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Effect of Ginseng Saponin on the Activity, Phosphorylation, *H]
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Abstract—The effects of ginseng saponin on the activity, phosphorylation, [*HJ ouabain binding and
light scattering (disruption) of purified Na*, K*-ATPase isolated from the outer medulla of sheep kidney
were compared to those of gypsophila saponin, sodium dodecylsulfate (SDS), and Triton X-100 on the same
parameters. Na*, K*-ATPase activity, phosphorylation, and ®H] ouabain binding were inhibited by
ginseng saponin (triol)totalydiol), SDS, or Triton X-100, but increased by gypsophila saponin. Low doses
of ginseng saponin (3ug saponin/yg protein) decreased phosphorylation sites and ouabain binding site con-
centration (Bmax) without any change of turnover number and affinity for ouabain binding which were
decreased by high dose of ginseng saponin (over 10pg saponin/pg protein), SDS or Triton X-100. On the
other band, gypsophila saponin incressed the affinity without any change of Bmax for ouzbain binding.
Inhibition of Na*, K*~ATPase activity by ginseng saponin and SDS or Triton X-100 appeared hefore and
after decrease in light scattering, respectively. These data suggest that ginseng saponins (total, diol, triol
saponin) inhibit Na*, K*-ATPase activity by specific direct and general detergent action at low and high
concentrations, respectively, and this inhibitory action of ginseng saponin to Na, K+-ATPase is not general

action of all saponins.
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Nat, K*-ATPase 4444 94 44 548 3447 =t A4 saponin®] AW & 2§
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:6:]— ul [*H]} Ouabain 7 3te] v} 2 3= <] A saponin g Al wl FHA4J A 2] 035}% R AR S ) ot
34 97485 phospholipid A A%4EHe AL FFFozA ARBLRE o] A4
saponin 554 Na*, K*—ATPase o4 3-20] gelel 2ad A4¢ 22 shgeh
g B F E
REME R itﬁ——l) HEEyFE 2 Al A2 Colorado MonfortZ 28] % F4e AL, ol AL
A Fc)l A T8 F4A4 5 dA RS, REEET(Gypsophila oldhamiana Mig.) saponin <- sigma 3
A Ages —w Az A4S A Agasi

° o
P AMRg Aekl [r-32P) ATP (25~45¢ci/mmol, New England Nuclear Co., Boston,
MA), (®*HJ Ouabain (19.5ci/mmol, New England Nuclear Co., Beston, MA), Ouabaln Octahy-
drate (Sigma), NalN; (Sigma), Na,ATP (Vanadium {ree, Boehringer), Ethylene glycol-bis-(5-
aminoethylether), N, N’-tetraacetic acid (EGTA, Sigma), sodium dodecylsulfate (SDS, Bio-Rad
Lab.}, Triton X-100 (Sigma), ethylenediamine tetraacetic acid (EDTA, sigma), tris (hydroxy-

methyl) aminomethane (Trizma hase, sigma), tetramethylethylenediamine (TEMED, sigma), L-
Histidine (sigma), Acrylamide (Bio-Rad Lab.), N, N’-methylene bisacrylamide (Bio-Rad Lab),
Nicotinamide adenine dinucleotide reduced form (NADI, sigma), phosphoenolpyruvate (tricyclo-
hexylamine salt, sigma), pyruvate kinase/lactic dehydrcgenase (suspension, sigma) 5 o] ¢l t},
A3 saponinS| HBE—ql Ao 2 E.E] Namba$ o] ulwi!¥o] o3}o] total saponing, #Z-o Wb
HWo g diel 2 triol saponing -z} Helglg on), H=2]g) saponing TLCAMY spoti= A& 3}
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2, AAsG . Ms 6, Colorado Monfortz Yo W% Tosm 4% 24 43, 44
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%3 blendar @ polytronee 2 FA etz 4 F2)8te] microsomed A rt. Microsomes] 0.2
el 7.5mM MgCLE 383t 6M Nal £H& etz YA EEE obg pelletE 25mM imida-
zole, ImM EDTA, 0.4M NaCl, 0.04M KCl &) X$-47A Nal-microsome <dglom Nal-
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microsomesl] 5% deoxycholate(DOC) -28& 2% =iz Imgw DOC 0.1mge] HES 2087
A3 AemA 713 3 94F-23te] DOC-washed Nal-microsomes A gith. o 7)ol oAl St
A mgw DOC 0.55mgo] = =% 5% DOC-cholate (3:1)& 1087t A48 AeowiA 713 v&
100,000x gol 4| 4557 QAL GGt Aacdo] 0.258 SHe] glycerol sstel 1587 AL
& %o 249 ImM imidazole-EDTAZ stz QAEestgor, pelletd: AH 9 FA431d
glycerol precipitate® @ 9ivh. 2§ 4R AY HEi& Lowary%e wfoe] #eateq FA 3
% et

