that from other organs such as the heart and the muscle, although

there are certain features specific to the type of organs.
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Table 1. The effect of protein on the ATPase activity of kidney micresomal fraction in the
presence of Mg**, Na+* and X*
T Tube No. | F.C.
Composition T —_— 1 2 3 4 5 6 7 8 9 10 ’ (mM)
160 mM T-M buffer  (ml) 0.2 0.2} 0.2 0.2} 0.2/0.2 ;0.2 0.2] 0.2 0.2 32.0
60 mM MgCl, (ml) 0.1 0.1¢ 0.1} 0.1} 0.1}0.1 |0.1 0.1 0.1 0.1 6.0
100 mM KCl (mD 0.1 0.1 01} 0.1 01| — — - — — 10.0
1M NaCl (ml) - — - -— — 101 0.1 0.1 0.1 0.1] 100.0
30mM ATP (mD 0.1 0.1 0.1 0.1} 01101 {0.1 0.1} 0.1 0.1 3.0
11\/[mM ED’I}‘% (ml) 0.1 0.1 0.1 0.1} 0.1{0.1 0.1 0.1] 0.1 0.1 0.1
icrosomal fraction _
10 mg protein/ml (ml) 0.025 0.05 0.1 0.15 0.2]0.025 0.05]| 0.1 0.15 0.2
Protein in microsomal fraction (mg)| 0.25 ] 0.5 | 1 L5 2 0.2510.5 1 1.5 2 —
Distilled water (mD 0.375] 0.35 0.3 | 0.25 0.2]0.375 0.35| 0.3| 0.25 0.2 -
31 (M) 17.1 |21.429.3(37.7|46.3(10.9 (14.5 {21.2(29.6| 36.8 —
T-M buffer: Tris-maleate buffer P ; Inorganic phosphate
EDTA : Ethylene diaminetetraacetic acid F.C. ; Final concentration
Table 2. The effect of K* and Na* on the ATPase activity of kidney microsomal fraction in
the presence of Mg**
= —__Tube No. F.C.
Composition 1 2 3 4 5 6 7 8 9 l 101
160 mM T-M buffer(ml) | 0.2 0.2] 0.2 0.2} 0.2 0.2 0.2 0.2 0.2 0.2 32.0
60 mM MgCl, (mD | 0.1 0.1 0.1 0.1 0.1 0.1 0.1] 0.1 0.1} 0.1 6.0
100 mM KCl (mbD | 0.05 0.1 0.15 0.2 0.25 — — — — - —
1M NaCl (mD) — — — — — 0.05 0.1] 0.15 0.2} 0.25 —
30 mM ATP (mD | 0.1 0.1] 0.1 0.1] 0.1 0.1 0.1} 0.1 0.1 0.1 3.0
1{/Ir.nM ED’II‘A} o (@b} o1 0.1 0.1 0.1{ 0.1 0.1 0.1] 0.1 0.1 0.1 0.1
icrosomal traction
10 mg protein/mli(ml) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1} 0.1 | 1(mg
Distilled water (mD | 0.35 0.3 0.25 0.2 0.15( 0.35 0.3 0.25 0.2 0.15 —
Pi (uM) § 26.2 29.3 | 29.1 25,8 123.8 |19.4 21.2 | 16.3 14.2 | 11.9 —
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Fig. 1. The effect of protein on the ATPase ac-
tivity of kidney microsomal fraction in the
presence of Mgt*, Na* and K*.

tivity of kidney microsomal fraction in the
presence of Mg**, K* and Na*,

(T-M buffer; varies, Mg++; 6 mM, K+; 10mM
Na*; 100mM, ATP; 3mM, EDTA; 0.1 mM
Microsomal fraction; 1mg)
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Table 3. The effect of K* and Na* on the ATPase activity of kidney microsomal fraction in the
absence of Mg+t
T Tube No. F.C.
Composition 1 2 3 4 5 6 7 8 9 10 (mM)
160 mM T-M buffer(ml) | 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 32.0
60 mM MgCl, (ml) — -~ — — — — — — —_ — —
100 mM KCl (mb) | 0.05| 0.1 0.15| 0.2 0.25 — — — — — —
1M Na(Cl (ml) — - — — — 0.05]| 0.1 0.15]| 0.2 0.25 —_
30mM ATP (mbD | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 3.0
11\de ED’II‘[f\ (ml) | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
icrosomal fraction
10mg protein/ml (ml) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 | 1(mg
Distilled water (m) | 0.45| 0.4 0.35| 0.3 0.25| 0.45] 0.4 0.351 0.3 0.25 —
Pi (M) | 6.5 6.3 6.4 6.3 6.2 7.5 7.4 7.3 7.3 7.2 —

