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The inactivation of ribonuclease by restricted pepsin digestion 

Recent  studies on the chemical and physical  properties of ribonuclease I 6 begin to permit  a 
rational examinat ion of the s t ructural  basis of its enzymic activity. Ribonuclease consists of a 
single peptide chain I of 1_,6 amino acids folded into a relatively compact  s t ructure  under  the influence 
of four disulfide cross-linkages and a secondary network of non-covalent  bonds. The former mav  lw 
broken by controlled oxidation yielding a molecule wi thout  enzymic aet ivi tyk The latter are easily 
rup tured  in s trong urea or guanidine chloride solutions and appear  to be nonessential  from the 
s tandpoin t  of catalytic activity since the urea "dena tu red"  molecule, possessing a degree of dis- 
or ientat ion nearly as great  as the randomly coiled oxidized chain, retains the catah ' t ic  function of 
the native enzyme s . 

The native ribonuclease molecule has been subjected to the limited action of several proteolyt ie 
enzymes and, on the basis of the s t ruc tura l  studies mentioned above, the sites of at tack of these 
proteases can be considered in relation to the enzymically active region of the molecule. Thus, the 
extreme C-terminal end of the chain does not  appear  to be catalytically inw)lved since several 
amino acid residues may  be removed by carboxypept idase  wi thout  loss in activity v. Similarly, limited 
at tack by the bacterial protease, subtilisin, yields a fully active derivative containing a new N- 
terminal  end group, the fairly short  chain w h k h  it terminates  being apparent ly  at tached to the 
body of the molecule lay disulfide bonding ~,". 

Earlier studies on the action of pepsin on ribonuclease suggested tha t  an initial product  was 
produced diflering only \ 'ery slightly from native ribonuclease1°, n. I ts , w and ¢~-amino nitrogen 
content  were, withiu experimental  error, unchanged in s')ite of complete loss of enzymic activity. 
This reaction has now been studied in greater detail and its kinetics have been examined by the 
chromatographic  procedure of H1RS, ),IOORF AND S T E I N  1'2. The isolation and partial characterizati()n 
of the initial product  suggest tha t  a very limited 
change has occurred within the enzymieally active 
port ion of the molecule. 

In Fig. [ are shown the behaviour  of solu- 
tions of ribonuclease and ribonuclease digests on 
IRC-5o columns following digestion with pepsin 
at pH 1.8 for shor t  periods of time. In these experi- 
ments,  the action of pepsin was stopped by ad- 
j u s tmen t  of the pH to 6. 5 . The figure shows the 
progressive product ion of a new chromatographic  
species at the expense of the native enzyme (ap- 
pearing in the usual double peak form, both  peaks 
being fully act ive) . .ks  shown, the new derivatiw." is 
devoid of catalytic activity against RNA as tested 
by measurement  of the product ion of uranylaceta te  
soluble fragmentsL Chromatography  of pepsin- t reat-  
ed ribonuclease at p H  6.o 5 ra ther  than 6.45 as em- 
ployed here does not permit  the elution of the inactive 
molecule from IRC-5 o columns even after hmg 
periods of development.  By paper  ch romatography  
(in butanol-acetic acid-water; 4: l:5) of samples of 
the digestion mixture  taken after different time 
periods, it was found tha t  a peptide was released in 
progressively larger amounts .  This peptide contained 
aspartic acid, serine, alanine and valine. The rate 
of appearance of the f ragment  was quali tat ively cor- 
related with the rate of product ion of the inactive 
protein component  in Fig. I. 

To characterize the new protein derivative more 
fully, large samples of digest {identical with the 
smaller sample employed for ch romatogram C in Fig. 
i were run th rough  large columns under  the same 
conditions as those described above. The flow rate was 
adjusted to a speed which permit ted the separat ion of 
the main inactive component  from the more drasti- 
cally changed products,  shown in Fig. )-C as a 
shoulder on the principal inactive peak. The purified 
derivative was freed of salt by  dialysis against  dis- 
tilled water  and lyophilized, as was the remaining 
native enzyme which had emerged in earlier tubes. 
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Fig. I. Chromatography  (I 2) of l o mg samples 
of native and pepsin-digested ribonuclease on 
IRC-5o columns, 9 / 3 ° ram. Eluting buffer, 
phosphate ,  o.2 31, pH 6.45. Digestion condi- 
tions: ribonuclease o.92 % ; pepsin (Armour 
crystallized) ca. o.oo2°0; 37°C,  pH 1.8. 
Remaining ribonuclease activity (i): Curve 
A, IOO%; B, 6o°//o (5 min); C, 40% (lo min) ; 
D, 15% (I0 min). Solid points,  enzyme ac- 
tivity. Open circles, protein concentrat ion.  
(The peak appearing at T8 19 effluent ml is a 
ninhydrin-negative artefact, uniformly seen 