Na+ K+-ATPase®] Ef4& RIF—ATPase 24 =3A-2 Spectrophotometric coupled-enzyme
assayiPel| o]3tgch. &, ATPase?] 4L 100mM NaCl, 10omM KCl, 5mM MgCl,, 5mM
Na,ATP (Vanadium free; Boeringer), 25mM L-Histidine (pH 7.4), 0.4mM NADH (Sigma),
1mM phosphoenol pyruvate (PEP; tricyclohexylamine Salt, Sigma)E& ¥f3lE &4 Fol 1~2ug
9] purified Nat+, K¥-ATPaseZ 7}83% 340nme] 4] NADHA 3] 7]l d F4=9] Aag 75
o024 ZAsgor WEeEE 7°CE FANYZ Wwedd HAFLEHL 2.5mlE R
NADHe| Ashrs$ 2ekshm g3 2eh,

ATPase
a. ATP »ADP+Pi
Pyruvate Kinase
b. PEP4+ADP >ATP+Pyruvate
Lactic dehydrogenase
¢. Pyruvate4+-NADI »Lactate4+ NAD*

EFE wbgelA NADHS A3l ATP sp4=Fefof A3 #]# a7 5|, ouabaino] gl& = &
¥ o g BE 4x107°M ouabain EA Sl A vEvE 4 FAAE AT AL Nat K-
ATPase &4 02 k535 .

Na+ K+-ATPase2| Nat-{kiEld ¥Eg{t—Nat, K¥-ATPase2] Nat-o|&4 <latdles 245171
95t 2mM MgCl,, 30mM Histidine (pH 7.4), 100mM NaCl, 5mM NaN,;, 100sM EGTA ¢
20pg9) EAHNALE FHtE ubgd Fo] 100#M (r-22P] ATPE sl 0°CelA] 152 3t
WS ARor, oW wede] ke 0.5mlsA ST (r-#P) ATPE stz F3 15250
109 trichloroacetic acid, 0.6mM Na, ATP, 0.6mM H,PO,Z FHate Wel AAH smlg A
ko] el WSS FF A7 3, 0.45pm methyleellulose filter (Gelman) koA F<] o 3}
gony, filterZ Ay wlel Al smlz 33 AFstgdch. A A g filters scintillation vialo]
Wz 8mle) scintillation fluid (Budget Solve) & 7}&k o}-& 1247+ &-<F w13, liquid scintillation
counter (Beckaman LS 200B) 2 = radioactivity® &4 g} v}, ki w29 o] 5mM unlabeled
ATPE 73<¢ @ VeI E radicactivity® nonspecific radioactivity® zhF3atg e, total
radioactivityo] 4] o] X & 73t 7S specific radioactivity® 3} v},

Polyacrylamide Gel Electrophoresis 2! Autoradiography—sodium dodecylsulfate (SDS),
polyacrylamide slab gel electrophoresist Laemmlie] u}18¢] o]slo] A g 3}4 o}, 0.75M Tris-Cl
(pH 7.0)7} 0.1% SDSE %3t 7.5% polyacrylamide gele] 0.075% ammonium persulfates}
0.067% tetramethylethylenediamine (TEMED)& >}t gel& polymerizeA] 7] o v 0.192M gly-
cine, 0.025M Tris-Cl 2 0.1% SDSE 33} 298 running bufferz A}g-3l¢ o}, Slab gelo}
2A =P = [r-%¥P] ATPZ < At3}A 7] Nat, K*-ATPase 25pg4 50mM Tris-Cl (pH 6.9),
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5% SDS, 1% B-mercaptoethanol, 10% glycerol 2 0.0019% bromophenol bluee] -3} &}¢f, Welle]
A A s}slglet. Electrophoresis®] currents= 3L 147k 59k 40mA, 1A 7F FE& 60mAZR
3l th. Electrophoresis®™ % Well> A clsle] -Weber5o @l e g x4, dA 2 =944
A2 Nat, K+-ATPased] Algk &Aoo o] &elx & F Welle drying vacuumeo & 147t &
o} A =3t t}8 Kodak XAR-5 filmo] ¥-3tsle] 3~5d 7k WAl gk - autoradiogram$ | = 3}=vl