Table 4. The effect of Ca** on the ATPase activity of kidney microsomal fraction in the

presence of Mg**, K* and Na*

Tube No. F.C.
Composition 1 2 3 4 5 6 7 8 9 10 (mM)
160 mM T-M buffer(ml) | 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 32.0
60 mM MgCl, (m) | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 6.0
100 mM KCl (mbD | 0.1 0.1 0.1 0.1 0.1 — — — — — 10.0
1M NaCl (mD - — — — — 0.1 0.1 0.1 0.1 0.1 100.0
100 mM CaCl, (mD) | 0.01] 0.03| 0.05]| 0.07| 0.1 0.01) 0.03} 0.05| 0.07 0.1 —
30mM ATP (mD | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 3.0
Il\dl'nM ED'I;I} ) (ml) | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1crosomal taction
10 mg protein/ml(ml) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.11(mg
Distilled water (mD | 0.29| 0.27} 0.25( 0.23| 0.2 0.29 | 0.27| 0.25| 0.23 0.2 -
1 (M) | 24.5 (222 |21.3 |19.4 |19.0 |18.4 |15.7 i14.3 {127 12,2 —
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(T-M buffer 32mM; Mg+t 6mM; K+ 10 mM; Na*
100 mM; ATP 3mM; EDTA 0. 1mM; microsomal
fraction 1 mg)

Table 5. The effect of NaCN on the ATPase activity of kidney microsomal fraction in the
presence of Mg**, K* and Na*

Lomposition ‘M 1 2 3 4 5 6 7 ‘ 8 ’ 9 l 10 (E;l\(:f)
160 mM T-M buffer(ml) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 32.0
60 mM MgCl, (ml) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 6.0
100 mM KCl (ml) 0.1 0.1 0.1 0.1 0.1 — — — - — 10.0
1 M‘ NaCl (ml) —_ — — — —_ 0.1 0.1 0.1 0.1 0.1 100.0

 Various Cone.of NaGN. | .11 01! 01| 01| 01| 01| 01| 01| 01| 01 550
30 mM ATP (ml) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 3.0
1 rpM EDTA . (ml) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
s ation | 01| 01 03] 01] o1] 01| o1l o1| 01| 01 1Gme
Distilled water (ml) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 —_

Pi (M) | 31.3 | 34.2| 37.4| 385| 39.0| 22.3| 24.8 27.7| 28.2| 27.3 —

—11—
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Table 6.. The effect of NaF on the ATPase activity of kidney microsomal fraction in the

presence of Mg** K* and Na*

Composition Tube I\E 1 2 3 4 5 6 7 8 (11:11\(/31)
160 mM T-M buffer(mD) | 0.2 0.2 0.2 0.2 0.2 | 02| 0.2 0.2 32.0
60 mM MeCl, @b | 0.1 0.1 0.1 0.1 0.1 | 01| o1 0.1 6.0
100 mM KCl mbh | 0.1 0.1 0.1 0.1 - - - — 10.0
1M NaCl (ml) - — — - 0.1 | 01| 01 0.1 100.0
Various cone. of Nl | o1 0.1 0.1 0.1 0.1 o1 ] 01| o1 2~8.
30 mM ATP mbd | o1 0.1 0.1 0.1 0.1 | 01| 0.1 0.1 3.0
1mM EDTA (@D | 0.1 | .01 0.1 0.1 0.1 | 01 ] o1 0.1 0.1
Mlclrof’fgg‘;‘r racon iy | 01 0.1 0.1 0.1 0.1 | o1 ] 01} 01| lmg
Distilled water =~ (mD) | 0.2 0.2 0.2 0.2 0.2 | 0z | o2 0.2 —
pi M| 236 | 161 | 1.2 | 11| 173 | 126 | 9.6 6.8 -
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Fig. 7. The effect of NaCN on the ATPase ac-

tivity of kidney microsomal fraction in the
presence of Mg*t, K* and Na*.
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(T-M buffer 32 mM; Mg** 6 mM; K* 10 mM; Nat
100 mM; ATP 3mM; EDTA 0.1mM; M-F;lmg)

