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Degradation of ribonuclease by subtilisin 
The  s t u d y  of t he  kinet ics  of pro te in  deg rada t ion  by  e n z y m e s  is g rea t ly  fac i l i ta ted  if, a t  different  

t imes  du r ing  the  proteolysis ,  t h e  concen t r a t ion  of to ta l ly  u n c h a n g e d  s u b s t r a t e  pro te in  is k n o w n  1. 
Us ing  a s u b s t r a t e  like r ibonuclease  (RNase)  
and  m e a s u r i n g  the  change  in i ts  ac t iv i ty  ~25 I 
du r ing  degrada t ion  would  give va luab le  ~ i 
i n fo rma t ion  concern ing  tt{is point ,  p rov ided  
r ibonuclease  ac t iv i ty  is s t r ic t ly  a p rope r t y  ~20 
of the  i n t ac t  pro te in  and  is un inf luenced  
by  degrada t ion  p roduc t s  formed.  W e  h a v e  
therefore  sub jec ted  beef r ibonuclease  to the  
pro teo ly t ic  ac t ion  of subt i l i s in  2, a m e a s u r i n g  ~15 
bo th  t he  e x t e n t  of hyd ro lys i s  in the  
JACOBSEN-LI~oNIS p H - s t a t  4 and  t he  loss 
in ac t iv i ty  accord ing  to KUNITZ 5. Fig. I ~10 
shows  a typ ica l  kinet ic  e x p e r i m e n t  in o.I N "~ 

o/ e n z y m e  eoncen-  KC1 ( subs t r a t e  conc. i /o, 
t r a t i on  0.004 %, p H  8, 30°). I t  will be seen 
t h a t  subt i l i s in  will hydro lyze  a considerable  ~-5 
n u m b e r  of pep t ide  bonds  per  molecule,  viz. 
22 in t he  course  of 35 ° m i n  and  t h a t  the  
s u b s e q u e n t  reac t ion  is ve ry  slow. The  ~ 0 
ave rage  cha in  l eng th  of t he  pep t ides  fo rmed  
af ter  35 ° m i n  is a b o u t  6. The  degrada t ion  
of r ibonuclease  by  subt i l i s in  is therefore  
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more  in tens ive  t h a n  t h a t  b y  peps in  (ANFINSFN e) b u t  ha s  fea tu res  in c o m m o n  wi th  the  b reakdown  
of insul in  by  subt i l i s in  (E. AND N. 
HAUGAARD (in press)).  Vig. 2 shows 
the  re la t ionship  be tween  ac t iv i ty  and  
hydro lys i s  in two cases. Several  ribo- 
nuclease  p repa ra t i ons  were used  and  

i a l t h o u g h  t h e y  all have  a p p r o x i m a t e l y  
! t he  s ame  specific ac t iv i ty  t h e y  show 
t widely different  behavior .  In  the  c a s e  

of p repa ra t i on  I (made  a t  the  Carls- 
berg  Labora to ry )  it  would  appea r  t h a t  
a considerable  n u m b e r  of bonds  could 

! be spli t  w i t h o u t  ser ious effect upon  
the  ac t iv i ty  while t he  curve  for pre-  

~ pa r a t i on  II  (from Nord isk  Insul in  
i Labora to ry)  is m u c h  more  l inear and  

m i g h t  j u s t  indica te  t he  t r ivia l  fac t  
t h a t  t he  b r e a k d o w n  proceeds  pract i -  

-)5 cally w i t h o u t  fo rma t ion  of inter-  
m e d i a r v  productsL1.  The  shape  of 
curve  I- m a y  be expla ined  in different  
ways  : 

a. Act ive  i n t e rmed i a ry  p roduc t s  are formed.  
b. The  R N a s e  p repa ra t i ons  are m i x t u r e s  of act ive  c o m p o n e n t s  wi th  widely different  suscept ib i l i ty  

to subti l is in.  
c. An  ac t iva to r  for R N a s e  is fo rmed  du r ing  t he  digest ion.  

Similar ly  curve  I I  m a y  be in te rp re ted  as follows: 
e. No act ive  (or inact ive)  i n t e r m e d i a r y  p roduc t s  are formed.  
f. Act ive  i n t e r m e d i a r y  p roduc t s  are fo rmed  b u t  

f z :  An inhib i tor  for R N a s e  is fo rmed  du r ing  tile digest ion.  
f2: An  ac t i va to r  for R N a s e  is r e m o v e d  du r ing  t he  digest ion.  

