Vol.73,No. 2,1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

A NOVEL METHOD FOR THE RAPID QUANTITATIVE DETERMINATION OF RIBOSOME
DISSOCIATION FACTOR (IF-3) ACTIVITY. AN ASSAY BASED ON THE COUPLING OF
THE DISSOCIATION AND PEPTIDYLTRANSFERASE REACTIONS.

Herbert A. Thompson, Isaac Sadnik and Kivie Moldave
Department of Biological Chemistry, University of California, Irvine
College of Medicine, Irvine, California 92717

Received September 22,1976

SUMMARY: An assay for factor-dependent ribosome dissociation has been devel-
oped, by coupling with the peptidyltransferase reaction between acylaminoacyl-
tRNAs and puromycin. The peptidyitransferase reaction is specific for 60S
subunits; it 1s inhibited by derived 40S subunits which combine with derived
60S subunits to form ribosomes. Native 40S subunits, and derived 40S subunits
treated with an extract (IF-3) obtained from native 40S subunits, do not
interact with 60S subunits and they do not affect the 60S-dependent peptidyl-
transferase reaction. The native 40S extract releases subunits from 80S
ribosomes and the 60S subunits released, a measure of dissociation, can be
determined by the peptidyltransferase reaction.

INTRODUCTION

A number of Taboratories have reported the presence of a ribosome disso-
ciation factor in the high salt "wash" of ribosomes or ribosomal subunits of
various prokaryotic {1-3) and eukaryotic (4-12) cells. Recent studies in this
laboratory (13) provided evidence for a ribosome dissociation activity, desig-
nated here as IF-3, in extracts prepared from native 40S subunits of rat liver.
These protein factors dissociate ribosomes into subunits which can be
detected by sucrose gradient sedimentation analysis. However, the determina-
tion of ribosome-dissociating activity by gradient centrifugation is Timited
and time consuming. In order to follow the purification of IF-3 and to
examine the characteristics of the reaction that it catalyzes, it was
considered desirable to develop a simple, rapid assay procedure. This commun-
ication describes a method which measures the extent to which IF-3 dissociates
80S ribosomes, or prevents the reassociation of subunits, by determining the
amount of free 60S subunits resulting or remaining in the reaction. The
method depends on the ability of 60S subunits specifically, in alcoholic
solutions, to catalyze the peptidyltransferase reaction between an N-blocked
aminoacyl-tRNA and puromycin; under the conditions employed, 80S ribosomes do
not catalyze peptidyltransferase (14,15}).
MATERIALS AND METHODS

Preparation of ribosomes, subunits and radioactive aminoacylated tRNAs-
Derived (d40S and d60S) subunits were prepared from rat liver ribosomes and
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polysomes (16) by dissociation with 0.88 M KC1 (13,17) and were resolved by
zonal centrifugation (13). Free native 40S (n40S) subunits were sedimented
from the post-microsomal supernatant fraction (18) and resolved by zonal
centrifugation (13). The "nd0S extract" containing IF-3 activity, was pre-
pared from native 40S subunits with 0.88 M KC1 (13).

Isotopically-Tabeled phenylalanyT-tRNA (19} and methiony1-tRNA_ (20,21)
were prepared as described; the radioactive aminoacyl-tRNAs were acetylated
with acetic anhydride as described by Haenni and Chapeville (22) for phenyl-
alanyl-tRNA. The specific activity of the acety1[3H]Phe-tRNA was 2300 cpm/ug
of aminoacyl-tRNA and that of the tRNA-esterified phenylalanine was 4800
cpm/pmole; the specific activity of the acety1[3H]Met-tRNAm was 6700 cpm/ug
of aminoacyl-tRNA and 3400 cpm/pmole of tRNA-bound methionine.

Analysis of incubations by the peptidyltransferase assay - A two-step
incubation procedure was used to assay for the amount of free d60S subunits
released in the first incubation (containing ribosomes and dissociation
factor), capable of catalyzing the 60S-specific reaction between an acetyl-
aminoacyl~tRNA and puromycin in the second incubation (14). The first phase
contained d60S subunits and d40S or nd0S subunits, with or without n40S
extract, in a solution containing 30 mM morpholinopropane sulfonate (pH 7.2),
1.4 mM MgC12, 60 mM NH4C1 and 2 mM dithiothreitol; in addition, 14 mM Tris-HC1
(pH 7.3), 2.6 mM MgC]z, 30 mM KC1, 0.6 mM dithiothreitol and 70 mM sucrose
were contributed by the subunit and n40S extract preparations. Incubations
were in a total volume of 0.05 ml, for 15 minutes at 37°. The reaction
mixtures were cooled in an ice bucket for 0.5-1.0 minute before the next step,

in order to avoid inactivation due to the addition of alcohol. For the second
incubation, a buffered salts-alcohol solution was added to the first incuba-
tion (at 2°), to obtain the following final concentrations: 4 mM MgC]Z,