C. BHREER EEEe #tAIs HItX| i
0] microsomal ATPase ;FitEU OiXls & :

Diamox, vasopressin, d-aldosterone u HgCl, &0l
ATPase R vl Al BEe Al edl K*—Na*

Table 7. Effect of various compounds on the ~
ATPase activity of kidney microsomal fra-
ction in the presence of Mg**, K* and Na*

obrd BEE FA 4%

Compound Relative A})}P}ase activity
(4

‘Control 100
Diamox 1. 5mM 97+4.5
15mM 101+4.2

"V asopressin 0.1u/l 99+43.5
0. 5u/1 98+2.9

d-aldosterone  5X107M 104+3.2
5X107™™M 964+3.7

HeCl, 10°M 40.4%2.9
10~*M 61.243.6

Activity in the control preparation is taken as 100%.
Results are expressed as mean + standard error.

T-M buffer 32 mM: Mg+*6mM; K* 10mM: Nat* 100

mM; ATP 3mM: EDTA ¢.1mM; microsomal fraction
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o2 o % PRy FET A4,

Cardiac glycoside &} 3}1}43]l Ouabain 2 Na*—K* acti-
vated ATPase & {ifigtcta <& A 9 EoF B micro-
some ZrEldl 4743 ATPase o] #3ldE 107*M 9] &
B A EED GRS Raen, oo 2 HitifE
S KCl medium o] A 2} NaCl medium el A 453
BEES ARG 65).  olst e BHe AR LS
sarcoplasmic reticulum fragments(SRF)dll &3t Ca**#%
Bl KCl medium o] 4 2} NaCl medium of] 4
] 2 Quabain ¢} fk3le #J4lxicte Lee & Choi®®9]
Higel —F e}

RBHEIES NaCN -& ATPase JGHEE A7
L), olw] 5mMelA 40mM = NaCNEZE/ g
o whel ATPase FikES #iX #mn=lge 2 Lk
o BEANE ATPase BihEE w1 & BinskAl ad=
(A 7E). NaCN & cytochrome system 2] E##9] R
& AEEA Na's) EBIHBHE HElHT %on™®
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microsome &AL =gle! Nat @ K'-activated
ATPase & {EHEES JLEA R B ol ¢ frfist
7] BgEse o= PR Htkile FEeln 47
HArl,

%3 NaF & grmikel (pAstd ftEAE MEE
o 24 ATPA®E Biiksted Na* g Ko ETRIBE)
T MR Rk ARBAAE 2mM &) NaF &
Nat @ K*-activated ATPase & RElA Gl o,
ol ol & FHIER-E NaF o BEA Lastde)
NaF o} whsbrbx 2 FRREfER-S Mase <A ¥
He sl IAAE R ATPase EHEEES el
A =d (A 95) olage FHEL Na'z Ko
kgt ATPase &) FEMEEY fEMERES —ES BR
954 BRI RN

Mitochondria o} 4 DNP 7} ATPase & HHEE Fl8k
gels H/EL olm] 4#A  wle] v Electrophorus
electricus ] BHEIVEY microsome 47Elell 4 £ Na*—
K+ activated ATPase 1} Na*-activated ATPase?| {E#:
o] DNP & ol7d HEE FA gtvx o™ &
Tgcel A & BiEe 1, B A 4EER microsome
2glel 4 = DNP(5X10-M ot 4 10°M)¥& 7RfE Nat—
K* activated ATPase 8] {EfEEe] ol F MEBs F2 &
Skoh (A 102).

