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Summary  

I n  a ser ies  of m o d e l  r eac t i ons ,  i t  is s h o w n  t h a t  r e s idues  
of ~ - a m i n o a c i d s  m a y  be  i n s e r t e d  b y  a p a r t i c u l a r  r ea r -  
r a n g e m e n t  i n t o  c e r t a i n  c a r b o x y l  or  c a r b o n y l a m i d o  
g roups .  R e p e a t e d  i n s e r t i o n  r e s u l t s  in  t h e  f o r m a t i o n  of 
a p e p t i d e  d e r i v a t i v e .  I t  is c o n c l u d e d  t h a t  n a t u r a l  p e p -  
t i de s  or  p r o t e i n s  m u s t  n o t  neces sa r i l y  be  f o r m e d  b y  h e a d  
to  t a i l  c o m b i n a t i o n  of a m i n o a c i d s ,  O t h e r  i m p l i c a t i o n s  of 
t h e  n e w  p r i n c i p l e  a re  d i scussed .  

i m m e d i a t e l y  r e s t o r e d .  T h e s e  r e su l t s  o b t a i n e d  w i t h  "vVar- 
b u r g  a p p a r a t u s  a re  q u i t e  c lea r  f r o m  F i g u r e  1. 
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T h e  Ef fec t  of  F e r r i m y o g l o b i n  o n  t h e  O x i d a t i o n  
o f  S u c c i n i c  A c i d  b y  H o r s e  H e a r t  

M u s c l e  P r e p a r a t i o n s  ~ 

N o t  m u c h  is y e t  k n o w n  a b o u t  t h e  p h y s i o l o g y  of myo-  
g lobin .  MILLIKAN ~ ha s  d i scussed  t h e  poss ib le  f u n c t i o n s  
t h a t  m y o g l o b i n  m a y  h a v e  in rive a n d  h a s  e x c l u d e d  t h e  
pos s ib i l i t y  t h a t  i t  c a n  ac t  as a n  o x y g e n  c a r r i e r  w i t h i n  
m u s c l e  f ib re ;  he  h a s  c o n s i d e r e d  t h e  poss ib i l i ty ,  w h i c h  is 
n o t  y e t  d e m o n s t r a t e d ,  of  a c a t a l y t i c  a c t i o n  of  m y o -  
g lob in ,  w h i c h  h a s  m o r e o v e r  i n t e r m e d i a t e  p r o p e r t i e s  be-  
t w e e n  t h o s e  of  h a e m o g l o b i n  a n d  t h o s e  of t h e  o x i d a s e s ;  
h e  h a s  c o n c l u d e d  t h a t  t h e  m y o g t o b i n  p r i n c i p a l  p r o p e r t y  
s h o u l d  b e  of  o x y g e n  s t o r a g e  for  m u s c l e  a c t i v i t y .  

The re fo re ,  f r o m  MILLIKAN'S c o n s i d e r a t i o n s ,  e v e n  ac-  
c e p t i n g  t h e  p r o m i n e n t  s t o r a g e  f u n c t i o n  of  m y o g l o b i n ,  
we c a n n o t  e x c l u d e  o t h e r  p r o p e r t i e s .  R e g a r d i n g  h a e m o -  
g lobin ,  i t  h a s  b e e n  u n i v e r s a l l y  d e m o n s t r a t e d  a n d  ac-  
c e p t e d  t h a t  a s m a l l  p a r t  of i t  (1-3  %) is t r a n s f o r m e d  in 
t h e  r ed  cells b y  a u t o x i d a t i o n  i n t o  ( H b O H ) ,  a n d  a f t e r -  
w a r d s  r e d u c e d  b y  glycolysis .  I t  h a s  a lso b e e n  o b s e r v e d  
b y  GIBSON a t h a t  a l a ck  of t h i s  n o r m a l  m o d e  of r e d u c t i o n  
of H b O H  causes  t h e  a p p e a r a n c e  of m e t h a e m o g l o b i n -  
a e m i a .  I f  we cons ide r  t h a t  t h e  v e l o c i t y  of a u t o x i d a t i o n  
of m y o g l o b i n  is m u c h  h i g h e r  t h a n  t h a t  of h a e m o g l o b i n ,  
we c a n  a lso  a s s u m e  t h a t  a n o r m a l  e n z y m a t i c  p a t h w a y  
s h o u l d  b e  p r e s e n t  in  t h e  musc l e  for  t h e  r e d u c t i o n  of 
f e r r i m y o g l o b i n  w h i c h  cou ld  be  f o r m e d  in  t h e  musc le .  