0.3 M KCT, 1.4 mM dithiothreitol, 0.8 mM puromycin and 33% methanol plus

40 mM Tris-HC1 at pH 7.5 (in experiments with acetylphenylalanyl-tRNA) or 33%
ethanol plus 40 mM Tris-HC1 at pH 8.0 (in experiments with acetylmethionyl-
tRNAm); some incubations did not contain puromycin. Acety1[3H]pheny1a1any1—
tRNA containing about 19 pmoles of tritium-labeled phenylalanine or
acety1[3H]-methiony1-tRNAm containing about 22 pmoles of [3H]methionine was
added and the reaction mixtures, in a total volume of 0.15 m1, were incubated
for 10 minutes at 20°. At the end of the incubation period, the reactions were
terminated, the product acety1[3H]aminoacy1—puromycin was extracted with ethyl
acetate and analyzed as described previously (14,15,23,24). In most cases,
the results are expressed as pmoles of labeled amino acid product extracted,
after subtraction of the values obtained without puromycin; the levels of
radioactivity extracted into.ethyl acetate, in control experiments without
puromycin, were 6-7 times lower than those with puromycin. In the purifica-
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Figure 1 - The effect of d60S subunit concentration on the peptidyltrans-
ferase reaction. Varging concentrations of derived 60S subunits were
jncubated with acetyl1[3H]Phe-tRNA (A) or acetyl[3H]Met-tRNA (B) in solutions
containing buffered-salts, 33% alcohol, with (closed circles) and without
(open circles) 6.8 mM puromycgn, as described in the text. After 10 minutes
at 20°, the amount of acetyl[°H]aminoacyl-puromycin formed was extracted with
ethyl acetate and counted:

tion procedure for IF-3, to be described elsewhere, one of the steps used was
glycerol gradient centrifugation. It was noticed that high concentrations of
glycerol inhibited peptidyltransferase. This difficulty was overcome by
increasing the volume of the first incubation to 0.2 m1 (and subsequently, the
second incubation to 0.6 m1), maintaining all other components and conditions;
this modification permitted analysis of larger gradient samples without
significantly affecting the assay.

RESULTS AND DISCUSSION

The peptidyltransferase reaction was proportional to the amount of 60S
subunits present, over a wide concentration range, when assayed with acetyl-
phenylalanyl-tRNA (Figure 1, A) or with acetylmethiony]-tRNAm (Figure 1, B).
As shown previously (14), and in Figure 2, the addition of derived 40S
subunits to an incubation containing d60S subunits inhibited the reaction
between the acetylaminoacyl-tRNA and puromycin (open circles), due to the
formation of 80S ribosomes (13). The extent of inhibition was dependent on
the concentration of d40S subunits in the incubation with 60S particles, prior
to the assay for peptidyltransferase in the presence of alcohol. However,

534



Vol.73,No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

1.0 T T [ Jammt T
. n40S

2 r
z
g ost . -
Z [ )
L
b3
e}
&
5 o
g
I
< o6H 7
3
=4
]
I
i}
=
z
¢
Jou
= S
o, 04 1
—J
5
g d40S
I
n ° /
ul
pu]
g oz ° 1
o

o . I V— 1.

o] 20 40 60 80

p MOLES 40S SUBUNITS

Figure 2 - The effect of native 40S subunit and derived 40S subunit concen-
trations on the peptidyltransferase reaction catalyzed by d60S subunits.
Approximately 54 pmoles of d60S subunits were preincubated for 2 minutes at
37° as such, or with varying concentrations of n40S subunits {closed circles)
or d40S subunits (open circles), as noted. The incubation mixtures were

then assayed for pept1dy1transferase with buffered salts-methanol, acetyli-
[3H]Phe-tRNA and puromycin, as described in the text.

