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ABSTRACT Escherichia coli and rabbit reticulocyte
(f['HJMet-tRNA AUG- ribosome) intermediates undergo
hydrolysis, with release of f['HImethionine, upon addition
of tRNA or CpCpA in the presence of acetone. This ribo-
somal catalyzed reaction has similar requirements, pH
optimum, and antibiotic sensitivity to those of peptidyl
transferase. Two antibiotics, lincomycin with E. coli
ribosomes and anisomycin with reticulocyte ribosomes,
inhibit peptide-bond formation and transesterification
activities of peptidyl transferase, but stimulate hydrolysis
of f[3HJMet-tRNA. Earlier studies have suggested peptidyl
transferase activity is essential for R factor-dependent
hydrolysis of f(QH)Met-tRNA. These studies indicate that
peptidyl transferase has the capacity for f(QH)Met-tRNA
hydrolysis and, therefore, may be responsible for pep-
tidyl-tRNA cleavage during peptide chain termination.

Peptide chain termination can be studied as a partial reaction
involving recognition of terminator codons (1) or hydrolysis
of ribosomal-bound peptidyl-tRNA (2). Both intermediate
events require protein release factor (Escherichia coli, R1 or
R2; rabbit reticulocyte, R) and their corresponding ribo-
somes (3). This communication focuses on the mechanism
of peptidyl-tRNA hydrolysis. Earlier publications have dealt
with the requirements of codon recognition by R factors (1).

Release factor-dependent hydrolysis of the peptidyl-tRNA
ester bond requires location of the peptidyl-tRNA in the
ribosomal P-site (2), NH4+ or K+ (4), and is inhibited by
several antibiotics that also inhibit peptide bond formation
(4-6). These characteristics are similar to those of the ribo-
somal enzyme peptidyl transferase. Such circumstantial in-
formation has led several investigators (4-7) to speculate on
the possible involvement of peptidyl transferase in peptidyl-
tRNA hydrolysis occurring at chain termination. Our in-
terest in the mechanism of peptide chain termination led us
to the study of peptidyl transferase.
Monro and Vasquez (8) have greatly simplified study of

peptidyl transferase and conducted extensive studies char-
acterizing itsactivity. These investigators measure the ribo-
somal-dependent formation of fMet-puromycin from fMet-
tRNA or 3'-terminal fragments of fMet-tRNA as an index
of peptidyl transferase activity. Such reactions proceed in
vitro with fMet-tRNA, K+ or NH4+, puromycin, 50S (bac-
terial) or 60S (eukaryotic) ribosomal subunits, and ethanol
(9). Thus, peptidyl transferase activity is a function of the
larger ribosomal subunit and can be studied independently
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of transfer factors, GTP, mRNA, or smaller ribosomal sub-
units (30S, bacterial; 40S, eukaryotic). We have used
similar conditions in our studies of peptidyl transferase and
found the ribosome to be capable of additional reactions (10).
When reactions contain fMet-tRNA, 50S (bacterial)

ribosomal subunits, ethanol, and tRNA or its 3'-terminal
oligonucleotide CpCpA, the reaction product is fMet-ethyl
ester (10). Using different experimental approaches, ribo-
somal-dependent ester formation has been observed by Rich
and his associates (7, 11, 12). The characteristics of both
reactions indicate that transesterification is catalyzed by
peptidyl transferase. This report describes the hydrolysis
of ribosomal-bound fMet-tRNA by peptidyl transferase in
reactions containing acetone and tRNA. The demonstration of
the hydrolytic capacity of peptidyl transferase provides addi-
tional indirect evidence for its involvement in the peptide
chain termination event.

MATERIALS AND METHODS

Preparation of f[ H]Met-tRNA Ribosome Intermediates.
E. coli (f[3H]Met-tRNA-AUG ribosomes) intermediates are
prepared (13) by the use of AUG to bind purified E. coli
f[8H]Met-tRNA to ribosomes washed with 1.0M NH4Cl. After
formation of the complex, Mg(OAc)2 is added to a final con-
centration of 0.03 M and the complex is stored in a liquid-
nitrogen refrigerator until use. Reticulocyte (f[3H]Met-
tRNA * ribosome) intermediates are prepared as described
(3) by the use of 0.055 M Mg (OAc)2 to bind purified E. coli
f[3H]Met-tRNA to ribosomes washed with 0.5 M KCl. After
formation, the complex is stored in a liquid-nitrogen re-
frigerator until use.

