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Abstract-Ouabain hinding to wild type and ouabain resistant cell lines derived from the murine 
plasmocytoma MOPC 173 was studied on cells grown as monolayrs. Biphasic kinetics of ouabain 
binding was observed; the early phase took place within 30 sec. followed by a spontaneous release of 
the bound ouabain. Then. the late phase was complete after 1-Z hr, This phenomenon was much more 
pronounced in libroblastic than in epithciioid cell lines, regardless ol their respective drug sensitivity. 
Ouabain resistant cells when compared to their wild t!;pc counterparts did not exhibit drastic changes 
either in the number or in the affinity of their respective ouabain binding sites. In contrast. the number 
and affinity of ouabain binding sites were quite different in fibroblastic and in epitheli(~id cell lines. 

The (Na+ + K+) stimulated-Mg”-ATPase (EC 
3.6.1.3) [l-3] could represent one of the major 
enzymes involved in the regulatory mechanisms of 
cell division 141. Ouabain is a specific inhibitor of 
this enzyme [S]. Ouabain resistance of cells depends 
upon the species of the cell donors as well as the cell 
morphology, e.g. human cell growth is inhibited by 
10-” or 10-l M ouabain (6. 71 whereas rodent ceil 
growth is inhibited by lfYJ to 10 .‘M ouabain [X. 91. 
Using electrophysioiogical methods, it was shown 
that the sensitivity of the Na” + K+ pump to ouabain 
was three orders of magnitude higher in the ionic~~ll~ 
non-coupled epithelioid cells than in the ionically 
coupled fibroblastoid cells [ lO]. Since none of these 
ceils have been selected for ouabain resistance, it 
can be assumed that these differences in ouabain 
susceptibility may be due either to a different struc- 
ture of the (Na- + K+)-ATPase and/or to a different 
component of the membrane. 

Ouabain resistant mutants have been obtained by 
a one step selection procedure and shown to have. 
in most of the cell lines. fewer ouabain binding sites 
and/or a lower affinity than their wild type counter- 
parts [I l-131. 

We have obtained from the murine pi~smocytom~l 
MOPC 173 two clones in culture: MEc”Nhich lost its 
oncogenic properties and exhibited sensitivity to con- 
tact inhibition and MF: with reverse properties. MEI 
was found to have an Na- + K” ATPase much more 
sensitive to ouabain inhibition than MFz as measured 

in viva [ 141 and in vitro [IS]. From these two clones 
ouabain resistant cell lines were obtained with the 
aim of elucidating if two different mechanisms were 
involved in ouabain resistance when a comparison 
was made either between normal and transformed 

cells or between wild type and ouabain resistant cell 
lines. 

During these studies it appeared, in contrast with 
previous reports [I l-121. that ouabain binding kinet- 
ics were a two step phenomenon. This paper deals 
with the two phases of ouabain binding and its 
expression by wild types as well as their ouabain 
resistant counterparts. 

Cells 

From the murine plasmocytoma MOPC 173 we 
have isolated two cell lines: MF2. fibroblastic, not 
contact-inhibited and able to grow in mice and ME:, 
epithelioid, contact-inhibited and unable to grow in 
mice. Tissue culture conditions were as previously 
described [ 161. From these two cell lines we selected 
clones resistant to ouabain: MF:OR:, fihroblastic 
and not contact-inhibited and MElOR, epithelioid 
and contact-inhibited. The general properties of 
these cell lines are summarized in Table I. In order 
to compare the ouabain binding in the different cell 
lines, we normalized the cell surface to 2 x 10“ pm” 
which was represented by 3 x l(Y’ MFz cells, 3 x 10’ 
MFzORz cells, 2 x 10” ME: cells and 2.4 x IOh 

MEzORI cells. For each experiment three separate 
flasks were submitted to the same treatment (incu- 
bation in ouabain and washings) and then trypsinized 
in order to determine the cell number. We deter- 
mined the number of cells after incubation periods 
and washings, which was found to be the same as 
at the beginning of the experiment with the control 
flasks. Cell viability was checked by trypan blue 
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exclusion. Cell size measurenwit was performed in 
a Coultronica Coulter counter. 

