Volume 32, number 1

FEBS LETTERS

May 1973

MEMBRANE MEDIATED INHIBITION OF PROTEIN SYNTHESIS
BY YALINOMYCIN IN RETICULOCYTES

H. EREITBART and M. HERZBERG
Deparizent of Life Sciences, Eor-fion University, Rerios-Gan, Is7gel

Reecived i 2 March 1573

1. Introduetion

In the past few vears considerable atiention has
been direcied 1o the action of Valinomycein on the K
ion transport mechanism [1] and less io s propertiss
as an antibiotic {2, 3]. As the protein synthesis
apparatus is known to reguire high X concentraiions,
it was believed thait Valinomycin acted as an antibintic
by limiting the K* conceniration aveiluble to protein
synthesis [4]. We examined this hypothesis in terms
of the plasma membrane fonctions in order to relate
their involvemsnt in protein synthesis regnlation.
Evidence is provided in this work that Valinomycin
acts or the elongation process in a way which does net
depend primarilv on the Joss of K ions by the cells
and that its effects are membrane mediated. The
reticulocyte system which has a very well defined
protein synthesis machinery and whose membrane
characterisiics are «:haramenzed was emp]n:,ueﬁ asa
b:nlogma] system. -

2, Materials and methods

2.1. Source of marerials :

‘Reticulocyte enriched blood was obiained by in-
jeciion of 7oung white rabbiis [5] with phenyi-
kydrazine. The blood was collected by cennulation
when levels of 60--70% reticulocytes was attained,
Ribosome and S100 supernatant fractions were pre- -
 pared from Va}mﬂmymn and untreated cells according
20 previously describad procedures 16]. The K.Cl wash -
. jwas obtained by suspending *ibosome pelletsina 1 M
KVlLschution in-60% glycercl This suspenmon was Then
eentrifuged 4 i at 250,000 g o eliminate azr_\,r
‘:emauung nbosomes and subumts,,

) Narrh Hallmd.?ubhsh.rg Cgmparzy ,dmsterdam

Walinorycin was purchased from Rigma Biochemi-
cal Corp. znd dicyclchexyli8-ciown-6 {D.C.)was s
zit of Dupont Co.

For incorpcration experiments reticulocytes were
wasned three iimes in isotonic buifer befors they were
suspended i Schulmann medivm [7] containing
shose concentrations of K indicated in sach sxpen-
inent. The [#4C]leucine vsed had = spesific aciivity of
242 mCiframole. Valinomyein was dissolved in ethancl
al concentrations ranging frem 10-10 (o 109
depending upon the experiment (see legends). Etharol
controls wers performed in paraliel experiments.
Dicyclohexyhk18-rrown-6 was used at 102 Mto.
1072 M. These iwo profucts were added 1o the in-
cubation mixture jusi prior 1 incubation.

The cells were agitated when incubated zt 37° for
tiare periods varying from 1 ndn to 2 hr.

Cell fres incorporation of amine acids into poly-
pepiides was performed eccording to procedures
described by Allen ang Schweet {81,

Polysomzal fractions were analysed in a Model E
Bpinco analytical Utraceniriluge and by electzon
microscopy [9]. The ATP content of cclls was deter-
mined by the luciferin—Iuciferase reaction using 2
Tri-Carb scintillation counter.

3. Resulis

3.1, Effect of valinoenzyic on [HC]lencine incorpore-

. dlon by rrmmi'&f}:res
When 1 valinomycin a1 concentrations of 10-3 M

wis added to ;ehcuic:v*es o Schulmann medium
containing 14 mM KCl, incorporation of [¥4C}ieucin

o nolypmndes was 91"% J:.}]’ll.bltei, afier 2 min. Thss
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Fig. 1. 0.1 ml of zeticulosyle packed cells were incebated

#0 min in Sehulmann medivm coniaining | l4{.]ienn.me and
valinomycin () 1 D.C, {o) a1 different copeentrations and
control Incorporation of [*#C]leucine into poly peptides was
measured by hot TCA precipitation and the percent of in-
hibition a5 compared to control calenlated for each duplicate
sample,

inhibition, which was virtually instantanepns, remamed
constani during longer incubaiion periods at nanomolar
concentrations of valinomycin {see fig. 1).

