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1. Introduction

A series of effects of guanidines and its substituted
derivatives have been reported, ranging from the hypo-
glycemic effect of synthalin [1] to the inhibitory
action of seyeral guanidine derivatives on mitochon-
drial metabolism [2—4]. Moze recently, Hille has
reported on the affinity of ghanidine, among other
substances, to the Na* channel in nerve [5Y). These
findings point to a possible relation between the
effects of these compounds and their similarity to
monovalent cations in biological systems. From data
cbrained before, we have been inclined to postulate
in yeast the existence of a proton pump as the mechan-
ism responsibie for the creation of the electrochemical
potential necessary to transport X* into the cell by
means of a specific carrier [6]. Guanidines seemed con-
venient tools to stndy further the transport of this
cation if they conld be shown to have some inhibitory
action on the phenmmnenor. The zesults obiained per-
mitted io show that in fact, guanidines inhibit K*
iransport, znd besides, that this inhibition is of the
compsetitive type, in agreement with the similarity of
guanidines to K*. Ii could be shown also that granidines
inhibit K* transport withount altering H* extrusion,
which agrees with the postulation of two linked but
independent systems for the uptake of K* and the
extrnsion of H? in yeast.

2. Experimental
Cells were grown and prepared according to the
generzl procedures described before [7], but growth

- took place under vigorous aeration, in order to obtain.
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celis with a high asrobic metabolism, capable of sup-
porting K™ uptake with ethanol as substrate. K* up-
take was measured with a Beckmnan cationic £lectrode,
oxXygen was monitored with a Clark slecirode from
Yellow Springs Instrument Co., 2nd Rb? uptake was
measnred with 38Rb, as described in the legend for
fig. 3. -

3. Results and discuzsion

Fig. 1 shows that, as expected, K* uptake by yesst
is inhibited by low concentrations of both octyl
guanidine and decamethylene biguanidine (synthalin).
However, in the simultaneous recording of K™ and pH
it was found that, although synthalin, with ethanol as
substrate could inhibit both K* ranspori and H*
extrusion, with glucose as subsirate, only K¥ uptake
was inhibited. With octyl guanidine, on the other hand,
with both substaries, only K¥ uptake was inhibited.

The effects of both guanidines on these paramerars
showed a difference on aerobic conditions with eif 1nol
as subsrrate from which it could He expected that
synthalin behaved either a. an inhibitor of respization,
or as an uncoupler of oxidative phosphoryiation. The
resulis obiained {Hg. 2) show that with glucose as
substrate both substances inhibit respiration after an
initial stimulation. With ethanol s substrate, on the
other hand, octyl guanidine caused an initial stimula-
ton of aboui 30%, and afier some time, an ihibition
of respiration took place. Synthalin stimulated respira-
iion over the whole length of the experimmeniz] period.

~ From these data it seems clear that both guanidines

can inhibit respiration, but this inhibition is a late
effect that can be better appreciated with glucess as
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Fig, 1. Effect of octylgeanidine and synthalin on K uptake
and M exirusion in yeast with ethanol or glucose as subsirates.
Incubation conditions: 100 mM glucose, or 86 mM ethanol;
40 mM maleic-triethanolamine buffer, pH 6.0; 1 mM KCi;
yeast cells, 1.0 g, wet wi; Final volume, 10.0 ml. Temperatare,
30°C. The tracings were initiated by the addition of the veast
suspension, A) Synthalin, glucose; B) oetylguanidine, glucose;
C) ociylgnanidine, ethanol; D) synthalin, ethanol. The con-
centrations of synthalin were 0 { ), 3104 mM {———),
0,279 TM (-ooereers =) o1 0.695 mM {—-—-w--—). The concentra-
tions of ectylguanidine wers o { 3, 0.136 mM {———-},
0.364 mM ([weererese} and 0.908 mM {—o—a—.),
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Fig. 2. Effect of 0.354 mM synthalin or 0.456 mM octyl
guanidiane on respiration with glucose or ethanol as substrates
in yzast. Incubation conditicns wete as for fig l wexpect ‘that
25 mg of yeast, wet wi., were used.
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Fig. 3. Double reciprocal plols to show the effects of 0.354 mM
synthalin or 0.456 mM oety] gnanidine on ®Rb* transport in
wveast. The incubarion mixiure was the same as fior fig. 1, but
100 mg of yeast were used. Exactly 1 1in after the addition

of the yeast suspension, *RbCl was added at the indicated
concentrations; after 1 min moze, exarctly, an zliguot of the
mixinre was filtered through a .45 micion Millipoze filter

and washed several times, The cells on the filter were resus-
pended in 'waler and an aliguot was plated and counted.

