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1. Introduction

In 1973 it was shown that 2'(3")-0-(N-formyl-
methionyl) adenosine 5'-phosphate pA-(fMet) acts as
donor for the residue of N-formylmethionine in the
reaction with Phe-tRNA or CACCA-Phe catalyzed by
FE. coli ribosomes [1]. This new model system allowed
a detailed investigation of the substrate specificity of
the donor site of the peptidyltransferase center
[2—4]. The process was shown to be catalyzed with
50 S subunits of £, coli ribosomes [5,6]. Cytidine
5'-phosphate (pC) effectively stimulates the reaction
of pA-(fMet) with both acceptors [7]. The pC was
established to bind at the donor site of the peptidyl-
transferase center stimulating the peptide donor
activity of pA-(fMet) in terms of allosteric mechanism
[8,9]. By means of an analog of the ‘minimal’ sub-
strate it was found that E. coli ribosomes can catalyze
the synthesis of the thioamide bond [10,11].

We report here on the ability of rat liver ribosomes
to catalyze peptide bond formation using pA-(fMet),
as a peptide donor.

2. Materials and methods

2.1. Ribosomes

These were prepared from a postmitochondrial
supernatant of rat liver homogenate by addition of
Triton X-100 and sodium deoxycholate to final con-
centrations of 2% and 1.3%, respectively, and centri-
fugation for 90 min at 105 000 X g. The ribosomes
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were resuspended in a medium of 10 mM TEA,

500 mM KC1, 1 mM MgCl,, 10 mM S-mercaptoethanol
(pH 7.5) to 10 mg/ml, and puromycin was added to
0.5 mM, After incubation for 20 min at 0°C and

10 min at 37°C 25 ml of the mixture was layered over
a cushion of 25 ml 20% sucrose in buffer A (10 mM
TEA, 500 mM KCl, 5 mM MgCl,, 10 mM g-mercapto-
ethanol (pH 7.5)). Derived subunits were pelleted for
20 h at 25 000 rev./min in rotor SW 25.2 at 20°C.
The pellets containing 60 S and 40 S particles were
resuspended to 400500 A ,4p-units/ml in 10 mM
TEA, 50 mM KCI, 5 mM MgCl, (pH 7.5) and either
used directly or stored with 6% sucrose and 10 mM
B-mercaptoethanol in liquid nitrogen until use.
Ribosonies were activated by preincubation at 40°C
according to [12].

2.2. Transfer RNA

Total tRNA from Escherichia coli B was acetylated
with [*H]phenylalanine, spec. act. 10 Ci/mmol (Isotop,
UCCR). CACCA-(Ac-["*C]Leu) was obtained from
[**C]Leu-tRNA [1]: [**C]leucine was spec. act.
342 mCi/mmol: pA-(fMet) was synthesized as in [13].

2.3. Transfer reaction”

The reaction was carried out as in [1]. The incuba-
tion mixture contained (before methanol was added)
0.05 M Tris—HC! (pH 7.4),0.4 M KCIL, 0.02 M
Mg(OACc),, ribosomes, [*H]Phe-tRNA, pC and
pA-(fMet) in concentrations as indicated in the figure
legends. The reaction was initiated with addition of
100 ul methanol and incubated for 60 min, Termina-
tion and treatment were done as in [1].
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3. Results

3.1. Transferase activity of the rat liver ribosomes

The peptidyl transferase activity of the prepara-
tions from rat liver ribosomes is characterized in a
system with CACCA-(Ac-["*C]Leu) and puromycin
according to [14]. As is obvious from fig.1, the prepa-
ration of rat liver ribosomes used vigorously catalyzes
the reaction, though somewhat weaker than the prep-
aration of E. coli ribosomes.

3.2. Dependence on concentration of pA-(fMet)
Figure 2 shows dependence of the reaction of
pA-(fMet) and [*H]Phe-tRNA on the pA-(fMet) con-
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Fig.1. Dependence of Ac-[!*C]Leu-puromycin formation on
the concentration of CACCA-(Ac-['*C]Leu) for rat liver
ribosomes (curve 1) and for E. coli (curve 2). The incubation
mixture contained 75 pmol E. coli ribosomes or 96 pmol rat
liver ribosomes and 1 mM puromycin. Incubation was for
40 min at 30°C.
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Fig.2. tMet-[*H]Phe-tRNA formation at different pA-(fMet)
concentrations in the presence of 2.5 mM pC (curve 1) and in
its absence (curve 2). Incubation mixture contained 95 pmol
rat liver ribosomes, [*H]Phe-tRNA (72 X 10° cpm). Incuba-
tion was for 60 min at 30°C.

centration. One can see the reaction run is twice as
effective in the presence of pC than without it. At
maximum pA-(fMet) concentration, 19% of [*H]|Phe-
tRNA (without pC) was utilized and 33% in the
presence of pC. The reaction is effectively inhibited
by the antibiotic puromycin (1 mM), but is not
affected by chloramphenicol (1 mM) and lincomycin
(1 mM) (table 1).

