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Studies on the structural basis of ribonuclease activity 

Since t he  f u n d a m e n t a l  s tud ies  of SUMNER and  of NORTHROP AND KUNITZ on t he  pro te in  n a t u r e  
of enzymes ,  m o s t  inves t iga to r s  in the  field have  tac i t ly  a s s u m e d  the  re la t ive  inviolabi l i ty  of e n z y m e  
s t ruc tu re ,  bo th  as regards  the  cova len t  l inkages  be tween  amino  acids  in the  pept ide  cha ins  and  also 
wi th  re la t ion to geometr ica l  conf igura t ions  imposed  by  non -cova l en t  b ind ing  forces. Teleological 
reasoning  has  led to theories  in which  the  pro te in  s t r uc t u r e  as a whole was  a s s u m e d  to p lay  a d o m i n a n t  
role in ca ta ly t ic  act ion by  t r ans fe r r ing  energy  to the  ca ta ly t ic  cen te r  t h r o u g h  a resonance  chain  
m a d e  up  of regular  h y d r o g e n  bouded  s t ructures1,  2,a. 

I t  has,  however ,  been known  for some t ime  t h a t  cer ta in  g roup ings  (e.g. eps i lon-amino  groups  
on the  lysine res idues  of peps in  4) could be shown  to be non-essen t ia l  in ca ta ly t ic  ac t iv i ty  and  in 
more  recen t  years  it  has  been possible to modify ,  more  dras t ical ly ,  cer ta in  biologically ac t ive  p ro te ins  
w i thou t  a p p a r e n t  loss in ac t iv i ty .  Thus ,  insuling, 6, ACTH ~, T M V  s, u - c h y m o t r y p s i n  9, and  r ibonuclease  TM 

have  been found to exh ib i t  thei r  no rma l  behav ior  eve:: a f te r  r emova l  wi th  c a rboxypep t i da se  of 
one or more  amino  acid res idues  f rom the  ca rboxy l - t e rmina l  ends  of the  pep t ide  chains.  In  the  case 
of the  first th ree  listed, such  e x p e r i m e n t s  are pa r t l y  equivocal  since ac t iv i ty  t e s t s  (which m i g h t  
involve  resynthes i s )  m u s t  necessar i ly  be pe r fo rmed  upon  ac t ive ly  metabo l i z ing  t i ssues  or upon  
in t ac t  o rganisms .  The  s tudies  on a - c h y m o t r y p s i n  and  r ibonuclease ,  however ,  were pe r fo rmed  us ing  
in  vitro m e t h o d s  and  are therefore  of pa r t i cu la r  in te res t  since the),  clearly sugges t  t h a t  the  p a i n s t a k i n g  
evolut ion  of a un ique  s t ruc tu re  for these  e n z y m e s  (and by  inference of o ther  e n z y m e s  as well) m a y  
have  been directed towards  the  fulf i l lment  of more  sub t le  biological r equ i r emen t s  t h a n  ca ta ly t ic  
ac t iv i ty  alone. 

P rev ious  s tudies  have  shown  t h a t  a n u m b e r  of e n z y m e s  (e.g. t r yps in  n ,  subt i l is in  12, peps in  13) 
m a i n t a i n  ac t iv i ty  even when  tes ted  in s t rong  urea  so lu t ions  where,  accord ing  to cons idera t ions  by  
KAUZMANN 14 and  SCHELLMAN :s, s econda ry  h y d r o g e n - b o n d e d  s t r uc tu r e s  are likely to be ser iously 
d is tor ted .  However ,  t he  absence  of a d e q u a t e  phys ica l  and  chemical  da t a  on these  p ro te ins  has  
precluded a p roper  appra i sa l  of th is  r a the r  surpr i s ing  p h e n o m e n o n .  

Recen t  inves t iga t ions  on r ibonuclease  s t ruc tu re  TM have  sugges ted  t h a t  th is  molecule  exis ts  in 
solut ion as a monod i spe r sed  17 un i t  cons is t ing  of a single pep t ide  cha in  of 128 amino  acids  TM, cross* 
l inked t h r o u g h  four  disulfide bonds .  I t  has  been found  t h a t  res t r ic ted  subt i l i s in  digest ion leads  to 
a modified, ful ly act ive de r iva t ive  TM in which  a new N- te rmina l  end  g roup  can  be d e m o n s t r a t e d ,  
the  pep t ide  cha in  which  it  t e r m i n a t e s  being a t t a c h e d  to the  ma in  body  of t he  molecule  by  disulfide 
bond ing  20. Res t r i c ted  peps in  digest ion,  on the  o the r  hand ,  appear s  to comple te ly  inac t iva t e  the  
enzyme ,  even  af te r  the  c leavage  of one or two pep t ide  bonds  ~:. Comple te  loss of ac t iv i ty  is also 
p roduced  upon  r u p t u r e  of the  disulfide l inkages  wi th  per formic  acid 16. 

