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A c t i o n  o f  renn in  on casein:  H e a t  o f  r e a c t i o n  

The  n a t u r e  of t he  in i t ia t ion  of gel f o r m a t i o n  in ,:ows" mi lk  has  been the  sub jec t  of 
m u c h  s t u d y  for a n u m b e r  of years .  I t  has  been  sugges ted  1 t h a t  t he  hydro lys i s  of a 
pep t ide  b o n d  b y  the  enzyme  is in i t ia l ly  respons ib le  for  t h e  sequence  of even t s  t h a t  
cu lmina t e s  in the  fo rma t ion  of a gel, a l t h o u g h  e .xper iment  has  ind ica t ed  t h a t  on ly  one 
bond  is c leaved  in casein per  molecu la r  we igh t  o f  I z - x o  s. Never the less  the  ev idence  for 
enzymic  hydro lys i s  is in p a r t  s u b s t a n t i a t e d  b y  t h e  f inding t h a t  a n o n - p r o t e i n  n i t rogen  
f rac t ion  is re leased pr ior  to  gel fo rma t ion  w h e n  renn in  ac t s  on casein S. Much  of the  
non -p ro t e in  n i t rogen  is o b t a i n e d  f r o m  a ca lc ium- insens i t ive  f ract ion,  ~-casein,  which  
forms  a b o u t  I5 % of the  to t a l  casein in cows" nhilk a n d w h i c h  is be l ieved to  be the  m a j o r  
c o m p o n e n t  conce rned  in casein micelle s t ab i l i za t ion  3. 

The  e n t h a l p y  change ,  AH,  accompan~ning t h e  hydro lys i s  of pep t ide  bonds  in 
s imple  syn the t i c  pep t ides  has  been found  to  be  in t h e  r ange  m I24O to - - 2 2 5  ° cal /  
mole 4. A l t h o u g h  s imi lar  d a t a  are  n o t  a v a i h b l e  for  t h e  hydro lys i s  of pep t ide  bonds  in 
n a t i v e  pro te ins ,  it m a y  be a s s u m e d  t h a t  t h e  acb ta l  hydro lys i s  of such bonds  involves  
reac t ion  hea t s  of a sirrd!ar o rder  of m a g n i t u d e .  Howeve r ,  in t h e  case of p ro te ins  overa l l  
kFdro lys i s  hea t s  m i g h t  well  be e x p e c t e d  to  inc lude  s ignif icant  con t r ibu t ions ,  e i ther  
exo- or endo the rmic ,  f r o m  c o n f o r m a t i o n a l  changes  a n d  in ter -  or  i n t r a m o l e c u l a r  in ter-  
ac t ions .  Such  effects h a v e  been  obse rved  s in t h e  ac t ion  of t h r o m b i u  on f ibr inogen;  
here  a re la t ive ly  large h e a t  of r eac t ion  w a s  a t t r i b u t e d  t o  i n t e rmo lecu la r  h y d r o g e n  
bor :ding fol lowing the  pro teo lys i s  o f  f ibr inogen t o  f ibrin m o n o m e r .  

I n  spi te  of the  u n c e r t a i n t y  necessar i ly  i nvo lved  in t h e  h l t e r p r e t a t i o n  of a p p a r e n t  
. . . .  

hea t s  of hydro lys i s  of n a t i v e  p ro te ins :  i t  is of  in t e res t  to  d e t e r m i n e  the  h e a t  effect 
a c c o m p a n y i n g  renn in  act ion.  A n  a t t e m p t  t o  m e a s u r e  t h e  hea t  effect in t h e  ac t ion  of 
r enn in  on mi lk  was  m a d e  b y  PHIPPS 6, b u t  t h e  sensiti~-ity of his  ca lor imet r ic  a p p a r a t u s  
was  r e l a t ive ly  low a n d  he was  u n a b l e  t o  obse rve  a n y  s ignif icant  h e a t  changes .  In  th is  
p a p e r  we r epo r t  m e a s u r e m e n t s  on  casein  m a d e  w i t h  t h e  s ame  ca lo r imet r ic  a p p a r a t u s  ~ 
as used  in p rev ious  e x p e r i m e n t s  wi th  s y n t h e t i c  pep t ides .  

