Volume 3, number 1

FEBS LETTERS

April 1969

INTERCONVERSIONS BETWEEN INACTIVE AND
ACTIVE FORMS OF RIBOSOMAL SUBUNITS

A. ZAMIR, R. MISKIN and D. ELSON

Biochemistry Department, The Weizmann Institute of Science,
Rehovoth, Israel

Received 3 March 1969

1. Introduction

We have previously reported that the peptidyl
transferase activity of the 50 S subunit of E. coli
ribosomes is lost if the ribosomes are exposed to
media lacking NH} and K*. Activity can be restored,
but this requires both (a) the readdition of one of
these ions, and (b) heat. The heat requirement is dis-
cerned only if the ribosomes are assayed at 0°, where
they are active only if they were previously heated in
the presence of NHj or K* [1].

We have now studied a specific function of the 30 S
subunit, the non-enzymatic binding of phenylalanyl-
tRNA directed by poly U and assayed at 0°, and have
found a similar inactivation and reactivation, with

similar effects of specific monovalent cations and heat.

In addition, the 30 S subunit is inactivated if the Mg*™*
concentration is lowered to 1 mM (as is commonly
done to dissociate 70 S ribosomes), even if NHy is
present. It is of particular interest, however, that ribo-
somes that have been inactivated toward non-enzym-
atic binding are active at 0° in the enzymatic binding
reactions mediated by initiation factors or transfer
factor T, even if they have not been previously heated.

2. Experimental

All buffers contained 1 mM dithiothreitol. Bac-
terial extracts were prepared from E. coli MRE-600
[2]. 70 S ribosomes were purified according to Kur-
land [3]. Each preparation was divided into 2 parts
before the dialysis step. One part was dialyzed against
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and suspended in TSM buffer (10 mM MgCl,, 10 mM
Tris-succinate, pH 8.0) and the other treated with the
same buffer to which was added 0.1 M NH,CI. Isolat-
ed 30 S and 50 S subunits were obtained by differen-
tial centrifugation [4]. Preparation of initiation fac-
tors and the binding of f-Met-tRNA to ribosomes were
according to Vogel et al. [5]. Transfer factor T (prob-
ably Tu+Ts) was obtained by DEAE-Sephadex chro-
matography [6]. All assays were performed at 0°,
using either isolated subunits or 70 S ribosomes. The
standard assay for peptidyl transferase activity was
that already described [1], slightly modified. The
standard assay for non-enzymatic binding was the
poly U directed binding of phe-tRNA [7]. Each reac-
tion mixture in 50 ul, contained: 50 mM Tris-Cl,

pH 7.2;0.1 M NH,Cl; 25 mM Mg acetate; 5 ug poly
U; 5000 cpm of Phe-tRNA (specific activity 298 uc/
umole) and 150 ug of 70 S ribosomes or 25 ug of 30 S
subunits. Incubation was for 10 min at 0°.

3. Results

Table 1 shows that NH}, K" and Cs" ions (in that
order of effectiveness) preserve the non-enzymatic
binding activity of ribosomes, a function that involves
the 30 S subunit. Na* and Li* are not effective. Iden-
tical results were seen with the peptidyl transferase
activity of 50 S subunits [1] (Cs*, not reported ear-
lier, is also effective with 50 S subunits). It is also seen
that 30 S subunits, when prepared from 70 S ribo-
somes dissociated in 1 mM Mg and 0.1 M NH,CI,
are inactive. (Isolated 50 S subunits prepared in the
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Table 1
Non-enzymatic binding activity of ribosomes after dialysis against salts of different monovalent cations.
Fyneriment 1 2
Experiment 1
In dialysis Mg™ conc. (mM) 10 10 10 10 10 10 1
3 1a £ 1 RAN AT_ M1 A -7t Mo w7 ATYY M1 AITY ™
meaum Dall .1 M) - INauvl LI USul ALl NI gl INrigLl
Phe-tRNA bound
(cpm) 1 112 180 560 602 772 17

Experiment 1:
Experiment 2:
fig. 1b.)

Table 2
Non-enzymatic binding: effectiveness of different monovalent
cations in the thermal reactivation of 30 S subunits.

Phe-tRNA bound (cpm)

Salt — NaCl LiCl CsCl KCl NH,Cl*
Not heated 17 66 60 28 22 40
Heated 100 19 16 220 352 440

30 S subunits were inactivated by dialysis against 1 mM Mg
acetate, 10 mM Tris-HCI, pH 7.2. They were reactivated by
being heated 5 min at 40° at a concentration of 4 mg/ml in
10 mM Mg acetate, 10 mM Tris, and the indicated salts at a
concentration of 0.1 M.