I n  t h e s e  r e sea rches ,  t h e  a c t i o n  of M b O H  o n  t w o  en-  
z y m a t i c  s y s t e m s  of ho r se  h e a r t  musc l e  h a s  b e e n  s t u d i e d .  
I t  h a s  b e e n  o b s e r v e d  t h a t  M b O H  h a s  n o  i n f l u e n c e  o n  
t h e  c y t o c h r o m e - o x i d a s e - s y s t e m ;  on  t h e  c o n t r a r y ,  t h e  
M b O H  s t r o n g l y  i n h i b i t s  t h e  succ in ic  ox i da s e  s y s t e m .  

T h i s  i n h i b i t o r y  e f fec t  seems  to  be  specif ic  o n  t h e  
succ in ic  d e h y d r o g e n a s e ;  in  f ac t  t h e  i n h i b i t i o n  is n o t  re-  
m o v e d  b y  a d d i n g  m e t h y l e n  b lue  b u t  is c o m p l e t e l y  re-  
v e r s e d  b y  a d d i n g  KCN.  T h i s  m a y  be e x p l a i n e d  b y  
s u g g e s t i n g  t h a t  M b O H  m i g h t  oxidize  S H  g r o u p s  of t h e  
succ in ic  d e h y d r o g e n a s e  ; K C N  m a y  reve r se  t h e  i n h i b i t o r y  
e f fec t  b y  o p e n i n g  t h e  S - S  b r i d g e  f o r m e d  a f t e r  t h e  
o x i d a t i o n ;  t h e  succ in i c  d e h y d r o g e n a s e  a c t i v i t y  is t h u s  

1 Aided by a grant of the Rockefeller Foundation and the Con- 
siglio Nazionale delle Ricerche. 

2 G. A. MILLIKAN, Physiol. Rev. 19, 503 {1939). 
3 Q.H. GIBSON, Biochem, J. 42, 14 (1948). 
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Fig. l . -The  inhibitory effect of the MbOH on the succinic oxidase 
and on the succinic dehydrogenase. In the center well 0.2 ml NaOH 
30%; in the side arm 0"2 ml enzyme preparation and increasing 
amounts of MbOH; in the flask 0"2 ml Na succinate 0.4 M and 
phosphate buffer 0.18 M pH 7.95 up to 3 mL Temperature 38 °. 
Curve ,4 enzyme + MbOH; curve B enzyme + MbOH + 0.3 ml 
methylene blue 0-01 M;curve C enzyme + MbOH + methylene blue 

+ 0.2 ml KCN 0.1 M {neutralized with acetic acid). 

T h e  i n h i b i t o r y  e f fec t  of M b O H  is n o t  m o d i f i e d  b y  
a d d i n g  v a r i a b l e  a n d  i n c r e a s i n g  a m o u n t s  of  c y t o c h r o m e  C. 
I t  is a lso c o n s e r v e d  a f t e r  d e n a t u r a t i o n  of  M b O H  w i t h  
N a O H .  A v e r y  s l i g h t  i n h i b i t i o n  h a s  a lso  b e e n  o b s e r v e d  
a f t e r  t h e  a d d i t i o n  of i n c r e a s i n g  a m o u n t s  of H b O H  in t h e  
s a m e  c o n c e n t r a t i o n  of M b O H .  I n  t h i s  case  o u r  r e su l t s  
do  n o t  ag ree  w i t h  t h o s e  of KEILIN a n d  HARTREE x w h o  
h a v e  o b s e r v e d  a h i g h e r  o x y g e n  u p t a k e  b y  a d d i n g  H b O H  
2 % to  succ in ic  ox ida se  s y s t e m .  