Tritiated ouabain (12 Ciimmole. New ling!and 
Nuclear Corp.) was dissolved in an Earle’s modified 
medium (5.10- ” M KCI and 0. I5 M NaC‘l). 

Cells were washed twice with 4 ml of K’ free 
Earle’s medium and preincubated for 20 min at 37”. 

The medium was then removed and replaced by 
1 ml of prewarmed Earle’s solution containing dif- 
ferent ouabain concentrations (IOV’ to IO-‘ M) and 
the flasks were g,ently rocked. After various periods 
of time. the medmm was aspirated and the cells were 
rinsed three times by addition of 1 ml of ;I K’ free 
Earle’s medium at 1” in less than 40 sec. In the early 
phase, the first experimental points reprcsentcd an 
incubation period of IL7 see followed by three wash- 
ings. The cells were then added to 1.5 ml of a 2’: 
SDS solution and X.5 ml of Instagel (Packard Co) 
solution. The radioactivity was measured in an 
Intertechnique Scintillation Counter. Controls with 
different amounts of ‘H ouabain showed a JO per 
cent quenching. Corrections were made for non- 
specific binding of ‘I 1 ouabain by assaying parallel 
incubation in the presence of I mM unlabeled 
ouabain. 

Number atld af/irtit>’ of ourrhaitt bitditt~ .sitc.\ 

For each cell line. these studies were undertaken 
after saturation. WC used the Scatchard plot method 

1171 in order to determine the number (rt blnding 
sites and their affnitk. 

We used as specific inhibitors of ‘I1 ouabain hind- 
ing, SO mM K’ [S] or IO-’ M unlabeled ouabain. 
which could be left for more than 3 hr without ccl1 
detachment. tiigher amounts of K’ (150 mM) freed 
the cells in the medium. 

After incubation with 5.7 x IO _ bl labeled OU;I- 
bain for various time intervals, at .J7” or 4 cells 
were washed three times in K’ ion-free medium 
One milliliter of I mM unlabeled ouabain was added 
and the flasks were put under slow rocking condition\ 
for 15-120 min (at the appropl-iate tempcraturc). 
The cells were then treated as previously dcscl-ibcd 

In all experiments. each cxpcriniental point \\a\ 
made in duplicate or triplicate and the cur\cs prc- 
scnted below are the mean of 115 experiments. 

KESCII. 1 s 

In preliminary experiments. we observed. for all 
cell lines. two steps or phases of ouabain binding. 
as shown in Fig. I for MF: ccII\. 

During the early phase the exposure of MF: cull\ 
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Fig. 2. Binding of ‘H-ouahain on MFz cells as a function 
of the concentration of glycosidc in the medium (logarith- 
mic scale). (Binding was measured after 15 set exposure 
to ouabain, at 37”. in 5 PM K’ ions. 2 x 10’ km’ total cell 

surface.) 

to different concentrations of gly,coside for 15 set 
revealed two different forms of binding: (i) a non- 
linear component which saturated at lO_ M oua- 
bain, (ii) a linear component which predominated 
at higher glycoside concentration up to 10 -’ M (Fig. 
2). Therefore, we measured the amount of bound 
ouabain, during the early phase. with 5.7 x 10 _ M 
ouabain from 0 to 180 sec. 

For all cell lines (Fig. 3). maximum ouabain bind- 
ing was obtained within 1&5Osec (washes not 
included). The maximum number of bound ouabain 
molecules per cell was lower for MF: (370.000) than 
for ME2 (480,000) and higher for the ouabain resist- 
ant cell lines (470,000 for MF?OR: and 670,000 for 
MEzORI) (Table 2). As expressed in surface unit. 
it could be seen that the difference found above wa\ 
still more evident for variants: MF: and ME: cells 
(Fig. 3A and 3C) bound about the same amount of 
ouabain, and resistant cell lines (Fig. 3B and 3D) 
bound higher amounts. A spontaneous release of 

Table 2. Maximum amount of bound ouabain molecules 
per cell, at 5.7 x lo-’ M ouabain during the early phase 

(A) and late phase (B) 

A B 

ouabain was found in all four cell lines with a higher 
rate in MF: (Fig. 3A), for which it was over after 
60 set, than for ME: (Fig. 3C); the ouabain resistant 
cell lines did not exhibit significant difference when 
compared to their wild type counterparts. After drug 
release, 12 per cent (MF:) and 25 per cent (MFzOR:, 
MEL MEzORI) of the maximum amount of ouabain 
bound during the early phase still remained bound 
to the cells. 

