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SUMMARY 

The ribonuclease inhibited protein synthesis and respiration of yeast protoplasts can 
be restored by the addition of several polyanionic compounds, among which poly- 
methacrylic acid proved to be the most effective one. 

The results of preliminary experiments with the ultracentrifuge indicate a strong 
complex formation between ribonuclease and polymethacrylic acid under the applied 
experimental conditions. It is suggested that the reversal of ribonuclease action by 
polymethacrylic acid in vivo may be at tr ibuted to such complex formation between 
ribonuelease and polymethacrylic acid. 

INTRODUCTION 

Several authors have reported an in vitro inhibition of ribonuclease by polyanions j-3. 
Heparine, polyvinylsulphate and polyphosphates were found to be rather effective 
inhibitors of RNase activity. 

The present study deals with the reversal by polymethacrylic acid of the in- 
inhibition by RNase of in vivo protein synthesis by protoplasts of yeast. 

MATERIALS AND METHODS 

Polymethacrylic acid was prepared according to ARNOLD AND OVERBEEK4; it was 
fraetionated by HC1 precipitation. The preparation used had a tool. wt. of approx. 
50,000 (see ref. 5), as measured by light-scattering. 

Ribonucleic acid was prepared from yeast according to FISHER AND CHARGAFF 6. 
It  had an average mol. wt. of 40,000, as estimated in the ultracentrifuge. 

Abbreviations: PMA, polymethacrylic acid; RNA, ribonucleic acid; s-RNA, ribonucleic 
acid from the soluble (ioo,ooo × g) fraction of the cell; m-RNA, the ribonucleic acid from the 
microsomal particulate fraction; RNase, ribonuclease; DNA, deoxyribonucleic acid; AMP, GMP, 
CMP, UMP, adenosine, guanosine, cytidine, uridine monophosphate respectively. The 2', 3' mixed 
and the 5 ~ phosphates were used. ATP, adenosinetriphosphate; TCA, trichloroacetic acid; PNPG, 
p-nitrophenyl-a-D-glucoside. 
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DNA was purified according to GULLAND 7. Liver-s-RNA was prepared by phenol 
extraction of the IOO,OOO × g supernatant  of beef-liver homogenate according to 
KIRBY 8, followed by dialysis at 4 ° overnight and freeze drying. 

Yeast-s-RNA was prepared in the same way. 
The 2', 3' mixed and 5' mononucleotides and the ATP were products of Pabst. 
The RNase digest of yeast RNA was prepared in the following way, I g RNA 

was incubated with I m g  RNase in IO ml 0.05 M phosphate buffer pH 7-4 at 37 °. 
After 4 h the solution was dialysed against 20 ml water for 14 h at o °. The dialysate 
was freeze dried. 

Ribonuclease was assayed according to KALNITSKY et al. °. All other materials 
and methods were the same as described before 1°. 

EXPERIMENTAL RESULTS 

Reversal of the RNase effect oi, protein ,synthesis by PMA 

When yeast protoplasts are incubated with RNase, protein synthesis is in- 
hibited 1°. Several polyanion compounds and mixtures of nucleotides were tested for 
their ability to reverse this inhibiting action of RNase (Table I). 

TABLE I 

REVERSAL OF THE INHIBITION BY RNAsE OF [14~]AMINO ACID INCORPORATION 

Protoplas ts  (2 mg protein/ml) were incubated with 5 ° pg  RNase /ml  for 30 rain at  3 ° °  in I o mt l o % 
manni tol  containing 5 ° / ,moles K-Na-PO 4 buffer p H  6.8. After repeated washings,  the proto- 
plasts  were incubated wi th  a 0.5% solution of the compounds  listed in the Table and tested for 

their  ability to incorporate Iil4Qvaline as described previously l°. 

-~ RNase - -  RNase 
Compound added counts/rain]rag counts[rain/rag 

- -  4 292 
Yeast  RNA (comm) 147 326 
RNase  digest of yeast  RNA 94 298 
Liver-s-RNA 135 245 
DNA 58 19o 
Mixture of 2', 3' nucleotides i 15 385 
Mixture of 5' nucleotides 36 264 
PMA 375 424 

The results of Table I show that  polymethacrylic acid is highly effective in restor- 
ing the RNase-inhibited incorporation of amino acids by protoplasts of Sacch. Carls- 
bergensis. 

Table I I  shows some results of experiments when protoplasts were incubated 
with RNase and PMA at the same time. 

I t  can be seen that  the inhibition of (J4Clleucine incorporation by RNase is 
markedly decreased in the presence of PMA. 

Not only unspecific protein synthesis (amino acid incorporation into TCA-in- 
soluble protein), but  also the induced specific ~-glucosidase synthesis was restored by 
addition of polymethacrylic acid (Fig. I). 

From the experimental results as shown in Fig. I it can be concluded that  the 
RNase-inhibited =-glucosidase synthesis is also restored by the addition of PMA. 
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TABLE I I  

THE EFFECT OF RNAsE ON THE INCORPORATION OF ~14C]LEUCINE 
IN THE PRESENC]~ AND ABSENCE OF PMA 

Protoplas ts  (2 mg protein/ml) were preincubated wi th  RNase  at  3 °0 for 2o min in to % manni tol  
containing 5 ° / tmoles/ml Na-K-PO~ buffer p H  6.8, before io mg PMA/ml  and VI4C]leucine 

(2o,ooo counts/rain) were added. 

