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Summary:

The leak fluxes of Na+, K+, Mg++ and ca’t in mouse thymocvtes
are increased by Concavaline 2 (Con 2), within minutes after
mitoogen addition. The intracellular Mq++ and KV concentrations
were decreased and the Na' and Ca'' contents were increased by
Con 2 in mouse thymocytes and spleen cells,

Introduction:

Changes in the active Na® and xt transrort (1-3) and catt un-
take (4,5) are events in lymnhocyte transformation, measurable
within the first minute after mitocen addition (3,5). It is not
yvet clear whether or not these rermeability changes nrrecede, and
eventually may tricgger, biochemical events leading to blast cell
transformation. Change in the uptake of 42K or 45Ca does not
necessarily reflect a change in total cell k't or Ca++ content,
since the K' leak influx is increased also (7). It is therefore
of special interest to measure cuantitatively the intracellular
content of the cations shortlyafter mitogen addition to the
lvmphocyvtes, especially because a decrease in ol of huran lympho-

cytes after mitogen addition has been reported earlier (6).

Since the determination of intracellular cation concentration by
atomic absorption spectrorhotometry has a variation coefficient

of about 10 %, it is impossible to monitor the early chances. A
method therefore was developed to measure the intracellular cations
during the steady state of the tracer with the Phthalate-oil
method (7).

1 Throughout, please read concanavalin A for Concavaline A.
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Material and Methods:

Prepmaration of Lymphocytes

Thymocytes and spleen cells were obtained from CF., mice. The

thymocytes were washed in Eagle's Medium at 4° ¢ }800 X o, 10 min)
followed by further centrifugation on a Ficoll-Ronpacon aradient.
(9:55 g Ficoll, 20 ml Ronpacon, 130 ml HZO) at 1000 x g for 45 min).
Spleen lymphocytes were separated from erythrocytes and granulo-
cytes cn a continuous gradient of 40 % Ficoll in Eacle's ledium
and the Ficoll-Ronpacon mixture by centrifugation for 1 h at

1000 x g. The preparations contained more than 95 % lymphocvtes.
Viability was tested by incubation of 3 drovms of lymphocyte
suspension with one drop of trypan blue (10 «/1 in 0,15 mM NaCl)
at 370 C for 15 min. Cell counts were done using a haemo-
cytometer.

Efflux studies:

Cells were preloaded with *2K or with 2®mg by adding the labelled

ion to Eagle's Medium plus 10 % foetal calf scrum to give 12 /uCi/ml
4zK or 16 /uCi/ml 28
full equilibrium between extra- and intracellular K" and Mg

Ma. After incubation for 6 hours, during which
++

took place, the lymohocytes were washed 3 times with ice cold
Eagle's Medium and than further incubated in the same medium at
37° C as a suspension of 1 x 107 lymphocytes/ml. To measure the
effluxes, 1 ml of cell suspension was samnled at various time in-
tervals and processed as described earlier for the K" influx ex-
periments (7).

Influx studies:

Unidirectional Na+ and Ca++ influxes were measured as described
earlier for xt influx (7).

Determination of cell ion contents with radiolabelled cations:
42

Preloading with K and ZBMq was the same as described for the
efflux experiments. For Ca++ measurenments it was necessarv to
nreincubate the cells for 30 h in Eacle' Medium plus 10 %
foetal calf serum with a Ca++-concentration of 1 mM and

5 /uCi/ml 45Ca. For Na+ determination nreincubation was for

4 h, the Na+—concentration 30 mM (iso-osmolarity achieved

with choline cholorice).
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After the incubation, Con » was added to one half of the
cell suspension. At various times samnles were removed from
koth tubes in quadrurlicates and injected into test tubes with

the n-butyl-phthalate oil phase (7). 42K, 28Nq and 22Na were

,
counted in a Berthold Autocamma Counter. TFor 45

Ca countina

and protein determination (9) the rellets were extracted with
either to remove residual nhthalate, the cells solubilized with
0,1 N HNaOHl and 0,1 ml was transfered into counting vials con-
tainineg Bray's scintillation fluid and counted in a beta-counter,

The variationcoefficicent of this method was alwavs Lelow 3 %.

Results:

Lffect of Con A on leak fluxes of Na+, (+, Nn++ andl Ca++

The intracellular cation concentrations in mouse thrmocvtes sus-
. s + o+ ++
nended in Eagle's Medium were XK' = 103.6,Na = 31.9, !'g = 10.3,
++
Ca

. ++ ; . \ ++
and lg leak from inside to outside of the cells, whercas Ca

= 0.9 mli/L (Variation + 5 2). It is general accertec that K+

and Na+ leak from the outside to the inside (10-13). !ousc thymocvtes
lose their intracellular K' and ”q++ very rapidly into the medium
(Fig. 1). Con A greatly increases the amount of the lost cation.