2519}, Welle] 718l Nat, K*-ATPase Z2L A <3 ubop 22 2702 Nat, K*-ATPase
(r-32P] ATP= 0°Coll 4 1527} Q148 A7 10% TCA, 0.6mM Na,ATP g 0.6mM H;PO,
Bgote 2y A smlz 4keg FEA S 100, 000X gol A 3047k A2l ghe] Al
zatg k. Pellet® thA e A& smlg A4 sz 50mM Tris-Cl (pH 6.9), 5% SDS, 1%
B-mercaptoethanol, 10% glycerol & 0.001% bromophenol bluez # sample buffere] £ st} Ab
4319 t}. (Img protein/Iml buffer)

[*H) Ouabain #4&®E—3 A ¢ Nat,K*-ATPase®] [PH] Ouabain Z &2 of o] 2ofs}
%t

Time course 50mM Tris-Cl (pH 7.4), 5mM MgClL, & F#3le &9 5o 100°M (PH] Oua-
bains} Nat, K+*-ATPase® 7}3F o}-& 37°Coll 4] 1,27, 3,4/, 67, &, 10/, 15, 207, 257, 30/, 45/, 60/, 90’.
%o} incubationdl ¥ 0.45um Gelman filter oAl of F3tgor, Wyt H,O0 oF 10mly rpst
o 335 A A & A< phosphorylation 4§ Ak & Wy oz radioactivity® 24 5.
Specific ouabain binding-2 total 7 %ol 4] 107°M unlabeled ouabain £x] TolA 4= nonspe-
cific 43¢ 73 o= Ffgrh.

kinetic methodo] ]38} dissociaticn constant (Kp) i+ dissociation rate constant (K.,)¢} asso-
ciation rate constant (K= A Astd sk Xo=K_/Ky). K& %9 mediumZe] Nat, Kt-
ATPases} [PHJ ouabain (107°M)& rtstx 3ol =28 A 2k(90min)7HA] incubationdt
unlabeled ouabain (107*M)L 713t ©}& Folal A tel ¢4 medium& FH3z o=, AFH
9 radioactivtyd 23] AS ZA¥d (CHJ ouabaing] o] slgsles Ao zFE At
o (K_1=0.693/t,2). K2 K;=Kobs-K_;/[I]o g€ A sty (Kobs=observed first-order
rate constant, [[J=[°H] ouabain®] ¥ =) o}7] 4 Kobst [°*H) ouabain 33 3 7 32 wte] AgE =
A 7ko 2 BE A astg o (Kobs=0. 693/t;,2). &9 Scatchard analysis® A8 & =& 50mM Tris-
Cl (pH 7.4), 5mM MgCLE #-438l: medium =¥ 100mM NaCl, 10mM KCl, 5mM MgCl,
5mM Na,ATP, 25mM Histidine (pH 7.4), 0.4mM NADH % 1mM Phosphoenolpyruvate® 3t
43 mediumZ=o] [°H) ouabain 1~500nM-g& 7}&tz Na* K*-ATPases 7}t t}2- 37°Coll A
907t Bt-g A WS g FEAAF AET vt 2 2F 02 (PH) ouabain 7} FEof A <
ouabain A FL AZetd Kot Bmaxd +3-9ch.

Light Scattering ®&—) = Na*, K*-ATPase =% saponin, SDS 9 Triton X-1002 % A2
& Na+, K+-ATPase suspension (0.5mg/ml) 0.2mlE 0.8mle] Zf-<re] 7}sled HFEA0] F%
3] Iml=E] A8tz &5 5 reference 3}¢] 450nmol A FHEE ZHsA o dlz75 ATl
Aol 5REe] FolE v nstgeh.

