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1. Introduction

In 1975 it was shown that cytidine-5"-phosphate
stimulates the E. coli ribosomal reaction of pA-Met<«f
with Phe-tRNAFPhe or C-A.C-C-A-Phe [1]. The stimu-
lating effect of cytidine 5'-phosphate is explained by
the tendency of this nucleotide to be bound to the
area of the donor site of the peptidyl transferase
centre occupied in an ordinary process by the penulti-
mate 3'-terminal nucleotide of peptidyl-tRNA
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phate also stimulates the reactions catalyzed by 50 S
subunits of E. coli ribosomes [5] and by rat liver
ribosomes [6]. All these facts indicate some allosteric
effects taking place in the peptidyl transferase centre
as a result of the occupancy of the ribosomal A- and
P-site.

Several experimerits have been reported which
indicate that the activity of one ribosomal site can be
influenced by the reaction taking place in the other
site of the ribosomes (reviewed [7]). Among them
the dependence of activity of puromycin [8] and
other model acceptors [9] upon the nature of peptide
donor should be mentioned. The peptidyltRNA
bound to the donor site stimulates binding of the
complex aminoacyl-tRNA + EF-I + GTP to rabbit

Abbrevigtions: C-A-C-C-A-Phe and C-A-C-C-A-Val, 3'-termi-
nal fragments of Phe-tRNA™™™ and Val-tRNAVill respectively;
C-A-C-C-A-(3'-NH-Phe<Ac), 3'-terminal fragment of Ac-Phe-
tRNAPhe.C.C-A(3'-NH,), pAa-Met+f, pA-Leu<f and pA-
Phe«f, 2'(3")-O«(N-formyl)aminoacyl derivatives of adenosine
5'-phosphate; pA(3'NH-Met<f), 3'-N-(N-formyl)-L-methy-
ionyl-3'-deoxy-3'-aminoadenosine 5'-phosphate; pC, cytidine-
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reticulocyte ribosomes [10]. The stimulating action
is displayed if a peptide residue is located at the

3"-hydroxyl, but not at the 2"-hydroxy! of the termi-
nal adenosine of tRNA . The stimulation of acceptor
pentanucleotide substrate binding to 50 S subunits of
E. coli ribosomes by tRNA and C-C-A trinucleotide
was also observed [11].

We report here on the systematic investigation of
the interreiation between the model substrates of the
peptidyl transferase center of F. coli ribosomes under
the
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the presence of model substrate-like inhibitor on one
of the sites does not change the equilibrium associa-
tion constant (K, ) of the second model substrate
binding to the neighbouring site and practically does
not increase the fraction of ribosomes taking part in
substrate binding. However, the catalytic rate con-
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pA-Met<f, pA-Leu~f or pA-Phe<f are increased by
1.5 orders of magnitude in the presence of cytidine
5'-phosphate.

2. Materials and methods

2.1. Materials

The ribosomes were isolated from Escherichia coli
MRE-600 by centrifugation in a sucrose gradient in a
zonal rotor, according to [12] and activated prior to
the experiment by heating at 40°C for 10 min.
C-A-C-C-A[*H]Phe, C-A-C-C-A-[**C]Phe and C-A-C-
C-A-[**C]Val were obtained by T; RNase hydrolysis of
corresponding aminoacyl-tRNAs. Specific radioactiv-

ity for [**]phenylalanine was 270 mCi/mmol
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(UVVVR, Czechoslovakia), for [*H]phenylalanine 6
Ci/mmol (Isotop, USSR) and for [**C]valine 124
mCi/mmol (UVVVR), C-A-C-C-A(3'NH-[*C]-
Phe<Ac) was obtained from tRNAFhe.C.C-A(3'NH-
[1*C]Phe) [13] by acetylation with acetanhydride
and subsequent hydrolysis with T; RNase. Specific
radioactivity for [**C]phenylalanine was 513 mCi/
mmol (Amersham, England). Aminoacyl and acetyl-
aminoacyl oligonucleotides were purified by electro-
phoresis on Whatman no. 1 or 3MM paper with 0.5%
pyridine and 5% acetic acid (pH 3.5) buffer, for 2 h
with a gradient of 53 V/cm. The yield of acetylation
wastested prior to use asin [14]. pA-Met<f, pA-Phe<«f,
pA-Leu<«f and pA(3'NH-Met«f) were synthesized
according to [15] and [16], respectively.