Hydrolysis of f[3H]Met-tRNA. A typical reaction con-
taining bacterial ribosomes is incubated at 4°C for 15 min
and contains in 0.05 ml: 3-5 pmol of (f[3H]Met-tRNA *AUG -

ribosome); 0.1 M KCl; 0.03 M Mg (OAc)2; 0.05 M Tris-OAc
(pH 8.0); 0.1 A260 unit of unfractionated E. coli tRNA; and
is initiated by the addition of 30% (v/v) acetone. Reactions
will also proceed at 24°C with as little as 10% acetone. A
typical reaction containing reticulocyte ribosomes is in-
cubated at 24°C for 15 min and contains in 0.05 ml: 3-4
pmol of (f[3H]Met-tRNA * ribosome); 0.06 M KCl; 0.011
M Mg(OAc)2; 0.02 M Tris-OAc (pH 7.4); 0.1 A260 unit of
unfractionated E. coli tRNA; and is initiated by the addition
of 30% acetone. Reactions proceed poorly at 4°C and re-
quire 30% acetone. The release of f[3H]methionine is quanti-
tated by extraction of the product with ethyl acetate after
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TABLE 1. Effect of solvents on formation of
fMet and fMet-ester

A pmoles

Solvent f [3H] Met f[8H] Met-ester

E. coli ribosomes
Ethanol 0.00 1.65
Isopropanol 0.53 0.71
Tertiary butanol 0.96 0.02
Acetone 0.91 0.00

Reticulocyte ribosomes
Ethanol 1.33 0.05
Acetone 0.07 1.57

Reactions containing E. coli ribosomes are incubated 20 mm
at 40C and contain in 0.05 ml: 5.3 pmol (fMet-tRNA-AUGG-
ribosomes); 0.05 A260 unit of tRNA; 0.1 M KCl; 0.03 M Mg
(OAc)2; 0.05 M Tris-acetate (pH 8.0); and 30% (v/v) of the
indicated solvent. Reactions containing rabbit reticulocyte
ribosomes are incubated 15 min at 240C and contain, in 0.05 ml:
3.6 pmol (fMet-tRNA-ribosome); 0.2 A2,o unit of tRNA; 0.06 M
KCl; 0.011 M Mg (OAc)2; 0.02 M Tris-acetate, (pH 7.4); and
30% (v/v) of the indicated solvent. The f[sH]Met (0.6 pmol)
and f[3H]Met-ester (0.05 pmol) formed in the absence of tRNA
is subtracted from all values.

adjustment of the reaction to pH 1.0 (13). All values are re-
ported as total f [3H]methionine released.
The product of these reactions, and those containing linco-

mycin, was identified as f(3H]methionine by thin-layer chro-
matography on Eastman silica-gel plates (14).

Formyl Methionine-Ethyl Ester Assay. Reaction com-
ponents and conditions have been described (10). All reac-
tions are terminated by the addition of 0.1 M imidazole
buffer (pH 6.0) and f[3H]Met-ethyl ester is extracted into
ethyl acetate for quantitation. Since fMet-ethyl ester is
extracted into ethyl acetate at both pH 1.0 and 6.0 and fMet
is extracted only at pH 1.0, in reactions that contain both
products the amount of ester is determined by extraction at
pH 6.0 and fMet is determined by the amount extracted at

TABLE 2. Peptidyl transferase hydrolysis offMet-tRNA

Apmole f[8H] Met with
ribosomes from

Components E. coli Reticulocytes

Complete 1.34 1.31
- tRNA 0.00 0.10
- tRNA + CpCpA 1.42 0.30
- Acetone 0.00 0.07
- Ribosomes 0.00 0.00

Complete reactions containing E. coli ribosomes are incubated
15 min at 4°C and contain, in 0.05 ml: 3.8 pmol E. coli (f['H] Met-
tRNA-AUG .ribosome), other components as in Table 1, and,
where indicated, 0.1 A260 unit of CpCpA. Complete reactions
containing rabbit reticulocyte ribosomes are incubated 10 min
at 24°C and contain, in 0.05 ml: 3.8 pmol (f[3H]Met-tRNA.
ribosome), other components as in Table 1, and, when indicated,
0.1 A260 unit of CpCpA. A zero-time value (0.43 pmol) is sub-
tracted from all data.

