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T h e  autolysis  of  t ryps in  in the  presence of  u rea  

I t  i~ known I t ha t  urea  affects the ra te  of autolysis  of t rypsin .  Knowledge of the 
autolysis  in urea, however ,  has h i ther to  been based on the  measuremer t t  of the 
abso rbancy  at  28o0 • of the  fract ion soluble in d i lu te  t r ichioroacet ic  acid. I t  occurred  
to us tha t  one could s t udy  in soma detail  the  ex ten t  of the  autolysis  of t ryps in  in 
ut'ea by  reac t ing  the  N-terminals  d i rec t ly  in the  incuba t ion  mix tu re  p rov id ing  t lmt  
urea  would no t  in terfere  with the  N- terminal  analysis. Previous  repor ts  of the  dini t ro-  
phenyla t ion  of  prote ins  in the presence of urea  lzave p rov ided  l imited 2 or  no z evidence 
concerning whe ther  or no t  urea interferes  wi th  the  react ion be tween D N F B  and  the 
terminal  amino groups.  

To test  the feasibili ty of this approach,  d in i t ropheny la t ion  of a mix tu re  of 
several  amino acids was carr ied ou t  in the presence of a large excess of D N F B  in 
water  and in 8 3 /  urea.  The same amoun t s  of D N P - a m i n o  acids were recovered  in 
each case in spite of the  fact  t ha t  the urea  and  the  D N F B  formed  a complex  4. Simi- 
larly, d in i tvophenyla t ion of porcine -~-globulin (Pentex,  lot tOOT) yielded the  same 
amoun t s  of several  N- terminals  whe the r  the  react ion with D N F B  was carr ied ou t  
in water  or in var ious  concent ra t ions  of urea  a. Thus,  the  d in i t ropheny la t ion  of pro te ins  
in the  presence of nxea proves  advantageous .  The pro te in  is ac tua l ly  reac ted  in the  
conformatior~ brcmght abou t  by  the  act ion of urea, the removal  of which (a cumber -  
sc-nae and t ime-consuming opera t ion s) prior  to  d in i t ropheny la t ion  would oe rmi t  the 
prote in  to undergo m a n y  s t ruc tura l  modifications.  

D in i t ropheny la t i en  of tryp'drt  in aqlxeous media furnished three  p rodac t s :  A, B 
and  C. Tim mah,  f ract ion A was tim DNP-pro te in .  Frac t ions  B and C were mix tu re s  
respect ive ly  of acidic and basic DNP-pep t ides .  

l~eagent-g~-ade l~rea, recrystal l ized f rom aqueous  e thanol ,  and  commercia l  crys ta l -  
line salt-free t ryps in  ( \Vorthington,  2 t imes cryst . ,  lot T R  685 SF) were used, P ro te in  
solut ions of x mg/rn! in glass-distilled wate r  or  in unsal ted,  unbuffered  2, 4, 6, 8 M 
urea  were prepared  by  dilution of dialysed 3 % t ryps in  in o .oI  N HCI. After  s tand ing  
for 6 h at 27 ~ in the d;lIk at pH 7, the react ion mix tu res  were shaken with D N F B  
at pH  9 and process.,~d "n the convent iona l  way a for the  r ecove ry  of the D N P - p r o t e i n  
(Fract ion A). Evapora t ion  of the alcohol washings of A yie lded Frac t ion  B. "]'he 
coml)ined acidic y~.llow supe rna tan t s  and water  washings of A, af ter  exhaus t ive  
extractk~:t with ether ,  were sent th rough  an acidic ta lcum-ce!i te  co lumn to r emove  
~r:orgar, ic salts and urea ; the yellow bands were then  e luted with 1 %  HCI in acetone.  
Ev~p~la t ion  of the acetonic  solv,mt yielded Frac t ion  C. Bo th  B and  C were ch roma to -  
gral)hcd on paper  by means of lcrt. amyl  alcohol s a tu ra t ed  with 3 % aq. ammonia  
and were thereby  resolved into several  DNP-peptide.g. The  s tudy  of these D N P -  
pept ides  is par t  of the work in progress. 

l~ruducts A, 1¢ ~md C were, hydro lysed  .;n glass-distilled 5-7 N HC1 in sealed tubes  
for I6 la or longer a t  Io8% The ~ther and water  ex t rac t s  of the hydro lysa tes  were 
resolved on paper  by  the ~e*q. amyl  a lcohol -phtha ta te  systenff, and  the D N P - a m i n o  
acids and DNP-pep t ides  were measured in 1 %  NaHCOa at  36oo ~.  The  quant i t ies  
tou~ld indicat,:d the ex ten t  of autolys-?.< 

Our results are in line with a previous observa t ion  I concerning the effect of urea  
upcm the rate  HI autolysis  HI t rypsin.  "We. have  found tha t  in te rmedia te  concen t ra t ions  