Conch. RNase]ml 4- PMA - -  PMA 
counts.train[rag counts/rain[rag 

o 5 °00 4353 
20 3060 92 

IOO 1336 38 
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Fig. t. Reversal  by PMA of the inhibition by 
RNase  of ~-glucosidase synthesis  by  yeast  
protoplasts .  Protoplas ts  were adapted to mal- 
tose for 75 min at  3 °0 in a o. 5 ~I  phospha te  
buffer p H  6.2 ; then 0.75 mg RNase  was added 
to 7.5 ml (3/4) of the sample. The remaining 
2. 5 ml were diluted to IO ml with the same 
adapta t ion  medium 1°. This por t ion was used 
as the blank wi thou t  RNase.  The RNase  was 
allowed to react for 25 min, the protoplas ts  
being washed by centrifugation afterwards.  
The cells were divided into two equal portions, 
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Fig. 2. Inhibition of RNase activity by I 'MA. 
2 ml of a RNase solution containing io / ,g/ml 
were incubated at  3 °°  with i ml i % yeast  
RNA solution and different concentrat ions of 
PMA. At appropr ia te  times the reaction was 
s topped by  adding i ml o.75 % U 0 2  acetate in 
20 % HCIO 4. After eentrifugation and 3o-fold 
dilution the extinction of the supe rna tan t  at  
26o m/~ was determined with the aid of a 
Unicam u.v. spectrofotometer  SP 6o0. m ,  no 
PMA; @, I m g  PMA/ml;  x ,  ]o mg PMA/Inl. 

each being resuspended in adapta t ion  medium to a final volume of lo ml. In  one case the sample 
was supplemented with ioo mg PMA. The other  was the RNase blank. Samples were wi thdrawn 

at  appropr ia te  t imes to test  for ~-glucosidase activity 1°. 

Attention may  be drawn to the fact that  =-glucosidase synthesis starts immediately 
after the addition of PMA without any preceding lag-time. 

Studies on the interaction between P M A  and RNase  

Experiments were performed to investigate the direct effect of PMA on RNase 
act ivi ty as well as the nature of the interaction between PMA and RNase. 

I t  could be shown that  under the experimental conditions PMA inhibits the 
ribonuclease activity as determined according to KALN1TSKY to some extent (Fig. 2). 
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As is shown in Fig. 3, sedimentation experiments in the Spinco analytical ultra- 
centrifuge indicate a strong complex formation between ribonuclease and poly- 
methacrylic acid at pH 6.8. 

Under the experimental conditions, the polymethacrylic acid used had a sedi- 
mentation constant of 1.2 S units; when polymethacrylic acid and ribonuclease are 
centrifuged together, a peak is found with a sedimentation constant of 1. 9 S units, 
indicating a complex formation between RNase and PMA. This may be attr ibuted to 
the high positive charge of RNase (isoelectric point at pH 9.45) and the negative 
charge of PMA at pH 6.8. 

Finally, it is shown that PMA is also effective in restoring the RNase inhibited 
glucose respiration (Fig. 4)- 

-9- 
aerobic glucose dissimilation. Protoplas ts  (5 mg 0 50 Io0 
protein/ml) were preincubated in Warburg  .----~tirn¢(rnt't~). 
vessels with 2o #g RNase  /ml in t.5 ml io % manni tol  containing 5 ° #moles K-Na-phospha tc  
buffer pH 6.8/ml. After 3 ° min at  3 o°, o.z ml l o %  PMA in Io°//o manni tol  was added from one 
side a rm and o.2 ml I o %  manni tol  containing io ftmoles glucose from the other. @, no 

RNase;  ~ ,  20 ttg RNase /ml  + io mg PMA/ml;  <,  20 #g RNase/ml .  

DISCUSSION 

A number of data has been published, indicating the reversal by high molecular 
weight anions of RNase and DNase inhibition of some cellular and subcellular 
activities. 

ALLFREY AND MIRSKY ], when studying amino acid incorporation in the protein 
of the cell nucleus have observed that the inhibition which resulted from incubation 
of cell nuclei with DNase could be reversed by the addition of polyanions such as 
heparine etc. Isolated mitochondria 11, when treated with ribonuclease are no longer 
able to carry out oxidative phosphorylation. This phenomenon could also be re- 
versed by some polyanionic compounds. 

Our experimental data show that the RNase inhibited protein synthesis 1° by 
protoplasts of yeast is restored upon the addition of a number of compounds. This 
reversal is most effective when polymethacrylic acid is used. 

In vitro, RNase activity is also inhibited by PMA. Ultracentrifuge patterns of 
RNase, PMA and RNase + PMA indicate a rather strong complex formation between 
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PMA and RNase under the applied experimental conditions. Consequently, the action 
of PMA on RNase activity in vivo may be binding by complex formation, keeping the 
RNase from further action inside the protoplast, thus restoring RNase inhibited 
cellular activities such as respiration and protein synthesis. Still, the observed in- 
stantaneous reversal of RNase action by PMA is rather unexpected as the only direct 
action known of this enzyme--the breakdown of RNA--is  supposed to be irre- 
versible. 
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