TABLE 3. Ribonucleotide stimulation offMet-tRNA
hydrolysis by peptidyl transferase

Ribonucleotide f[3H] Met, Apmole

tRNA 1.34
CpCpA 1.38
CpA 0.05
A 0.01
ApApC 0.02
CpApC 0.01
None (0. 10)

All reactions are as indicated for E. coli in Table 2.

pH 1.0 in excess of the fMet-ethyl ester found. All values are
reported as total fMet-ethyl ester formed (10). fMet-puromy-
cin is quantitated by the method of Leder and Brusztyn(15).

Materials. The oligonucleotides were prepared and identi-
fied as described (10). E. coli (16) and reticulocyte R (17)
preparations were purified. The i,[3H-methyl]methionine
(7.0 Ci/mmol) was supplied by Amersham/Searle. Antibiotics
were described (2, 17).

RESULTS
Peptidyl transferase of mammalian (3) and bacterial

ribosomes (2) is readily investigated with f [3H]Met-
tRNA ribosome intermediates as substrate. The f[3H]Met-
tRNA is bound to E. coli ribosomes in response to AUG, and
to rabbit reticulocyte ribosomes at 55 mM Mg++ without
added mRNA template. These intermediates yield f[3H]Met-
puromycin upon addition of puromycin. When these inter-
mediates are incubated with tRNA and an organic solvent,
additional reactions catalyzed by peptidyl transferase are
observed (Table 1). Reaction products vary with the organic
solvent chosen for study. In the presence of ethanol or meth-
anol (not shown), both bacterial and mammalian ribosomal
intermediates yield f [3H]Met-ethyl (or methyl) esters, as
with bacterial ribosomes (10). Acetone or tertiary butanol
added to these reactions gives f[3H]methionine. Isopropanol,
a secondary alcohol, gives a mixed product, f[3H]methio-
nine and f[3H]methionine-ester. There is no conversion of
f[3H]Met-ester to f [3H]methionine in these reactions. Varia-
tion of the organic solvent and, presumably, the predominant
nucleophilic acceptor gives different products. The require-
ments for f[3H]Met-tRNA hydrolysis are given in Table 2.
Hydrolysis of fMet-tRNA with either E. coli or rabbit reti-
culocyte ribosome requires acetone, ribosomes, and tRNA.
The trinucleotide CpCpA, which corresponds to the 3'-nu-
cleotide sequence of tRNA, can substitute for tRNA. Reticulo-
cyte ribosome preparations are less sensitive to the trinu-
cleotide CpCpA, and have been reported not to participate in
in vitro termination of peptide chains directed by the trinu-
cleotides; UAA, UAG, and UAA (17). The reasons for the low-
ered sensitivity of these mammalian ribosomes to trinucleo-
tides is not apparent.
Both tRNA and CpCpA stimulate hydrolysis of fMet-

tRNA by E. coli ribosomes, while the sequence isomers ApApC
and CpApC, the doublet CpA, and adenosine have no effect
(Table 3). CpCpA identically stimulates the formation of
fMet-ethyl ester (10) from reactions containing (fMet-tRNA * -
AUG * ribosome) intermediates and ethanol. This oligonucleo-
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tide specificity suggests that fMet-tRNA hydrolysis is cata-
lyzed by the same enzyme responsible for ribosomal trans-
esterification, peptidyl transferase. Vasquez (9), and Rychlik
(18) have used, respectively, ribonuclease fragments of ami-
noacyl-tRNA and 2'(3')-O-aminoacyl nucleosides as small
as A-Phe for the study of peptide bond formation. The
nucleotide specificity of these acceptor molecules also indi-
cates a recognition of the 3'-tRNA terminus CpCpA by a
ribosomal component, presumably peptidyl transferase.