Nat+, K+-ATPase2| Saponin, SDS 2! Triton X-100 g#E—Saponin, SDS = Triton X-100
o g8 #AAG Ao E Nat, K*-ATPaseE v]z] saponin, SDS @ Triton X-1002.2 37°C
A 1097 A% he 2 APl AL ok mawide) ¢w 4EL4L 247t 80
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pg 2 0.16mle 333 =& Ze8lE saponin, SDS = Triton X-100 7}atg.en Light
scattering A4 A wt-L gAY g HFLA L 22 FAARAY. FEY FEE ZLT
WA pgd A FEY (w/w)oR EASEH.
R B & B

Nat,K*-ATPese2| E—3 AdolA FEAZouly 2F £q ¥32 total ATPase 3
A& 1103.¢Z-34. 7pmol Pi/mg protein/hr (n=11)&4 5mM NaN; == 200¢M EGTA] 2] & A
= 9 Fg A @ghor} ouabaine] odte) A= gltt. Cuabain (UX10°M)o g A== &
A2 1077.324-40.4pmol Pi/mg protein/hr (n=11) 24 Fgd BHZo] &89 ATPaseZ <F 98
%7F Nat, K*-ATPaseql & %48 4 glolth. Nat K+-ATPasee] Nat-o]34 <At3lg [PHJ
ouabain?] 7§95 % (Bmax)¥& 7}7F 1950.1418. 2 pmol Pi/mg protein ¥ 2231.24-21.4 pmol/

mg proteine] glow] FA3AF QA5 2 H¥ A 4 turnover number: (0.55-0. 006) X 106hr
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5’ Fig. 2—Effect of ginseng and gypsophila sapanin on
T Na*, K™~ATPase activity.
o Enzyme (1. 5pg) was incubated at 37°C with
= 5mM Na,ATP, 5mM MgCl,, 100mM NaCl,
2 10mM KCl, 1mM phosphoenolpyruvate
g (tricyclohexylamine salt), 0.4mM NADH,
254l of a combined pyruvate kinase/lactic
dehydrogenase suspensfon, and 25mM his-
tidine-Cl (pH 7.4) in a total volume of
2.5ml. Activity was measured by moni-
toring the decrease in absorbance at 340nm
due to oxidation of NADH.
~DF Na®, K*-ATPase (80pg) was incubated

with adequate concentration of total saponin
(e), diol saponin (a), triol saponin (=),
and gypsophila saponin (a) for 10mm at

Fig. 1—Sodium dodecylsufate-polyacrylamide gel
electrophoresis of purified Na+, K*~-ATPase
and autoradiogram of **P-incorporation into

Nz*, K*-ATPase.

Phosphorylation of Na*, K*-ATPase, SDS
(0. 1%2)-polyacrylamide (7.5%) gel elec-
trophoresis and autoradiography were carried
out as described in Methods. A: coomassie
blue stained gel tracks. B: autoradiogram
of gel. O: origin, DF: dye front

37°C in a final volume of 0.16ml before
measurement of enzyme actitivity. The
positive and negative signs indicate percent
activation and inhibition, respectively by
saponin.  Control : 1077. 3+40. 4umol  pi/
mg protein/hr.

assays are given.

Mean values for three
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o)glrh. =3k Heldh £3l¢] uste] polyacrylamide gel electrophoresisE A& 5131 autoradiogram
o #@odg A Fig lo]ld 2 ubgl 7re] xbsk 100,000 H-$19k 45, 000%-$) ol A =l protein
band2 JehR gz A 100,000 Flel A 43tk deldg Mol Fm glel ¥ AFA A
L3 2ol mxg A5 Nat, K*-ATPaseq & 2985 th.