The  s u b s t r a t e s  used  were  sod ium ease ina te  in  o_o 4 M Tr is  buffer  (pH 6.6) con ta in -  
ing  o.I  M NaCI a n d  o .oo i  M m e r t h i o l a t e ,  o r  ~c-casein, p r e p a r e d  b y  the  m e t h o d  de- 
scr ibed b y  CHEESEMAN 8, in t he  s ame  bu l le t ,  a n d  a lso  in o.o2 M p h o s p h a t e  buffer  
(pH 6.6) c o n t a i n i n g  o . i  M NaCI. S u b s t r a t e  c o n c e n t r a t i o n  of I o - 5 5  lng /ml  were  em-  
• 9loyed. l n  each  e x p e r i m e n t  equa l  v o l u m e s  of  s u b s t t a t e  so lu t ion  a n d  of a so lu t ion  of 
m-rennin d issolved in t h e  s ame  buffers  were  m_ixed in t h e  ca lo r ime te r  a f t e r  es tab l i sh-  
m e n t  of t h e r m a l  equ i l i b r i um at  zS.OO ± o.o5 =. T h e  =-rennin  was  o b t a i n e d  f r o m  p e a k  A 
in the  f r ac t iona t ion  m e t h o d  descr ibed b y  J m 6 s . x s o , x s  el al. 9. T h e  a m o u n t  of e n z y m e  
used,  o .5-1 .o  Fg /ml ,  was  selected t o  g ive  a c o n s ~ e n t  r a t e  of react ion .  T h e  hea t  
evo lu t ion  fol lowed a p p a r e n t  f i rs t -order  k ine t i cs  t o  a t  least  75 % comple t ion  of t h e  
react ion .  T h e  r a t e  of the  reac t ion  w i th  ~ c ~  in p h o s p h a t e  buffer  was  also m e a s u r e d  
b y  m i c r o - K j e l d a h l  d e t e r r m n a t i o n  of t h e  tel~a:~e of  non -p ro t e in  n i t roge~  soluble in 2 % 
t r i ch loroace t ic  acid.  

The  resu l t s  o b t a i n e d  are  s u m m a r i z e d  in T a b l e  I .  As ind ica t ed  in t h e  tab le ,  t h e  
h e a t  effects in ca l /mole  were  ca lcu la ted  f r o m  t h e  obse rved  h e a t  effects on t h e  as- 
s u m p t i o n s  t h a t  the  s o d i u m  case ina te  a n d  t h e  h'-casein conta ined ,  respect ive ly ,  x5 a n d  
9 ° % of ac t ive  ~-casein, a n d  t h a t  t h e  mo lecu la r  we igh t  of ~--easein is 260oo (ref. xo). 
Fo r  unknox~a reasons,  the  r ep roduc ib i l i t y  in these  e x p e r i m e n t s  was  u n u s u a l l y  poor ,  as  
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i n d i c a t e d  b y  the  la rge  ave rage  dev ia t ions  f rom the  m e a n  given in t he  tab le .  I t  is seen 
t h a t  t he  r a t e  of h e a t  evo lu t ion  in the  case of u-casein in p h o s p h a t e  buffer  is ap-  
p r o x i m a t e l y  the  same  as the  r a t e  of release of n o n - p r o , e i n  n i t rogen ,  sugges t ing  t h a t  
the  t w o  m e t h o d s  obse rve  the  same overa l l  process.  A l t h o u g h  t h e  h e a t  q u a n t i t i e s  
observed  are  of r easonab le  m a g n i t u d e  for a process  i nvo lv ing  the  h y d r o l y s i s  of one  
pep t ide  bond ,  as exp l a ined  above  the re  is no  w a y  to  a sce r t a in  t h a t  o the r  processes  do  
n o t  m a k e  s u b s t a n t i a l  t h e r m a l  con t r ibu t ions .  

TABLE I 

HEAT OF REACTION AND APPARENT FIRST-ORDER RATE CO~;STANTS 
FOR THE ACTION OF RENNIN ON CASEIN A'E z~o 11 ~A~l~r 6.6)  

Protein Buffer N ,,mber of  - -  A H - -  A H  
determinations (cal,lmg × xo ~) (cat/mote) 

S o d i u m  

c a s e i n a t e  T r i s  6 i. 9 -~ 0. 5 3200 =[= 900* 
K-Casein T r i s  ¢) 9.0 ~ 4.0 2300 =f= i o o o * *  

K-Casein P h o s p h a t e  8 6.7 =k 1.2 18oo d= 3oo** 

A pparent first-order rate constant (rain - j  ) 

Non-protein 
Calorimetry nitrogen release 

0.092 ~ 0.024 

o.15 ± o.o 5 
o.1I -& o.o2 o. I3 :i: 0.05 

* Calculated assuming 15 ~ K-casein, molecular weight of K-casein ~- 26000. 
** Calculated assuming 900/o u-casein, molecuIar weight of ~-casein ~- 26ooo. 

