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correla ted wi th  a break  in the  Arrhenius  plot .  A s u m m a r y  
of th is  correla t ion is shown in the  Table. Since h is t id ine  
ammonia - lyase  conta ins  i cys te inyl  residue per  subun i t  11 
and  th is  - S H  group has  been  impl ica ted  in the  b ind ing  
of subs t r a t e  and  catalysis  12 it seems reasonable  to  speculate  
t h a t  G S H  and DTT m a y  act  in d i f ferent  ways  on the  
enzyme.  One model  which  is cons is ten t  w i th  th is  da t a  is 
t h a t  DTT acts  solely to  ma in t a in  t he  reduced  form of the  
enzyme whereas  GSH also forms a mixed  disulfide 
account ing  for the  2 bands  observed  on e lect rophoresis  

and the  Eta* t value in t e rmed ia t e  be tween  those  ob ta ined  
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Fig. 2. Arrhenius plots of the histidine ammonia-lyase reaction. 
Dashes on the ordinate are spaced by 0.1 Iogt0 unit. Height of eurbes 
is merely a convenience and need not imply relative activity. 
Conditions are: 0, 10 DTT; A, 5 mM GSH, and II, no thioI. 

in the  presence  and  absence of DTT. This m a y  be analogous 
to the  s i tua t ion  repor ted  by  ROUFAGALtS et al. 4 concerning 
the  b ind ing  of l igands to acetylchol inesterase.  

The p resen t  s tudy  wi th  h is t id ine  ammonia - lyase  
provides  di rect  evidence t h a t  the  concept  2 of a t emper -  
a t u r e -d ep en d en t  equi l ibr ium be tween  2 forms of enzyme 
is the  bes t  exp lana t ion  for the  p h e n o m e n a  repor ted  in the  
l i te ra ture  concerning d iscont inuous  Arrhenius  plots  and 
re la ted t h e r m o d y n a m i c  and spectroscopic  data.  The 
physiological  significance of such p h e n o m e n a  is a m a t t e r  
of unce r t a in ty  and content ion .  I t  is no tewor thy ,  however,  
t h a t  Pseudomonas and o ther  bac ter ia  grow well over  a 
wide range of t e m p e r a t u r e  and t h a t  a t  37~ b o t h  con- 
formers  of h is t id ine  ammonia- lyase  would exist.  Such 
t rans i t ions  have  also been descr ibed for more  complex  
s t ruc tures  such as myos in -ATPase  * and m e m b r a n e , b o u n d  
yeas t  mi tochondr ia l  ATPase  la. 

Zusammen/assung. Ers tma l ige r  Nachweis ,  dass  bei  der 
Pseudomonas H i s t i d i n -A mmo n i ak -L y as e  und  bei Tempe-  
r a tu r e rh6hung  der E n z y m l 6 s u n g  auf 35-40 ~ (reversibel) 
eine zweite  Enzymspec ies  (Konformeres)  e n t s t e h t  (Disc- 
Gel) und dass die U m w a n d l u n g  in dieser Species auch  in 
der  Arrhenius-Dars te l lung  s ich tbar  ist. 
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On the Nature  of Unretarded  Prote in  in a Chain Separat ion  Method  of H e m o g l o b i n  

Some years  ago CLEGG et al. 1 in t roduced  a new m e t h o d  
for the  separa t ion  of the  a- and E-chains of h u m a n  hemo-  
globin. This m e t h o d  was an i m p r o v e m e n t  on former  
procedures  and  has since been used ex tens ive ly  by  m a n y  
au thors  2-6. 
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Fig. 1. Elution pattern of separation of globin chains on a earboxy- 
methylcellulose column. 

The separa t ion  is pe r fo rmed  on a c a r b o x y m e t h y l -  
cellulose co lumn in 8 M urea, 50 m2VI p h o s p h a t e  buffer  
p H  6.7 wi th  50 m M  mercap to -e thano l .  The co lumn is 
e luted wi th  a 5 to 30 m M  Na+-ion gradient .  A represen-  
t a t ive  e lut ion p a t t e r n  is shown in Figure 1. The ma jo r  
peaks  were ident i f ied  by  CLEGG by the  f ingerpr in t ing  
t echn ique  as being ~- and e-chains.  The small  shoulders  
e luted jus t  ahead  of the  ma jo r  peaks  were shown to  
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consist of ca rbamyla ted  productsK Besides these 4 
fractions,  a f ract ion of unre ta rded  mater ia l  is regular ly  
observed (peak I). This mater ia l  is discarded by  most  
workers as being non-hemoglobin  protein.  In  our work  on 
the  mechanism of the  switch-over  of the  synthesis  of 
fetal  to adul t  hemoglobin  of the  cow, we also used 
extensiveIy  the me thod  of CLEGG et cE. ~ for the  separat ion 
of the  hemoglobin  chains< In  v iew of the  substant ia l  
amoun t  of mater ia l  present  in peak  I, i t  seemed necessary 

to character ize  this  mater ia l  more careful ly before 
discarding it. 

Methods .  Radio-ac t ive  adul t  and fetal  hemoglobin  were 
obta ined by incubat ing  re t iculocyte-r ich calf blood wi th  
1~C-leucine at  37~ 8. After  incubat ion  the  cells were 
centr i fuged and washed twice wi th  0.9% NaC1. The cells 
were lysed by adding 1 vo lume  of water .  The cell mem-  
branes were r emoved  by cent r i fugat ion  for 15 min  at  
12,000 •  The  oxyhemoglobins  were conver ted  to the 
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Fig. 2. a) Fingerprint of fetal globin, b) Fingerprint of adult globin, c) Fingerprint of peak I of fetal globin, d) Fingerprint of peak I of 
adult globin./~/~, ~-chain peptides; D, ~- or T-chain peptides. 
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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 

dpm/mg dpm/mg 

Adult giobin 15750 Fetal globin 11170 
Peak I 10770 Peak I 7850 
~-chain 19215 y-chain 12200 
e-chain 18970 a-chain 13870 
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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  