A!'.breviatio,as: DNFB, "_~,4-dinitrofluorobenzenc; ])NP, dinitr~phenyl. 
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o f  z to  4 M u r e a  i n c r e a s e d  (up  to  50 % for  s o m e  N - t e r m i n a l s )  w h e r e a s  c o n c e n t r a t i o n s  
o f  6 to  8 M u r e a  d e p r e s s e d  ( to n e a r l y  zero for s o m e  N - t e r m i n a l s )  the  e x t e n t  of  the  
a u t o l y s i s  of t r y p s i n .  T h e  e-DNP-lysine was  p r e s e n t  in all the  F r a c t i o u s  A, B, a n d  C. 
I n  F r a c t i o n  A i ts  a m o u n t  i n c r e a s e d  l i nea r ly  w i t h  the  c o n c e n t r a t i o n  of u r e a  a b o v e  
2 M .  I n  F r a c t i o n s  B a n d  C, h o w e v e r ,  t he  e - D N P - l y s i n e  h a d  a m a x i m u m  in 2 2zi ucea  
a n d  the  lowes t  v a l u e  in 8 s$l u r e a  j u s t  l ike t he  ~ - N - t e r m i n a l s ;  a n d  in  t3 t h e  a m o u n t  
o f  e - D N P - l y s i n e  was  s e v e r a l  t i m e s  as  l a rge  as in C. T h e s e  ove ra l l  r e su l t s  i nd i ca t e  t h a t  
a u t o l y s i s  w a s  m a x i m u m  ~n 2 .'~I u r e a  a n d  leas t  in 8 Yl u rea .  I n  2 ~1 u r e a  a la rge  
n u m b e r  of  p e p t i d e s  were  sp l i t  off t he  p r o t e i n  moiecu le  a n d  e n d e d  up  in F r a c t i o n s  
I3 a n d  C. I n  8 M u r e a  the  u n f o l d i n g  of the  t r y p s i n  molecu le  a n d  the  u n m o 3 k i n g  of 
the e- lys ine  w e r e  m o s t  e x t e n s i v e .  

Of  g r e a t  i n t e r e s t  was  t h e  o b s e r v a t i o n  t h a t  t h e  e x t e n t  of a u t o l y s i s  pa r a l l e l ed  tke  
a m o u n t  of  f loccu la t ion  of the  p r o t e i n  in the  i n c u b a t i o d  m i x t u r e  a t  p H  7, i.~. f loccu-  
l a t i on  w a s  m a x i m u m  in )- M u r e a  a n d  a b s e n t  in 8 M urea .  W h e t h e r  f loccu ia t ion  was  
c a u s e d  b y  au to lys i s ,  or  w h e t h e r  f l occu la t ed  m a t e r i a l  was  m o r e  eas i ly  a u t o l y s e d ,  i t  
is no t  y e t  k n o w n .  T h e  role of u r e a  in these  p h e n o m e n a  is be ing  i n v e s t i g a t e d ,  i t  was  
a l so  o b s e r v e d  t h a t  if  the  p r o t e i n  was  d i r e c t l y  s u s p e n d e d  in 8 M u r e a  sma l l  specks  
of  m a t e r i a l  r e m a i n e d  u n d i s s o l v e d  d u r i n g  the  en t i r e  i n c u b a t i o n  per iod .  F r a c t i o n s  B 
a n d  C were  t h e n  seve ra l  t i m e s  as  l a rge  ( ind ica t ing  m o r e  hydro lys i s )  as  in the  case  
i n . w h i c h  the  p r o t e i n  w a s  d i s so lved  in o .o r  N HCI  a n d  d iaJysed  p r io r  to  i n c u b a t i o n  
in t h e  8 .$1 urea .  I t  is h o p e d  t h a t  e x p e r i m e n t s  n o w  in p rogres s  will p r o v i d e  an  e x p l a -  
n a t i o n  of these  f indings ,  
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A mammal ian  and protozoan electron-transport inhibitor in 
~'etrahymena pyriformis 

An e l e c t r o n - t r a n s p o r t  i nh ib i t o r  has  heen found  in cc'.'.-free prepara t ion .~  of the  p ro to -  
z o a n  "lYtral~ymena pyrifl~rmis which  a f fec t s  e n z y m e  s y s t e m s  of 7"etrahyme~,a ai ld r a t  
l ive r  m i t o e h o n d r i a .  T h e  i n h i b i t o r  is " a c t i v a t e d "  o n  mi ld  h e a t i n g  or aging,  i t  is r e s i s t an t  
to  boi l ing  a f t e r  a c t i v a t i o n  b u t  is no t  p r o d u c e d  in boi led  f resh  p r e p a r a t i o n s ,  a n d  i t  is 
n o n - d i ~ y z a b l e .  

Cu l tu r e s  were  g r o w n  in 2 .o °0  p ro teose-pep ton : , - -o .2  % y e a s t  e x t r a c t  m e d i u m .  
T h e  cells were  h a r v e s t e d  a f t e r  3 - 6  d a y s  as de sc r ibed  1 a n d  p a s s e d  twice  t h r o u g h  a 

Abbreviation: DPN, DPNH, oxidized and reduced diphosphopyriaine nueleotide. 