Na+ K+-ATPase 35440 0|X|= A% Saponin, $55:# Saponin, Detergent®| ¥E—Fig. 2
X Nat+, K*-ATPase® ql4} saponin £i= 243 saponino ® Azd rhg Na, K+-ATPase &
A9 #37% 7524 total saponin, panaxadiol saponin, panaxatriol saponing Na*, K+-ATPase
o] B4 oA sgort 45 saponin® Nat, Kt-ATPased] #4¢ 2318 F7HA7€ 43+
HYS ¥ ol ma wlA pgwt ©4) 5 saponin 200pge Xl dhex Nat, K-ATPase 44
o)Al & & mo|x ¢rorrh. as ol 4 saponine] )&k Nat, K*-ATPase 34 o] Al &gl 2&
91 7 QA AR triol, total, diol 0 2 FEslg ). 914t saponinz} 24 3 saponin®] Na¥,

K*-ATPaseo] w8t Z-&o] v}z velyom s detergents Qubaoz L3 A4 & SDSe
Triton X-1000] Na*, K¥*-ATPase &4 n] A= o 82 2 53l ¥ okeh(Fig. 3). SDS&: Triton
X-1002] L2k 7 Nat K-ATPaseZ Hdla &4 4% =4 v sb9Ad egd Z22; 0.3p8

AN WY Fo8 AT woly] AAs ol Tl wek 2 elAlSl o
Tl A pgd 1.2pgS A=) Pe @ Nat,Kt-ATPase &4g0] A9 k3] &4 %

A% Saponino} Na+ K+-ATPase2] Nat-{%751 #8/L0I 01X = $%¥—<1 4 Saponin®] Nat,
K+-ATPase 34 ox] #-&o] pump site?] 7+io] 7]QldlEx =i turnover number?] 7ol
J)Qlel =72 <rolr ] $1ee] ¢l 4 saponin 7t FE# Nat, K¥-ATPaseE 32| eha [r-%P] ATP
% o]gsle] Nat,K+-ATPaseo] Nat-2} %4 <143} A3 & A stgrt. Fig. dolA mE whop 2
o] ¢ A saponind Leke] 9 Esle] 9l AEE o AR or 2 ] FxiE triol, total, diel &
o]glt}, Table Io] A= controls} Nat, K*~-ATPase pgwt =t <14 saponin 3pgo @ Ae g &4

gl g o) ol A&LA 3 turnover number® 1}ehy ¢l v}, Totals} diol saponin A ] A ¢} & turnover

o‘ﬁ"

! g 100
0 dmergmg et
SN i
; 101 \ g S a0 \\
e \ o —~
: -5 \\'(\ 2 g0t \ 4 a
) : o T
N ; —
©o.gy -20F T~ T
- .,Ul - . 2 @ \ .\\o
B ) ey - g )
0.3 0.6 6.9 12 1.5 3 1 B 3 10 30
Concentration (ug g protsind Concentrall o (s supaidie sy pruleiuld
Fig. 3—Effect of SDS and Triton X-100 on Na¥, Fig. A—Effect of ginseng saponin on the Na*-depen-
K+-ATPase activity. Legends are the same dent Phosphorylation of Na*, K*-ATPase.
as described in Fig. 2. e :SDS treated Phosphorylation of Na*, K*-ATPase(20ug/
enzyme. 4 : Triton X-100 treated enzyme. 0.5ml) was carried out at 0°C in the
Control : 1077. 3+40. 4pmol pi/mg protein/ presence of 100pM{r-**P] ATP, as desc-
hr. ribed in Methods. Na*, K*-ATPase was

treated with ginseng saponin as described
in Fig. 2. Control: 1959. 1+:18. 2 pmol pi/
mg protein.
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number I Q1A A 7L F3] A= givh. &5l Table Io] 3757 @gtort a4 s A lugd
total 2 diol saponin 6xg A 2] 4% triol saponin pg A A e T35 e g e triol
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Fig. 5—A: Time course of [®HJ ouabain binding to purified Nat*, K*~-ATPase isolated from sheep kidney
outer medulla. (*HJ ouabain binding was performed at 37°C in the presence of 50mM Tris-Cl
(pH 7.4), 5mM MgCl, 20pg of enzyme protein and 10~°M [¥H] ouabain in a final volume of
1 ml
B : Pseudo-first-order binding of (®HJ ouabain to Na*, K*-ATPase replotted from data of Fig. 5A.
(Be-B)/Be (log scale) versus time is shown, where Be and B are radioligand bound to Nat,
K"-ATPase at equilibrium and at time t, respectively. o : control,  : after treatment of total
saponin (3pg saponin/pg NKA).

