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The effect of quercetin (3,3',4',5,7-pentahydroxyflavone) on the polypeptide elon-
glatmn system isolated from rat liver cells, was investigated. Quercetin inhibited
[**Clleucine incorporation into proteins in vitro and the inhibitory effect is being
directed towards the elongation factor eEF-1, but not to eEF-2 and ribosomes. Quer-
cetin was found to form a complex with EF-1a, which was inactive in GTP-dependent
binding to ribosomes. It can be suggested that quercetin can block the total or the part
of the domain of EF-1a structure that is responsible for formation of the ternary
complex EF-10-GTP-['*CJPhe-tRNA and therefore preventing formation of the quater-

nary complex with ribosomes.

In all organisms protein biosynthesis is the
fundamental process which can be regulated,
stimulated or inhibited by various substances.
The eEF-1 is the eukaryotic elongation factor
that catalyses the circular binding of ami-
noacyl-tRNAs to ribosomes; its subunit form
EF-1a is responsible for the binding step. In
earlier publications we have described some
features of the elongation factors isolated from
rat liver and Guerin epithelioma cells [1-10].
The demonstrated differences in the organiza-
tion of subunit forms in eEF-1 of tumour and
normal cells might be relevance in the search
for specific inhibitors of protein biosynthesis.

Some plants have been used for a long time as
antitumour remedies in folk medicine but there
is little information on their effect on protein
biosynthesis in the course of tumour develop-
ment.

Quercertin (3,3",4,5,7-pentahydroxyflavone),
the compound of rutine (Quercetin 3p-D-ruti-
noside) exhibits pharmacological properties,
but at the same time it is a mutagenic agentand
inhibitor of hyaluronidase, phosphodiesterase

and prostaglandin synthesis. Quercetin arrests
human leukemic T-cells in late G1 phase of the
cell cycle [11].

The effect of quercetin on the peptide elong-
ation system isolated from rat liver cells, is the
subject of this work.

MATERIALS AND METHODS

Male Wistar rats, 150-200 g in weight were
used for the experiment. The cell-free system
(nbosomes, elongation factors eEF-1 and eEF-2,
& C]phenylalanyl-tRNAs) were isolated from
rat liver and EF-1a was purified as described
earlier [2,5, 12,13]. The binding of [* C]phenyl-
alanyl-tRNA to ribosomes has been described
[51.

Quercetin solution. Quercetin (5 mg) was dis-
solved in 1 ml of ethanol, then the ethanolic
solution was diluted with 10 vols. of 50 mM
Tris/HCI buffer, pH 8.0, and immediately
added into the reaction mixture of the tests on
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{14C]1euc1ne incorporation into proteins or
[ *Clphenylalanyl- tRNAbmdmg to ribosomes.

Ternary EF-10-GTP-["*CIPhe-tRNA complex
formation. First, a binary complex EF-1a- GTP
was formed by incubation at 37°C of the mix-
ture containing in 0.5 ml: 50 mM Tris/HCI, pH
7.6, 15 mM MgCl,, 60 mM KCl, 15% glycerol, 5
mM DTT, 0.2 mM GTP and adequate amounts
of EF-1a untreated or treated with quercetin.
After 5 min [*4C]Phe-tRNA (approx. 20 000
c.p.m.) was added and incubation was conti-
nued for another 2 min. The reaction was
stopped by adding 3 ml of buffered solution
containing: 33 mM Tris/HCI, pH 7.6, 67 mM
KCl and 67 mM MgCl,. Samples were immedi-
ately filtered through cellulose filters (0.45 um,
Millipore) and washed three times with the use
of the same buffered solution, 3 ml for each
washing. The radiocactivity retained on the
dried filters was measured in the PPO-POPOP-
toluene scintillation fluid on Isocap 300, Nu-
clear Chicago counter.

Quercetin-EF-10. complex formation. EF-1a
(1.7-2.0 mg) was incubated at 0°C or 37°C for 5
min with 800 ug of quercetin in 0.5 ml of the
buffered solution containing: 50 mM Tris/HCI,
pH 8.0, 25% glycerol and 10 mM 2-mercap-
toethanol. Then the incubation mixture was
filtered through Sephadex G-25 column (0.8 cm
x 30 cm), equilibrated with the same buffered
solution, at a flow rate of 20 ml/h and absorb-
ance of the fractions was measured at Apgg (for
protein) and Agzss (for quercetin).

