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g_lst‘g;nlgropen ohne Fremdion nahmen die Algen in den
aut, min 249, und in 15 h 96% des gesamten Zinks
e;l‘%plschsg Ergebnisse fiir die Verdrangung als Funktion
ok Sremdlonenl’{'on'ze.ntration zeigt Figur 2. Man erkennt,
ufnagwom beZl‘lghCh' der passiven als auch der aktiven
allgem me ma}ctwes tZ{nk am ‘stéirks‘cex} wirkt. Doch ist im
o einen die S.pez.lﬁtiit bei der aktiven Aufnghme viel
nah T. Zum Beispiel ist Kadmium bei passiver .Aufn
aktive fast ebenso wirksam wie Zink, wahrend b‘el der
. en Aufnahme eine 12mal grossere Konzentration an
. mium als an Zink nétig ist, um die gleiche Wirkung
erziclen. Im Falle des Natriums sind die analogen
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Studies on Potassium Permeability Changes in
Human Erythrocytes

K_The *?lleljgy needed for the maintenance of unequal
ATP%’zdlstrxbution in human erythrocytes is supplied by
inbibye, In the case that, under the influence of glycolytic
Itors or of the lack of substrates, the ATP content
Start:dcens is (;onsumed, a K outflow f‘rom the cells is
Cytess With a simultaneous influx of Ng into ‘d}e erythro-
1554 The rate of this ion transport is relatively slow,
g o mEq/l erythrocytes/h. In certain cases, however —
tra;cionger the influence of Pb ions¢, NaF in high concen-
Outlzl Or iodoacetate (IA) + adenosine®$ — a high-rate
oW (5-20 mEq/] erythrocytes/h) takes place with-
hig}fny equimolar Na influx. In the mechanism of this
yc;?‘te K outflow, the metabolism of 2,3-diphospho-
we S}:IC acid has an essential role™#, In the present paper
eta.balll~ try to contribute to our knowledge about the
It DOl control of the ‘passive’ K transport.
N dls well known that, as a result of the effect of IA
®hosine, a high-rate K outflow from the cells is
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Konzentrationsverhidltnisse 100 bei passiver, aber 105 bei
aktiver Aufnahme. Die genauen Zahlenwerte sind nicht
bei allen Versuchen gleich, hingen also von den Bedin-
gungen ab. Doch kann jedenfalls die folgende Verdrin-
gungsreihe angegeben werden: Passiv, Zn > Cd > Co, Ni,
Mn > Ca > Na; Aktiv, Zn > Ni > Co > Cd > Mn > Ca
> Na.

In Kontrollversuchen haben wir uns iiberzeugt, dass
die aktive Aufnahme von markiertem Rubidium? durch
Algen durch die Schwermetalle in den verwendeten Kon-
zentrationen nicht vermindert wird, also nicht etwa eine
Vergiftung der Algen eintritt. Eine solche Vergiftung ist
bei Behandlung mit Kupfer bekannt %

Die beiden Mechanismen fiir die Aufnahme von Zink
durch Chlorella lassen sich also nicht nur durch Beein-
flussung des Energiehaushaltes der Algen, sondern auch
auf Grund der verschiedenen Geschwindigkeit und der
verschiedenen Konkurrenz durch Fremdionen unter-
scheiden. Dabei zeigt der «aktive» Mechanismus héhere
Spezifitit als der passive Mechanismus. Versuche iiber
die aktive Aufnahme der Ionen anderer Schwermetalle
durch Chlorella sind im Gange?.

Swmmary. The competition of various cations with
labelled zinc in the active (metabolic) uptake of the latter
by chlorella has been measured. The series obtained does
not coincide with that of the passive uptake in the same
system, and the specificity is higher in the former case.
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started, the extent depending on adenosine concentra-
tion®, If adenosine is replaced by inosine, the rate of K
outflow will decrease; however, if in the presence of
inosine an equimolar concentration of NH,CI is applied,
the same rate of K outflow will be obtained again as in
the presence of adenosine®. Thus there are 2 factors
taking part in bringing about a K permeability change

1 ¥, B. STRAUE, Acta physiol. hung. 4, 235 (1953).

