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Law auubiin concentrution (1 % 1074 M) is shmm 10 decrease intracellular K™ (K™ w) nd m ineresse invracellular Na (Nn w) in-human ﬁbmblm

eefl eultures. The same ouibuin concentmition was without ¢ffeer upon K*, ud Na*, in rodent culturex such ax BHK-21, mouse fibroblasts and

rat glyami. €6 cells. K ' and Nu® g in the mixed euliures of human and BHK-21 flbroblasts or humin und meouse fibrablasiz were found 1o be

resistunt o] %10°% M ounbain whereas that of the mixtures of human snd rat glyoma C6 cells proved Lo be ouabuin-sensitive, The gap mm.tmn-

miedinted dye transfor was revesled between human and BHK-21 cellx. Such un effeet was very small in the human-C6 ¢ell mixed eulture. 1t is

cnncluded that eells with detive ion pumps ean support the maintenance of K* and Na® gradients in cells with inuetive pumps. prawded that
effective fon lrnmpan vid gup junctions takes place.

Intereellulur junction; Intrucellylar i mn content; Cell culture; Ouabmn: Energy transfer

INTRODUCTION

The ionic pumps of animal plasma membranw: are

known to maintain electrochemical gradients of K* and

Na™ ions, the latter being used to support the uptake of

many  ions and metabolites [1-4}. This fac¢t has
stimulated interest inf the study of the functional role of
the electrical and ionic coupling between animal cells
through junctions permeable for a numbcr of thc low
molecular compounds [5-8].

Cells of animals of different species are able to form
‘heterotypxc permeable junctions in a mixed culture (for

review, see [9]). Combined cultivation of animal cells

with different sensitivities to ouabain in the pxesencc of
ouabain doses specifically inhibiting ion. pumps in one
cell type'is kriown to normalize such cells with respect to
a number of parameters, including genetics [10], viabili-
ty [1'1]) and protein synthesis. [12,13]. It was postulated
that such cell co-operation is due to ion fluxes through
permeable junctions.

.- A mathematical model developed in this group [14]
~suggests that in a cell population consisting of cells with

(a) active and (D) completely inactive ion pumps, theion .
gradients can be maintained not only in (a) but also in.

(b) cells provided that two types of cells form permeable

le’lCthﬂS [7 8). To check this predu.uon, we have
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sulerably in their sensitivities to thc Na’/K* ATPasc
inhibitor ouabain.

We have already published aome estimates of mor-
phological and electrophysiological characteristics for a
permeable junction-connected mixed animal cell culture

171, and for permeable junction-connected cells from
" the fungal hyphae tops of Neurospora crassa[15].

2. MATERIALS AND METHODS

C‘ulnncs of human and mouse primary cmbryomc fibroblasts,
hamster fibroblasts of the BHK-21 line (obtained from a c.ollgcuon of
cultures of the Institute of Virology, Acad. Sci. USSR) and rat
glyoma C6 cells (obtained from a collection of cultures of the Institute
of Cytology, Acad, Sci, USSR) were maintained in Eagle's medium.
supplemented with 10% fetal calf serum and 50 mig/ml gentamycin as’
described in [7,8). To produce mixed cultures of desirable densities
and 1o estimate the proportion of each cell type in the final mixture

we have used some specifical procedures described in detail in (8],

To measure the intracellular jon content, cells were incubated with

“or without. 1 M ouabain for 2 h'in the usual culture medium. The

medium was then removed, the culture rapidly washed three times
with cold (4°C) Tris-HCl buffer, pH 7.2, and ions were extracted with
5% trichloroacetic acid. fon concentrations in the extract were deter-
mined by flame-emission photometry using a-Perkin-Elmer AA spec-
trophotometer (model AA 306) as described in [16,17}. Protein.con-
centration was determined according to- Lowry [18]. Every figure'in
the tables represents a mean value of triplicate measurements, the
values agreeing within 1-5%.