Table I—Na-dependent phosphorylation of control Table II—Kinetic constant for [*H) ouabain bin-

and ginseng saponin treated Na*, K+*- ding of purified Na*, K*-ATPase isolated
ATPase. from sheep kidney.
[**P] Bound Turnover number . K2 K_4b
(pmol Pi/mg) (x10%hr-1) (min‘ll\él‘l X (min~M~10) Kp(nM)¢
Control 1959.1--18. 2 0. 55-0. 006 107 '
Total 1284, 5-+11. 7% 0. 547 0. 0059 Control 101£ 2.6 4.1340.07 40.9+¢.6
Diol 1453.2413.5%  0.586+0.0063 ~ NKA+  108.3+17.6 4.17-:0.37 38.6+2.7
saponin
Triol 854.4+ 7.9* 0. 220+0. 0024*

a. Calculated from K;=(Kobs-K-1)/[ 1] where
Kobs in the observed first-order approach to
equilibrium derived from 3 studies of the type
shown in Fig. 5B.

b. Derived from dissociation of [*H] ouabain.

c. Calculated from Kp=K_1/K;. NKA+saponin:
Nat, K*-ATPase was treated with total
saponin (3pg saponin/pg protein). Values are
mean+SEM of three assays.

Phosphorylation of Na*, K*~ATPase (20pg/0.5
ml) was carried out at 0°C in the presence of
100sM [r-*2P] ATP, as described in Method.
Na*, K*-ATPase was treated with ginseng saponin
(3pg saponin/ug protein) for 10min at 37°C before
phosphorylation experiment. Turnover number
was calculated by the equation, v=kE(k: turnover
number, v! enzyme activity, E: active site conc-
entration). Data were expressed as mean-+S.E.M.
from three different preparations

*. Significantly different (p<C0.01) from control
value.

J. Pharm. Soc. Korea
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Nat, K+-ATPase2| (*H] Ouabain A0 O|X= A Saponin, §R4:%8 Saponin % Deter-
gento| 54 —Ouabaino] Na*, K*-ATPaseo] AeAo 2 AFsie] Fa FAL A= A
A obel A gloh L2 E AL ¢4 saponins} detergentr} Na¥, K+-ATPase2] [*H] Ouabain
Age] v A E e FAstzA Nat, KH-ATPased <14t saponin Y detergent® 37°Cel A 10
B2} %235 (*H) Ouabain A FAR L A stgeh. Fig. 5-A% Az 4] w2 (PH) Ouabain
w70 2 control @ <l 4 saponin 3pgd uFE A7l Na*, K*-ATPase:= [*H] Ouabain}
5w Agste] 3036 A P o]t 74 controle] (*H]) Ouabain %3 A3
, 200pmol/mgo] ®] total saponin 3pge ® 3 Nat K+-ATPases] [*H] Ouabain 7 &
AE o 1 100pmol/mgo total saponing] AL o} 50%7 AAHYLE ¢ 4 Qe
Panaxatriols} panaxadiol saponin® # & g Na*, K*-ATPase2] (°H] Ouabain 33 A= A
£9] stolE glglovt total saponin A E] Al g whAsA 2 A= k. Fig. 5-BellA controle]
ouabain 2§ g9 wlo] AFHE AzZ(t,L F 6.6%0191.27], ouabain o] observed
first-order rate constant (Kobs): 10.6x 1072 min~lo]glx <l 4 saponin 3pge 2 A= 330E& o
8 Kobs: 9,12x1072m oz FiFo] fAMSE . Table II+= controla} total saponin 3ugo.
2 A3 Nat, Kt-ATPase?] ouabain 7 3te] w13l kinetic constant® XA & Aoz Nat Kt-
ATPase pgv3 total saponin 3ug X 2] & association 3l dissociation rate constante]| &}5-9] < &
& vAA Tegeh