I t  ha s  r e c e n t l y  been  sugges ted  b y  GARNIER e ta / .  11 t h a t  r enn in  specif ical ly a t t a c k s  
in K-casein an  e s t e r  l inkage  which involves  a c a r b o x y l  g r o u p  in the  pa racase in  po r t ion  
a n d  an  h y d r o x y l  g r o u p  of a serine,  t h r e o n i n e  or c a r b o h y d r a t e  res idue  in the  glyco-  
m a c r o p e p t i d e .  A t  t h e  p H  of our  e x p e r i m e n t s  the  h y d r o l y s i s  of an  es te r  b o n d  is 
e x p e c t e d  to  l ibe ra te  a p r o t o n  whi le  t h a t  of a pep t ide  b o n d  is no t .  T i t r a t i o n  of K-casein 
a t  p H  6.6 shows t h a t  t h e  p ro t e in  has  i n a d e q u a t e  buf fe r ing  power  to  abso rb  c o m p l e t e l y  
a l i be ra t ed  p r o t o n  a n d  h y d r o l y s i s  e x p e r i m e n t s  in unbuf fe red  solut ions  fa i led to  indi-  
c a t e  a s ignif icant  p r o t o n  release.  A f u r t h e r  ind ica t ion  t h a t  the re  is no  p r o t o n  release is 
a f fo rded  b y  the  fac t  t h a t  the  hea t  effects obse rved  for K-casein are  essen t i a l ly  the  s a m e  
ill TO e o, ,a  p h o s p h a t e  buffers ,  in spi te  of the  m u c h  la rger  b_eat of ;._,~n,.':ation of Tr i s  1~. 
These  cons ide ra t ions  do n o t  conf i rm the  es te r  hypo thes i s .  

Th i s  w o r k  was  s u p p o r t e d  b y  gTants  f rom the  N a t i o n a l  I n s t i t u t e  of H e a l t h ,  U.S.  
Pub l ic  H e a l t h  Service  (RG-4725) and  the  Na t iona l  Science F o u n d a t i o n  (G-9625). 
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The action of S-methyl isothiourea on cort icotropin 

~-Melanocyte-stimulating hormone isolated from mammal ian  pi tu i tary  glands has 
been shown to be an N-acetyl  tr idecapeptide I amide in which the sequence of amino 
acids is identical to that  of the N-terminal tr idecapeptide portion of corticotropin z. 
However, in spite of this remarkable similarity in chemical s tructure corticotropin 
possesses less than  1 %  of the melanocyte-st imulat ing potency of ~-MSH. 

Although corticotropin consists of 39 amino acid residues, its melanocyte- 
st imulating activi ty is undoubtedly  associated with the sequence of amino acids 
which it possesses in common with the melanocyte-st imulat ing hormones (~-MSH 
and fl-MSH)3, 4. Within this common sequence the most  obvious chemical difference 
between the two hormone molecules is tha t  the ~-NH 2 group of the N-terminal  serine 

occurs as the N-acetyl  derivative in ¢c-MSH. Thus in corticotropin the CI-I:4~H- 
O H  N H  t 

structure which is known to be essential for ACTH activity 6 may  at  the same time 
have an inhibitory effect on its potential  melanocyte-stimai~t:,,t;  a~tiv-~y, 

in  order to investigate this possibility, it was necessary to achieve the selective 
acetylation of the ~-NHz group of the N-terminal  serine in corticotropin. A possible 
approach to this problem would be to protect the e-NH2 groups of its four lysine 
residues by  reaction with S-methylisothiourea and then to acetylate the resulting 
guanidyl derivative with acetic anhydride.  Earlier studies wi th  chyrnotrypsinogen ¢, 
RNAase v and growth hormone s had indicated tha t  under  strongly alkaline conditions 
(pH zo.5-iI .O ). O-methylisourea reacts selec*ively wi th  e-NH~ groups of lysine 
residues, or 8-N H~ groups of ornithine residues% and  tha t  ~-NH2 groups do not react 
to any significant extent  under these conditions. 

When corticotropin was allowed to react with S-methylisothlourea the resulting 
guanidyl de_,Svative was found not to possess a free o~-NHz group, indicating that  
both ~- and e-NH 2 groups had reacted wi th  the reagent. Although this unexpected 
development was clearly inimical to the original purpose, it was decided to s tudy 
the reaction and to investigate the chenfical s tructure of the resulting product.  
In this communication evidence is presented to demonstrate  tha t  the free ~- and 
z-NHe groups had reacted. 

Corticotropin A 1 (5 rag) was dissolved in o. 5 ml ammonium hydroxide (pH xo.5) 
and allowed to react with excess of S-methylisothiourea (25 nag) at room temperature  
for 48 h. The pH was maintained at  this value by  intermit tent  additions of small 
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