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SOS ribosomes obtained from E. coli were dissociated into 5s rRNA and -- 

44s particles in which at least one of the protein components was missing. 

Dissociation was produced by dialysis vs. 0.5 M NH4Cl in Mg++-free medium and 

the resulting 44s particles were isolated by centrifugation through Mg’+-free 

sucrose solution. A pronounced sensitivity of the 44s particles to RNase was 

noted, suggesting that the particles had a partially uncoiled structure. 

MATERIALS AND METHODS 

5. coli 413 was obtained from Dr. W. Gilbert, Harvard University, 

through Dr. M. Nomura, University of Wisconsin and used in most of the experi- 

ments. Methods for sucrose gradients, CsCl centrifugation and preparation of 

32 P-labeled and 35 S-labeled (5. coli B) ribosome were described previously 

(1917)) Unlabeled and 32 P-labeled 5s rRNA were separated (3) from the RNA 

phenol-extra.cted from total cells by Sephadex columns (3,9). MAK columns 

were made according to Mandell and Hershey (4) and the chromatography was 

described previously (5). The method of polyacrylamide gel electrophoresis 

was modified (6) from that reported by Reisfield, Lewis and Williams (7). 

RESULTS AND DISCUSSION 

In E. coli SOS ribosomes contain approximately one molecule -- 

of 5s rRNA per mole particle (Fig. 1), but 55 rRNA 
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is absent from 30s ribosomes (3,8,10) . To determine whether 5s rRNA is re- 

tained in the 40s CsCl core particles (p = 1.65)(2),RNA was extracted from 

these particles and analyzed by MAK column chromatography. 1.2 mole 5s rRNA 

was found per mole 40s core particles (23s rRNA) which was approximately the 

same proportion as in intact SOS ribosomes (Table I). More protein was re- 

moved by subjecting SOS ribosomes to CsCl centrifugation (1) in the presence 

of 0.12 M sodium citrate and 0.04 M Mg++ (11). The resultant particles had a 

density of 1.71 (11). We found by MAK column chromatography that 5s rRNA was 

still retained at 1.2 mole per mole 23s rRNA (Table I). When the Mg++ was 

reduced to 0.02 M in CsCl solution, a partial loss of 55 rRNA from the denser 

core (p = 1.71) was observed; 0.7 mole remained per mole 23s rRNA. Simul- 

taneously, the yield of denser particles decreased, presumably from breakage 

TABLE I 

Presence of 5s rRNA in various ribonucleoprotein particles derived from SOS 
ribosomes of E. coli. -- 

SOS ribosomes Concentration of Mg++ Ratio: 5s rRNA/23S rRNA 
or its subparticles treated 

’ in *260 molar * ratio 

SOS ribosomes 3 x 1O-4 - 10-2M 5.1 1.4 

CsCl core particles 
(p = 1.65) 

Denser CsCl core 
particles (p = 1.71) 

I, 

4 x lo-* M 4.2 1.2 

4 x 1O-2 M 4.3 1.2 

2 x 10 -2 M 2.5 0.7 

SOS-A (44s particles) 0 1.1 0.3 

RNA extracted from,SOS ribosomes or their derivatives was subjected to MAK 
column chromatography as described in the legend to Fig. 1. 
for 5s x-RNA and 23s rRNA were calculated from the optical pattern of . 

*Calculations were made assuming that molecular weights for 23s rRNA and 5s 
rRNA were 1.1 x 10m6 (20) and 3.9 x lo4 (21) respectively. 
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of some of the particles, as judged from the optical pattern of CsCl centri- 

fugation. The ribosomal structure was completely broken down when SOS ribo- 

somes were centrifuged in CsCl with citrate or EDTA (0.01 M) (12) but without 

added Mg’+; 5s and 23s rRNAs both sedimented on the bottom, as shown by MAK 

column chromatography, and a disc of proteins formed on top of the CsCl 

gradient. 