substrate, and in any case, glycolysis is able to support
the energy requirements of the cell in the absence of
respiration, as shown by the persistence of the H* ex-
trusion in the presence of both inhibitors when glucose
was the s=bstrate. With ethanol as substrate, on the
other hand, octyl guanidine has a Jate inhibitory cffect
o respiration which apparently does not show in short
time experiments, and synthalin has an uncoupling
effect which, with ethanol 2s substrate, possibly
depletes the energy stores of the cell. The experiments
seems 10 agres with the idea that guanidines can inhibit
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. Fig. 4. Comparative effects of octyl guanidine 0.456 mM
A~r—sra—) and guanidine-HC] {————) at several concentra-

tions on K* transpoirt in yeast. Incubation conditions were ihe
same-as for fig. 1; but 80 mM maleate-triethanolamine,
PH 6.0, and 2,0 mM K.Cl were used. Final volume was 5.0 ml
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K* transport without inhibiting B extrusion, provided

an adequate energy source is funciioning in the cell,
and these Systsms seem to be able to function in-
“dzpendently frum one another. '

Another important question io Solve was the natnre
of the inhibition of K* transport produced by the
guanidines, in view of the resemblances reported-
between guanidines and monovalent fons {57, For the
sake of convenience, 3°Rb upiake was measured both

in the absence and presence of gnanidines. Experiments -

were carried out to measure the X,,, of transport and
the type of inhibition produced by both guanidines.
As expected from the relative resemblances reported
{5], the inhibition observed was of the competitive
type (fig. 3) with Rb*; with synthalin, besides, an in-
crease of ¥, took place in this experiment, which,
however, did not show consistently in other expern-
ments, and seemed to depend on the K* content of
yeasi. A &; of approx. 0.3 mM for octyl gnanidine,
and around 0.1 mM for synthalin was calculated from
the data in fig. 3.

Although experiments have not bzen carmried out
to measure specifically the transport of the guanidines
in our experimenta. system, it is reasonable to assume
that they are transported to the interior of the celi
from the inhibition observed in respiration, particular-
ly when glucose was used as the substrate, 11 seems
reasonable, besides, to suppose that if both guanidines
and Rb™ compete for the same site, they are trans-
ported by the same carrier into the cell.

In relation to the chemical characteristics of both
compounds, it is important, first, that both inhibitors
are substituted with a long carbon chain. As found by
Pressman [2] for the inhibition of mitochondrial
metabolism, in onr system the same inhibition of K
transport conld be demonstrated with unsubstitnted
guanidine, but much higher concentrations were re-
quired (fig. 4). The effects on X* iransport are mem-
brane phenomena, and so it seems that besides Zne
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interaction of substituted gnanidiines with the mono-
valent cation carrizr, the hydrophobic il is necessary
to magnify the inhibition which ¢2n be obseryed with
the unsubstituted guanidine. In the figure it can be
appreciated that there exisis 2 great qualitative differ-
ence in the effects of both guanidine and octyl guani-

_dine; the latter is about 100 times more potent-than

guanidine. As pointed out by Schifer and Bojanowsk:

{4] for the action of biguanides, the ability of the

molecules to bind 1o the mezh\}amne, which deperds
on the hydrophobic moiety of the molecule, is an im-
portant fact in the magnitude of the effec?.

In summary, substituted guanidines are molecuies
which inhibit K* transport probably by interacting
with its carrier with the following characteristics: i) the
molecules seem to be kinetically similar to K*; ii) the
hydrophobic component of the molecule plays an
important role in the enhancement of the effect, in
comparison 10 guanidine; iif) the molecules not only
interact with the transport system, but are ailsc trans-
poried into the cell, probably by the same camrier as
K*, and iv) the effect of guanidines on K* transport
can be separated from its effect on HY extrusion,
which supports our previons idea that H* extrusion
and K* uptake are carried out by two different systems
in the -yeast cell which are coupled, but ean be separ-
ated nnder certain conditions,
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