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SUMMARY: In order to ascertain the importance of intact ribosomal RNA to 
ribosomal funct ion, mouse brain ribosomes were treated with pancreatic RNase 
for various lengths of time. After exposure to RNase the rRNA was analyzed 
by SDS-polyacrylamide electrophoresis and the a b i l i t y  of the ribosomes to 
incorporate phenylalanine was measured. Even though d i lu te  concentrations 
of RNase extensively hydrolyzed the 28S and 18S RNA components, ribosomal 
protein synthesis was l i t t l e  affected. RNase treatment of in tact  ribosomes 
for 20 to 30 minutes l e f t  only 2 percent of the rRNA intact  although 80 to 
go percent of the ribosomal protein synthetic ac t i v i t y  remained. 

RNA comprises more than 50 percent of the dry weight of ribonucleo- 

protein part ic les (1) and thereby plays an integral role in the structure of 

both prokaryotic and eukaryotic cell ribosomes. However, the functional role 

of the rRNA molecules, i f  any, in the various steps involved in polypeptide 

elongation is uncertain. Nomura (2) and others have c lear ly demonstrated 

that in tact  rRNA is necessary for the assembly and maturation of active r ibo- 

somes. Although protein-protein interact ions appear to play an essential 

role in the maintenance of ribosomal s t a b i l i t y  (3,4),  i t  is also possible 

that RNA-protein and RNA-RNA interact ions are instrumental in preserving the 

in teg r i t y  and function of ribosomal par t ic les.  

A considerable amount of information has been gained concerning the 

conformation of rRNA and i t s  interact ion with proteins within the ribonucleo- 

protein part ic les by techniques that involve the i r  exposure to RNase (1,5,6,7).  

The results from these experiments revealed that in tact  rRNA was not manda- 

tory for the maintenance of ribosomal structural i n teg r i t y  (1,5). However, 

less information is presently available regarding the possible requirement of 
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intact  rRNA for ribosomal function. SeVeral studies that have included RNase 

treatment of ribosomes in order to measure any functional roles of rRNA have 

led to conf l ic t ing conclusions (1,5,8,9).  In the present study we have taken 

advantage of the extreme sens i t i v i t y  of brain ribosomes (I0) to d i lu te RNase 

to examine the effects of RNA hydrolysis on subsequent ribosome-directed poly- 

peptide synthesis. 

MATERIALS AND METHODS: Ribosomes were isolated from mouse brain t issue 

essent ia l ly  as described by Lerner and Johnson ( I I ) .  Enzymes for  protein 

synthesis were obtained from brain post-microsomal supernatant fract ions which 

were dialyzed against I0 mM Tris-HCl, pH 7.8; I0 mM MgCI2; and 6 mM 2-mercapto- 

ethanol overnight at 4 ° . 

The sens i t i v i t y  of rRNA in in tact  ribosomes to RNase was tested by incu- 

bation of solutions (I00 ul)  which contained 5 mM Tris-HCl, pH 7.4; 5 mM KCI; 

0.75 mM MgCI2; 1.0 A260 uni t  of ribosomes; and, where appropriate, 0.02 ug/ml 

of pancreatic RNase. The reactions were incubated at 22 ° and RNase action 

was terminated by the addition of 50 ul of 3X electrophoresis buffer to pro- 

vide a f inal  concentration of 40 mM Tris-HCl, pH 7.2; 20 mM sodium acetate; 

1 mM EDTA; and 0.2% SDS. After the addition of c rys ta l l ine  sucrose to the 

samples, the extent of hydrolysis of rRNA was determined by SDS-polyacrylamide 

electrophoresis essent ia l ly  as described by Bishop, Claybrook and Spiegelman 

(12). Electrophoresis with 3.1% polyacrylamide gels (0.4 x 6.5 cm) was car- 

ried out at room temperature for 90 min at 5 ma/gel. After electrophoresis 

the RNA was immediately analyzed spectrophotometrically at 260 nm with a Gi l -  

ford, Model 2400, spectrophotometer adapted with a l inear transport ( I0).  

The a b i l i t y  of RNase-treated ribosomes to incorporate amino acids into 

polypeptides was tested in a reaction system which used poly U as a template 

RNA (13). After incubation the reaction products were collected on Mi l l ipore 

f i l t e r s  (0.45 um) and the amount of rad ioac t iv i ty  was determined (13). 