At 4”. compared to 37”. there was a 50 per cent 
decrease in ouabain binding (Fig. 4Ad) and also a 
drop in velocity of the spontaneous release (120 set 
for MF: and 300 set for ME?) for both wild type and 
resistant cell lines. 

Late phuse 

The second period of binding took place from 
3 min to 2 hr. but 50 per cent of the binding was 
already reached after 10 min for the four cell lines 
(Fig. 5). The ouabain binding sites reached equilib- 
rium with the drug between one and two hours. The 
Scatchard plot method showed (Table 3) that MFz 
had a smaller number of binding sites ( 16Oi~m’) than 
ME: (2OOOi~m~). Resistant cell lines had a similar 
number of binding sites as that of their wild type 
counterparts. 

At 4”. equilibrium was not reached after 2 hr. The 
velocity of ouabain binding was slowed: only 60 per 
cent (Fig. 3Bd) of the maximum bound ouabain was 

Fig. 3. The early phase of ouabain binding at 37”. Ouabain binding between 0 and 18Osec (5 PM K’ 
ions: 5.7 x lo-’ M ouabain; 2 x lo” +m’ total cell surface). 

A = MFI cellq: B = MFzOR: cells: C = ME: cells: D = ME:ORI cells. 
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reached in 60 min. as comparcci to 100 per cent at 

37°C (Fig. 4Ba). The results were simil;tr for wild 

type and resistant crll lines (data not shown). 

During the early phase. substitut~~~I1 of 5 pi%f KS 
by 50 mM K’ in the incubation medium Ied to 50 

per cent ouabain binding inhibition for MF:: and ME: 

(Fig. 4Ab) and for resistant ccl1 lines (tl:ct:! not 

shown I. 
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During the late phase, ;I ~tronper ~l~hibit~~~n U’;IS 

observed for ME: (Fig. 4Bd) and MIXIRI (80 per 
cent and 65 per cent rcspecti\.ely) than tar ME: (Fig. 
4Bb) and ME:OR~ (50 per cent and 30 per cent 

respectively). 
If tritiated ouahain \vt‘rc tr;lppcd in t’str;twliufiit 

spaces. addition with the sztmt wlume of 10 ’ M 
cold ouabzin should not modify the amount of 

labeled drug. Since it was found that in wch rsperi- 
ment the ~lrn~)unt of I;tbcled ~wth;tin dropp& by %J 

L OS c 
_&--- -w-w + 

_--- I ,A>+__-----+ 

o +‘I,,--@’ I 



Biphasic kinetic5 of ouabain binding 3517 

Table 3. Ouabain binding sites: number and affinity Km- 
stant during the late phase 

per cent in all cell lines during the early and late 
phase, it can bc concluded that no labeled ouabain 
was trapped in extracellular spaces. 

During the early phase, the bound ouabain was 
completely exchangeable (Fig. 4Ac). During the la$c 
phase, only 66 per cent for MF: and 10 per cent for 
ME? of the bound ouabain were exchangeable (Fig. 
4Bc). Similar results were obtained respectively with 
MFXIRz and MEzORI (data not shown). 

At 4”. smaller amounts of ou~b~in bound to the 
cells and also exchangeable ouabain was higher than 
at 37” for all cell lines (Fig. 4Bc). 

DISCUSSION 

We have observed in ali four cell lines under study. 
a biphasic kinetic pattern of ouabain binding. The 
“early phase” is characterized by an immediate hind- 
ing (within 1 min) followed by a spontane~)us release: 
the “late phase” starting between the 2nd and the 
5th min reached a plateau after i hr. 