Toal, diol @ triol saponin®} 24 & saponing] = W3] w& [*H] Ouabain A o] =X
= gd3e vz AEIEd u(Fig 6) 3579 <4 saponing 33 triol, total, diol €0 &

ouabain 2 ¢ 9A|sE wwl 24 3% saponind ¢4 saponino] A& FEA ouabain 7
4o 949 24700 A5 saponing] 2 FEF Nat, K-ATPase pgit 100pg7h7 %ol
o £ ousbain A 7] FEL oA wsteh
0 //’—‘\1\’\ Nat+, Kt-ATPaseZ SDSi1} Triton X-1002.Z
» : A=< o= 914 saponin A2 A9 whtr}
. ) A% BE Eo|A ouabain AL A5
% m%:i\\\ o} LFube-F e ®oko] gl4 saponin
St e T A9 mekst e Holsk Al (Fig.
ol e e P
1w y r 3 8 10 12 2 - \
Consentration (g protein) % -6l
Fig. 6—Effect of ginseng and gypsophila saponin g @ \
on [*H] ouabain equilibrium binding to . . e T .
Na+, K*~ATPase. 0z o4 06 o8 I

Goncentration (ug i protein)

(®*H) ouabain binding was carried out as
described in Fig. 5A. Nat, Kf-ATPase Fig. 7—Effect of SDS and Triton X-100 on (*H]

was treated with total (e), diol (), triol ouabain equilibrium binding to Na', Kt~
(), or gypsophila (») saponin. Each point ATPase.

represents mean value of three different Na*, K*-ATPase was treated with SDS (e)
assays. Control value of [*HJ ouabain or Triton X-100 (a). Other legends are
binding: 2200-19.8 pmol/mg. the same as described in Fig. 6.
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Fig. 8—Equilibrium binding of [®H) ouabain to Na*, K*-ATPase.
Na*, K*~ATPase (20pg) was incubated in the presence of 1~100nM [®H} ouabain, 5mM Nas
ATP 5mM MgCl;, 100mM NaCl, 10mM KCl, 1mM phosphoenolpyruvate and 25mM histidine-

Cl (pH 7.4) in a final volume of 1 ml for 90 min prior to filtering and determination of
radioactivity, as described in Methods. A:(*H] ouabain binding was plotted as specific bound
(pmol/mg protein) as a function of increasing ouabain concentration. B: Scatchard plot of
(*H] ouabain binding to Na*, K*-ATPase (data from 8A). Bound [*H} ouabain/free (*H]
ouabain (B/F) is plotted as a function of specific [°H] ouabain bound (B) to Na*, K*- ATPase.
o ! [®H] ouabain binding of control. Na*, K*-ATPase was treated with total (e), diol (),
or triol (w) saponin (3ug saponin/ug enzyme protein).

Na*, K*-ATPase pgt} total saponin 3ug X =] 2 ouabain®] A g H9 5= 751} affinity
ol= J&Fe vlAA X dternz o AL diol L triol saponin} ] w3le] Bt} Fig.
8-AF total, diol & triol saponin 3pge Z A § Nat, K*~ATPaseZ sx 7} t}E [*H} ouabain
# 90+L 7t incubationdtF 2+ FEolAel (PH) ouabain A e =A% 7oz AshA] saponino]
T3] ouabain AL HAF JAGgor 1 A4 AEE triol, total, diolgc o 2 73}A] Velbyr
t}. Fig. 8-Bej A= Fig. 8-A 4% scatchard analysisgt Aoz tzF9 Kp9 Bmaxi brabrds
34.912.9 nM (n=3) % 2198.8--27.5 pmol/mg/protein (n=3)2 2 914+ saponin o] o
Stel Bmaxe s 2Fe] wiste] @43 A glot Kp: W23 §489 k. o2 8 ouabain
Ag 4AL 50mM Tris-Clst 5mM MgCl, 271 Fo 4] 2o}zl zlo]o} Al ¢l 4 saponine] Na+, K+-
ATPase &4 o4 85} A4 ddrel 4987174 Tasgonz Nat K+ATPase 34 =
Aok S ligand 27| A9} ouabain A3} AFL Festglct. Table o)A 2i ulo} 7

T

Table III—Kp and Bmax of [*H] ouabain binding to Na*, K*-ATPase.