RNase-free sucrose was purchased from Schwarz/Mann. Pancreatic RNase A 

was obtained from Sigma Chemical Co. E. col i  KI2 tRNA was purchased from 

Gallard-Schlesinger Corp. 
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Fig. I .  Resolution of rRNA from nat ive and RNase-treated ribosomes. 
Approximately 1.0 Ap60 un i t  of brain ribosomes was preincubated with 
RNase for  I0 min (B~, 20 min (C) or 30 min (D) and the RNA was resolved 
by electrophoresis as described in the Materials and Methods. The 
d i rec t ion of migration was from l e f t  to r i gh t  and the arrows indicate 
the normal migration of 28S and 18S RNA of nat ive (non-treated) brain 
rRNA (A). The concentration of 28S RNA, exclusive of any hydrolyzed 
fragments, was calculated with the aid of a compensating polar plan- 
imeter. 

RESULTS AND DISCUSSION: Several experiments were carr ied out with in tac t  

brain ribosomes to determine the sens i t i v i t y  of the rRNA to hydrolysis by 

pancreatic RNase. The exposure of brain ribosomes to 0.02 ug/ml of RNase at 

22 ° resulted in the rapid degradation of the rRNA molecules (Fig. I ) .  The 

resolut ion of rRNA by SDS-polyacrylamide e lectrophoresis,  subsequent to pre- 

incubation at 22 ° in the presence and absence of RNase, allowed an estima- 

t ion of the proport ion of ribosomes that contained in tac t  RNA molecules. 

Although the RNA of the small brain ribosomal subunit has been shown to be 

more sensi t ive to RNase hydrolysis than the RNA of the large ribosomal sub- 

un i t  ( I 0 ) ,  degradation products from the 28S RNA molecule obscured any meas- 

urements of in tac t  18S RNA molecules (Fig. I ) .  However, an accurate apprais- 
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al of the maximal number of ribosomes that contain rRNA can be obtained by 

the measurement of the area associated with the 28S RNA (9). The extreme 

s e n s i t i v i t y  of brain ribosomes to the action of pancreatic RNase was c lear ly  

evident in that  less than 2 percent of the 28S RNA was in tac t  a f te r  20 or 30 

minutes of hydrolysis (Fig. I ) .  These calculat ions actua l ly  represent the 

maximal number of ribosomes with in tac t  rRNA since the 18S has been shown 

previously to be considerably more sensi t ive to enzymatic degradation. 

A series of experimeh~s were conducted to assure us that the apparent 

hydrolysis of rRNA was the resu l t  of pancreatic RNase action. Prolonged 

incubation of ribosomes at 22 ° , without the addit ion of exogenous RNase, did 

not resu l t  in any detectable hydrolysis of rRNA. In addi t ion,  when SDS was 

added to ribosomes pr ior  to the addit ion of pancreatic RNase, there was no 

evidence of rRNA hydrolysis.  Therefore, the presence of 0.2 percent of SDS 

was s u f f i c i e n t  to i n h i b i t  any detectable enzymatic action (6). Although brain 

rRNA was rap id ly  degraded by RNase, in a re lated study we found that RNase- 

treated ribosomes appeared to maintain the i r  s t ructura l  i n t e g r i t y  since the i r  

sucrose gradient p ro f i les  were s imi lar  to those of cont ro l ,  non-enzyme t rea t -  

ed ribosomes. Th~s f inding is consistent with the observations of Cox(5) who 

found that even higher concentrations of RNase did not appreciably a l t e r  the 

sedimentation propert ies of re t i cu locy te  ribosomes. 

In view of the d i f f e r e n t i a l  e f fects  of pancreatic RNase on the RNA and 

st ructura l  i n t e g r i t y  of the brain ribosomes, i t  was of in te res t  to tes t  the 

ef fects  of enzyme treatment on subsequent ribosomal polypeptide synthesis. 