Further support for peptidyl transferase catalysis of these
reactions is found in Fig. 1, where formation of fMet-puro-
mycin by E. coli ribosomes is compared with the fMet-tRNA
transesterfication and hydrolysis reaction. All reactions con-
tain 30% acetone and, as indicated, puromycin, (fMet-
puromycin), tRNA (fMethionine), and both tRNA and 4%
ethanol (fMet-ethyl ester). All values are rate determinations.
The similar effect of pH on these reactions and their similar
pH optima suggest that all three reactions are catalyzed by
a single enzyme, peptidyl transferase. Maden and Monro (19)

TABLE 4. Antibiotic inhibitor

Antibiotic Peptidyl transferase activity, Apmoles
added fMet-ethyl ester fMet-puro fMet

E. coli ribosomes
None 0.93 1.44 1.00
Sparsomycin -0.10 0.03 -0.12
Gougerotin 0.21 0.12 0.00
Amicetin 0.55 0.40 0.24
Chloramphenicol 0.38 0.41 0.57
Lincomycin 0.03 0.15 1.45
Anisomycin 0.95 1. 70 1.00
Fusidic acid 0.86 1.34 0.99
Streptomycin 0.97 1.00 1.15

Reticulocyte ribosomes
None 1.59 1.29 1.39
Sparsomycin 0.00 0.03 0.02
Gougerotin 1.17 1.42 1.09
Anisomycin 0.00 0.09 3.50
Amicetin 1.60 1.47 1.47
Lincomycin 1.60 1.52 1.49

All E. coli peptidyl transferase reactions are incubated 20 mi
at 40C and contain in 0.05 ml: 0.05 M Tris-acetate (pH 8.0),
0.05 M NH4OAc; 0.03 M Mg (OAc)2, 4.5 pmol of (f[8H]Met-
tRNA-AUG.ribosome) intermediates, 0.05 A260 unit of unfrac-
tionated E. coli B tRNA, where indicated, 10 MM puromycin,
30%O acetone, and 2% ethanol in the case of fMet-ethyl ester
reactions. The formation of f[3H'Methionine, 0.42 pmol,
f[3H]Met-ethyl ester, 0.16 pmol, and f['H]Met-puro, 0.14
pmol, occurring in the absence of added tRNA or puromycin,
is subtracted from the indicated values. All antibiotics were added
to a final concentration of 0.1 mM. All reticulocyte peptidyl
transferase reactions are incubated at 240C for 5 min (fMet-
puromycin) or 15 min (fMet- and fMet-ethyl ester) and contain,
in 0.05 ml, the components indicated in Table 2, either 50 1AM
puromycin or 0.2 A260 unit of tRNA, 30% acetone (fMet- and
fMet-puro) or 20% ethanol (fMet-ethyl ester), and, where,
indicated 50 AM sparsomycin, 1 mM gougerotin, 1 mM aniso-
mycin, 0.1 mM lincomycin, or 1 mM amicetin. Formyl-methio-
nine formation in the absence of added tRNA is 0.54 pmol,
f[3H]Met-ethyl ester, 0.16 pmol, and f[3H]Met-puro, 0.01
pmol; these values are subtracted from the indicated values.

t 2.0
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FIG. 1. All reactions are at 40C and run either 5 min (fMet-
puromycin) or 15 min (fMet-ethyl ester and fMethionine) and
contain, in 0.05 ml: 3.4 pmol E. coli (f[3H]Met-tRNA*AUG.
ribosome); 0.1 M KCl; 0.03 M Mg (OAc)2; 0.05 M cacodylate
(pH 4.8-6.0); imidazole (pH 6.3-7.4) or Tris-Acetate (pH 7.6-
9.3); 30% acetone; 0.02 Am60 unit tRNA (fMet-ester and fMeth-
ionine) or 0.1 mM puromycin (fMet-puromycin); and 2%
ethanol (fMet-ethyl ester). A zero-time value (0.25 pmol) is
subtracted from all data. 0, fMet-ethyl ester; 0, fMet; A, fMet-
puro.

