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c y a n o m e t h e m o g l o b i n s  and,  a f te r  ex tens ive  dia lysis  aga in s t  
a 0.01 M p h o s p h a t e  buf fe r  p H  6.5, s e p a r a t e d  q u a n t i t a -  
t i ve ly  on  CMC w i t h  a d i scon t inuous  p H  g r a d i e n t  (pH 6,5; 
p H  7.O; p H  8.6). 

The  n o n - h e m o g l o b i n  p ro t e in s  were e lu ted  a t  p H  6.5, 
t he  H b F  a n d  H b A  a t  p H  7.0 and  a t  p H  8.6 respec t ive ly .  
G l o b i n  was  p r e p a r e d  f rom t h e  pooled CMC-fract ions,  b y  
t he  HCl-ace tone  p r e c i p i t a t i o n  m e t h o d  9. The  e- a n d  /% 
cha ins  a n d  t he  e- and  y-cha ins  were s epa ra t ed  as descr ibed  
b y  CLEGG et al. 1. I n  t he  case of fe ta l  g lobin  t he  p H  of t he  
e lu t ing -bu f fe r  was  6.4. 

P e a k  I a n d  t h e  m a j o r  p e a k  f r ac t ions  were col lected,  
d ia lyzed  aga ins t  water ,  freeze-dried,  and  t he  rad io-  
a c t i v i t y  was d e t e r m i n e d  in B r a y ' s  so lu t ion  w i t h  added  
H y a m i n e  in a Nuclear -Chicago  l iquid  sc in t i l l a t ion  counter .  
All  p ro t e in  f rac t ions  were d iges ted  w i t h  t r y p s i n  and  t he  
pep t i de s  were f i n g e r p r i n t e d  accord ing  to  I~GRAM 1~ 
F igures  2a  and  b show t h e  f i nge rp r in t s  of fe ta l  and  adu l t  
g lob in  respect ive ly .  No c r o s s - c o n t a m i n a t i o n  of b o t h  
h e m o g l o b i n s  could be de t ec t ed  b y  th i s  m e t hod .  

Results and discussion. T he  f i n g e r p r i n t  of p e a k  I (see 
F igure  1) of fe ta l  g lobin  was nea r ly  iden t i ca l  w i t h  t h a t  of 
t he  y-chain .  No specific a -cha in  pep t ides  could  be 
de t ec t ed  (Figure  2c). 

F i n g e r p r i n t s  of p e a k  I of a d u l t  g lobin  (Figure  2d) 
p r e d o m i n a n t l y  showed fl-chain pept ides .  Some a d d i t i o n a l  

Specific activities of the separated chains after chromatography of 
adult and fetal globin 
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Fig. 3. a) Rechromatography of fraticon I from fetal globin on CMC 
(CLEGG et al.1), b) Rechromatography of fraction I from adult globin 
on CMC. 

neu t r a l  pep t ides  also appea red .  No specific e -cha in  pep-  
t ides  could be  observed .  W h e n  p e a k  I of fe ta l  o r  a d u l t  
g lobin  was r e c h r o m a t o g r a p h e d  on  t he  urea-CMC-columns,  
2 peaks  a p p e a r e d  a t  e lu t ion  vo lumes  equa l  to  t h a t  of 
p e a k  I a n d  to  t h a t  of t he  y- or f l-chain r e spec t ive ly  
(Figures  3a  a n d  b). 