T h i s  i n h i b i t o r  e f fec t  is i m m e d i a t e  a n d  g r a d u a l l y  
inc reases .  A f t e r  one  h o u r  of i n c u b a t i o n  of t h e  e n z y m e  in  
c o n t a c t  w i t h  M b O H ,  t h e  i n h i b i t i o n  is m o r e  t h a n  d o u b l e d .  
T h i s  i n c r e a s i n g  i n h i b i t i o n  a f t e r  p r o l o n g e d  i n c u b a t i o n  is 
o n l y  s l i g h t l y  r e v e r s e d  b y  KCN.  I n  t h e s e  e x p e r i m e n t s  we 
h a v e  u sed  s m a l l  a m o u n t s  of  M b O H  in  o r d e r  to  fo l low 
t h e  g r a d u a l  i n c r e a s e ;  t h e s e  a m o u n t s  a re  c a l c u l a t e d  in  
0.75 m i l l i e q u i v a l e n t s  for  m l  of e n z y m e .  T h e  r e su l t s  a re  
c l e a r l y  e x p l a i n e d  in  F i g u r e  2. 

I n  a d d i t i o n  t h e  i n h i b i t o r y  e f fec t  of M b O H  does  n o t  
r e m a i n  l ong  in t h e  s o l u t i o n s  of M b O H ,  a n d  e v e n  t h e  
c r y s t a l s  of M b O H  c o n s e r v e d  for  some  m o n t h s  a t  0 o h a v e ,  
a f t e r  d ia lys is ,  a n o t a b l e  dec rease  of i n h i b i t o r y  effect .  
T h e  h i g h e s t  i n h i b i t i o n  ha s  b e e n  o b s e r v e d  w i t h  M b O H  
s o l u t i o n s  of r e c e n t  c ry s t a l l i z a t i on .  

Tile e x p e r i m e n t a l  c o n d i t i o n s  were  as  fo l lows:  h o r s e  
M b O H  c r y s t a l l i z e d  a c c o r d i n g  to  ROSSI-FANELLI ~ h a s  
b e e n  d i a lyzed  a n d  u sed  in c o n c e n t r a t i o n  0,3 r aM;  t h e  
c o n c e n t r a t i o n  of t h e  so lu t i on  h a s  b e e n  m e a s u r e d  acco rd -  
ing t o  t h e  D e  D u v e ' s  m e t h o d ;  h o r s e  h a e m o g l o b i n ,  c rys-  

1 D. KEILIN and E.F.HARTREE~ Biochem.~. 4I, 500, 503 (1947). 
A. ROSS~-FANELLI, Haemoglobin Butterworths Sci. Publ., 115 

(1949). 
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ta l l i zed  a c c o r d i n g  to  I)RABKIN I, h a s  b e e n  ox id i zed  b y  
a d d i n g  KaFe(CN)6 in m o l a r  r a t i o  8: l ;  t h e  s o l u t i o n  h a s  
been  d ia lyzed  to  r e m o v e  t h e  K3Fe(CN) ,  a n d  used  in 
c o n c e n t r a t i o n  e q u a l  to  t h a t  of M b O H ,  a f t e r  s p e c t r e -  
p h o t o m e t r i c  m e a s u r e m e n t s ;  t h e  e n z y m e  h a s  b e e n  pre-  
p a r e d  a c c o r d i n g  to  KEILIN a n d  HARTREE'2; s u c c i n a t e ,  
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Fig. g.-The gradual inhibitory effect of MbOH on the succinie 
oxidase and on the suceinic dehydrogenase. In the center well 0.2 ml 
NaOH 31)% ; in the side arm ().~ ml enzyme and 0.1 ml MbOH 
3 x 10 -4 M; in the flask 0.2 ml Na suecinate 0.4 M and phosphate 
buffer O.18 M pH 7.25 up to 3 ml. After i0 min of equilibration the 
side arm content is tipped into the first flask and this is considered 
time 0 min. Then the other side arms content is tipped at the time 
marked on the figure an the Oe uptake for 60 rain is measured. 
Curve A enzyme + MbOH; curve B enzyme + MbOH + 0-3 ml 
methylene blue 0.01 IXJ[; curve C enzyme + MbOH + methyleiie 

blue + 0.2 ml KCN 0-1 M neutralized with acetic acid. 

