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SUMMARY : a-Sarcin is capable of specifically cleaving the single 
phosphodiester bond in the "a-sarcin site" of both Escherichia coli and 
Saccharomyces cerevisiae large rRNAs in the absence of ribosomal proteins. 
With both sources of rRNA, the rate of cleavage was comparable with and 
without ribosomal proteins but more complete cleavage was observed in the 
absence of ribosomal proteins. These observations contrast with earlier 
findings and indicate that ribosomal proteins are not essential to the unique 
specificity of the cleavage of rRNA by a-sarcin. 0 1988 Academic Press, Inc. 

a-Sarcin is a cytotoxic protein which possesses an unique ribonuclease 

activity. The cytotoxicity of the protein is the result of the inactivation 

of the ribosomes (1,2) through the cleavage of a single phosphodiester bond in 

the rRNA of the large subunit (3-5). The site of cleavage, the "o-sarcin 

site", is within a highly conserved purine-rich sequence which is present in 

the large rRNAs of prokaryotic 70s ribosomes, eukaryotic 80s ribosomes, and 

the ribosomes of mitochondria and chloroplasts (5). The resulting 

oligonucleotide (termed the o-fragment) cleaved from the 3'-end of the large 

rREA is between 240 and 500 nucleotides in length depending on the location of 

the cleavage site in the RNA. This unique specificity of a-sarcin was 

observed with intact ribosomes but not with naked rRNA (3-5) suggesting that 

ribosomal proteins play an important role in creating the o-sarcin site. The 

inactivation of ribosomes by a-sarcin has brought to light the functional 

importance of this region of the large rRNA to the interactions of the 

ribosome with various protein synthesis factors (for a review, see [6]). 

The present findings are an outgrowth of work undertaken to determine 

which ribosomal protein(s) contribute to the specific recognition of rRNA by 

a-sarcin. In the course of this work we made the surprising observation that 

partially purified preparations of a-sarcin were capable of recognizing the a- 
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sarcin cleavage site in the complete absence of ribosomal proteins. Here we 

show that the unique specificity of a-sarcin observed with Escherichia coli 

and Saccharomyces cerevisiae ribosome substrates can also be seen with their 

respective naked rRNA substrates. 

MATERIALS AND METHODS 

PREPARATION OF u-SARCIN. Aspergillus giganteus MDH 18894, which was used 
in the initial isolations of o-sarcin (7), was a generous gift from T. Watson 
(Michigan Department of Health). Cultures were grown at 30' C in the a-sarcin 
inducing medium (Medium A) recommended by Olson et al. (8). The filtrate 
obtained from a 72 hr. culture was used as starting material. The method of 
partial purification employed here was based on the first of two purification 
steps used in the original isolation of a-sarcin (7). The culture filtrate 
was passed through a Bio-Rex 70 column (2.5 x 9.0 cm) equilibrated with 50 r&l 
Tris-HCl (pH 7.0) and the column was washed with 50 mM Tris-HCl (pH 7.0), 0.2 
M NaCl. a-Sarcin activity was eluted with 50 mM Tris-HCl (pH 7.0), 2.0 M NaCl 
and the pooled fractions were dialyzed against distilled water. The dialyzed 
sample was lyophilized and then dissolved in 0.4 M sodium phosphate (pH 6.0) 
buffer. Tlhe partially purified a-sarcin was stored at 4' C and was used in 
the experiments described below. 

PREPARATION OF RIBOSOMES AND TOTAL rRNA AS SUBSTRATES. E. coli strain 
B/5 (from J.A. Fuchs, University of Minnesota) was grown at 30' C in LB broth 
(9). Ribosomes were prepared as previously described (10) except the high 
salt wash was omitted. The ribosomes were stored at -70° C at a concentration 
of 5 mg/ml in 20 mM Tris-HCl (pH 7.4), 10 mM MgC12, 0.5 mM EDTA (Buffer A). 
Total rRNA was prepared from ribosomes (11) by denaturing with 1.0% sodium 
dodecylsulfate in 50 mM Tris-HCl (pH 7.4) and extracting three times with 
phenol. After precipitation with ethanol, the rRNA was dissolved in Buffer A 
at a concentration of 3.0 mg/ml and used as substrate. 

S. cerevisiae SSL204 (12; from D.M. Livingston, University of Minnesota) 
was grown at 30' C in YM-1 medium (13). Cell lysates were prepared by the 
method of Hofbauer et al. (14) and used in the preparation of crude unwashed 
ribosomes (10). Ribosomes were stored at -70° C at a concentration of 5 mg/ml 
in Buffer A. Total rRNA was prepared from yeast ribosomes as described above 
for E. coli. 

