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An inhibitor of protein synthesis inttiation from Alhagi kirgisorum S,
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Polyprounthocyanidin - o plant phenolic compound from Athagi kirgivarem S, eliectively inhibited protein synthesis in eabbit reticulocyte and wheat

germ eell-Tree systems, Poly-proanthocyanidin inhibited transiution only at the tevel of initiation and not at the clongation level and aminoieylation

of tRNA. The inhibitory etfect of the plicnolic compound is due ta the Blockage of the ternary complex formation of el -2 with GTP and initiator
Met-tRINA,

Inhibitor of protein synthesis; Bukaryotic initiation factor 2; Cell-free translation; Plant biologically active compound

1. INTRODUCTION

Inhibitors of protein synthesis are widely used for
elucidation of protein synthesis mechanisms and regula-
tion. There are many highly specific inhibitors of
translation, not only with respect to the step inhibited,
but also with respect to the type of ribosome (70 S or 80
$) and to the species [1]. At present a number of in-
hibitors of polypeptide chain initiation of eukaryotes
are known {2-4].

In this work we report that polyproanthocyanidin
(referred to as PPA) from Alkagi kirgisorum S. also ef-
fectively inhibits protein synthesis at the initiation
stage. Aminoacylation of tRNA and elongation stage of
translation were not inhibited by PPA. The inhibition
of translation initiation by PPA is due to the blockage
of an early step - the formation of the ternary complex
elF-2 - GTP - Met-tRNA;. This seems to be the first
report on the specific interaction of this plant’s
phenolic compound with a key component of the pro-
tein synthesizing machinery.

2. MATERIALS AND METHODS

PPA was isolated from camel's thorn Alhagi kirgisorum S. by
ethanol extraction. Fresh plant material (0.5 kg) was grinded and
treated with benzol to remove lipid compounds. After comiplete
evaporation of residual benzol 1 liter of ethanol was added to the
plant material with gentle shaking for 3 h. An equal volume of
acetone was then added to the ethanol fraction, The dark lower layer
was collected and an equal volume of acetone was added again. After
4 h the precipitate of PPA appeared. This precipitate was collected,
dried in a desiccator and stored under CaCl,. The resulting brown
powder of PPA was dissolved in water before use.
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During the whole isolation procedure PRPA was testedd by reaction
with vamillin in the presenee of MCI (8], Purified polyproantho-
eyanidin gives a characteristiv speetrum with two maxima at 280 nm
and 550 nm. The molecular mass ¢f PPA was determined by gel-
filtratan on Sephadex G-50 (Pharmacia) in the presence of 0.1 M
NaCi and was found to be about 10 000 i,

Initiation factor 2 was isolated from wheat germ extract as deserib-
cd by Spremulli et al, {6), with slight modifications. The elF-2 activity
was assayed essentially as deseribed in (7], The reaction mixture (1¢0
ul) contained 25 mM HEPES/KOH, pH 7.6, 10 mM 2-mercapto-
ethanol, 100 mM KCl, 10 pmol [**SIMet-tRNA,, 0.5 ug cIF-2. After
incubation for 10 min at 30°C, ternary complex formation was
measured by filtration through & aitrocellulose membrane
(Millipore). [¥'S]Met-tRNA. was prepared as deseribed [8], using total
tRNA from wheat germ, [**S}methionine (250 Ci/mol, Isotop, USSR)
and the enzymatic fraction from £. coll MRE 600,

The effect of PPA on protein biosynthesis in the ¢ell-free system
was tested using a reticulocyte lysate as described previously [9]. The
incubation mixture (25 ul) contained 15 ul of rabbit reticulocyte
lysate, 25 mM HEPES/KOH, pH 7.6, 120 mM K-acetate, 1 mM
dithiothreitol, 10 mM  ¢reatine  phosphate, 1 mg/ml
creatinephosphokinase, 0.6 mM spermidine, 1 mM ATP, 0.2 mM
GTP, 20 xM hemin, The incubation mixtire contained also: (a) in
case of endogenvus mRNA translation, 19 amino acids (without
leucine) 40 uM each, 10 uCi [“Clleucine (260 Ci/mol, Amersham)
and 1 mM Mg-acetate; (b) in case of poly(U) translation, 5§ uM
{*H]phenylalanine (29 Ci/mol, Amersham), 10 pg poly(U)(Sigma)
and 10 mM Mg-acetate.

In both cases, after incubation for 45 min at 34°C, 2 ml of a mix-
tureof 1 M NaOH and 0.5 M H;02 (1:1, v/v) was added and samples
were incubated for 15 min at room temperature, Then trichloroacetic
acid was added to a final concentration of 5% and samples were
filtered through GFC filters (Whatman). Radioactivity of dried filters
was measured in a liquid scintillation counter LS-100C (Beckman).