The  conc lus ion  f rom these  e x p e r i m e n t s  is t h a t  t h e  non-  
a b s o r b e d  m a t e r i a l  con t a in s  fl-or y -cha ins  in  a n y  case. 
I t  r e m a i n s  obscure  w h y  t he  /~- a n d  y-cha ins  a n d  no t  t he  
e -cha ins  are modi f ied  in t h i s  me thod .  As r e c h r o m a t o g -  
r a p h y  of t he  m a t e r i a l  f rom f rac t ion  I yie lds  fl- or y-chains ,  
a t  t h e i r  n o r m a l  e lu t ion  vo lumes ,  i ts  f o r m a t i o n  seems to  
be  a revers ib le  process,  

I n  t he  Tab le  t he  resu l t s  of m e a s u r e m e n t s  of rad io-  
a c t i v i t y  are  shown.  I t  is r e m a r k a b l e  t h a t  t he  specific 
a c t i v i t y  of p e a k  I f rom adu l t  a n d  fe ta l  g lobin  is a b o u t  
4 0 - 4 5 %  lower t h a n  t h a t  of t h e  co r r e spond ing  cha in-  
peaks .  Th i s  d e m o n s t r a t e s  t h a t  a non-  or less- label led 
p r o d u c t  c o n t a m i n a t e s  t he  m a t e r i a l  of p e a k  I. A p a r t  of 
i t  is h e m e  6. The  specific a c t i v i t y  of t he  g lob in  is lower t h a n  
t he  ave rage  of t he  specific a c t i v i t y  ot t he  chains ,  a n d  h ighe r  
t h a n  t h a t  of p e a k  I. The  p r e s u m e d  c o n t a m i n a t i o n  is 
p r o b a b l y  no t  d iges ted  b y  t ryps in ,  as in  t he  case of p e a k  I 
of fe ta l  g lobin  no  a d d i t i o n a l  pep t ides  show in t he  f inger-  
p r in t .  Is m a y  form reve r s ib ly  a complex  w i t h  fi- or y-chains ,  
b u t  no t  w i t h  e-chains ,  as r e c h r o m a t o g r a p h y  of p e a k  I 
yields fl- or y-chains ,  b u t  no  e-chains .  

The  resu l t s  of t h i s  work  show t h a t  p e a k  I con t a in s  fl- or 
y -cha ins  a n d  has  a specific r a d i o - a c t i v i t y  d i f fe ren t  f rom 
the  m a j o r  peaks .  Th i s  m a y  be a f ac to r  to  be  t a k e n  in to  
a c c o u n t  in  s tud ies  on  t he  syn thes i s  of e- a n d  fl-, or e- a n d  
y-cha ins  of hemoglobins .  

Zusammen/assung. Nachweis ,  dass  bei  der  T r e n n u n g  
von  e- u n d  fl- oder  e- u n d  y - K e t t e n  des H/ imog lob ins  
fiber CMC im 8 M H a r n s t o f f  eine n i c h t  ab so rb i e r t e  
P r o t e i n f r a k t i o n  v o r h a n d e n  ist. Z u d e m  k o n n t e  m i t  de r  
F i n g e r p r i n t t e c h n i k  bewiesen  werden,  dass  diese F r a k t i o n  
y- oder  fl-, j edoch  ke ine  e - K e t t e n  enth/ i l t .  
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Inhibition of the Angiotensin I Converting Enzyme of the Lung by a Peptide Fragment  of Bradykinin 

The  a n g i o t e n s i n  I c o n v e r t i n g  e n z y m e  (kininase  I I ;  
p e p t i d y l  d ipep t i de  hyd ro l a se ;  D H )  has  a dua l  func t ion .  
I t  conve r t s  a n g i o t e n s i n  I to  a n g i o t e n s i n  I I  b y  re leas ing  
t he  C- t e rmina l  a m i n o  ac id  res idues  Hisg-Leu~~ of t he  
d e c a p e p t i d e ,  I t  also i n a c t i v a t e s  b r a d y k i n i n  b y  t h e  re- 

