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Action of Aconite on Sodium-Potassium Activated ATPase in
Rabbit Red Cell Membrane
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Department of Physiology, School of Medicine, Kyung Hee University

Seoul, Korea

The action of aconite on the sodium plus potassium activated ATPase activity in the rabbit
red cell membrane has been investigated and the experiments were also designed to determine
the mechanism of action of aconite on the ATPase activity. The following results were
observed.

1. The activity of the NaK ATPase from red cell membrane is stimulated by aconite, and
the concentration of aconite for maximal activity is about 80mg%. The pH optimum for
the aconite sensitive component is 8. 0.

2. The activating effect of aconite on the ATPase, with a given concentration of sodium
in the medium, is increased by raising the potassium concentration but activity ratio is
decreased.

3. The activating effect of aconite on the ATPase, with a given concentration of potassium
in the medium, is increased by raising the sodium concentration but activity ratio is decreased.

4. The action of aconite on the ATPase activity is inhibited by calcium ions and the effect
of inhibition is increased by small amounts of calcium but decreased by larger amounts.

5. The activating effect of aconite on the ATPase was not related to the sulfhydryl group
of cysteine, the amino group of lysine, the hydroxyl group of threonine or the imidazole
group of histidine.

6. The action of aconite on the ATPase activity is due to carboxyl group of the enzyme
of NaK ATPase.
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Fig. 1. The effect of aconite concentration on the
ATPase activity of red cell ghosts. Temp.
44°C; pH 8.0; ATP 1.5mM; Mg 2mM; Na
80mM; K 17 mM; Duration 1 hr.
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Fig. 2. The effect of pH on the ATPase activity
of red cell ghosts. Temp. 44°C; ATP 1.5
mM; Mg 2mM; Na 80mM; K 17mM;
Duration 1hr. O aconite absent; @ aconite
60mg 2.
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the ATPase activity of red cell ghosts in
the presence and absence of aconite. Temp.
44°C; pH 8.0; ATP 1.5mM; Mg 2mM;
Na 80 mM; Duration lhr. O aconite absent;
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Table 1. The effect of potassium concentration
on activation by aconite of the ATPase
activity of red cell ghosts

Activity in
ATPase act-|the presence
K concent- livity(mM p |of aconite Activation
ration(mM) |/1. cells/ [(100mg%) (%)
hr.) (mMp/1.
cells/hr.)
0 0. 66
0.5 0.76C0. 10D | 0.900. 14D 140.0
2 0.88(0.22) | 1.02(0. 14D 63.6
4 0.92(0.26) | 1.1000.18) 69. 2
8 0.97(0.31) | 1.14(0.17 54.8
16 1..02€0. 36) | 1.19C0.17) 47.2
32 1.04C0.38) | 1.21€0. 17 44.7
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Fig. 4. The effect of sodium concentration on the

ATPase activity of red cell ghosts in the
presence and absence of aconite. Temp.
44°C; pH 8.0; ATP 1.5mM; Mg 2 mM; K
17 mM; Duration 1hr. O aconite absent; @
aconite 100 mg%.

Table 2. The effect of sodium concentration on
activation by aconite of the ATPase
activity of red cell ghosts

Activity in
ATPase act-the presence
Na concent- |ivity (mM lof aconite Activation
ration(mM) |p/1. cells/ |(100 mg%) (%)
r.) (mM p/l.
cells/hr.)
0 0.49
5 0.61€0.12) | 0.760. 15) 125.0
10 0.68C0.19) | 0.83(0. 15 79.0
20 0.72(0.23> | 0.88C0. 162 69. 6
50 0.76C0.27) | 0.92C0. 16) 59. 3
100 0. 83(0. 34 | 0,98C0. 15) 44,1
150 0. 85¢0. 36) | 1.00C0.15) 41.7
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Fig. 5. The effect of calcium concentration on the-
ATPase activity of red cell ghosts in the:
presence and absence of aconite. Temp.
44°C; pH 8.0; ATP 1.5mM; Mg 2mM; Na
80 mM; K 17mM; Duration 1 hr. O aconite:
absent; @ aconite 80 mg%.
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Fig. 6. The effect of cysteine in the presence of
aconite on the ATPase activity of red cell
ghosts. Temp. 44°C; pH 8.0; ATP 1.5mM;
Mg 2mM; Na 80 mM: K 17 mM; cysteine
10 mM; aconite 80 mg%. Duration 1 hr.

7. Lysine 2| &35
Aconite 8] Z8.¢0 2 e} NaK ATPase 8] #

A=Y ZRAL4 AT lysine ] AUtz Q¥ 9FE
A APE A 72 =AEG A

o] Aol A Naolest Kol g FAd el &
W &4 3}5] = ATPaseol| aconite 3 7}l NaK
ATPase 8] #4 == J AT £A 44| vYebdel. Na-
K ATPased] lysineul-g A 7Fstg-&ndl et
FAEL lysine-& H7Felx &gk #¢] NaK ATP-
ase B ERT &7 F7td el gevl o] St o]l &
&l A lysine o] mhatgdl slqdde Aoz 44
et

NaK ATPased] lysine 3} aconite & -FA]d] 28
e YElvbE B4 T aconite ub-g 24319 S W o
NaK ATPase$] ZAE xe} o7k F7HEy lysine
& NaK ATPases] #£3514S A Vet ngz
£-2 2§l aconite 8] NaK ATPasee] ozl &
Az G lysine 2 obF AFE Fx gE Aoz
A 2=}

