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Summary: Reticulocyte ribosomes were dissociated under various conditions and
the release of 55 RNA was assayed. The 55 RNA was released from ribosomes
suspended in Tris buffer, pH 9.5, containing EDTA or in Tris buffer, pH 9.5,
after dialysis against the same buffer. Only negligible amounts of protein
were solubilized during the removal of the 55 RNA. The particles devoid of
5S RNA had a slightly lower sedimentation coefficient than particles re-
taining 55 RNA formed through treatment of ribosomes with Tris buffer,

pH 9.5, or Tris buffer, pH 7.4, with EDTA or high salt concentrations. The
55 RNA-free particles, when dialyzed against high Mg Tris buffer, pH 7.4,
refolded to a more compact form with a sedimentation coefficient close to
the 60S subunit. During refolding of the latter particie there was no
specific reattachment of 55 RNA.

In recent years 55 RNA was detected on the ribosomes of many organisms
including bacteria, Fungi, echinoderms and vertebrate (1,2,3,4). The wide-
spread existence of this low molecular weight RNA on the larger subunit of
the ribosomes suggests that it is a universal constituent of 1iving cells.

In many aspects regarding chemical structure (Molecular weight, minor bases)
or biological properties the 55 RNA of different origin seems to be alike
(5,6,7,8,9). The differences found between 55 RNA of bacterial and mammalian
origin were in the base sequence of those molecules (8,10,11}, and in the
inability to release 5S RNA from mammalian ribosomes by techniques appropriate
for ribosomes of bacterial or fungal origin (7).

In the present work conditions are described for the release of 55 RNA
from reticulocyte ribosomes. The conditions suitable to release 55 RNA from
the ribosomal particles cause structural changes in the subunits. Ribosomal

particles free of 55 RNA when dialyzed against high Mg Tris buffer, pH 7.4

161



Vol. 39, No. 1, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

refold into a more compact form with a sedimentation coefficient close but
not identical to the 60S subunit. This transformation occurs without a spe-

cific reattachment of 55 RNA to the refolded particle.

EXPERIMENTAL

Conditions for the release of 55 RNA from reticulocyte ribosomes: In

order to establish optimal conditions for release of 55 RNA from reticulocyte
ribosomes, various methods were employed, described for releasing 5S RNA from
microorganisms (12,13,14) as well as conditions for dissociation of reticulocyte
ribosomes into subparticies (15,16,17).

32P-Iabe]]ed reticulocytes were prepared as described before (18). The
reticulocytes were lysed as described by Warner et al. (19) and ribosomes pre-
pared. The ribosomes were washed twice with Tow Mg-Tris buffer (0.05M KC1,
0.01M Tris-HC1, pH 7.4, 0.03mM MgC]z) and resuspended in the same buffer to a
final concentration of 150-200 A260 units per ml. The treatments were per-
formed by suspending the washed ribosomes in different salt solutions in a
final concentration of 10 A260 units per ml unless otherwise stated. After
one hour at 0°C, the ribosomes were centrifuged at 50,000 rpm for 5 hours. The
supernatant was removed and used for estimation of released 55 RNA, t-RNA and
protein. The amounts of 32P-1abe11ed 55 RNA and t-RNA were determined by means
of G-100 Sephadex chromatography (5). The protein content was determined by
the method of Lowry et al. (20).

The data presented in Table 1 demonstrate that all the treatments
tested in this study for their ability to release 5S RNA from the reticulo-
cyte ribosomes primarily dissociated them into two subunits. During the dif-
ferent dissociation processes most of the bound t-RNA as well as small amounts
of proteins were released. This was not the case with 55 RNA. EDTA treat-
ment of reticulocyte ribosomes at neutral pH as well as suspension of the
ribosomes in 0.1M NaC1 appeared to be ineffective in causing the release of

5S RNA. Treatment of reticulocyte ribosomes with high salt concentration
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TABLE 1

Soluble material released from ribosomes by different treatments

% of component solubilized
during treatment
Buffer used for dissociation Sedimentation Protein t-RNA  5S RNA
coefficient of
main subunits-

520
0.1M NaC1 0.01M Tris,

*
pH 7.4 - 0.03mM MgC1, 40, 60 70 -
0.05M Tris, pH 7.4 -
0.01M EDTA - 0.05M KC1 30, 52 14 90 5
0.5M KC1 30, 47 12 85 20
0.05M Tris, pH 9.5 -
0.05M KC1 32, 50 8 75 25

0.05M Tris, pH 9.5 -
0.05M KC1 followed by dialysis 24, 42 9 100 85
against the same buffer