Since our  smal l  s tock  of p r epa ra t i on  I was  e x h a u s t e d  in p re l iminary  e x p e r i m e n t s  (Fig. 2) we 
concen t r a t ed  on Prep.  II  of wh ich  we h a d  amp l e  quan t i t i e s .  I t  was  t e s ted  for pu r i t y  according to 
HIRS, MOORE AND STEIN s and  found  to be sa t i s fac to ry  (Fig. 3). The  b r eakdown  by  subt i l i s in  was 
s tud ied  as descr ibed above,  excep t  t h a t  we de t e rmi ned  b o t h  the  ac t iv i ty  towards  R N A  (KUNITZ) 
and,  following a sugges t ion  by  ~,V. ANDERSEN, t he  ac t iv i ty  towards  t he  cyclic p h o s p h a t e  of ur idyl ic  
acid (kindly p resen ted  to us  by  Professor  A. TODD) t h u s  s epa ra t i ng  the  influence of subt i l i s in  upon  
t he  two func t ions  of R N a s e :  the  d ies terase  ac t iv i ty  and  the  ac t ion  u p o n  cyclic p h o s p h a t e  (DEase-  
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and CPase-ac t iv i ty  respectively) (see ~, 10 and 11). The method  for the  measuremen t  of Cl?ase-activitv 
will be described in detail  in a later publication,  bu t  the principle was tha t  of de termining  the shit:t 

in absorpt ion spec t rum occurring when the  ring is opened. Fig. 4 
] sho~s  the restllts. Al though the  exper imenta l  errors (as in Fig. 2) 
I are ra ther  large, it is evident  tha t  the DEase- and CPase-activit \" 
i do n o t  disappear  s imultaneously.  This observat ion nlav be ul ider-  i 

stood b v  assuming tha t  

%: A selective ac t iva tor  for CPase is l iberated in the 
digestion. 

f. Active products  are formed, and 
fa : They show a higher ratio CPase /DEase  than  the original 

- -  RNase,  indicat ing different sites for the  two funct ions in RNase. 
1",: They show the same ratio CPase /DEase  but  a selective 

inhilfitor of DEase  is formed. 

i ~ /  \ L  ILxt'eriments t °  be r ep° r t ed  later t'Y °he  °f  us (I{ICIIARDS) 
has made it likely t ha t  f4 actually represents  the  facts. I t  has 

. - -  been shown tha t  a n  active in te rmediary  product  (AIP) is forlned 
and may  be separa ted  i n  the  digest  from intact  RXase  by 
ch roma tography  on IRC-5o columnsK The detai ied description 
of its propert ies  will be given elsewhere bu t  it  should be inent ioned 
here tha t  it  is not  able to pass cellophane membranes  (c/.rz) and 
especially t ha t  its ratio CPase /DEase  is the  same as t ha t  of intact  

20 40 60 80 RNase. The presence in the  digest  of a selective DEase  iuhibitor 
Tube AI °- 

w h i c h  is removed in the  column is suggested by the fact  tha t  the 
Fig. 3. RNase on XE-64,  p H  stun of the  DEase activit ies of the  separa ted  peaks of RNase and 
= 6. 5 . - -  - = OD:s~ blank AIP  is greater  than  tha t  of the  original digest. 
O.OLO; = ODav0(ninhydrin ) The phenomena  described here are reminiscent  of observu- 
blank o . ioo  corrected for blank tions by PORTP2R la  OI/ the  breakdown of r ibonuclease by pepsin 

readings,  and curboxypept idase ,  bu t  the  in terpre ta t ion  given by this 
au thor  is different from ours. 