Formation of gap junctions in heterotypic cell contacts was shown

by using intraceliular glass microelectrodes witiia iip diameter of less

‘than 0.3 #m to. inject fluorescent dyes, gap - junction markers, in-
“cluding sodium fluorescein (mol. wt. 330, Sigma) or Lucifer yellow
- (mol. wt. 660, Sigma) as described in [9]. The efficiency of gap junc-
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Table ¢
ixn’ms of ] ,M ouabain on uw polassium and vodivm contant of the lmmvm wnd rmh‘ﬂ mh i pure eulture
Coll eultures Toual density ~ Without ouabain Wit auabein
wuﬁts::.e ::‘:a“ {mmeol of lon/y protein) (mmal of londyg protels)
of cellv/em’ K" N Kind Nu i K Nav K" w/Na"
Human fibroblasis: ‘ ‘ ‘
oAy 1.} .76 0.4 33 0.34 0.58 B ¥ |
U {by ‘ 4.0 0.76 17 4.3 B & 0,63 0.4
(] 8.0 0.45 0.4 4.8 .18 096 0.3
Mouse fibroblasts 1.0 0.72 012 6.1 .68 6.1} 6.3
Hamster fibro- ; L
blasty, BHK-21 C W40 .90 0.10 9.0 093 0.10 9.0
Rav glyoma C6 gells N T K] 0.7 G.12 8.1 0.7 ‘ 0.1 6.1
Table 11
Effects of 1 4M ouabain on (he potassium and sodium content {n mixed cultures of the human and rodent cells
Cell eultures " Total Human-to-rodent Degree of :
density of cell ratio cell-to-cell Without ouabain With guabain -
::flf:il by cell - by protein CO\éEfli)ﬁg. mmol of ion/g protein mmol of jon/g protein
x m4 of numbers content KT/ N K" /Na"in
celis/em? K Na“im K*in Na%in ‘ :
Human ‘ L
fibroblasts (b), 9.0 1:3 1118 -100% 0.83 02 - 5.2 0.61 S0.02 5.0
- mouse fibroblasts - : ‘ s
Human ‘ oo ‘

‘ fibroblasts (c), 44,0 15 12 - 83 0.90 0.14 6.4 0.94 0.15 6.4
BHK-21 ‘ ‘ ‘ e :
Human ‘ ‘ : ‘ :
fibroblasts (a), 14,8 1:3 O3 | 30 0.71 0.10 . 7.4 0.45 0.27 . 1.7

glyoma Cé ‘ ‘ ‘ ‘ ‘

* The data from ref. [9)

tions (‘degree of the cell-to-cell coupling') was estimated by the
percentage of dye-loaded cells transferring the label into neighbouring
cells- during 2 min atter the 1 min injection,

3. RESULTS

As was to be expected, Na®i; and K*j; of the rodent
cells resistant to 1 M ouabain did not change after2 h

‘incubation with this dose of the inhibitor while in
human fibroblasts, a 2- to 4-fold decrease in K*isand a
3- to 6-fold increase in Na*i, occurred (Table I).

A study of the distribution of a fluorescent dye be-
tween the different cell types in mixed cultures revealed
permeable junctions between human fibroblasts and ro-
dent fibroblasts to be more effective than between
‘human fibroblasts and rat glyoma C6 cells (see ref. [8]
for details).

‘ When human and rodent flbroblasts were cultured
together, ouabain failed to decrease the K*,/Na™;,
ratio (Table II). In mixed cultures of human fibroblasts
and rat glyoma C6 cells, ouabain was found to decrease
this ratio (Table II).
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Thus, the above experiments showed that mixed cell
cultures, containing a considerable number of cells with
completely inactivated ion pumps, can maintain the
K*in/Na*;, ratio close to normal, provided that effec-
tive permeable junctions are formed between the
“ouabain-sensitive and ouabain-resistant cells,
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