0.05M Tris, pH 9.5 -
0.05M KC1-0.001M EDTA 26, 44 9.5 100 80

Samples of 20 Aggqy units of 32P—1abe11ed ribosomes (22,000cpm/A260 unit
ribosomes) were treated with different buffers as indicated. After treat-
ment, the ribosomes were removed by centrifugation and the solubilized
material was estimated in the supernatant as described in Experimental. For
determination of the sedimentation coefficient, unlabelled ribosomes were
treated with the different buffers for one hour in the cold. They were then
analyzed at 4°C using a model E ultracentrifuge and their S values calculated.

solutions, which are known on one hand to release 55 RNA of bacterial origin
(13,14) and on the other hand to dissociate reticulocyte ribosomes into sub-
units (17) released only small amounts of 5S RNA. The same was also true for
the treatment of ribosomes with Tris buffer pH 9.5. However, combinations of
this basic buffer with G.001M EDTA resulted in the release of 60-80% of

55 RNA from the reticulocyte ribosomes. Treatment of the ribosomes with Tris
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buffer, pH 9.5, followed by dialysis for 24 hr at 0°C vs 2 liters of the same
buffer released also about 80% of the 5S RNA.

In order to establish the changes taking place in subunits obtained by
treatment of ribosomes with Tris buffer, pH 9.5 as compared to subunits free
of 5S RNA obtained by using a buffer which included 0.001M EDTA, the diffe-
rently treated ribosomes were analyzed by their centrifugation on the same

sucrose gradient with one of the samples labelled. Figure 1 shows that there
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Fig. 1.
Comparison of reticulocyte ribosomal 44S and 26S particles {devoid of
55 RNA) to 50S and 30S particles.

32P- ribosomes {16,400cpm/A units) were treated with Tris
buffer pH 9.5 - EDTA, whereas unfdbelled ribosomes were treated with
Tris buffer, pH 9.5 only. 0.9 A units. of the labelled ribosomes
were mixed with 8 Aygq units of %ﬁg uniabelled ribosomes and were
layered on a 5-20% sucrose gradient supplemented with Tris buffer
pH 9.5. The samples were centrifuged in the Spinco SW 25 Rotor for
5 hr at 25,000 rpm and fractions of 0.8m1 were collected and their
absorption at 260mpy and radioactivity measured.

0———o0 unlabelled ribosomes
0 0 32P-ribosomes
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are slight differences in sedimentation coefficient between the large subunit
deprived of 55 RNA and that still having 5S RNA attached to it. The difference

between the two small subparticles is even more prominent.

Structural changes in 5S RNA free subparticles upon reversal to primary

conditions: The 32P-]abe11ed subunits obtained on treatment of ribosomes with

Tris buffer, pH 9.5 - EDTA were dialyzed for 24 hours against high Mg-Tris
buffer (0.05M KC1, 0.0IM Tris-HC1, pH 7.4 - 1.5mM MgC]Z) at 0°C. They were

mixed with unlabelled 60 and 40S reticulocyte subunits and layered on a 5-20%
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Fig.2.

CqmpariSOn of reticulocyte particles devoid of 5S RNA dialyzed against
high Mg Tris buffer, pH 7.4 to 60S and 40S ribosomal subunits

32P reticulocyte ribosomes were treated with Tris buffer, pH 9.5-
EDTA followed by dialysis against high Mg-Tris buffer, pH 7.4. 0.6 R260
units (3,500cpm/A 0 units) of ribosomes were mixed with 5.2 A 0
units of un]abe11%9 ribosomes suspended in 0.01M Tris buffer, pﬁ 7.4 -
0.1M NaCl - 0.03mM MgCl,. The mixed ribosomes were layered on a 5-20%
sucrose gradient containing the last mentjoned buffer. One ml fractions
were collected.