3. RESULTS AND DISCUSSION

We first examined the effect of PPA on the transla-
tion of endogenous mRNA and poly(U) in a rabbit
reticulocyte system, The results shown in Fig. i,
demonstrate that PPA has no inhibitory effect on po-
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Fig, b, Lirtect of PPA on the endogeiious mmdRNA (1) and poly(U) (2)
transhation in g rabhig retouloeyte cellfree syswem.

ly(U)-deperdent elongation at a 10 M concentration
(Fig. 1, curve 2) whereas the translation of natural
mRNA is strongly inhibited (Fig. 1, curve 1), Same in-
hibition of poly(U)-dependent synthesis of polyphenyl-
alanine was observed at a 100 M concenttation of
PPA. Similar effects of PPA were observed while using
a cell-frec system from wheat germ (data not shown),

The selective inhibition of the initiation of {ranslation
by PPA was tested in rabbit reticulocyte system, where
mRNA for E. coli S-palactosiclase was translated. In
this experiment 10 uM PPA was added to the incuba-
tion mixtures before, or § min aftcr mRNA addition,
The results are shown in Fig. 2.

When PPA was present in the incubation mixture
from the start of translation, polypeptide was not syn-
thesized (Fig. 2, track A). If PPA was added 5 min after
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Fig. 2. Effect of PPA on LacZmRNA translation in a nuelease-
treated rabbit reticulocyte lysate [9]. 10 uM PPA was added either at
zero time of incubation with mRNA (A), or after 5 min (B,D). In-
cubation time was 10 min (B,C) and 45 min (A,D,E). Autoradiogram
of [*S}labeled products of translation. The reactions were incubated
at 34°C, stopped by SDS-sa: aple buffer addition and electrophoresed
[11]. Gels were dried and exposed using RI-V film (Tasma, USSR).
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the beginning of translation, the inhibitdon of polypep-
ticde synthesis wis not observed (Fig, 2, traeks B,
Sinee the effivieney of MRNA tnskation was egqual in
the presence (Fig, 20 tracks BoD) and in the absenge of
PPA (tvacks C 1, i may be coneluded that oply the in-
itintion stage, b not the elangaton was affected by
PRA,

1t ix known that the overnidl process of jnitiation of
transhation in cukaryotie cells consists of at least b steps
{101 (1 dormation  of  the dermry  complex
T2 GTP  Met=-t RNAG; (2) formatian of the 43S pre-
iitintion complex: {3) formation of the 48 8§ pre-
initiation complex: () fornntion of the 80 8 initintion
complex,

To determiine which step of the nitiation process is
inhibited by PPA we used a rabbit reticuloeyte celi-frec
system lacking hemin. [tis known that the translational
activity of such asystem depends upon exogenous ¢li'-2
addition [12]. Indeed, as shown in Fig. 3, significant
stimulation of endogenous mRNA  trans!ation was
abserved in hemin-deficient cell-free systems in the
presence of purified wheat germell*-2, But this stimula-
tion was eliminated by PIPA at concentrations of 10 M.
These results indicate that the ¢l F-2 dependent step of
initiation may be inhibited by PPA. In order to verify
this possibility, we examined the ternary complex for-
mation of wheat germ ¢IF-2 with GTP und Meat-(RNA,
in the presence of different concentrations of several
phenolic compounds: phenolic caffeic) acid, M, 18 016
(Sigma); quercetine, M 33 826 (Sigma), and PPA (Fig.
4). It is scen that only PPA has a strong inhibitory ef-
fect on the ternary elF-2 GTP - Met-tRNA; comples
formation (Fig. 4, curve 3). It should be noted that the
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Fig. 3. Effect of PPA on endogenous mRNA translation in a hemin-
deficient rabbit retleuiocyte systom in the presence (2) or absence (1)
of 1.0 ug of purified wheat germ eiF-2. Experimental conditions were
the same ag described in section 2 but a mixture of 19 amino acids
without methionine and 10 ¢Ci [¥S]methionine was used.
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Fig, 4, Bt of different plicnolic compouiuds of ernary camplex
formation, |""SIMet-URNA, Bading was determained as deseribed in
section 2 with purified wheat germ elb-2and GTP, Carve 1, phenolic
avidy aurve 3, gquerveting curve 3, PPA,

effect of PPA on the activity of ¢IF-2 from rabbit
reticulocytes wis the some (data not shown),

Thus, PPA is found to be tae specific inhjbitor of
¢IF-2 function. Therefore totul inhibition of prowein
synthesis initiation by PPA was due to the blockage of
the termary o2 GTP-Met-tRNA,; complex forma-
tion, Several non-enzymatic inhibitors of cukaryotic
polypeptide chain initiation are known to block the for-
mation of the ternary complex in cell-free systems:
showdomyein (an analog of N-ethylmaleimide) [2-4];
adrenochrom and triphenylmethan dyes (such as aurin-
tricarboxilic acid, Pyrochatechol violet, etc.) {2,3,13);
N-ethylmaleimide [2,3]. However the working concen-
trations of most of these arc rather high (0.1-10 mM)
(2] and they may interfere with other stages of transla-
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tion 3] wiel processes other thin protein synthesis [4].
Our results show that PRPA at concentradicns ol 1-10
vl strongly inhibics the functioning of 1152 from rab-
bit reticuloeytes and  wheat germ, resulting in a
blockage of protein synthesis in both cell-free systems,
However, peither tRNA aminoacyhtion nor clongation
and the termination steps of translation are affected by
PPA. - ‘

It scems that PPA may serve as a useful tool in study-
ing the mechanisms and regulation of translation in
cukuryotic cell-free systems. '
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