have reported a similar pH curve for the ability of peptidyl
transferase to use CpCpA-Leu as an acceptor in peptidyl
transferase reactions. Additional evidence for catalysis of the
three reactions by peptidyl transferase is found in Table 4.
Since eukaryotic and prokaryotic ribosomes differ in their
sensitivity to antibiotic inhibitors of peptidyl transferase, we
have examined the effect of several antibiotics on both ribo-
somal types for their formation of fMet-ethyl ester, fMet-
puromycin, and fMethionine. Two antibiotics, sparsomycin
and gougerotin, are inhibitors of the three reactions by E. coli
and reticulocyte ribosomes. Both antibiotics were reported
(20, 21) to be inhibitors of eukaryotic and prokaryotic pep-
tidyl transferase. Amicetin and chloramphenicol inhibit
formation of fMet-ethyl ester, fMet-puromycin, and hy-
drolysis of fMet-tRNA by E. coli ribosomes. Amicetin (Table
4) and chloramphenicol have little or no effect on eukaryotic
peptidyl transferase. Lincomycin has a striking differential
effect on the three reactions with E. coli ribosomes. Linco-
mycin inhibits formation of fMet-puromycin and fMet-ethyl
ester (90%), stimulates hydrolysis of fMet-tRNA 1.5-fold,
and has no effect on reticulocyte ribosomes. Anisomycin af-
fects these three reactions by reticulocyte ribosomes in a
manner similar to lincomycin. Anisomycin is a potent in-
hibitor of fMet-puromycin and fMet-ethyl ester (90%)
formation, stimulates hydrolysis of fMet-tRNA (2.5-fold),
and has no effect on E. coli ribosomes. The rate of fMet-tRNA
hydrolysis by bacterial and reticulocyte ribosomes is shown
in Fig. 2, together with the effect of lincomycin and aniso-
mycin. At short time periods, E. coli ribosomes are stimulated
1.5-fold by lincomycin, while reticulocyte ribosomes are
stimulated 10-fold by anisomycin. The requirements for this
stimulatory effect are given in Table 5. Both ribosomes and
acetone are required. The low level of fMet-tRNA hydrolysis
occurring without added tRNA may be due to tRNA that
contaminates the ribosomal preparations. Sparsomycin, a
potent inhibitor of reticulocyte (21) and E. coli (20) peptidyl
transferase, inhibits fMet-tRNA hydrolysis in the presence
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FIG. 2. fMet-tRNA hydrolysis. Reactions containing bac-
terial ribosomes are at 4°C for the indicated time and contain
the components described in Table 2 except 0.1 A260 unit of tRNA,
30% acetone, and, where indicated, 0.1 mM lincomycin. A zero-

time value (0.25 pmol) is subtracted from all data. Reactions
containing reticulocyte ribosomes are incubated as in Table 2.
30% acetone, and, where indicated, 1 mM anisomycin are added
and CpCpA is omitted. A zero-time value (0.25 pmol) is sub-
tracted from all data. (A) E. coli: *, +lincomycin; 0, -linco-
mycin. (B) Reticulocyte: *, +anisomycin; 0, - anisomycin.

of lincomycin (E. coli ribosomes) or anisomycin (reticulocyte
ribosomes) (data not shown). Thus, with the exception of
lincomycin (E. coli) and anisomycin (reticulocyte), the anti-
biotic sensitivity of ribosomal catalyzed fMet-puromycin
formation, fMet-ethyl ester formation, and fMet-tRNA hy-
drolysis appear similar. These data suggest that the three
reactions are catalyzed by peptidyl transferase. Conversely,
the inhibition by lincomycin and anisomycin of peptide bond
formation and transesterification, and stimulation of fMet-
tRNA hydrolysis, could be argued as evidence for at least two
ribosomal enzymes for the three reactions. If such is the case,

both are sensitive to-sparsomycin.
The hydrolysis of fMet-tRNA that occurs with R at peptide

chain termination is somewhat similar to that occurring with
tRNA and acetone (Fig. 3). In these studies, the pH optima
for fMet-tRNA hydrolysis with E. coli R1 and R2 are de-
termined in reactions containing 20% ethanol. At 4°C under

5.0 6.0 7.0 8.0 9.0
pH

FIG. 3. R-dependent fMet-tRNA hydrolysis. All reactions
are at 4°C for 5 min as in Fig. 1, except 20% ethanol, no tRNA
or antibiotics, and either 2.5 jg of R1 or 3.1 ,ug of R2, as indicated,
are added. Formylmethionine released in the absence of R (0.25-
0.4 pmol) is subtracted from all values. 0.16 pmol is subtracted
from all fMet-ethyl ester values. 0, fMet, R1; *, fMet, R2; [O,
fMet-ester, R1 or R2.