During the early phase the exposure of MF: cells 
to different concentrations of glycoside for 15 set 
revealed a saturable binding between IO-’ and 
lo-” M and a non saturable component between 10 “.i 
and 10-j M (Fig. 2). The first component of the 
curve was shown to be inhibited by K’ ions and by 
lowering the temperature from 37” to 4” (Fig. 3). 

As suggested by Baker and Willis 1181 the tirst 
component of the curve which is saturable at low 
glycoside concentration and inhibited by K’ is spe- 
cific, while the second non saturable component 
represents a non specific process. Thus the dose of 
5.7 x lo-‘M ouabain was chosen as being in the 
specific binding dose range and 20 fold lower than 
the dose required to saturate the nlernbr~ine 
receptors. 

During the late phase, “f-i ouabain binding was 
also inhibited by K’, lo-” M unlabeled ouabain and 
cold temperature. K’ has been found to decrease 
the rate of ouabain binding but does not appear to 
alter the maximum capacity ofthe drug bound 17. 191. 
This inhibition turned out to be partial as previously 
shown on lfeLa cells, brain microsomes [ZO] and 
squid axons 1211. 

fn most of the published data only late binding 
has been described [9. 12. IS, 22,231. However Lin- 
denmayer and Schwartz 1241 found ouabain binding 
in less than 2 min without release of ouabain, on a 
semi-purified ATPase from beef brain. Recently. we 
have shown [ZS] that as in red blood cells [?C,l rncu- 

bation of MF2 cells in a K’ depleted medium led m 
20min to a 5 fold increase of the Na’ + K’ pump 
which in turn would increase the ouabain binding 
velocity. We would suggest that the binding of a few 
drug molecules induces a change in the ATPase 
structure, modifying the interaction between the 
ATPase itself and inner face proteins [27], which in 
turn. induces a second change in the ATPase struc- 
ture leading to a modification of the ouabain binding 
site. We have already shown, for a different variant 
cell line MF$, that ATPase was 300 foid more sus- 
ceptible to ouabain. in EDTA treated inside-out 
vesicles, than in the original inside-out vesicles 1271. 
Proteins removed by EDTA tre~Itli~e~~t were found 
able to restore the original resistance of the enzyme 
to ouabain in presence of Ca”. [I%]. Such inner face 
proteins might plav a major role in the hiphasic 
kinetic of ouabain ginding, leading to the r&ease of 
ouabain during the early phase. Such a desensiti- 
zation pti~n~~rnenon would be similar to that 
described after acetylcholine binding 1291. 

Comparison among the four cell lines led us to 
conclude that: a drastic difference was evidenced 
when contact inhibited cells (ME2 and MEzORI) and 
not contact inhibjted cells (Ml? and MF:OR:) were 
compared: more binding sites were found in the 
former than in the latter as calculated hy the Schat- 
chard’s plot but higher affinity binding sites were 
exhibited by the latter than by the former. 

This would support in part Hiilser’s observations 
[ tOl on epithelioid and ~br(?blasti~ mammalian cell 
lines that the more the cell growth is susceptible to 
ouabain at 10‘ ’ M ouabain. the higher art the num- 
ber (2 x 10” molecules on epithelioid and J x IO’ on 
fibroblastic cells) and/or affinity of the binding sites. 

Previous studies on ouabain resi<t;mt cells revealed 
in most instances a decrease in the tiurn~~~r and/or 
affinity of the ouabain binding sites 112. 13, 231. In 
contrast, when the resistant cell lines in the present 
study were compared to their wild type c~)unterpart, 
no drastic difference was found either in the number 
or in the affinity of their ouabain binding sites. In 
fact, a higher affinity was found in resistant cell lines. 
Our results suggest that other modifications of the 
Na+ f K‘ ATPase might be involved in the mech- 
anisms of the ~)uabain resistance. It has been shown, 
for instance, that red blood cell ghost exhibited dif- 
ferences in ouabain bindinp properties depending 
upon the [Na]! and the [KJ, [XI. 311 and similarly 
[K], is known to compete with ouabain. Changes in 
the apparent affinity for K’ and/or Na’ at the inner 
and outer faces of the plasma membranes in variant 
cell compared to their wild type counterpart might 
explain ouabain resistance. Work is now in progress 
to shed some light on this problem. 
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