As soon as 5 minutes after addition of the mitocen, differenccs to
the control cells were measured (Fia. 1). Thus, Con I has a strona

; ; ++ L ot
effect on the passive nermeability of o and K .,

+ .
In contrast to " ana Mg +, the intracellular concentration

of Na+ and K+ is lower than in the extracellular fluic. Ha+

and K" leak inwards and arc actively transrorted out of the cells.
Fig. 2 shows that the Na' influx is increasca very ranicdlv after
Con A addition., Nearly twice as much Nazz is found intracellularly
in the mitogen-treated cells comparcd to the controls. Usine 45Ca
we found an increased untake of ca*? into the thymocvtes as al-

ready described by others (4,5,14).

In earlier studies it was found that mitogens activate the active

. + ++ .
K+ influx and Na+ outflux (7). For Ma + and Ca a similar effect

was seen. (Data not shown here). Since the active and the nassive
cation fluxes are increased, the cuestion is, whether or not: first-
ly the enhanced loss is compensated by an intracellular untake

(intracellular concentration remaining constant); secondly an over-

103



Vol. 70, No. 1, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

cPM-102/107 cells

100
90 -
80 -
70 4
60 4
+ConA
50 + Ko X 42+
K- Efflux
/.—-——’ Control
2 /
o] / /
/—I +Con A
2 / Byg'"-Erttux
// __——* Control
/"
.yo
10 4

L 2 % & 50 6 70 8 %
time / min

Figure 1 42kt and 28mg*+ Efflux

cPM - 103/107 cells
14

12 1

x
10 - AA

T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 1 12
time/min.

Figure 2 22Na influx in mouse thymocytes

shooting active transport is caused by the mitogen (K+ and Nq++ in-

creased, Ca++ and Na+ decreased); and thirdly the leak fluxes exceed
the pump fluxes (K+ and Mg++ decreased, Ca++ and Na+ increased). To

decide between these possibilities the ion contents with radio-

labelled cations were determined. As soon as 5 minutes after Con 2



Vol. 70, No. 1, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

]
rl
s}
-
A
o
= ~ = O ¢ O W MO O
\\ O S ® 0 M~ ® M~ ~ ©
- = L - - om -
z OO0 OO0 OO OO ©0O°
mU SR T T T I T T Y I Y B B |
:g ™~ - & W O m o O O o
Q © T M N T = MO ™Mo
(SR NN NN NN NN N -
8
0 =
—-
a 3
@9
1Y)
[} -7
-
o~ o W~ @ NN O - ~
@ 3 A A AR AN AR O N
u \ - - - @ - L Y - L
o = © 0 00 0O OO «~ O
3 8 SR AT T T TR TR TR A R Y T
- AN O N & O N -
Q‘ & - - - - - @ ~ L
[ N W N MmO e QO © O
-« [ T a2 T T o B T o S T - R T
T S
g 0
o -~ =1
+ e
W Q
[T} o
EEE o} o)
5% &
0 <
E‘ o
= 3 A M I W M ~
- N E - - - - - 0
° 3 o S SR T T T I Y AR Y T AR Y I SR |
W o
e o w X L a2y "1 e~
o 0 X ® N O~ w MM NN WO
t_:‘ ;N NN NN NN NN NN
[o]
o Q
o g 5
= o 90
«© +
~ B 9
H
Lo} Ay
=]
; g
v ~| T TN T v o ww
[ > - - -
<« =
g SRR T T T T YR T B Y I
N VW © O DBV VW AN = In
“ L 3 L - - - - -
N ~ 0 ~ D~ O0 N0 QOO
- T T T P F T LT WNM
—~
=]
< O
G’\
& w 1+ o+ 0+ o+ o+
[ I o
-
'}
3 8 o
(2} (@) Q Q 0]
] -
B E+ - (34 ] 0 2

105



Vol. 70, No. 1, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Table 2
Na??-content of thymocytes and spleen cells after
Con A addition
Time Con A Ouabain_3 Thymocytes Spleen Cells
min (15 /ug/ml) (5 x 10 “M) CPM/ /uq Protein CPM/ /ug Protein
5 - - 17,2 { 0,21 12,9 { 0,16
+ - 17,9 ¥ 0,22 13,2 £ 0,16
- + 28'2 - 0'25 22" * 0119
10 - - 16,9 ¥ 0,20 11,7 ¥ 0,14
+ - 18,0 f 0,21 12,6 ¥ 0,17
- + 34,9 £ 0,38 27,5 ¥ 0,25
30 - - 15,8 ¥ 0,20 11,2 { 0,15
+ - 18'6 * 0'21 12'9 - 0019
- + 40,2 ¥ 0,49 34,1 ¥ 0,39
60 - - 15,7 ¥ 0,20 11,3 ¥ 0,17
+ - 19,0 £ 0,22 12,0 ¥ 0,18
- + 43,6 * 0,53 37,1 ¥ 0,51
90 - - 16,3 ¥ 0,20 1,5 ¥ 0,15
+
+ - 19,3 £ 0,22 13,8 < 0,18
- + 44,2 * 0,55 37,4 ¥ 0,52
120 - - 16,8 { 0,21 1,9 ¥ 0,17
+ - 22,1 < 0,25 14,1 ¥ 0,19
- + 44,4 1 0,57 38,1 ¥ 0,57