TABLE 5. Requirement for antibiotic-stimulated
f[13H]Met-tRNA hydrolysis

Apmoles f(3H)Methionine

Components Reticulocytes E. coli

Complete 3.19 1.42
-Ribosomes 0.00 0.01
- tRNA 0.43 0.08
- Acetone 0.07 -0.01
- Lincomycin 1.02
-Lincomycin + anisomycin 1.02
- Anisomycin 0.28
- Anisomycin + lincomycin 0.28

A complete E. coli reaction is incubated as described in Table 2,
except 0.1 A260 unit of tRNA, 0.1 mM lincomycin or, where
indicated, 1 mM anisomycin and 30% acetone are added. A
complete reticulocyte reaction is incubated 2 min at 240C and
contains in the components in Table 2, except 0.2 A260 Unit of

tRNA, 1 mM anisomycin or, where indicated, 0.1 mM lincoinycin
and 30% acetone (CpCpA is omitted). Formyl-methionine found
at zero time (0.25 pmol) is subtracted from all values.

such conditions, R binds to (f[3H]Met-tRNA AUG- ribo-
some) intermediates independently of terminator codons,
with resultant fMet-tRNA hydrolysis (2). Hydrolysis of
fMet-tRNA with R (Fig. 3) or tRNA (Fig. 1) and ribosomes
is initially observed at pH 4.8, with optimal pH values of
8.8-9.0 for R1, 8.3-8.5 for R2, and 9.0 for tRNA. The pH

optimum for R1 was 9.0 when reactions contained 30%
acetone, rather than 20% ethanol. Under similar conditions,
R2 had a pH optimum of 8.6 (not shown). Similarly, when the
pH optima for R1 and R2 were determined in reactions con-

taining terminator codons, rather than organic solvents, the
R1 pH optimum was 9.0 aild that for R2 was 8.8. Thus, it
appears that under various in vitro conditions, the hydrolysis
of fMet-tRNA with R and tRNA have similar pH sensitivity.
These studies suggest, but do not prove, that fMet-tRNA
hydrolysis occurring with R or tRNA and acetone are cata-
lyzed by a common mechanism or require a common inter-
mediate event. R Factor, however, will neither stimulate
formation of fMet-ethyl ester (bottom of Fig. 3) or degrade
fMet-ethyl ester (not shown). Thus, reactions that contain R
are somewhat similar to reactions containing tRNA, ethanol,
ribosomes, and either lincomycin (E. coli ribosomes) or aniso-
mycin (reticulocyte ribosomes) (data not shown). The ex-

pected product, fMet-ethyl ester, is not found; rather, fMet-
tRNA hydrolysis occurs. We have examined these antibiotics
for their effect on R-mediated fMet-tRNA hydrolysis in
reactions containing 30% acetone. As reported, lincomycin
inhibits fMet-tRNA hydrolysis by E. coli R and ribosomes

TABLE 6. Peptidyl transferase catalyzed reactions

Substrate Additions Product

A. f[8H] Met-tRNA Puromycin f[3H] Met-puromycin
ribosome

B. f[$H] Met-tRNA Ethanol, tRNA, f['H] Met-ethyl ester
ribosome or CCA

C. f [3H]Met-tRNA Acetone, tRNA, f[8H] Met
ribosome or CCA

A B
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(2) and anisomycin inhibits fMet-tRNA hydrolysis by re-

ticulocyte R and ribosomes (17).