3.3. Temperature dependence of reaction of pA~(fMet)
with [ *CJPhe-tRNA
The data given in fig.3 show that reaction of
pA-(fMet) witk Phe-tRNA in the presence of 1 mM
pC is about twice as effective at 30°C than at 0°C.

Effect of some antibiotics on the reaction of pA-(fMet) with [*H|Phe-tRNA in the presence of 1 mM pC

pA-(fMet) Formation of fMet-[*H |Phe-tRNA
[mM]
— + puromycin + chloramphenicol + lincomycin
(cpm) (%) (cpm) (%) (cpm) (%) (cpm) (%)
2 10 000 100 3060 9210 92 9340 93
4 18120 100 6200 16 670 94 17 030 92
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Fig.3. Reaction of pA-(fMet) with [*H]Phe-tRNA in the pC
presence at 0°C (curve 1) and at 30°C (curve 2). The incuba-
tion mixture contained 95 pmol rat liver ribosomes and

7 X 10* cpm [*H]Phe-tRNA.

3.4. Dependence of reaction of pA-(fMet ) with [ *HJ-
Phe-tRNA on ribosome concentration
Figure 4 shows that the yield of formyldipeptidyl-
tRNA is proportional to the ribosome concentration.
This also points to the ribosomal nature of the reac-
tion. Similar dependence for E. coli ribosomes is
given for comparison.

o
o
=

u
=)

fMet—[-‘H]Phe, pmoles

0 50 00
ribosomes, pmoles

Fig.4. fMet-[*H|Phe-tRNA formation at different concentra-

tions of rat liver ribosomes (curve 1) and £. coli ribosomes

(curve 2). Each sample contained 10° cpm [*H]Phe-tRNA
and was incubated for 60 min at 30°C.
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4. Discussion

It has been reported that ribosomes of human
tonsils [14], mouse and rat liver [15], yeast [16],
rabbit reticulocytes [17] and wheat germs [18]
catalyze fragment reaction, i.e., the reaction between
CACCA-(AcLeu) and puromycin. However, nothing
has been reported so far as to the ability of ribosomes
of higher organisms to catalyze the reaction between
pA-(fMet) and Phe-tRNA.

The quality of ribosomes in the peptidyltransferase
reaction was controlled by the Monro system [14].
Figure 1 shows that rat liver ribosomes effectively
catalyze the transfer of the AcLeu residue from
CACCA-(AcLeu) onto puromycin. The feature of the
reaction is that it was run at 30°C whereas the Monro
reaction is normally done at 0°C. In the described
case CACCA-(AcLeu) was utilized to 30—50% whereas
at 0°C 70—80% were reached (data are not given).

From the data obtained one can see that effective-
ness of the fragment reaction decreases with rising
temperature. The reaction of pA-(fMet) and [*H]Phe-
tRNA in the presence of pC depends on the concentra-
tion of pA-(fMet) (fig.2,3) and on the concentration
of ribosomes (fig.4). These data prove the ribosomal
nature of the reaction. Figure 3 also represents the
dependence of the yield of peptide on temperature.
Similarly, as shown [19] for E. coli ribosomes the
temperature range from 0—-30°C increased the effec-
tiveness of transfer of the fMet residue of Phe-tRNA.
Comparison of these data with the results presented
in fig.1 points to the opposite effect of temperature
on the reaction run with the pentanucleotide frag-
ment of peptidyl-tRNA and the ‘minimal’ donor. We
believe that decrease in the yield of products in the
Monro system accompanied by temperature rise
results from destabilization of the secondary struc-
ture of the fragment and therefore from decrease of
its binding to the ribosome. This temperature range

affects neither the conformation of the ‘minimal’
donor nor Phe-tRNA as noted [19].

pC vigorously stimulated the reaction of pA-(fMet)
with Phe-tRNA as reported [7—9] for E. coli ribosomes;
puromycin inhibited the transfer (table 1) [6], but
chloramphenicol and lincomycin had no effect
[14-18].

The above data show the reaction of pA-(fMet)
with Phe-tRNA to be effectively catalyzed by rat liver

227



Volume 101, number 2

ribosomes. In addition, this stimulation proves general
similarity of the structures of the peptidyltransferase
donor site of procaryotic and eucaryotic ribosomes.
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