TABLE I
The Effect of d40S Subunits and IF-3 on the Peptidyltransferase Reaction
Catalyzed by d60S Subunits

First incubation Second incubation gles of
components additions acetyl1[°H]Met-puromycin
formed
None d605 subunits 2.39
da0S subunits d60S subunits 0.38
dansS subunits + IF-3 d60S subunits 1.89

The first incubation, for 10 minutes at 37°, contained 24 pmoles of d4nS
subunits and 47 ug of nd0S extract protein (IF-3) where noted. Derived 605
subunits (24 pmoles) were then added to all of the incubations, which were
allowed to continue for 5 minute§ at 37°. At the end of the second phase,
buffered salts-methanol, acetyl[9H]Met-tRNA and puromycin were added; after
10 minutes at 20°, the reactions were analyzed for acetylmethionyl-puromycin.
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Figure 3 - The effect of varying concentrations of n40S extract on the
dissociation of 80S ribosomes. Approximately 8 pmoles of d40S subunits and
8 pmoles of d60S subunits were preincubated as such for 10 minutes at 37° to
form ribosomes. The ribosomes were incubated with the amounts of n40S
extract indicated, for 15 minutes at 37°. Duplicate reaction mixtures were
then analyzed by centrifugation through linear (10-30%% sucrose gradients
(13) or by the peptidyltransferase method with acetyl[°H]Met-tRNA and
puromycin as described above. In the gradient centrifugation analyses, the
percent dissociation (open circles) was estimated from the areas under the
peaks obtained in the continuous spectrophotometric patterns. In the
peptidyltransferase analyses (closed circles), the values obtained from
incubations containing d60S subunits {without d40S subunits), and from
incubations containing d60S plus d40S subunits (without nd0S extract), were
chosen to represent 100% and 0% dissociation, respectively.

when n40S subunits which do not readily associate with 60S particies to form
80S ribosomes were added, peptidyltransferase was not inhibited (closed
circles). The decrease in transpeptidation by d40S subunits was not due to
an inactivation of the peptidyltransferase catalytic center, since d40S
subunits did not inhibit when acylaminoacyl-oligonucleotide fragment was used
as a substrate, instead of acylaminoacyl-tRNA (25).

The effect of n40S extract, containing IF-3, using this "coupled" assay
system, is shown in Table I. In this and subsequent experiments, peptidyl-
transferase was assayed with acety1meth1’ony]-tRNAm (instead of acetylphenyl-
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alany1-tRNA) because, as shown in Figure 1, the reaction was considerably
more sensitive with this substrate. Derived 60S subunits alone catalyzed
the formation of significant amounts of acetylmethionyl-puromycin (line 1);
the addition of d40S subunits during the first phase of the incubation
(line 2) inhibited the 60S-dependent activity about 85%, but when d405
subunits and IF-3 were used in the first incubation, peptidyltransferase was
inhibited only 20% indicating that the 40S subunits did not associate with
60S particles in the presence of dissociation factor.

When d40S subunits were present in the Tst incubation with 60S subunits
(in the absence of IF-3), peptidyltransferase activity was decreased 4- to
5-fold as compared to reactions in which the first incubation contained 60S
subunits only; the decrease in activity, as described above, was due to the

reaction of d40S with d60S subunits to form 80S ribosomes. However, when
IF-3 was incubated with preformed 80S ribosomes, the subsequent peptidyl-
transferase reaction was markedly stimulated. The dissociation of ribosomes
was dependent on the concentration of n40S extract protein used (Figure 3,
closed circles). When duplicate reaction mixtures were centrifuged through
sucrose gradients (13), the extent of dissociation calculated from the
concentration of subunits obtained from the optical density profile (Figure 3,
open circles), agreed well with that obtained with the peptidyltransferase
assay. Although not shown here, d40S subunits and n40S extract, individually
or together, did not carry out transpeptidation between acetylaminoacyl-tRNA
and puromycin.

Additional evidence for a ribosome dissociation activity in ndQS subunits,
in addition to that obtained previously by sucrose gradient analysis (13), is
provided by the following observation with the peptidyltransferase-coupled
assay: whereas d40S subunits inhibit markedly the 60S-dependent reaction,
the effect of ndQS particles on the initial velocity of the transpeptidation
reaction is negligible; the addition of n40S extract to incubations containing
danS and d60S subunits prevents the marked inhibition {by d40S subunits) of
the peptidyltransferase reaction, indicating that subunit reassociation is
prevented. The peptidyltransferase reaction is readily catalyzed by 60S
particles in the presence of IF-3; this observation suggests that the disso-
ciation factor does not interfere with the functions of the peptidyltrans-
ferase "active center” or the "P" and A" sites on 60S particles that interact
with the appropriate substrates.
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