Tabiz 1
Inhibition of incorporation | 14C]12ucine by reticulocyles with
different concentrations of XCi in the snspension medium,

Ko - Valinomycin {cpm) Inhibiticn
prasent in {1075 M) {%)
Rechubmann

medivm

(mM)

5 0 27000

s & 150D 94,3
28 + 1780 534
a7 + 1958 92,6
20 4 2475 9.8
84 + 2500 0 0.5
98 + 2365 91.2

0. 1 ml of reticulocyies were sesuspended in 1 mlof “shulmann
medium containing the indicated concentrations of XCl, after
40-min incubalion ai 37° the cells were counted for hot TCA
precipitable niaterial. A controlof cells nontreated Wwith valino-
- mycin and suspeaded in. me same mcﬂhum was added fo: each’

_ -KC! concentrauona , :
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Fig. 2. Ribosomal fraction from Yalinomycin-treated (lower
curve) and control fapper corve) cells were run in a Model E
witracentrifuge and their profile of szdimentation analysed
wiing a YUY scomner. A typical paitern is showsn hee.

In order to see if this effect was cansed only by &
change in which the internal concentration of K*
under the influence of the drug reached equilibrinm
with the external K* concentration, reticulocyles were
incubated with or withont valinomyein in Schulmann
medium containing different concenirations of KCi
(1able 1). The resnlis presented show clearly that
valinomycin-indnced inhibition of ingorporation does
not dzpend upon the KCI concentration in the incube-

_ Table 2
Level of acticn of valinomyein on | *3C]lencine incorporation
7 inlp polvpeplides.
Supernatant fraction Ribosomes fepm per
from: from: 30 ug of
- ribpsomes)

Unireated cells Unireated cells 7 1900
Untreated cells Valinomygin ireated

) eells ‘ 470
Valinomycin treated  Valinomyein treated
celis _ celle 40
Valinomycin treated Untreated cells o
cells : I o ‘.51'551{3

- Supemalam and nhusoma] fractions were iSBla'lEﬁ separately

either from Valinomyein treated or contro] cells and acell-free

“syslem-was constituted with the different cross I:Dssabxhnes

The cell-free system was incubaled for 20 min at 37 -and
ccmmed t'nr hot ICA prampltable maierial
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tion medium since such an antibiotiz-induced effect
remains unchanged in the presence of KOl congentra-
tions that exist normally inside the seticulocytes. More-
over in 2 edll free system, the mmcorporation rate was not
very sensitive to a lowering of the KCl conceniration.
Furthermore, amino acid transport is relatively in-
sensitive to those levels of Valinomycin used, since the
uptake of 14Clleucine was not reduced by more than
15% during the time of incubation. Such results conid
not account Tor the 90% decsease in incorporation in
the presence of Valinomycin, Moreover, the ATP evel,
whan measured by the hciferin-luciferase enzyme
assay, remaing ot normal levels in the treated cells. it
is, Thus, unlikely that the inhibition of protein synthesis
by the drog was due to 2 losz of energy. These two
poinis viere further controlled oy using the cell {res
system. In order to test it 2nother prodnct having
comyparable external chemical sfructure and acting as
an ionophore without being a polypaptide would have
effects similar 10 Valinomycin, the cyclic polyether
dicyclohexyl-18-crown 6 {1.C.) [10, 11 which hasa
marked. affinity for K™ was used, Indeed, an mhibition
of protein synthesis was observed using D.C. but oniy
when used at markedly higher concentration (fig. 13.

3.2, Effect of Valinomyein on incorporaiion of
P3¢ eucing in cell free system

However unlikely, dug 1o its strong binding 1o
membrancus stimetures, Yalmon.yein could inhibit
protein synthesis by interacting directly with the ribo-
somes or the different enzymes necessary for the trans-
lztion process. We tried to obisin an in vifro sffect of
Valinomycin in cell-free systems of incorporation and
&id not find any effect on the incorporation level, even
at 10~% M Valinomyein,
3.3. JLevel of action 67 5 linomycin

‘When ribosomes and &30 supernatant fractions
were isolated from Valinomycin treated cells, the elk
free system failed 1o incorporate amine acids showing

an inhibition of more than 605 as compared 1o control.