* As shown in fig. 1b, reactivation can be much higher if Mg*
or NHZ concentrations are raised.

same medium remain active.)
Once lost, activity can be restored by heating the
ribosomes in an appropriate medium. This was con-

Fiverind writh hailh Dhha sDNA a0nd Al anndl Dha 4DNA
LILIFICU WILLL UULLL 1 LHIC-LNINA allld 1v-aucty1-r IICLININA

and with both poly U and the trinucleotide UUU as
messengers. Table 2 shows the effect of different
monovalent cations in promoting the thermal reacti-
vation of the non-enzymatic binding activity of 30 S
subunits. The order of effectiveness is the same as in
preventing inactivation (see table 1). Similar results
have already been reported for 50 S subunits [1] as
assayed with the ethanol-requiring fragment reaction
with puromycin [8]. The inactivation and reactivation
of 50 S subunits have now been confirmed with a dif-
ferent assay, namely, the direct puromycin reaction of
ribosome-bound f-Met-tRNA. Although the substrate
can be bound enzymatically to inactive 70 S l’lbO-

somes {see balow) it does not react wit
SOINCS (SCC DCIOW ), 11 GOCS 1NOT Teall Wil
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70 S ribosomes; 10 mM Tris-succinate, pH 8.0, in all solutions.
30 S subunits; 10 mM Tris-HCl, pH 7.2, in all solutions. (The thermal reactivation of this preparation is shown in
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Fig. 1. Effect of Mg** and NH}; concentration on the rate of
reactivation of ribosomes. (a) Inactive 70 S ribosomes were
heated in the indicated media for 6 min at 30°, immediately
chilled to 0°, and subsequently assayed for peptidyl transfer-
ase activity in the fragment reaction (10 min). Essentially the
same results are obtained with isolated 50 S ribosomes.

(b) Inactive 30 S subunits were heated in the indicated media
for § min at 400’ immediately ¢ chilled to n° and then assayed

for non-enzymatic binding activity (expenmental). In both
cases the assay media were adjusted to correct for the salts
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Fig. 2. Effect of preincubation temperature on the rate of
reactivation of 50 S and 30 S ribosomal subunits. (a) Inactive
50 S subunits were heated for 2 min at the indicated temper-
ature in 10 mM Tris, pH 7.8, 50 mM NH,Cl, 5 mM Mg acetate,
immediately chilled, and assayed for peptidyl transferase ac-
tivity (fragment reaction, 4 min). (b) Inactive 30 S subunits
were heated for 2 min at the indicated temperatures in 10 mM
Tris, pH 7.2, 0.25 M NHCl, 20 mM Mg acetate, immediately
chilled, and assayed for non-enzymatic binding activity (exper-
imental).

With reactivated ribosomes, all the bound substrate
reacts.

The rate of thermal reactivation of both subunits
depends strongly on the concentrations of Mg*t and
the monovalent cation (e.g., NHy), although the two
subunits do not show identical response (fig. 1). Also,
different preparations may show somewhat different
optima. Fig. 2 shows the temperature dependence of
the rate of reactivation to be quite similar for both
subunits under the conditions employed. No signifi-
cant reactivation is seen below 20° at these incubation
times, although on prolonged storage it may take place
even at 0°.

The binding of aminoacyl-tRNA to ribosomes is
known to be mediated by soluble proteins of the
initiation and transfer factor sets. Table 3 shows the
effect of initiation factors in promoting the enzym-
atic binding of f-Met-tRNA to ribosomes that were
either active or inactive in non-enzymatic binding, as
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Table 3
Enzymatic binding: effect of initiation factors on the binding
of f-Met-tRNA.

f-Met-tRNA bound (cpm)

++
Me Initiation  ribosomes *
eonc. factors
(mM) “Inactive”  “Active”
5 Absent 92 53
5 Present 954 1033
25 Absent 117 240
25 Present 417 333

* Ribosomes. “Inactive”: dialyzed against TSM; low activity
in non-enzymatic binding of Phe-tRNA. “Active”: dialyzed
against TSM + 0.1 M NH4Cl; high activity in non-enzymatic
binding of Phe-tRNA.

described above. Only the “‘active” ribosomes at high
Mg** concentration showed low but significant activ-
ity in the absence of factors. Initiation factors stimu-
lated the binding activity markedly, particularly at
low Mg** concentration; but most significantly, both
kinds of ribosome were now active. (It should be not-
ed, however, that the Mg dependence of the initia-
tion factor-mediated binding follows a different pat-
tern for each type of ribosome. Although both are
active, they are not equally active at all Mg** concen-
trations.) In other experiments, transfer factor T was
found to cause a twofold enhancement of the binding
of Phe-tRNA to both kinds of ribosomes at 0°. Thus,
ribosomes which are inactive in non-enzymatic bind-
ing are active at 0° in enzymatic binding in the pres-
ence of initiation or transfer factors.

4. Discussion

It has been shown that functions associated
with both the 50 S and 30 S ribosomal subunits may
be inactivated by exposure to media often employed
in their purification. Such inactivation is difficult to
detect; since it is readily reversed under ordinary assay
conditions, i.e., at temperatures of 30° or more and
in the presence of K* or NHZ In many cases the ap-
parent characteristics of a reaction involving ribo-
somes may actually be those of the thermal reactiva-
tion process rather than of the reaction. Our results
show how this difficulty may be overcome.
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The temperature dependence of the reactivation
process suggests that there may be a structural differ-
ence between the active and inactive ribosomes. Since
ribosomes which are inactive in non-enzymatic bind-
ing become active in factor-promoted binding, it is
possible that the described thermal reactivation of
ribosomes mimics a natural process. Conceivably,
ribosomal action may entail a cycle of structural
changes mediated by certain of the soluble initiation
and transfer factors.
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