ASSAY OF a-SARCIN ACTIVITY. The method of Endo and Wool (4) was employed 
to assay the sensitivity of the substrates to a-sarcin. a-Sarcin was 
incubated with either ribosomes (50 pg) or total i-RNA (30 pg) for 30 min at 
37' C in a final volume of 20 ~1 of Buffer A. The reactions were terminated 
by the addition of 100 ~1 of a solution containing 1.0% sodium dodecylsulfate 
in 50 mM Tris-HCl (pH 7.4). For analysis of the RNA fragments, the RNA was 
prepared for electrophoresis by phenol extraction followed by precipitation 
with ethanol. Total rRNA was electrophoresed (15) on 6.0% polyacrylamide-7 M 
urea gels for S. cerevisiae substrates or 7.5% polyacrylamide-7 M urea gels 
for E. co;!i substrates. The gels were stained with silver (16). Fragments 
were quantitatively determined and normalized to 5s rRNA by scanning the 
stained gels at 550 nm using a Beckman DU-8 spectrophotometer. 

SEQUENCING OF THE RNA FRAGMENTS DERIVED FROM THE ACTION OF a-SARCIN ON 
NAKED rRNA SUBSTRATES. In order to prepare fragments for 5'-terminal 
labeling, 2.4 mg of total rRNA extracted from either E. coli or S. cerevisiae 
ribosomes (11) was incubated with 1.5 pg of a-sarcin in a final volume of 150 
~1 as described above. The RNA fragments were separated by polyacrylamide gel 
electrophoresis and visualized by U.V.-shadowing (17). The excised fragments 
were elutled from the gel by d$gplATp (18). fusion and labeled at their 5'-termini with T4 
polynuclecotide kinase and [y- The radioactive oligonucleotides 
were isolated by gel electrophoresis. Enzymatic sequence analysis (18) was 
performed on 20% polyacrylamide-7 M urea gels, and the gels were 
autoradiographed overnight. 
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RESULTS AND DISCUSSION 

Disassembly of E. coli ribosomes by the sequential removal of most of the 

ribosomal proteins by LiCl extraction (19) failed to abolish the specific 

cleavage of rRNA by a-sarcin (data not shown). These results suggested that 

the specificity of a-sarcin may not require any of the ribosomal proteins. On 

the basis of this unexpected finding, we investigated the specificity of a- 

sarcin action on i-RNA substrates in the absence of ribosomal proteins. 

Phenol-extracted total rRNA (11) from either E. coli or S. cerevisiae 

ribosomes was used as substrate and the fragments produced by a-sarcin were 

monitored by gel electrophoresis (Fig. 1A and lB, respectively). For 

comparative purposes, the rRNA extracted from a-sarcin inactivated ribosomes 

of either E. coli or S. cerevisiae is also shown. When ribosomes were the 

substrate, a-sarcin cleaved the large rRNA at a single phosphodiester bond 

generating the a-fragment (designated by the arrows) as expected. The 

A RIBOSOMES rRNA 
11 234 56761 1123456781 

s RIBOSOMES rRNA 

I1 I1 23456781 

FIGDRR 1. THE EFFECT OF PARTIALLY PURIFIED a-SARCIN OR RIBOSOMR AND 
NAlCRD rRNA SUBSTRATES. Ribosomes and total rRNA, isolated from either E. coli 
(Panel A) or S. cerevisiae (Panel B), were treated with a-sarcin at the 
following concentrations: no a-sarcin, lanes 1; 100 #g/ml, lanes 2; 10 pg/ml, 
lanes 3; 5 pg/ml, lanes 4; 2.5 pg/ml, lanes 5; 1.2 fig/ml, lanes 6; 0.6 fig/ml, 
lanes 7; and 0.3 pg/ml, lanes 8. Total rRNA was extracted from reaction 
mixtures and analyzed by polyacrylsmide gel electrophoresis as described in 
"Materials and Methods". rRNA fragments were visualized by silver staining. 
The positions of the a-fragments are designated by the arrows. 
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sensitivities of E. coli and S. cerevisiae ribosomes to cleavage by a-sarcin 

were comparable. a-Sarcin at a concentration of ca. 0.5 pg/ml was sufficient 

to produce a visible quantity of the a-fragment under the conditions employed 

here. When either E. coli (Fig. 1A) or S. cerevisiae (Fig. 1B) naked rRNA was 

the substrate for a-sarcin, a single cleavage product was also observed. This 

rRNA fragment was indistinguishable in size from the a-fragment (designated by 

the arrows) obtained from the r-RNA of their respective intact ribosomes. In 

repeated experiments, no other discrete bands were observed. a-Sarcin at a 

concentration of ca. 0.5 pg/ml was sufficient to generate the fragment and 

only this single fragment was observed even when the concentration of a-sarcin 

was increased by two orders of magnitude (Figs. 1A and lB, rRNA lanes 3-8). 

At high concentrations of a-sarcin (100 pg/ml), some degradation of all rRNAs 

was observed (Fig. 1A and lB, rRNA lanes 2). However, the major discrete 

product which was observed above the background degradation comigrated with 

the single fragment observed at lower concentrations of a-sarcin. 