However, when we used a cross complementation
‘system in which the supernatant fraction from treated
- cells was added to riboscmal f‘zacn@n from untreated
cells, no change in the mf:mpmatlon of the system was
pbserved. However, when the supernatant fraction.
from cells were mixed with ribosomes from treated
. cells {table 2), an inhibition of incorporation.
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comparable to thai ohserved in the complets Valinom'y-

- cin treated cell-free system: was observed. These find-

jngs show that the inhibition is st the level of the ribo-
somal fraction and not of the supernatant fraction.
This inactivation of the ribosomal fraction corid not
be reversed by simply adding KCi to the incubziion
mixigr2.

When studied by analytical ultracentrifuge, the
profile of the sibosomal fraction from the ireated celis
was simitar to the profile of the ribosomal fraction
from mntreated cells. Specifically, there was no quan-
titative difference in the level of 80 5 ribosomes in the
treaist cells, showing that ihe inhibition was not due
to stimalated RNAase activity {fiz. 2). Merpholcgically,
polysomes from the two fractions were identical when
observad in the eleciron misroserpe. A man af low
magnssium concenteation which allows 1o differcntiate
between 59 8 ‘run off” ribusormes and 80 S ‘RMNAase’
ribosomes {W. Bont, personal communication) showed
that thers were no morz ‘run off " ribosormes in the
treated cells than in the controls,

Reiief of the inhibition could be obtained by pre-
incubating ribosomes from Yalinomycin treated celis
for 12 min with 0.5 M KC1: The pesceniage recovery
obtained in different «xperiments was from 30% to
607 28 compared 10 1ibosomes from man—‘wfa.mwmymn
treated cells,

4. Dizeussion

1t is known [12] that ¥alinomoycin acis at very low
dose Jevel in the transport of K by changing the
;est fance of the membrane 16 his eation In  very
specific way [13—-15]. The fact that we find an efifect
on a protein synthesis apparatus in spite of large
fluctuations in the external K7 corcentrations shows
that this effect is not due 10 the concentration changes.

This is further cosrobarzted by the fact that in a cell-

free system which is not supplemented with external
mRMA. the protein synthesis is ot very sensitive 1o
the ¥.Cl concentration in the medinm,

That this effect of Valinomyrcin may be membrane

mediated is shown by the fact that we did not find

any inhibitory effect of the drug when acted onacall-
free system. This negates the possibilizy that Valin:my-
o1n 25 such could bind dirzetly to the polysomes.or to

-the 1acmrs and enzymes which ase in the supernatant -
fraciion, L

s
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The resulis shown in table 2 demonstrate elearly
that the ribosomal fraction is the one which is inhibited
when cells are treated with Vaiinomycin. However the
fact that no more 59 & *run off” ribosomes were found
in the treated cells as~ompared to conirel cells, and
the fact thai the poelysomai profile of the two fractions
is identical, tend to show thai this inhibition is neither
a1 the level of RNAase nor of initiation, 1f RNAase
activity was stimulated we woild have found more
80 S ribosomes in treated ceils than in control, and if
initiation was stopped the amcunt of 59 S ribosomes. -
would have been higher in irsated cells and the amount
of polvsomes wowid have heen lower as sompared 1o
control cells. 1t is then likely that the block is at the
level either of termination or cf elongation of the
polypeptide chain, Which of the two possibilities is
the right one is currently under investigation.

Kaufmann et al, found in a X* depleted mutant of
E. eoli that K* was necessary 10 maintain the peptidyl
transferase reaction and that ribosomes isolated from
this strain could be converled to an active form by
preinzubation in 0.1 M XKiCl oy NHyCI [16). Scheps et
-al. nging rinosomes from E. coli at stationary phase
found that they were blocked at the Jevel of elongation
and that this block could be relieved by incubation of
the ribosomes either with 0.56 M KCl or Puromycin
[17]. Ir. our case the kind of inhibition induced by
Vfalmsmycm sesembles more the one observed by
Scheps et al. In mammalian ceils Engelhardt [18]
found a very similar effect on density inhibited cells.
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