m o v a l  of PheS-Arg9-OH1-3. D H  cleaves s u b s t r a t e s  w i t h  
t he  genera l  s t r u c t u r e  of -R1-R2-R3OH be tween  1RI-IR~3.1R ~ 
can  be  a p r o t e c t e d  a m i n o  acid or a pep t ide  a n d  1R 3 is a 
free C- t e rmina l  a m i n o  acid. R 2 can  be a n y  a m i n o  acid 
b u t  p ro l ine  since D H  does no t  hyd ro ly se  s u b s t r a t e s  w i t h  
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p ro l ine  in  p e n u l t i m a t e  pos i t ion .  R e c e n t l y  pep t ides  wh ich  
b lock  t he  conve r s ion  of a n g i o t e n s i n  I a n d  t h e  i n a c t i v a t i o n  
of b r a d y k i n i n  were  pur i f i ed  f rom snake  v e n o m s  ~-6 a n d  
s u b s e q u e n t l y  syn the t i zed .  The  C- t e rmina l  end  of m o s t  of 
t he  p o t e n t  ones is p ro lypro l ine .  T t la t  m a k e s  t h e m  r e s i s t a n t  
to  hydro lys i s  b y  DH.  Because  t he  N - t e r m i n a l  region of 
b r a d y k i n i n  also c o n t a i n s  a p ro lyp ro l ine  sequence  (Arg 1- 
Pro~-Proa-), we t e s t ed  t h i s  t r i p e p t i d e  d e r i v a t i v e  of 
b r a d y k i n i n  as a n  i n h i b i t o r  of DH.  

Materials and methods. H o m o g e n o u s  D H  was o b t a i n e d  
by  pu r i fy ing  t he  e n z y m e  f rom hog lung  ~. The  a c t i v i t y  was 
d e t e r m i n e d  in  a Cary 15 record ing  U V  s p e c t r o p h o t o m e t e r  
a~ 254 n m  in  a 0.1 M Tris buf fe r  of p H  7.4 c o n t a i n i n g  
0.1 NaCI~, a. The  t e m p e r a t u r e  was k e p t  a t  37~ The  
s u b s t r a t e  was h ippury l -g Iycy l -g lyc ine  (HGG).  I n  r ou t i ne  
assay,  a 1 x 10 -a M c o n c e n t r a t i o n  was used. T he  i n h i b i t o r  
was  p r e i n c u b a t e d  for 5 ra in  w i t h  t he  e n z y m e  before  a d d i n g  
t h e  subs t ra t e .  

Results and discussion. H G G  was h y d r o l y z e d  b y  1 m g  
of D H  a t  a r a t e  of 13 ~mole  pe r  min .  W h e n  t h e  rec iprocal  
va lues  of ve loc i ty  were  p l o t t e d  aga i n s t  t h e  rec iproca l  
c o n c e n t r a t i o n s  of t he  subs t r a t e ,  a n d  ave rage  K** of 
1.2 x 10 -~ M was  o b t a i n e d  (Figure  1). 
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Fig. 1, Lineweaver-Burk plot of the hydrolysis of hippuryi-giycyl- 
glycine in presence (O--t)  and absence (O--O) of 2.10 -~ M Arg- 
Pro-Pro. The angiotensin I eonver~ing enzyme was purified from hog 
lung. 
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Fig. 2. Arg-Pro-Pro irlhibits the hydrolysis of hippuryl-glycyt- 
glycine by purified angioteusin I converting enzyme of the lung. 

The  t r i p e p t i d e  Arg -P ro -P ro  i n h i b i t e d  t he  reac t ion ,  
g iv ing  a m e a n  I5o v a l u e  of i x 10 -~ M (Figure  2). Us ing  t h e  
same L i n e w e a v e r - B u r k  equa t ion ,  t h e  p l o t t e d  1/V va lues  
of t he  i n h i b i t e d  a n d  u n i n h i b i t e d  reac t ions  i n t e r cep t ed  on  
t he  o rd ina te .  Thus ,  t h e  t r i p e p t i d e  was a compe t i t i ve  
inh ib i to r .  The  K~ of Arg -P ro -P ro  was ca lcu la ted  to be  
6 • 10 -6 M us ing  s t a n d a r d  e q u a t i o n  for e s t i m a t i o n  of K,  
of compe t i t i ve  inh ib i to r s .  