with this preparat ion of resin.) 
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-2o I{oth the  ac t ive  and inac t ive  componen t s  showed the  same sed imen t~ t ion  cons tan t ,  5w,  (~ .8 ~.9 
for ~ % solutions) and  in t r ins ic  v i scos i ty  (3.3 3.9) i nd ica t ing  t h a t  the  phys ica l  shape and size had 
not  been s igni f icant ly  a l te red .  Performic acid ox ida t i on  of the two mate r i a l s  y ie lded p roduc t s  wi th  
comparab le  s ed imen ta t i on  charac te r i s t i cs  (, ~v (in/lnite di lut ion)  ~.78) a l though  the  s ed imen ta t i on  

-21~ 1 o '  c o n s t a n t  of the  oxidized pepsin  de r iva t i ve  showed s o m e w h a t  less concen t ra t ion  dependence  (S w ( ,o) 
for oxidized na t ive  RNase,  ~.43; for oxidized der iwt t ive ,  1.()o). The reduced v iscos i ty  (~%) of the  
oxidized de r iva t i ve  (~o.3) was  s l igh t ly  less than  t h a t  of the  oxidized na t i ve  enzyme (~2.31. 

Upon f l t e r  paper  e lec t rophores is  of the  oxidized compounds  at  p l t  8.6 in b a r b i t a l  buffer the 
inac t ive  ma te r i a l  was sepa ra t ed  from the  na t i ve  enzyme,  be ing  more e lec t roposi t ive .  The oxidized 
peps in-modif ied  molecule  showed a second, neut ra l ,  componen t  which was less reac t ive  to n inhydr in .  
The cha rac t e r i za t i on  of this  f r a g m e n t  which was p re sumab le  l inked to the body of the inac t ive  
molecule  th rough  disulfide l inkage  is now in progress.  

The presen t  s tudies  c lear ly  exc lude  the  occurence of the  "a l l -or  none"  or "explosix e" pro teolys is  
sugges ted  in earl ier  work  wi th  pepsin  and var ious  prote in  subs t r a t e s  a t  p i t  values  in the  ne ighborhood 
of ~.8 2.o 14, la,~<lv. They  suppor t  the  general  n lechan i sn l  of s tepwise  pro teo lys i s  ind ica ted  by invest i -  
ga t ions  of the  act ion of subt i l i s in  and  o ther  proteasesS,~,l~, 19 on pro te in  subs t r a t e s  and reinforce 
the  p r o b a b i l i t y  of the genera l i ty  of such a mechanisna.  

The i nac t i va t i on  of r ibonuclease  following a n l in imal  change  in i ts  fine s t ruc tu re  by pepsin is 
of pa r t i cu l a r  in te res t  in con junc t ion  with the  ear l ier  f indings on urea mafoldit~g and on the  subt i l i s in  
digest ion of r ibonuclease.  Toge ther  with these observat ions ,  the p resen t  d a t a  suppo r t  the v iew t h a t  
the enzymica l ly  ac t ive  center  ~f r ibonuclease  m a y  be d e p e n d e n t  on only  a r e l a t ive ly  small  por t ion  
of the  pro te in  s t ruc tu re  and sugges t  t h a t  the complex i t i e s  of mac romol ecu l a r  s t ruc tu re  n l av  be 
associa ted with secondary  non-t a t a l y t i c  p h e n o m e n a  pe rhaps  re la t ed  to cel lular  a rchi tec ture .  

1 should  like to express  my  siucere t h a n k s  to Dr. W. 1:. ]~ARRINGTON, Cixil ing.  :\. JOHANSEN, 
and Civil ing.  M. ()TTFSFN for the i r  advice  and aid in these  studies,  and  to Professor K. 1,tx~)~-~¢s'r~¢o.~- 
tANG for his generous  h o s p i t a l i t y  and s t i m u l a t i n g  interes t .  
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