Milder conditions for dissociating 5S rRNA were produced by treating SOS 

ribosomes with either 1 M LiCl, 1 M NH4Cl or 0.5% sodium deoxycholate in TMA 

(-2) for 30 min. at 4’C. However, 5S rKNA could not be found in the super- 

natant above these particles after centrifuging as shown by MAK column 

MAK-CHROMATOGRAPHY OF RNA from 50SRib 

FRACTION NO. 

Fig. 1 MAK column chromatography of RNA from SOS ribosomes. 0.5 mg 
of RNA in 5 ml TMS was applied to the column and eluted with a 
linear gradient of 0.3 to 1.3 M NaCl in 0.05 M potassium phos- 
phate buffer, pH 6.7 in a total volume of 400 ml. 4 ml volume 
fractions were collected and analyzed for A260. 
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chromatography of RNA extracted with 30s ribosomes added. Dialysis of 50s 

ribosomes vs. TMA (-5) also failed to dissociate 5s rRNA. 

A suspension of SOS ribosomes (200 A260 units in 2 ml) was dialyzed 

overnight vs. 2 1 of lo-'M Tris Cl - 0.5 M NH4Cl-6 x 10a3M mercaptoethanol, 

pH 7.8. One ml of the dialyzed ribosome suspension was placed on 3 ml of 10% 

sucrose in 10m2M Tris Cl - 0.5 M NH4Cl- 6 x 10n3M mercaptoethanol layered on 

2 ml of 30% sucrose in TMA (-4). The tube was filled with the Mg++-free 

buffer solution and centrifuged at 140,000 xg for 6 hrs; 5 ml of upper solu- 

tion was removed by suction, and the next 4 ml and the pellet 'with 1 ml of 

lower supernatant were pooled separately. As deduced from an experiment with 

a duplicate tube, free 5s rFNA should remain in the upper sucrose solution. 
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Fig. 2. MAK column chromatography of RNA from NH4Cl-treated SOS ribo- 
somes and ribosome-free supernatant. 
mg RNA in 5 ml TMS and 32 

Each sample contained 1 

;;;;idA260. unit) 
P-labeled 5s rRNA (2.7 x lo3 cpm in 

as a marker. Chromatography was done as des- 
In Fig. 1. 
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RNA was extracted from the supernatant,using 30s ribosomes as a carrier, and 

from the pellet. MAK column chromatography indicated that ribonucleoprotein 

particles recovered from the pellet retained only 20% of 5s rRNA (Table I), 

and that 5S rRNA removed from pelleted particles was completely recovered in 

the supernatant RNA fraction (Fig.l,2). The remaining preparation of ammonium- 

chloride-treated SOS ribosomes (SOS-A) was mixed with 32P labeled SOS as a - 

marker and subjected to sucrose gradient centrifugation. The sedimentation 

constant was calculated from Fig. 3 to be 44.5 (13). Treatment of SOS-A with 

0.5 Pg per ml pancreatic RNase for 10 min. at 4'C resulted in complete break- 

down of RNA as shown by MAK column chromatography after the extraction of RNA, 

but the RNA of control SOS ribosomes was intact after the same treatment. 

The proteins from SOS-A were analyzed by polyacrylamide gel electro- 

phoresis to find whether protein is split from SOS ribosomes during treatment 

with 0.5 M NH4Cl in the absence of Mg++. Only the band closest to the origin 

FRACTION NO. 

Fig. 3. Sedimentation behavior of NH4C1-treated SOS ribosomes. 10 
A200 units of NH4Cl-treated SOS ribosomes in 0.3 ml TMA (-4) 

were mixed with 32 P-labeled SOS ribosome-marker (25 x 10' cpm 
in 0.3 A260 unit) and layered on 30-10% sucrose gradient in RilA 

(-4). Conditions of centrifugation and the method of analysis 
are described in the text. 
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was missing in SOS-A as compared with the electrophoretic pattern of control 

SOS ribosomal proteins, (Fig. 4). When 35 S-labeled SOS ribosomes prepared 
I. 

from E. coli B were treated with 0.5 M NH4Cl in the absence of Mg’+ and sub- 

jetted to sucrose gradient analysis, 5.9% of the label separated on top. 