Although pancreatic RNase rapid ly  degraded the RNA of ribosomes (Fig. I)~ pre- 

treatment under these condit ions had l i t t l e  e f fec t  on t he i r  a b i l i t y  to par- 

t i c i pa te  in protein synthesis. Exposure of ribosomes to RNase fo r  I0,  20 and 

30 minutes resul ted in a loss of O, 14 and 17 percent of the control a c t i v i t y ,  

respect ive ly  (Table I ) .  In order to minimize ribosomal incat iva t ion which 

occurs rap id ly  at 37 ° (Grove, Johnson and Gi lber t ,  submitted for  pub l ica t ion) ,  

a l l  preincubation procedures were carr ied out at 22 ° . Even incubation at 22 ° 
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Table I 

Effect of RNase treatment on ribosomal 

protein synthesis. 

Time of Phenylalanine RNase-treated/ 
Preincubation R N a s e  Incorporation Control 

(min) (pmoles/A260) 

0 -(nat ive) 4.91 

I0 -(control ) 4.18 
+ 4.23 1.01 

20 - (contro l )  4.25 
+ 3.64 0.86 

30 - (control) 3.77 
+ 3.14 0.83 

Brain ribosomes were preincubated at 22 ° for the times indicated 
in the presence and absence of pancreatic RNase as described in 
the Materials and Methods. Ribosomes not preincubated, but main- 
tained at 0 °,  were considered native. Protein synthesis was 
carried out in reaction mixtures (0.2 ml) that contained I0 mM 
Tris-HCl, pH 7.4; 50 mM KCI; lOmM MgCI2; 6 mM 2-mercaptoethanol; 
0.8 mM GTP; I0 mMphosphoenolpyruvate; 8 ug of pyruvate kinase; 
40 ug poly U; 0.26 mg of post-microsomal enzyme protein; 0.44 
A260 uni t  of ribosomes and 6 pmoles (4,200 DPM) of 14C-phenyl- 
alanyl-tRNA (E. col i  KI2). Reactions were incubated at 37 ° for 
I0 min and the amount of incorporation was determined as desc- 
ribed in the Materials and Methods. 

resulted in a loss of approximately 25 percent of the or iginal ribosomal ac- 

t i v i t y  within 30 minutes (Table I ) .  In order to be assured that any changes 

in ribosomal a c t i v i t y  were not the resul t  of thermal denaturation, controls 

without the addition of RNase were included for each time in terva l .  However, 

the loss in protein synthesis, which could be at t r ibuted to the effects of 

RNase action, may actual ly  be the resul t  of an increased thermal l a b i l i t y  of 

the enzyme treated ribosomes (4). We also considered the poss ib i l i t y  that 

template RNA or tRNA in the protein synthesis reaction mixture might be de- 

graded by the introduction of RNase (0.8 ng) with the addition of RNase- 

treated ribosomes. However, the addition of this amount of RNase d i rec t l y  

to the reaction mixtures was found to have no ef fect  of measured phenylalanine 

incorporation. 
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These results suggest that intact rRNA is not a requisite for ribosomal 

participation in protein synthesis and that extensive hydrolysis of the mol- 

ecules can occur without inhibi t ing ribosomal act iv i ty .  I t  is possible that 

once intact rRNA has been ut i l ized as the backbone in ribosomal assembly and 

maturation, the RNA-protein and/or protein-protein interactions are adequate 

to maintain the ribosomes in the proper configuration for protein synthesis 

even though the rRNA is extensively cleaved. These results are in contrast 

to several previous studies where ribosomal act iv i ty  was reported to be 

sensitive to RNase (1,5,8). However, the discrepancies may be explained by 

several reasons that are not d i rect ly  related to rRNA and ribosome function. 

For instance, some investigators have examined the protein synthetic ac t iv i ty  

of RNase-treated polyribosomes. In these cases, the loss in protein synthe- 

sis may have been wholly due to the hydrolysis of the endogenous mRNA. 

Another variable may have been introduced by sedimentation of RNase-treated 

ribosomes, during procedures to free them of added RNase, which may have 

damaged to ribonucleoprotein particles and decreased their  act iv i ty .  Some 

investigators have failed to account for the loss in ribosomal ac t iv i ty  due 

to thermal inactivation. Our results are consistent with those of Szer (9) 

and Kuechler et al. (14) who found that bacterial ribosomes, with extensively 

cleaved RNA, appeared to retain a major proportion of their original ac t iv i ty .  

I t  should also be noted that the l imitat ions of these techniques did not allow 

a consideration of the possible functional role of 5S RNA which has been shown 

to be an integral component of the large ribosomal subunit (1,15). 
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