Diamox & REERKESES S #pistd  RERY
SRS T 2 R HYY RS BYAA BE
o e FWREANANY Na* BREKE ETAL2E4
HRE 2ose AL AT AFELAAE
Nate] FESHHRBES MEldcts &0l =4 Bl
el A = mR Diamox 7} Nate] EEIMERUGER
EiE HEY 4+ g WHEHE Jdou AWK KEE
2.9 Diamox(1l. 5~15mM)& B¢ Na*—K*activated
ATPase fEtEEl & ob7-d HEE 74 JAHGATE).
o] ol HE-L Diamox 7t BREN A4 Na*el #
B ERVGEEES] Na*—K* activated ATPase 7t 2
st B EE HHEstd FIRES ksl Aol
obid-& tiAl ek A AR,

Frazier et al.3.2- vasopressin o] 574 ¥] B5ptell 4 Nat
ol i HmBES BnARHT shgler], = Sharp et
al.’® 2 Grabbe3®42 aldosteror;ei vasopressin 3 ¥
SAu BAA Nate HRHES BN & fERel s
oo BErRdtgch, oEdl AKERNA B9 vasopressin
o]} aldosterone - SRS microsomal ATPase o
obsul B glgduul (M 73), old BEE v i
B} Bolx FKHolA L vasopressin 7} aldosterone ¢
PEfI-e Na*—K* ATPased] fFst oA @& 2o
2 AA4= e

EREEY microsome
23801 4] SH reacting compound §1 iodoacetamide £
2 ATPase 9] {El¢ BEESU] Mgtz o=t &
] Taylor?©: BEEe] cell debris 47@ldl 4 TAAZF A
TPase o] o}F# FEE v vtz FAo 7T
ia ehel el WEE Taylor 7} fEA T 107°M 9 JAA
2 AL microsomal ATPase o] %%t MFIERS BA
g o o LARS BEAA= BET MEER
el E RS EEsldetReE). ook JAAY
ATPase ¥JHIEf-S RAE uks} zbe] ATPase 9 iftE
(Lo} fENEERES —He R/ detnx fEEsh
%] o 2 JAA 7} microsome B4 ¢] ATPases] SH
#He AT 2 AL WHigdas 448 4+
ol 2 BiEEA FAgFEEAdA Nat JFkikel BREESH
L EERY SHEY ot aa] FEEGEY s MHl
st FIRE Lol KEFRFSDA 107°M $EEA
A Na*—K* activated ATPase o ¥5}o] BEIT HFIFE
He el ee 24 @ 73). oo 2L —EY
#ge TAA U HeCl, 742 SH-reacting compound &
SH-ATPase o] SH#Eo} #ao sy ATPY 4Es
sk e AL BT sylth

Electrophorus electricus &

&

-

RFEEEE microsome 73l ATPase {HHEE] =2+
Mg**, Ca**, Na*, K*, Ouabain @ FBLHHIH B E
SR AR HAks #BiAdAsde B 7HA g4
B WESd dest 2 BRE €9

1. 'Sf#% microsome ZrHIRel was & BAHE
& 1@kl wiel ATPase 8] EHEE oldl Ltz
&= et

2. S8k microsome 53538 ATPase {GtEE S 10 mM
KCl 2 100mM NaClell 4 7% E3to=], o ATPase
EEEE Mgt v ELERe] Cattell 4Rehe] pfisigleth

3. Quabain 2 microsomal ATPase {5#ES  HiHisH
o ook 2L HHIHEE %8 NaCl medium o} 4
e ST A

4. 3% microsomal ATPase IEH:E = NaCN ¢l #3l
Q] 037 F#ES glev NaF ¢ 1AA 6] kel & B
8 1A ST DNPdl ket ob7e HEx wx
&areh

5. s microsomal ATPase JE¥:fE ¥ Diamox, vaso-
pressin @ aldosterone o] {kate] B Yot
HeCly ol o8t} E3Es] #hl=l slot

Ll ke ZEre 2ol W microsomal ATPase & />

—14_
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BEs A 4 sl ATPase o} FifUgk Bhol gt B
g9 B w2 AR dve A= 47

Chk HI9EE 1688 felsta gistd 4 JURE HdE%
BRE Bk REER =a AR HRd HimEeR
#Haheted & RE BEK BEEA R HEE I
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