Dose (ug/pg protein) Kp (nM) Bmax (pmol/mg)
Control 176.4%+ 6.6 2231.2+21.4
Total saponin 3 151.2+ 9.5 1358.4+16. 7%
Panaxadiol saponin 3 176.54+ 7.5 1820. 3+22. 6*
Panaxatriol saponin 3 142.9+15.7 999.3+19.5%
Gypsophila saponin 6 122.3+% 2.3* 2271.8+37.8
SDS 0.3 261. 0+ 4.5% 526.7+16. 9%
Triton X-100 0.3 215.5%10. 7% 1400. 2+40. 9*

Na*,K*-ATPase was treated with the indicated doses of drugs. Kp and Bumax were calculated by Scat-
chard analysis. Other legends are the same as described in Fig 8A and 8B. Values are mean-+S.E.M of
three different assays.

*: Significantly different (p<C0.05) from control value.
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o] Nat, K+*-ATPase &4 &4 Ao o] &3 cocktail 27 TFelA szT9 Kpe Tris-Cl, MgCl,
zAdAe dzFe Kpmr} oF 4] Fr1=gleh. Nat, KH-ATPase pgd 3pg9] total, diol 2 triol
saponin A ousbaing] Kol & o #& vlAA ¥otgort Bmaxd A3 BaAzsh @
245 Saponin 3pge AeWe @ Bmaxel WaE Ggov Koo} 84T #4E zddge
o 200uge] 4% saponing AelstelE 3pg A A FA% AFE gl 2o} Na¥,
K*-ATPaseZ SDSu} Triton X-100 0.3pgo 2 323 &9 & ouabain®] Koo} Bmax7l 3] 4
9o olgld &4 SDSe Triton X-1000] ouabain Z §& ZH&A7|E & FE9 0.03pg
~0.1pg A2 e Jebgeh, =3 Nat, KY-ATPased w39 4 saponine ® Ay e
SDSs} Triton X-100 A2 A & FAHsHA Kps} Bmaxrst EA4| o] 4= ).

Light Scattering &<l 4 Saponin®] Na*, K*-ATPase &4 <7 ztg0] SDSg Triton
X-1009] #&3 Garstg on (PH) Ouabain A§ o] 28 94 432 ¢4k saponing- SDS
o Triton X-1008] #§3E Aolstgort HaelAt o F detergentsh fAlslgomz olat
saponin®] Nat, K*-ATPaseo] w3 =z -&o] o] % detergents} e A4 2-Zof 7] ¢] &} =A]
r= J/L saponm./] Ega Zgo] gEXSE AE3Y] st light scattering A& A5
t}. Fig. 9= Nat K+-ATPase® o] Fx9 SDSE 37°CelA 10¥7k wbgA17l + 2t F ol A
4 F E% SDSE AestA ¢tz FFEE FE HEg wstz BAs o
2 oo} NatK+ATPase 34 ¢ W27 RHo2IHY wig A5z ZAT Jo2A
SDS A &) 3 T4 FEE ;tai%xg o}

]

A &Lo) Aty e Trito

O

01 n X
i o] = §4+8 A 8 el & $9 triol saponin
27 Aol e Bad dAA4E] FUE AE
Eg 40 of Adsle] Jebuts total, diol saponin A
% a ARl = FAF AFE wgeh el A4
A saponing] A =leke] wel e W& SDSH
® Triton X-100 Agwete 22l JAHJo=
o T o 08 i ol FFES AFEe] oEe FaHA
Concentration (ug/pg protein) %%D}(Fig. 10>'

Fig. 9—Relationship between decrease in activity
and light scattering of Na*, K*-ATPase by
SDS. Measurement of Na*, K*-ATPase

activity and treatment of SDS to Na*, K*- . ,'
ATPase were carried out as described in :’Z% -20
Fig. 2. Absorbance of suspension containing 5%
0.1mg of control and SDS treated enzyme EEJJ; A

in final volume of 1 ml was measured at 450 ;;3 .

nm. Percent changes from control activity £° &

and light scattering (absorbance) were ® T .
plotted against SDS concentration. Control 10 2 4 6 8 10 ED
activity and absorbance were 1077. 3:+40. 4p Concentration (uy saponin, g proteind

mol pi/mg protein/hr and 0. 1, respectively. Fig. 10—Relationship between decrease in activity
e : absorbance, o :Na*, K™-ATPase acti- and light scattering of Na*, K"-ATPase
vity. Mean values for three assays are by triol saponin. Legends are the same
given. as described in Fig. 9.
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