This may well explain the removal of at least one protein component. 

We conclude that in the presence of Mg++, 5S rRNA is tightly associated 

with SOS ribosomal particles. Treatment with LiCl, NH4C1, CsCl or deoxy- 

cholate in the presence ofMg++ thus failed to remove 5S rRNA from SOS ribo- 

somes . Dialyzing SOS ribosome vs. Mg++ -free buffer containing 0.5 M NH4Cl 

resulted in removal of up to 80% 5S rRNA from the particles (Table I). By 

this treatment, SOS ribosomes were changed to 44s particles and all but one of 

the protein components were retained. The remarkable RNase-sensitivity of 

SOS-A as compared with the original particles suggests a partially uncoiled 

Fig. 4. 

SOS 50SA 

Polyacrylamide gel electrophoresis of proteins from NH4C1- 
treated SOS ribosomes (SOS-A) and the control SOS ribosomes. 
Ribosomal protein was extracted.by 2 M LiCl-4 M urea (23), and 
50 ~1 of sample containing proteins equivalent to 2 A unit 
ribosome was analyzed by polyacrylamide gel electropho esis. 

2$0 . 
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structure which was not reconverted to 50S*particles when excess 55 rRNA was 

added. Release of 5s rRNA and splitting of proteins from SOS ribosomes seem 

to proceed independently. Lowering of the concentration of Mg++ or treatment 

with chelating reagents such as citrate (11) and EDTA (14,16) caused unfolding 

of the structure of ribosomes or tlesubparticles and release of 5s rRNA. On 

the other hand, treatment with high concentrations of salts such as CsCl re- 

sulted in preferential dissociation of proteins from SOS ribosomes. While 

these results were being prepared for publication, Morel1 and Marmur (10) 

reported the removal of 5s rRNA and the production of A' particles from SOS 

ribosomes of B. subtilis and E, coli, using the procedures of Lerman et al 08). 

The particles were deficient in protein. The absence of 55 rRNA in CsCl A' 

particles may be explained by the low Mg++ level by Morel1 and Marmur. The 

particles were less stable than those described in this communication. 

In experiments in collaboration with Dr. M. Nomura (12) it was found 

that a similar' treatment (11) of 30s ribosomes also produced a dense core 

(density 1.71). Active 30s ribosomes were efficiently reconstituted from the 

core and proteins. A streptomycin resistant site exists in the dense core of 

30s ribosomes.' In the biosynthesis of 50s ribosomes, 5s rRNA appears not to 

be associated (15) with 25s precursor (171, but to be added at the stage of 

either 32s (20) or 40s particles (10). The removal of 5s rRNA in vitro did -- 

not appear to proceed in an order reversing that of biosynthesis (19). 

Attempts are being made to reconstitute SOS ribosomes from SOS-A, 5s 

rRNA and proteins; and the functional properties of SOS-A particles are being 

studied. 

ABBREVIATIONS 

rRNA, ribosomal RNA; RNase, ribonuclease; MAK, methylated albumin Kieselguhr; 

A260, absorbance at 260 rnp; 'lMA (-2) consists of 10 -2 M Tris HCl + 5 x 10 -2 

M NH4C1 + 3 x lO-6 M mercaptoethanol + 10 -2 M Mg acetate, pH 7.8. TMA (-4) 

consists of the same mixture but with 3 x 10 
-4 M Mg acetate instead of 10m2 M 

Mg acetate. 'IMA (-5) consists of the same mixture but with 10 
-5 M Mg acetate. 
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TMS consists of 10 -2 M Tris HCl - low3 M MgC12 - 10-l M NaCl, pH 7.3; 30s and 

SOS ribosomes refer to 30s and SOS ribosomal subunits. 
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