The fact that the fragments derived from either ribosomes or their 

corresponding deproteinized rRNAs were indistinguishable in size suggested 

that a-sarcin may be catalyzing ENA cleavage at the same site in both 

substrates. Nucleotide sequences at the 5'-termini of the fragments resulting 

from the action of a-sarcin on naked r-RNA substrates from E. coli and S. 

cerevisiae were analyzed to locate the cleavage sites (Fig. 2). The a-sarcin 

cleavage site within E. coli ribosomes has been indirectly deduced by Endo and 

Wool (4) and confirmed by Hausner et al. (20). The 5'-terminal sequence of 

nucleotides of the fragment derived from E. coli naked r-RNA was the same as 

the sequence to the 3'-side of the cleavage site found with intact ribosomes, 

namely, A-G-G-A-C-C (Fig. 2). Thus cleavage occurs between the guanine 

residue at position 2661 and the adenine residue at position 2662 of E. coli 

23s rENA in the presence or absence of ribosomal proteins. We have previously 

determined the location of the a-sarcin cleavage site in S. cerevisiae 

ribosomes by direct 5'-terminal sequence analysis of the o-fragment (21). The 

sequence of nucleotides at the 5'-end of the fragment derived from S. 

cerevisiae naked rRNA was the same, namely A-G-G-A-A-C (Fig. 2). Thus the 

site of S. cerevisiae 26s rRNA cleavage in the presence or absence of 

ribosomal proteins is the same and occurs between the guanine residue at 

position 3025 and the adenine residue at position 3026. 

Our results clearly demonstrate that a-sarcin, as we have prepared it, is 

capable of recognizing and catalyzing the cleavage of a single phosphodiester 

bond within the large rENAs of both prokaryotes and eukaryotes in the absence 

of ribosomal proteins. The site of cleavage in both cases is identical to 

that which occurs in intact ribosomes. The a-sarcin concentration dependence 

of the cleavage event was comparable in the presence or absence of ribosomal 

proteins for both sources. However, more complete cleavage by a-sarcin was 
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FIGURE 2. SEQUENCE ANALYSIS OF 5'-TERMINALLY LABELED FRAGMENTS DERIVED 
FROM THE ACTION OF a-SARCIN ON NAKED rRNA. Radioactive oligonucleotides from 
E. coli and S. cerevisiae a-sarcin treated naked rRNA were partially digested 
with the G-specific ribonuclease T1 or the A-specific ribonuclease Up. The 
alkaline digestion ladders are designated OH- and controls in which the RNA 
fragments were incubated in the absence of enzyme are designated -E. The 
respective sequences are shown on the left for E. coli and the right for S. 
cerevisiee; purine residues were read from this gel while pyrimidine residues 
were inferred from the known sequences (4). 

consistently obtained in the absence of ribosomal proteins. Cleavage of E. 

coli substrates was approximately 20% and 40% in the presence and absence of 

ribosomal proteins, respectively, while cleavage of S. cerevisiae 26s rRNA in 

the presence and absence of ribosomal proteins was approximately 30% and 60%, 

respectively. 

The observations reported here are different from those of earlier 

studies (3-5). Both Schindler and Davies (3) and Endo et al. (4,5) observed 

that specific cleavage of r-RNA required the presence of ribosomal proteins. 

In the absence of ribosomal proteins and only at high concentrations of a- 

sarcin, Endo et al. (5) reported a purine-specific endonuclease activity which 

resulted in the progressive hydrolysis of all rRNAs without detectable 

preference for the a-sarcin site. Recently, Hausner et al. (20) reported 

nonspecific rRNA degradation as well as limited cleavage at the a-sarcin site 

in the absence of ribosomal proteins. Differences in the nature of the a- 

sarcin preparation are a likely cause of the discrepancy between the results 

reported here and those described earlier, All of the earlier work was 

performed with a single preparation of a-sarcin which was isolated by Olson et 

al. (7,8) in the middle 1960's. This preparation consisted of a single 

polypeptide of M, = 17,000 which existed as a mixture of monomer and dimer in 

solution (22). The preparation employed in the present study had a specific 

408 



Vol. 154, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

activity in the rRNA-cleavage assay, with ribosomes as substrate, similar to 

that of the earlier preparation but exhibited two polypeptides when analyzed 

by sodium dodecylsulfate polyacrylamide gel electrophoresis (data not shown). 

It would appear that the ability to specifically cleave naked rRNA at the a- 

sarcin site is a property of the protein which can be lost upon storage or 

further purification. The nature of this alteration is under study. 

The u-sarcin site in rRNA is also acted on by a second class of enzymes 

which inhibit eukaryotic protein synthesis and is perhaps best typified by the 

toxin ricin (23,24). These enzymes, which are widely distributed in plants 

(21,25), act in a most unusual fashion to cleave the N-glycosidic linkage of 

the adenine residue adjacent to the site of phosphodiester bond cleavage by a- 

sarcin. As we have shown here for a-sarcin, ricin too is capable of acting on 

rRNA in the absence of ribosomal proteins, although the reaction of ricin on 

naked rRNA is much slower and less complete than that on the intact ribosome 

(23). Clearly, rRNA at the cr-sarcin site retains structural features in the 

absence of ribosomal proteins which allow recognition of this functionally 

essential region by both types of enzymes which act on it. The nature of this 

RNA structure and its recognition by these enzymes is under study. 
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