2.2. Methods

The binding of C-A-C-C-A(3'-NH-{!*C]Phe-Ac),
C-A-C-C-A-[*H]Phe and C-A-C-C-A-[**C]Val to ribo-
somes was examined according to [14]. The 0.05 mt
incubation mixture contained 0.06 M Tris—HCI buff-
er (pH 7.5),0.2 M KCl, 0.01 M MgCl, and 40% (v/v)
ethanol; the amounts of ribosomes and substrates are
indicated in the figure legends.

The transfer reaction in the presence of cytidine
5'-phosphate was done at 0°C for 10 min. In the
absence of cytidine 5'-phosphate the reaction was
performed at 0°C for 20 min, Reaction mixture (150
ul) contained: 1 mM pA-Met<«f, pA-Phe«f or
pA-Leu<f, 7 X 10~ M ribosomes and 8 X 1078 -
2.4X 1077 M C-A-C-C-A-["*C]Phe. The reaction prod-
ucts were extracted with ethyl acetate and the radio-
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Fig.1. Plot of 1/¥ vs 1/A for the binding of C-A-C-C-A(3'NH-
[**C]-Phe«Ac). The amount of substrate was varied from
3.1-35.7 pmol; the amount of ribosomes was 12.5 pmol.

v, av. no. substrate molecules bount/ribosome; A, concentra-
tion of unbound substrate.
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activity was determined [2,3]. Calculation of K, K, ,
aand K, were done as in [14,17].

3. Results

3.1. The binding of C-A-C-C-A(3'NH- *C]Phe<Ac)
to ribosomes

In fig.1 the measurements used for the determina-
tion of K, of the binding of the C-A-C-C-A(3'NH-
[**C]Phe Ac) fragment to the ribosomes are pre-
sented. The ratio of C-A-C-C-A(3'NH-[**C]Phe<«Ac):
ribosome was varied from 0.25-2.9. The K, calcu-
lated from this data is 1.4 X 10° M~! and the fraction
of ribosomes capable of binding the substrate a is
85%. The statistical treatment of a number of experi-
ments gives K, =1.3 (+0.26) X 10°M™ and = 80 ¢
20%.

3.2. Binding of C-A-C-C-A{3'NH-[**C]Phe<Ac) to
ribosomes in the presence of acceptor substrates.
Fig.2 shows the binding of C-A-C-C-A(3'NH-[*C]-

bound to C-A-C-C-A-[3H)Phe ) (%)
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Fig.2. The C-A-C-C-A(3'NH-{'*C]Phe«Ac) binding in the pres-
ence of increasing amounts of C-A-C-C-A-[*H]Phe (A) and
puromycin (B). Incubation mixture contained 12.15 pmol
ribosomes and 15 pmol donor substrate.

177



Volume 118, number 2

L&
&A
—_— c®
R a
[T 0 O
¢ £ L
EQ of 0§+
8. 4 8 &
oM. o -
_;?30.—_,./' '30-; <
20 83
'S}

T 1 [ ] T
o<20r 120 6 4
% O 5 ©
o o

c c
s 10r 4110 6
o C€ O C
o 3 o 3
« O - O
ragita) ) IL &

0 10 20 30 40
C-A-C-C-A(3NH-[4C] Phe<Ac)
added (pmol)

Fig.3. Binding of C-A-C-C-A-[*H]Phe in the presence of
increasing amounts of C-A-C-C-A(3'NH-[**C]Phe<Ac). Incu-
bation mixture contained 17 pmol ribosomes and 18.3 pmol
acceptor substrate.

Phe<Ac) in the presence of increasing amounts of
C-A-C-C-A-[*H]Phe (A) and puromycin (B). It can be
seen that no significant effect of acceptor site sub-
strates on C-A-C-C-A(3'NH-[1*C]Phe<Ac) binding was
observed even when ribosomes were saturated with
C-A-C-C-A-[*H]Phe up to 90%. For C-A-C-C-A(3'NH-
[**C]Phe<Ac) K, was 1.50 (+ 0.44) X 10° M~ and
o was 80 £ 20%. These two parameters were practi-
cally the same independently of the presence or
absence of the acceptor substrate.