A series of e x p e r i m e n t s  have  now been conduc ted  in th is  l abora to ry  wi th  the  purpose  of charac-  
ter izing th i s  e n z y m e  u n d e r  different  condi t ions .  T h e y  include (i) m e a s u r e m e n t s  of opt ical  ro ta t ion  
and  its dispersion (unpubl i shed  mater ia l ,  SCHELLMAN, compare22), (2) m e a s u r e m e n t  of v iscos i ty  (un- 
publ i shed  d a t a  of HARRINGTON), (3) d e t e r m i n a t i o n s  of the  ra te  of e x c h a n g e  of pept ide  bond  hydrogen  
a t o m s  (2a,2~, and  u n p u b l i s h e d  d a t a  by  AA. HVlDT), and  (4) m e a s u r e m e n t s  of enzymic  ac t iv i ty  
aga ins t  R N A  and  uridine-2 ' ,  J - p h o s p h a t e .  

The  resul ts  are s u m m a r i z e d  in Table  I where  a compar i son  is m a d e  be tween  na t i ve  RNase ,  
RNase  in 8 3/ u rea  or 2. 5 M guan id ine  chloride, and  oxidized RNase .  

T A B L E  I 

Native 8 3I u~ea Oxidized 

F.xchaugeable  
pep t i de -bonded  h v d r o g e n s  7 ° r ap id ly  All rap id*  All rap id  

( theoret icaI-  127) e x c h a n g e a b l e  

In t r ins ic  v iscos i ty  o.o33 o.o89 o.116 
in (g/Ioo ml) -1 

[¢~] ~0 74.0 lO8 91.1 
Zc 2330 217o 2220 

* M e a s u r e m e n t s  m a d e  in 2.5 l~/ guan id ine  chloride. 

Fig. I. F i r s t  order  plot  of change  in v iscos i ty  of R N A  wi th  t ime  
du r ing  R N a s e  ac t ion  in presence and  absence  of 8 M urea.  R N A  
(2% in 8 3 f  urea,  p H  5.0, 20 °C)  + R N a s e  (2 .67 /ml  8 3 I  urea,  
p H  5.0): O. Same w i thou t  u rea  0 .  Ao = initial v iscos i ty ;  Af  = 

final v iscosi ty .  
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All the data  indicate tha t  the enzyme molecule denatured by urea or guanidine chloride 
approaches in sllape and disorientation the molecule produced by  performic acid oxidation. 

The activity of RNase toward RNA (Schwarz, dialyzed against  0.2 3I acetate buffer, pH 5.o2) 
was determined by  measur ing the change in viscosity with time. The results shown in Fig. I indicate 
ttlat ribonuclease is fully active in 8 31 urea solution (the enzyme having been incubated in 8 ~,1 
urea for two days at  5 '  ~ prior to test ing against  1RNA, also dissolved in 8 31 urea). Determinat ions  
of non-precipitable 16 and dialyzable e2a 0 absorbing material  during the reaction and after max imum 
viscosity change also indicated t ha t  the hydrolysis of the subs t ra te  had proceeded unimpaired.  

The enzyme was fur ther  tested against  the syntlletic substrate ,  ur idine-2 ' ,3 ' -phosphate  2a in 
the presence and absence of urea as above. The course (If the reaction in this case was followed 
bv a microspectrophotometr ic  method developed by Dr. FRED M. RICHARDS. The hydrolysis of this 
subs t ra te  appears  to be somewtlat  slower in urea than  in its absence a l though an essentially linear 
production of uridylic acid with t ime was demonstrable  by means of paper  chromatographic  analysis 26 
of the reaction mixture.  

The above data, considered together, suggest tha t  only a relatively small par t  of the ribonuclease 
molecule is directly inw)lved in catalytic activity and, tllat in the conversion from the native to 
the extended form, this part ,  the active center, may  be protected from deleterious unfolding by 
restricting cross linkages. I t  seenls impossible, a t  any rate, tha t  an ordered secondary s t ructure  is 
responsible for its properties as a catalyst.  The data  fur ther  suppor t  the possibility tha t  a considerable 
par t  of the enzyme s t ructure  may  be superfluous from the catalytic s tandpoint ,  a possibility tha t  
is also suggested by the autodigestion experiments  on pepsin previously published by PERLMANN 27. 
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