KCN,  m e t h y l e n e  b lue  h a v e  b e e n  u sed  in c o n c e n t r a t i o n s  
i n d i c a t e d  a b o v e ;  e y t o c h r o m e  C wi th  0.456 Fe  a h a s  been  
used  in c o n c e n t r a t i o n  0-75 raM; to  m e a s u r e  t h e  cy to -  
ch ron i c  ox idase  a c t i v i t y  p - p h e n y l e n d i a m i n e  (chlor-  
h y d r a t e )  0.5 M n e u t r a l i z e d  w i th  s o d i u m  c a r b o n a t e ,  ha s  
been  used .  

I n  o u r  e x p e r i m e n t s  we exc lude  t h e  p o s s i b i l i t y  t h a t  t h e  
i n h i b i t o r y  e f fec t  m a y  be  due  to  t h e  p r e sence  of  h a e m a t i n  
w h i c h  ha s  also b e e n  o b s e r v e d  f r o m  KEILIN a n d  I{ARTRI~E 
to  i n h i b i t  succ in ic  d e h y d r o g e n a s e .  

As we h a v e  s u g g e s t e d  above ,  t h e  i n h i b i t o r y  ef fec t  m a y  
be  e x p l a i n e d  b y  t h e  o x i d a t i o n  of succ in ic  d e h y d r o g e n a s e  
S H  g r o u p s  b y  M b O H ,  a n d  t h e  r e v e r s i n g  a c t i o n  of t h e  
K C N  b y  t h e  o p e n i n g  of S - S  b r idge .  

More  de t a i l ed  a c c o u n t s  of t h e  p r e s e n t  r e su l t s  will  be  
p u b l i s h e d  in  f o r t h c o m i n g  paper s .  

G. F.  AzzoI~E 

7nstitute o/ Biological Chemistry, University o /Rome,  
June 15, 7955. 

Riassunto 

L ' a u t o r e  h a  s t u d i a t o  l ' a z i o n e  de l ia  m e t a m i o g l o b i n a  
sul  s i s t e m a  succ inoss idas ico .  1~ s t a t s  r i s c o n t r a t a  u n a  
n e t t a  in ib iz ione  che  s e m b r a  essere  spec i f ica  pe r  la  
succ inode id rogenas i .  Ta le  i n ib i z ione  n o n  g i n f l u e n z a t a  
d a l l ' a g g i u n t a  di  b leu  di m e t i l e n e  m a  i n v e c e  c o m p l e t a -  
m e n t e  r imossa  dal  K C N  in p r e s e n z a  di b l eu  di me t i l ene .  
L ' i n i b i z i o n e  p r o v o c a t a  da l l a  m e t a m i o g l o b i n a  suI la  suc- 
c inoss idas i  a u m e n t a  ne l  t e m p o .  

* D. L. DRABKIN, J. Biol. Chem. 185, 231 (1950). 
2 D. KEILIN and E.F.HARTREE, Biochem. J. 41, 500, 503 (1947). 
3 Kindly sent by Sierotheraplc Institute of Milan. 

I n t e r a c t i o n  o f  P e p s i n  w i t h  L y s o z y m e  

I n t e r a c t i o n  of p r o t e i n s  w i t h  o t h e r  la rge  molecu les  ha s  
b e e n  f o u n d  b y  m a n y  r e s e a r c h  w o r k e r s  in  s tud ie s  wi th  
nuc l e i c  acids ,  w i t h  p o l y s a c c h a r i d e s ,  a n d  w i t h  n u m e r o u s  
p o l y m e r i c  m a t e r i a l s .  I t  h a s  a lso b e e n  s h o w n  t h a t  s imi l a r  
i n t e r a c t i o n s  c a n  be  r ea l i zed  b e t w e e n  p r o t e i n s ;  a n d  t h u s ,  
p r e c i p i t a t i o n  of p r o t e i n s  b y  p r o t a m i n e s ,  f i r s t  r e p o r t e d  
b y  KossI~,L 1, ha s  b e e n  a s c r i b e d  to  t h e  p r e sence  of oppos i t e  
n e t  cha rge s  on  t h e  r e a c t a n s .  