DISCUSSION

Hydrolysis of fMet-tRNA with prokaryotic and eukaryotic
ribosomes can occur with protein release factor (2, 17) or,

as shown in this report, in reactions that contain acetone and
tRNA. The hydrolysis reaction can be induced by the oliogo-
nucleotide CpCpA in place of tRNA, requires NHI+ or K+
(data not shown), has a pH optimum similar to that of ribo-
some-catalyzed peptide bond formation, and is inhibited by
most antibiotic inhibitors of peptidyl transferase. These
studies suggest that peptidyl transferase can catalyze hy-
drolysis of fMet-tRNA, in addition to its known capacity to
catalyze peptide bond formation and transesterification.
Peptidyl transferase can therefore be described as an enzyme

that has the general catalytic capacity of facilitating nucleo-
philic attack on the ester bond of peptidyl-tRNA. The in
vitro requirements of each reaction are given in Table 6. In
reaction A, where the attacking nucleophile is the amino
group of puromycin or an amino acid (not shown), the product
is a peptide bond. When the nucleophile is ethanol or methanol
(not shown), as in reaction B, the product is fMet-ethyl (or
methyl) ester. In reaction C, where no amino or alcohol ac-

ceptor is present, the attacking nucleophile is OH- or H20,
and fMet-tRNA hydrolysis occurs.

Two antibiotics, lincomycin and anisomycin, can dif-
ferentially inhibit the ability of peptidyl transferase to
catalyze the three reactions outlined in Table 6. Hydrolysis
of fMet-tRNA by E. coli peptidyl transferase is stimulated
by lincomycin, while the reticulocyte ribosomal hydrolysis
is stimulated by anisomycin. The antibiotics inhibit peptide
bond formation and transesterification by the appropriate
ribosomes. The mechanism of these effects is not known.
Two possible mechanisms are suggested, however. The dif-
ferential effect may be a function of limitation of the nu-

cleophile available to the peptidyl-transferase catalytic site.
If lincomycin or anisomycin allow OH-, but restrict ethanol
or puromycin, at the catalytic site, the result would be active
fMet-tRNA hydrolysis and inhibited peptide bond formation
and transesterification. Alternatively, lincomycin and aniso-
mycin may uncouple intermediate steps that occur during
peptide bond formation. Antibiotics are known that spe-

cifically inhibit one ribosomal function involved in protein
biosynthesis without affecting others (22, 23). Antibiotics
may therefore be useful to identify intermediate events that
occur in peptide bond formation by differentially inhibiting
the intermediate reactions. The lincomycin and anisomycin
effects on peptidyl transferase may be the first evidence in
support of the concept of intermediate reactions occurring in
peptide bond formation. For example, cleavage of the peptidyl-
tRNA ester linkage is requisite for peptide bond formation,
transesterification, and peptidyl-tRNA hydrolysis. Additional
transient intermediate steps involving ribosomal components,
or CpCpA of the acceptor tRNA located in the ribosomal
A-site, may be required for peptide bond formation. The
stimulation of fMet-tRNA hydrolysis and inhibition of pep-

tide bond formation and transesterification may reflect in-
hibition of later intermediate reactions normally operative in
peptide bond formation.
The mechanism of peptidyl-tRNA hydrolysis occurring

with R factor at peptide chain termination is believed to be

relevant to the hydrolysis reaction detailed in this
paper. Our earlier studies (2), and those of others (4, 6),
have indicated that R-dependent fMet-tRNA hydrolysis
requires an active ribosomal peptidyl transferase. The studies
in this report suggest two possible mechanisms for R-factor
participation in fMet-tRNA hydrolysis. Since peptidyl
transferase facilitates nucleophilic attack on the peptidyl-
tRNA ester bond, a nucleophilic group on the protein mole-
cule, R may participate in the attack on and cleavage of the
peptidyl-tRNA ester bond. Precedent for this type of hy-
drolysis reaction is established in the case of the serine residue
of trypsin (24). Alternatively, R may promote fMet-tRNA
hydrolysis in a manner similar to lincomycin and anisomycin
without directly participating in the hydrolysis reaction.
Ribosomal-bound R would interact with peptidyl transferase
and modify peptidyl transferase specifically for the hydrolysis
of fMet-tRNA.
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