Our results  emphasize  very s t rongly the error t ha t  may  arise i£ enzyme activity, is used as 
a measure  of the  a moun t  of in tac t  subs t ra te  in kinetic exper iments .  
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The nature of the reaction between diisopropylfluorophosphate 
and chymotrypsin 

JANSEN et al. 1,2 were the first to s tudy  the inhibit ion of chymot ryps in  using 32p labeled diiso- 
propylf luorophosphate  (DF32P). They showed tha t  one mole DF~2P was bound  per mole of active 
enzyme, t ha t  a fluorine ion was released during the reaction and tha t  the reaction product  consisted 
of the original protein with a d i isopropylphosphate  (DIP) rest  s. Moreover it was demons t ra ted  by 
SCHAFFER et al.4, 5 t ha t  this reaction product  yielded O-ser inephosphate  on acid hydrolysis.  

In  the course of our s tudy  of the pharmacological  action of organophosphates  we became 
interested in the character  of the bond result ing from the reaction of D F P  on mammal i an  cholin- 
esterase 6. In  view of the limited supply  of purified cholinesterase available at  the time, we decided 
first to obtain  more basic informat ion about  the inhibition of crystalline chymot ryps in  by DFS2p. 
I t  was assumed tha t  this inhibition could serve as a sat isfactory model for the corresponding reaction 
on cholinesterase. This hypothesis  was suppor ted  by  the fact t h a t  other  esterases could be demon- 
s t ra ted  to produce ser inephosphate  on acid hydrolysis.  This was shown by SCHAFICER et al. ~ for electric 
eel cholinesterase, and by  us for purified bovine cholinesterase, serum pseudo-cholinesterase and 
s t roma  ali-esterase 8. SCHAFFER et al. s have repeatedly stressed tha t  these findings do not  necessarily 
mean tha t  the p r imary  point  of a t tack of D F P  on the chymot ryps in  molecule would involve the 
hydroxyl  group of a serine molecule. The isolated ser inephosphate  might  be produced during and 
as a result  of the acid hydrolysis.  I t  appeared to us t ha t  breakdown of chymot r yps in - DF P  by enzymic 
methods,  avoiding the acid hydrolysis,  might  yield a product  which on analysis would provide 
informat ion about  the p r imary  side of reaction of DFP.  

For  the breakdown of the c h y m o t r y p s i n - D I P  a polyvalent  commercial  pancreatic enzyme 
prepara t ion  was used*. This prepara t ion was able to split a numbe r  of proteins,  including chymo- 
trypsin,  into amino acids. I t  seems reasonable to assume on the basis of the specificity of proteolytic 
enzymes, t ha t  the presence of an unusual  group in the protein molecule (like the D I P  group in the 
chymot ryps in -DIP)  might  interfere with the normal  breakdown of such a protein. Thus  a peptide 
might  result, containing this unusual  group (in the present  case the ~2p labeled DIP)  in addition 
to a number  of amino acids. Hydrolysis  of c h y m o t r y p s i n - D I P  by cotazym indeed produced a single 
peptide which contained 5 ° to 6o% of the original D I P  group. The isolation of this peptide from 
the hydrolysate  could be effected by  distr ibut ion between water  and phenol, followed by paper 
ch romatography  in butanol-acetic acid-water and butanol-water ,  or be t ter  still by zone electro- 
phoresis on a s tarch column 9 at p H  4.6, followed by paper  ch roma tography  in butanol-acetic acid- 
water. 

The isolated peptide had the following propert ies:  
i. I t  was stable against  hydrolysis  by  cotazym. 
2. I t  moved rapidly towards  the anode on the s tarch column, suggesting a high acidity (oddly 

it hardly moved on paper  electrophoresis). 
3- On alkaline t r ea tmen t  (pH II.O) and heat ing at ioo ° C for 5 minutes  all labeled phosphorus  

was split off as DIP,  indicating t ha t  the labeling group was still present  as DIP .  
4. On acid t r ea tmen t  (pH 2.0) at  IOO ° C the peptide did not  produce D I P  and yielded serine- 

phospha te  on continued acid hydrolysis  with 2 N HC1 (15 h ioo ° C). 
5. Per D I P  group the original peptide was shown to consist of the following amino acids: 

proline (i), leucine (i), aspart ic acid (i), serine (i), and glycine (2 or 3)- 
The sequence phosphoseryl-glycine,  demonst ra ted  by  SCHAFFER et al. TM, could obviously occuI 

in the present  peptide. We do not  know yet  where the D I P  group is situated, bu t  in view of the 
mild t r ea tmen t  we applied, i t  seems reasonable to assume tha t  this localisation will not  be differenl 
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