Reagents. Guanosine-5-triphosphate (GTP)
— Calbiochem; dithiothreitol (DTT) — Loba
Chemie, Vien-Fischamend, Austria; 2,5-diphe-
nyloxazole (PPO) — E. Merck; p-bis [2-(5-phe-
nyloxazolyl)benzene] (POPOP), scintillation
grade——New England Nucl. Corp. Chern Div.;
L- [ C]leucme (60 mCi/mmol) and L- [ C]phe-
nylalanine (475 mCi/mmol) — Amersham,
U.K,; poly(U) — Sigma; quercetin — Serva;
Millipore filters HA (0.45 pm) — Millipore
Corp., Bedford, MA, U.S.A,; glass fibre filters
GF/A — Whatman Biochemicals Ltd, UK. All
the other chemicals used were of reagent grade.

RESULTS AND DISCUSSION

Quercetin was found to inhibit [14C]leucine
incorporation into proteins in vitro; the inhibi-
tory effect, investigated in peptide elongation

system, being directed towards elongation fac-
tor eEF-1 (Fig. 1), but not to eEF-2 and ribo-
somes. This result was confirmed by the action
of quercetm on the eEF-1-dependent binding of
% C]phenyIaIanyl -tRNA to ribosomes (Table
1). The subsequent experiments demonstrated
that direct action of quercetin on the ribosomes
did not affect their activity (not shown). Some
substances (e.g. tetracyclines) can block the
binding site A on the ribosome with eEF-1 still
being active [14, 15]. Thus, the inhibitory target
site for quercetin is different than that of tetra-
cyclines.
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Fig. 1. The effect of quercetin on the EF-1 activity.
The eEF-1 activity was assayed by [ 4Cleucine i incorpor-
ation into proteins as described previously [3]. (O), With-
out quercetin; (@), with quercetin (150 pg/ml).

So far no selective inhibitor of eEF-1 activity
has been discovered. We have demonstrated
that EF-1A (eEF-10), a subunit form of the hete-
rogeneous elongation factor eEF-1, is respon-
sible for the binding of aminoacyl-tRNA to

Table 1
The effect of quercetm on the eEF-1 activity in
binding of [**CIPhe-tRNA to ribosomes

[14CPhe-tRNA binding
. to ribosomes (c.p.m.) | Inhibition
Experiment
without with (%)
quercetin | quercetin
418 114 72.5
2 503 48 90.4

The experiment was carried out with the use of 30 pg of eEF-1
and without or with 150 pg of quercetin.
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ribosomes [5]. It has been also shown that
quercetin (10 pug), added to the EF-1a (28.5 ug),
inhibits the activity of this factor by about 50%
(Fig. 2). It could be supposed that quercetin, to
be bound with EF-a prevents the formation of
EF-10-GTP complex. Therefore quercetin was

200t
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['4C]Phe-tRNA bound to ribosomes (c.p.m.)

L ———
2 4 6 8 10 20

Quercetin added (ug)

Fig. 2. The effect of quercetin on the activity of

EF-lc.
The activity of EF-la was assayed by [*CIPhe-tRNA
binding to ribosomes as described previously [10].
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incubated with EF-1at and the mixture was
passed through Sephadex G-25. The results
have shown (Fig. 3) that quercetin can form a
complex with EF-1a, which is inactive in GTP-
dependent binding to ribosomes. The absorb-
ance at 280 nm was much higher in the peak
fractions of the EF-1a incubated with quercetin
than that of EF-1a incubated without quercetin
(Fig. 3A). The absorbance, that was parallelly
measured at maximum for quercetin (355 nm),
has shown univocally the presence of quercetin
in the same fraction (Fig. 3B). These results
support the suggestion on formation of the EF-
la-quercetin complex.

The EF-1a-dependent binding of aminoacyl-
tRNA to ribosomes is a three-step process. In
order to produce a ternary complex of EF-la-
GTP-aa-tRNA, a binary complex of EF-1a-GTP
must first be formed. The ternary complex
binds to the ribosomes forming a quaternary
complex. On the graph of Fig. 4, the results of
the EF-la-dependent ternary complex forma-
tion are presented. The amount of [ “Clphenyl-
alanyl-tRNA bound with the binary complex of
EF-10-GTP was by 40%-50% smaller on incu-
bation in the presence of quercetin. It was noted
simultaneously that quercetin did not form di-
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Fig. 3. The graphs of molecular filtration through Sephadex G-25 of the EF-1a. preincubated for 5 min at 0°C
with quercetin (O) or without quercetin (@), at absorbance maxima: A, of protein; B, for quercetin.
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['4CIPhe-tRNA bound with EF-loc (pmol)

Fig.
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4. The ternary complex EF-1a-GTP- [*4C]Phe-

tRNA formation, dependent on the concentration

EF-

1a, preincubated with quercetin (O) or without

quercetin (@).

rectly any bond with GTP. Our suggestion is
that quercetin can block the total or part of the
domain of EF-1a structure that is responsible

" for

formation of a ternary complex, and thus

the quaternary complex of EF-1a-GTP-
[1*C]Phe-tRNA-ribosome can not be created.
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