3.3. The binding of C-A-C-C-A-{*H]Phe and C-A-C-
C-A-{*C] Val to ribosomes in the presence of
C-A-C-C-A(3'NH-[ *C|Phe<Ac), pA(3 NH-
Met<f) and cytidine 5'-phosphate

Fig.3 shows the binding of acceptor site substrate,

C-A-C-C-A-[3H]Phe, in the presence of increasing

amounts of C-A-C-C-A(3'NH-["*C]Phe<Ac). The

saturation of ribosomes with C-A-C-C-A(3'NH-[**C]

Phe<Ac) was up to 40%. There is no significant stim-

ulation of C-A-C-C-A-[>H]Phe binding in the presence

of C-A-C-C-A(3'NH-[*C]Phe<Ac); for C-A-C-C-A-

[*H]Phe K, = (5.0 + 2.0) X 10° M~! and =70 *

10% either in the presence of C-A-C-C-A(3'NH-[**C]-

Phe<Ag) or in its absence.

Fig.4 summarizes thé data on C-A-C-C-A-[*H]Phe
binding in the presence of pA(3'NH-Met<f) or cyti-
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Fig.4. The C-A-C-C-A-[*H]Phe binding in the presence of
increasing amounts of pA(3'NH-Met«f) (o) or pC (). Each
tube contained 17 pmol ribosomes and 18.3 pmol C-A-C-
C-A-[*H]Phe.

dine 5'-phosphate. In both cases the compounds
under investigation do not affect the acceptor bind-
ing. At concentrations of pA(3'NH-Met<f) or cyti-
dine 5'-phosphate higher than 1 X 10~ M an inhibi-
tion of C-A-C-C-A-[*H]Phe binding to the ribosomes
can occur. This is due to competition with the accep-
tor substrate. Similarly the binding of C-A-C-C-A-
[®H] Val to ribosomes was stimulated by neither
pA(3'NH-Met+«f) nor cytidine-5'-phosphate (not
shown).

3.4.K,, and k,, of the reactions of model substrates

K, and k&, of the ribosomal reaction of the
model peptide donors with C-A-C-C-A-[**C]Phe are
summarized in table 1. The K values are about the
same in the presence or absence of cytidine 5'-phos-
phate. However, the k ,, values were stimulated by
1.5 orders of magnitude by the presence of cytidine
5'-phosphate.

4, Discussion

As seen in fig.1 C-A-C-C-A(3'NH-[**C]Phe«Ac) is
bound only to a single ribosomal site. It can be con-
firmed that this site is the donor site. Since the frag-
ment C-A-C-C-A(3'NH-[*C]Phe<Ac) does not
inhibit the binding of acceptor substrate C-A-C-C-A-
[3H]Phe, its binding is directed to the P-site of the
ribosomal peptidyl transferase center. In addition we
have shown that the fragments of peptidyl-tRNA
C-C-A(3'NH-Leu<f), C-A(3'NH-Met<«f) and pA(3'NH-
Met<f) are bound to the donor site of the peptidyl
transferase centre [14].
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Table 1
Effect of cytidine 5°-phosphate (pC) on &, and K, in the reaction of model donors
with C-A-C-C-A-['*C]Phe

Substrate ~ With pC Without pC
KM=t X 107y K 570 X 10%) KM~ X 107)  kgds™ X 10°)
pA-Metf 10 0 3-10 20-50
pA-Leuf 2-25 2-3 i-3 5-10
pA-Phef  2-25 1-2 <1 <5
Fig.2—4 show that under the conditions used the References

acceptor substrate of the npnhdv] transferase centre
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bound to the acceptor site has practically no effect
on K, and a of the donor substrate and vice versa. At
the same time the fact that k ,, of the reactions of
model donors with C-A-C-C-A-Phe is increased by 1.5
orders of magnitude (table 1) in the presence of
cytidine 5'-phosphate implies that this nucleotide
leads io the conversion of a low-activity ribosomal
complex into high-activity one. Probably the binding

of nvhrlmp 5 .nhncnhafp nrndnnec some conforma-
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tlonal changes in the peptidyl transferase centre facil-
itating the transpeptidation reaction.

It is possible that the cytidine 5'-phosphate bind-
ing locus is not the only area that produces the con-
formational changes in the peptidyl transferase
centre. However, there is no area of binding for the

autidylin ragidna ar ragidiise in tha ancantor cite cana.
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ble of transforming a low activity complex into a high
activity one, This follows from the fact that cytidine
5’-phosphate does not stimulate the activity of model
acceptors (puromycin [1,2] or 3'(2")-O-valyl-adeno-
sine, A-Val; not shown),

These results clearly show that the peptidyl trans-
ferase centre is not a rigid matrix binding only its
substrates, but it fulfills a more complex function and
plays an active role in the process of transpeptidation.
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