o———o0 unlabelled ribosomes
o0——0 3ZP ribosomes
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sucrose gradient containing 0.1M NaCl, 0.0TM Tris-HC1 pH 7.4, 0.03mM MgC]z.
From Fig. 2 it can be seen that although the rearranged subunits move on the
sucrose gradient very close to the 60 and 40S subunits, they are not identical.
To determine whether the change of the particle deprived of 55 RNA
(44S) into a more compact form (55S) is dependent on rebinding of the 55 RNA
to it, reticulocyte ribosomes unlabelled and labelled with 32P were treated
with Tris buffer, pH 9.5-EDTA, after centrifugation at 50,000 rpm in a Spinco
Type Rotor for 5 hr, the pellet obtained from the unlabelled ribosomes was
suspended in part of the labelled supernatant. Rebinding of 55 RNA to the
5S RNA free particles was carried out by dialysis against high Mg-Tris buffer,
pH 7.4 for 24 hours at 0°C, followed by centrifugation for 5 hours to preci-
pitate the ribosomes. The amounts of 55 RNA, t-RNA and soluble protein were
determined in the supernatant fraction before the suspension of the pellet
in it and in the supernatant after the resuspended ribosomes were dialyzed
and removed. It appears that 50-80% of the 5S RNA was removed from the
supernatant on dialysis of the resuspended ribosomes against high Mg-Tris
buffer -pH 7.4, whereas only 15-30% t-RNA was removed. Those values were
confirmed by extracting RNA from the unlabelled ribosomes treated with the
labelled supernatant and estimating the amount of &S RNA and t-RNA bound to
them by means of Kiselguhr-methylated albumin chromatography (6). However,
when the unlabelled ribosomes suspended in 32P-labe]]ed supernatant and
dialyzed against high Mg-Tris buffer, pH 7.4, were layered on a sucrose gra-
dient containing the same buffer, almost no radioactivity was detected in
the monosomes and the larger subunit (Fig.3). Small amounts of label appeared
in the smaller subunit region. The labelled RNA bound to the 30S subunit when
analyzed on a Sephadex column, appeared to be a mixture of a small amount of
t-RNA and an unidentified RNA of a higher molecular weight which might be
m-RNA (21). When the top of the gradient was analyzed, it appeared that al-
most all of the 5S RNA and t-RNA stayed there. This observation may imply

that the refolding of 44S particle into a denser form is accompanied with the
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Fig. 3.
Rebinding of solubjlized RNA at conditions favoring refolding particles

20 A un1ts of 32 2p. labelled ribosomes and 20 Argg units of
un]abe]]ea Fibosomes were treated with Tris-buffer, pﬁ 8 5 - EDTA.

The ribosomes were centrifuged, the pellet of the unlabelled ribosomes
was suspended in the labelled supernatant (4,700cpm), and the suspension
was dialyzed against high Mg-Tris buffer, pH 7.4 at 0°C for 24 hrs.

After dialysis the ribosomes were layered on a 5-20% sucrose gradient
supplemented with the high Mg-Tris buffer, pH 7.4.

0——o0 unlabelled ribosomes
o———o0 solubilized 32P-RNA from supernatant

binding of 55 RNA to it in a loose form or a non-specific form and upon cen-

trifugation on sucrose gradient the 5S RNA is dissociated from the particles.

DISCUSSION

The 6S RNA of the reticulocyte ribosomes is firmly bound to the larger
subunit (22). Removal of Mg fons by EDTA at neutral pH or treatment with high
salt concentrations, conditions which cause the release of 5S RNA from ribo-

somes of bacterial origin (13,14,23,24) are not effective in the case of re-
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ticulocyte ribosomes. Since Knight et al. (7) reported the same observation
for HelLa cell ribosomes, this may be a property common to ribosomes of mammalian
origin.

In this work, for the first time the release of 5S RNA from ribosomes
of mammalian origin was accomplished by the removal of Mg ions at basic pH.
Treatment of reticulocyte ribosomes with Tris buffer, pH 9.5 or with Tris buf-
fer pH 7.4 including EDTA resulted in the formation of subunits with sedimenta-
tion coefficient of 505 and 30S, Those particles although having a partly
extended conformation as compared to the more compact 60 and 40S subunits,
stil1l retained the 55 RNA. Only upon further treatment either with EDTA at
basic pH or upon dialysis against Tris-buffer pH 9.5, was the 5S RNA released
from the 50S particle. The release was accompanied by some further un-

folding of the 50S particle to a 44S particle. These experiments do not

provide information on the sequence of events, namely, whether release of 5S
RNA causes further unfolding or vice versa. It should be stated that the
release of 55 RNA occurred without significant removal of proteins, although
the possibility of the release of only one or two proteins cannot be excluded
here.

The different conditions needed in order to release 55 RNA from the
reticulocyte ribosome as compared to ribosomes from bacterial origin (13,14,
23,24) may indicate a different way of attachment or additional binding points.
The possibility of a different mode of interaction between 5S RNA and the
larger subunit in mammalian ribosomes as compared to bacterial ribosomes may
have well to do with the fact that 65 RNA of the mammalian ribosomes has a
different base sequence from the bacterial 55 RNA (8,10,11) and as a conse-
quence of it most probably the secondary structure is different (25) and the
ribosome itself is also different in many aspects (26,27).

Ribosomal particles free of 55 RNA when dialyzed against high Mg-Tris
buffer, pH 7.4, refolded into a more compact form with a sedimentation coeffi-

cient close but not identical to the 60S subunit.
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This transformation occurred without a specific reattachment of 5S RNA

to the refolded particle. The absence of 55 RNA might cause a conformation in

those particles different from the 60S subunit, although many other reasons

for non-specific refolding cannot be excluded.
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