addition the decrease in the intracellular K’ content was seen
(Tabl, 1). Spleen cells ontaining B and T cells) and thymocytes
(almost pure T cell population) showed the same changes. Within two
hours the decrease in K+ was about 20 %. Thus, after Con A treatment
the intracellular K+ fell from 103.6 to 80 mM whereas in the control
cells K+ concentration remained constant (Tabl. 1).

Basically the same changes were observed in the Mq++ content of
the cells (Tabl. 1). Con A caused a rapid loss of Mg++ in spleen

+

cells and in thymocytes. Within two hours the Nq+ content of the

cells was 15 % lower compared with the control.

+
The intracellular Na content on the other hand was increased

by Con A (Tabl. 2). The effect was seen 10 minutes after mitogen
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Table 3

45

Ca “~content of thymocytes and spleen cells

after Con A addition

Time Con A Thymocytes Spleen cells
min 15/ug/ml CPM//ug Protein CPM//ug Protein
5 - 1,07 ¥ 0,02 0,85 ¥ 0,01
+ 1,28 + 0,02 0,99 * 0,01
30 - 1,12 ¥ 0,02 0,83 ¥ 0,01
+ 1,38 ¥ 0,02 1,11 ¥ 0,01
60 - 1,11 ¥ 0,02 0,84 ¥ 0,01
+ 1,41 *# 0,02 1,13 ¥ 0,01
120 - 1,09 ¥ 0,02 0,85 ¥ 0,01
+ 1,41 ¥ 0,02 1,15 ¥ 0,01

addition. There were no significant differences between thvmocytes
and srleen cells. The Na'-content increased about 20 %.

The Ca''-content of the cells increased after mitogen addition,
(Tabl. 3) in both thymocytes and spleen cells. After two hours the
increase was similar to that of Na+ content and was about 20 %.

Discussion:

The data indicate that Con A changes the intracellular content

of the four tested cations in both thymocytes and spleen cells.,
Thus, the concentration gradient inside~to=-outside is decreased.
These changes are explained by the increase of leakiness of the
cells. In earlier studies a decreased X' content and an almost
unchanaged Na® content in human lymphocytes after PHA was found
(6). The decreased k' of 30 % after 12 hours incubation is in good
agreement with the data shown here and makes it very likely that
the mouse lymphocyte exhibit the same alteration of the intracel-
lular K as human lymphocytes. The flame photometry was too insen-
sitive to monitor the Na‘t changes. In our hands it was impossible
to discriminate between an Na' content of 32 mM in the control and
38 mM in the Con P treated cells by this method. Con A did not
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induce a renlacement of lost cell x* by Nat or Vq++ byv ca**. The
total cation content of the cell decreased and this should induce

a shrinkace of the cells. It is at this time difficult to predict
whether or not the observed changes mav triaccer other hiochemical
events leading to bhlast cell transformation but it seems unlikely
that K+ rlavs an irmmortant role as it is apnarentlvy in other svstems
(15,16). The changes in intracellular r* and Ma' however may bhe the
driving force for the enhanced active kt and Na+ rump flux (1-3,7,8),
the increased Quabain binding (8,17) and the Na+—K+ as well as the
Mot and ca’-ATPase activity (7,8,18-20).

It is an unexpected finding that the same changes were observed

in the thymocytes and snleen cells (containinag B cells) bLecause

the 'T-cells are much more stimulated Lv Con A than the snleen

cells (measured bhv H3—TdR—incorporation). Turthermore nreliminary
results with PiA, LPS and Pokeweed mitocen show a similiar effect

to Con 2 and the same effect on thymocvtes and spleen cells. Since
it was however shown that the binding of the mitogen to T- or B-cells
took place in the same cuantity (19) this binding already alters

the cell membrane and causes the described changes. It is known

that the binding of Con A to the B-cells induces other early bio~
chemical events seen in lymphocytes transformation, and that after
binding of Con 2 to thrlich ascites tumor cells a rapid net Na©

entry and x* loss was observed (22).
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