NaK ATPase 8] A xo] o3 aconite s E=xz-
Lol & lysine ¥ amino 7] & oFF A} gt AL
kA gl '

12r
~ . . N
A
_£© - -‘
> 0.8
2 :
= 1]
=
E
<
06
o
?
[e
3
=3
N
o
L
o
S 03F {
S
Q
8
a
U -r » r v - * 2 d A .
Mg Na'tK" Na+K" Na+K Na'+ K
Omg%  10mM
Fmgr S, Qs

10mM
Lysne

Fig. 7. The effect of lysine in the presence of
aconite on the ATPase activity of red cell
ghosts, Temp, 44°C; pH 8.0; ATP 1.5 mM;
Mg 2mM; Na 80 mM; K 17 mM; lysine 100
mM; aconite 60 mg%. Duration 1 hr.
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Fig. 8. The effect of aspartic acid in the presence
of aconite on the ATPase activity of red
cell ghosts. Temp. 44°C; pH 8.0; ATP 1.5
mM; Mg 2mM; Na 80mM; K; 17mM;
aspartic acid 2 mM; aconite 80 mg%. Dura-
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Fig. 9. The effect of threonine in the presence of
aconite on the ATPase activity of red cell
ghosts. Temp. 44°C; pH 8.0; ATP 1.5 mM;
Mg 2mM; Na 80 mM; K 17 mM; threonine
20 mM; aconite 80 m%. Duration 1 hr.
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Fig. 10. The effect of histidine in the presence of

aconite on the ATPase activity of red
cell ghosts. Temp. 44°C; pH 8.0; ATP
1.5mM; Mg 2mM; Na 80 mM; K 17 mM;
histidine 10 mM; aconite 80 mg%. Dura-
tion lhr.
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A A o] W9l 3k aconited] 3}
Aol Yok A 249 THAEE F4£AJZE Naolg
5’4 FE Frlkd W 2498 FRERY FH4EL
45 Aoz A4

Acomte—— o] &4 Naolfolr} Kol-&9 ukg-4
S5 2G4 drke AL A Yk

hgAw ] Caoled FEE F/AA711A NaK
ATPase ) A4 =Y H5& A2 Afdl4 Caole
S FEsb FE B8l o] 5498 FIEIS FtE
I FE FENALE FAEL iSA Caeled 3
AFEE 0.1mMolrt. 259 aconite B 284
7l Caole £XE Z7A5) 84 NaK ATPased)
ZAES HF5E 22T A4 Caoley o] i)
"’ aconite 8] #H4-& fAjstE LS qheh. Ca ol
28 FEF EE FAGAE dAAge] FolEd B
E7b L $999% dAFRe] pasn HAdys
A FAg dA L] vebge},

w3l gl o] cysteine, lysine, threonine & histidine
£ 274 718k ghosts & A A v}-g aconite &
Z-§A A4 NaK ATPase &) $ =0 oigh 242 =
25k Al A aconite 2 918 EX1ALoll = o} F- g3
E FA E854deh ol& cysteine ] SH A lysine
%} NHy7| threonine ¢] OH 7} @ histidine 9] imid-
azole 717} o] &4 w1%t aconite 8] & 7.93) o}
FHAL A X grie AL Tas Aol

g4 o] aspartic acid 2 ghosts & = A2 X jF o}
% aconite & 7}5le] NaK ATPased] 24 x4 o
7 3-8 B AP A aspartic acid & A = aco-
nite 8] o] Fhdl it A zgo] WA A=Y
o}, o] aspartic acid 7} §-#3l ¢glE COOH 7] 7
aconite®] NaK ATPase 9] ZYEE EAA7& =
45 FAE gt A& dAsE Aelth o] 4R A
s}¥ aconite 8] NaK ATPase 9] ZHEE 2x47]
= Z§-L o] Z4Md) 3lE COOH 9 A gste el
e el A4S ASE Aotk

Aconite-Z Al =7 o] 3+ NaK ATPase 8] B4
EF FAAA® Ao vl R uo} o] Fael UF
T A Qe Naoleg A2 3oz, Ko|-&g Al
=9 ko2 FFAH SUE I F4s EAAAA
Az FERE A7 € Ago] gt AL ot
Ak glon o] zg AHge o] F24We COOH 7]
7t F4HE Ao r Az



—d 3 B2 g3 A AL0E A 15— z3

= 2

AE Vo glE Naolest Kejgo= ZA3=:
ATPased] o5t aconite &] 24L& dux Er A&
T% ghost A X8 u}Ee} NaK ATPase ¢} ] §F aco-
nite 8] 283} ZLo A% obge] 4As il 2
L+ AEE g4

1) Aconite-& NaK ATPaseo] ZF&dte ZFYEE-
&2 A7)t} Aconited] HAFT= < 80 mgHolrt.
o] &ao ] aconite®] g2 pHE 9L e
= 34 pH & 8.00] 5.

2) Kol2f F»xZ7l2 NaK ATPased A Ed
W g; aconite 8] L& Z5V ZA4E-E FAHY .

3) Naol- &4 %5272 NaK ATPased] ZAXE
+ FEY A A4

. 4) Caolgo s NaK ATPase 9 34 = o] gl aco-
nite 9] 8- gAHg oH Caol 28] & Fx4
AL FAA Y & SEAA F&HH.

5) Aconite & NaK ATPase d] ZA4 55 &x4] 5]
= A= SH, NH;, OH % imidazole 7] S-& o}
F 9 FA g

6) Aconite &] NaK ATPase$] T EE &35
g o] F4ue] COOH 7|9} A v,
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