Bes ides  t h e  two  v a s o a c t i v e  pept ides ,  D H  cleaves a 
v a r i e t y  of subs t ra tes ,  such as t h e  B cha in  of insu l ins  a n d  
severa l  sho r t e r  op t i ca l ly  ac t ive  pep t ide  s u b s t r a t e s  3, a, 5, L 
I t  was  shown,  however ,  t h a t  t h e  r a t i o  of t h e  r a t e s  of 
c leavage  of a s h o r t  pep t i de  s u b s t r a t e  and  ang io t ens in  I 
s t a y e d  c o n s t a n t  d u r i n g  t he  pu r i f i ca t i on  of t he  e n z y m e  
f rom lungS,% Var ious  agen ts  i n h i b i t  DH,  a m o n g  t h e m  
are t he  sp l i t  p r o d u c t s  of t he  hydro lys i s  of b r a d y k i n i n  b y  
D H  (Phe-Arg)  or t h a t  of ang io t ens in  I (His-Leu) l ,  ~. 
Compe t i t i ve  s u b s t r a t e s  such  as t h e  B cha in  of insu l in  or 
b r a d y k i n i n  i n h i b i t  t h e  convers ion  of ang io t ens in  I in t he  
per fused  l u n g  in s i tu  ~ a n d  also in  v i t ro  x0. 

Our  e x p e r i m e n t s  h a v e  s h o w n  t h a t  a f r a g m e n t  of 
b r a d y k i n i n ,  w i t h  t h e  same  sequence  as an ac t ive  po r t i on  
of t he  i n h i b i t o r s  de r ived  f rom snake  venoms,  c o m p e t i t i v e l y  
i n h i b i t s  DH.  Thus ,  in  a d d i t i o n  to  b r a d y k i n i n  which  has  a 
ve ry  sho r t  half- l i fe  in the  body ,  i ts  e n z y m a t i c  d e g r a d a t i o n  
p r o d u c t  as well, m a y  b lock  t he  convers ion  of ang io t ens in  I. 

Zusammen/assung. Nachweis ,  dass  Arg -Pro -Pro ,  das  
N - t e r m i n a l e  T r i p e p t i d  yon  B r a d y k i n i n ,  Iiir die H e m m u n g  
der  K o n v e r s i o n  yon  Ang io t ens in  I zu Ang io t ens in  I I  in  
der  L u n g e  v e r a n t w o r t l i c h  ist. 
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Ribonuclease Activity of Rat Thymus Chromatin Proteins 

T o d a y  i t  is k n o w n  t h a t  a s u b s t a n t i a l  p a r t  of newly  
syn thes ized  R N A  in t he  cells of h ighe r  o rgan i sms  is 
degraded  in t h e  nuc leus t ,  ~. H y b r i d i z a t i o n  e x p e r i m e n t s  
show only  a b o u t  20% of all  R N A  types  syn thes i zed  in  t he  
nucle i  come ou t  in to  t he  c y t o p l a s m  3, ~. T h u s  in t he  nucle i  
the re  m u s t  be  a n  e n z y m a t i c  s y s t e m  respons ib le  for t he  

s t r i c t ly  regu la ted  specific d e g r a d a t i o n  of ce r t a in  RNA.  
Some d a t a  sugges t  t h a t  t he  d e g r a d a t i o n  of nuc lea r  1RNA 
m a y  t a k e  place  d i rec t ly  in  c h r o m a t i n  5. 

M a n y  a u t h o r s  h a v e  t r i ed  to  d e t e r m i n e  the  r ibonuc lease  
a c t i v i t y  of c h r o m a t i n ,  m a i n l y  in order  to  assay  the  role of 
r ibonucleases  in t he  s t u d y  of c h r o m a t i n  t e m p l a t e  a c t i v i t y  