2 G, GArpos, Acta physiol. hung. 6, 191 (1954).

3 G. Girpos and F. B. StrauB, Acta physiol. hung. 72, 1 (1957).

1 H. Passow and K, TiLLmann, DPfliigers Arch. ges. Physiol. 262, 23
(1955).

5 G, GArDOS, Acta physiol. hung. 710, 185 (1956}.

8 G, GArpos, Folia haemat., Lpz. 77, 138 (1960},

? . GArpos, Experientia 22, 308 (1966).

8 G. GARDOS, Acta biochim, biophys. hung, 7, 139 (1966).

¥ H. Passow, in Riochemie des aktiven Transportes, 12. Colloguium
der Ges. fiir physiol. Chemie, Mosbach, Baden (Springer Verlag,
Berlin, 1961}, p. 54.



20 Specialia

induced by IA 4 adenosine: (1) the change in the carbo-
hydrate metabolism of erythrocytes, first of all that in
the 2, 3-diphosphoglyceric acid metabolism brought about
by nucleosides; (2} the effect of NH, liberated under the
influence of adenosine deaminase enzyme localized in the
membrane.

The results of our experiments become very interesting
if we add IA to the systemn not simultaneously with
purine nucleosides but after preincubating them with
blood for different periods of time. Figure 1 shows the
effect of 15 and 180 min of preincubation with adenosine
on the changes of serum K. The Figure clearly shows that
a shorter period of preincubation with adenosine decreases
the rate of K efflux, whereas a longer preincubation ap-
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Fig. 1. Effect of 15 min and 180 min preincubation of human blood
with adenosine on the kinetics of net K transport in the presence of

1A at 37°C.
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Fig. 2. Changes in the rate of net K transport in human blood in the

presence of adenosine and 1A as a function of the preincubation time

with adenosine at 37°C. 100%: The rate of K loss in the control
series (without preincubation).
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pears to have an increasing effect. Thereafter we studied
the change occurring in the rate of K outflow plotted
against the time of preincubation. As can be seen in
Figure 2, preincubation for 5-20 min brings about a 50%
decrease in the rate of K efflux; after a preincubation of
about 100 min, we attain the same rate of outflow as that
of the control series without preincubation. Preincubationt
for a longer period than 100 min will strongly increase the
rate of K outflow.

At first we attributed this effect to the NH; which is
present in the experimental medium in changing initial
concentration, produced by the function of the adenosine
deaminase enzyme during the time of preincubation.
However, the same effect could be attained in the presence
of inosine, as well as of inosine 4 NH,CI (Table). Thus it
cannot be considered as an NH; effect.

It is known from our earlier experiments”® that when-
ever the activity of 2, 3-diphosphoglycerate-phosphatase
(an enzyme catalysing the transformation of 2, 3-diphos-
phoglyceric acid to 3-phosphoglyceric acid) is blocked by
inhibitors or by lack of substrate, the rate of K outflow
increases above 5 mEq/l erythrocytes/h. There is reasol
to assume that by preincubations of different duration
we have changed the state of equilibrium regulating the
synthesis and breakdown or the way of breakdown of
2, 3-diphosphoglyceric acid, and the change of 2,3-di-
phosphoglyceric acid metabolism is the cause of the
alterations in the rate of K outflow. In our opinion, the
main point in the metabolic control of the rate of K out-
flow is the competition between the 2,3-diphosphogly-
cerate shunt and the phosphoglycerate-kinase enzyme
reaction, the shift of equilibrium of the enzyme activi-
ties?0,

Effect of 20 min preincubation of human blood with 10 mM adeno”
sine, 10 mM inosine and 10 mM inosine + 10 mA NH,Cl on the net
K transport in the presence of 1 mM IA at 37°C

Preincubation A-serum-X/60 min in g3 /ml Inhibi-
with . tion %
Without With 20 min
preincubation  preincubation
Adenosine 9.5 4.0 58
Inosine 5.6 2.3 59
Inosine + NH,Cl 8.0 3.1 61

Zusammenfassung. Die durch Monocjodessigsdure und
Purinnukleoside erzeugte K-Permeabilititsinderung der
Erythrocyten konnte durch Priinkubation mit Nukleo-
siden beeinflusst werden. Die Geschwindigkeitsdnderung
des K-Verlustes ist wahrscheinlich die Folge einer 2,3-
Diphosphoglycerinsidure-Stoffwechselverdnderung.
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