F r o m  t h e  b ioIog ica l  p o i n t  of v i ew  t h e  m o s t  i m p o r t a n t  
i n t e r a c t i o n s  a re  such  as  occu r  a m o n g  p r o t e i n  a n d  
p r o t e i n  in some  n a t u r a l  s y s t e m s ,  such  as m i l k  (NITSCH- 
~A.'CN a n d  ZCrRCHER~), as b lood  se rum (GREENS; 
ONCLEY, ELLENBOGEN, GITLIN a n d  GURD4), or ga s t r i c  
ju i ce  (Capuro'~).  

I t  is t h e  p u r p o s e  of t h i s  n o t e  to  r e p o r t  some  i n f o r m a -  
tion on t h e  p e p s i n - I y s o z y m e  c o m p l e x ,  w h i c h  m a y  p l a y  
a n  i m p o r t a n t  role  in  s t ud i e s  of gas t r i c  juice.  
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Fig, 1.-Turbidimetrlc behaviour of mixture of 1%0 pepsin and 1°/00 

lysozyme in acetic aeidisodium acetate buffer 0.02 M. 

F igu re  1 shows  t h e  r e a c t i o n  of c ry s t a l l i ne  p e p s i n  w i t h  
c ry s t a l l i ne  l y s o z y m e  a t  d i f f e r en t  p H  va lue s ;  f r om t h e  
t u r b i d i m e t r i c  b e h a v i o u r  of m i x t u r e s  of p e p s i n  a n d  lyso-  
zyme ,  i t  a p p e a r s  t h a t  t h e  m a x i m u m  of t u r b i d i t y  is con-  
f ined  to  r eg ions  of p H  in  w h i c h  t he  p r o t e i n s  c a r r y  c h a r g e s  
of o p p o s i t e  s ign,  a n d  t h e r e f o r e  t h e  a n i o n i c  p r o t e i n  
p r e c i p i t a t e s  t h e  ca t i on i c  p r o t e i n  o n l y  on  t h e  acid s ide 
of t he  i soe lec t r ic  p o i n t  of t he  l a t t e r .  As  s h o w n  in T a b l e  
t h e  s o l u b i l i t y  of p r o t e i n - p r o t e i n  c o m p l e x  is v e r y  sensi-  
t i v e  t o  ionic  s t r e n g t h ,  a n d  s o d i u m  ch lo r ide  t e n d s  t o  
d i s soc ia t e  t h e  c o m p l e x .  

Table 

NaC1 molarity 

0.05-0.10 
0-10 0"15 
0.15 0.20 
0"20 0"25 
0"25-0'30 

A % of complex dissociation 

20 
17 
15 
14 
13 

E l e c t r o p h o r e t i c  ana ly s i s  h a s  r e v e a l e d  t h a t  t h e  com-  
p l ex  e x h i b i t e d  a s ingle  s h a r p  b o u n d a r y w h e n  t he  m i x t u r e  
is m a d e  in a b o u t  e q u a l  p r o p o r t i o n s  of p e p s i n  a n d  lyso- 

1 A. KOSSEL, Dtseh. Med. W~schr. 20, 147 (1894). 
2 H. NITSCHMANN and H. ZORCHER, Help. Chim. Acta 33, 1698 

<195o). 
3 A. A. GREEN, J. Amer. Chem. Soc. 60, 1108 (1938). 
4 j .  L. 0NCLEY, P. Em.E~SOSEN, D. Gn'm~, and F. R. N. G~'RD, 

J. Phys. Chem. 56, 85 (1952). 
s A. CAeu~o, G. Biochim. i95g (in press). 


