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c reased  t h e  i n i t i a l  r a t e  of f o r m a z a n  p r o d u c t i o n .  I n  t h e  
cases of i soc i t r ic  a n d  ma l i c  d e h y d r o g e n a s e s ,  t r i p h o s -  
p h o p y r i d i n e  n u c l e o t i d e  1° was  r e q u i r e d  in  a d d i t i o n  t o  
a p u r i n e :  I t  was  n o t  poss ib le  to  d e m o n s t r a t e  t e t r a z o l i u m  
r e d u c t i o n  w i t h  t h e  fo l lowing  s u b s t r a t e s ,  in  t h e  p r e s e n c e  
or  ab sence  of c o f a c t o r :  g l y c i n e ,  ser ine ,  t h r e o n i n e ,  
m e t h i o n i n e ,  a s p a r t i c  acid,  s p e r m i n e ,  h i s t a m i n e  a n d  
1 , 4 - b u t a n e d i a m i n e .  

The activating effects of inosine with various substrates 

Substrate 

Tyramine 
Isoamylamine 
Isocitrate 
L-Malate 
]3enzylamine 
Tryptamine  
Choline 
Succinate 

Activity O.D. 520[I0 min 

No Inosine I Plus Inosine 

0.000 0.920 
0.000 0.860 
0.000 1.030 
0.000 0-200 
0.175 0.830 
0.210 0.900 
0.060 0.400 
0.150 0.790 

I n  o rde r  to  d e t e r m i n e  t h e  specf f i ty  of t he  co fac to r  
effect  AMP,  pu r ine ,  h y p o x a n t h i n e ,  a d e n i n e  a n d  ur ic  ac id  
were  t e s t e d  w i t h  s eve ra l  of t h e  s u b s t r a t e s .  I t  was  f o u n d  
t h a t  w i t h  s u c c i n a t e  t h e  f i r s t  t h r e e  c o m p o u n d s  ac t  in  t h e  
s a m e  w a y  as inos ine  (Table)  a n d  t h a t  a d e n i n e  a n d  ur ic  
ac id  a re  i nac t i ve ,  as t h e y  a re  w i t h  amines .  I t  w as  also 
de s i r ab l e  to  l e a rn  w h e t h e r  t h e  co fac to r  w h i c h  f u n c t i o n s  
in  t e t r a z o l i u m  r e d u c t i o n  is also i n v o l v e d  in  t h e  r e d u c t i o n  
of o t h e r  dyes.  T h u s  fa r  i t  h a s  n o t  b e e n  poss ib le  to  
d e m o n s t r a t e  t h i s  for  m e t h y l e n e  blue ,  2 ,6 -d ich loro-  
p h e n o l i n d o p h e n o l  or  I e r r i eyan ide ,  a l t h o u g h  h y p o x a n -  
t h i n e  is r e q u i r e d  in t h e  specif ic  case  of s u l p h i t e / m e t h -  
y l e n e  b lue  1. 

Discuss ion . -Te trazo l ium dyes  a re  b e i n g  used  in-  
c r e a s i n g l y  in  e n z y m o l o g i c a l  a n d  h i s t o c h e m i c a l  i nves t i ga -  
t ions ,  b u t  in  sp i te  of t h i s  t h e  k ine t i c s  a n d  m e c h a n i s m  of 
t h e i r  r e d u c t i o n  a re  i n c o m p l e t e l y  u n d e r s t o o d .  BRODIE 
a n d  GOTS lz h a v e  a d d u c e d  ev idence  t h a t  t e t r a z o l i u m  
sa l t s  a c c e p t  p r o t o n s  f r o m  I l avopro te ins ,  b u t  t h e  p r e s e n t  
d a t a  i n d i c a t e  t h a t  t h e  t r a n s f e r  s y s t e m  is p r o b a b l y  more  
c o m p l e x  t h a n  this .  T h e  ex i s t ence  of a co fac to r  for t e t r a -  
z o l i u m  r e d u c t i o n  h a s  b e e n  s u s p e c t e d  p rev ious ly .  SPRINZ 
a n d  WALDSCHMIDT-LEITZ 13 d e t e c t e d  r e q u i r e m e n t  of a 
co fac to r  for  succ in ic  d e h y d r o g e n a s e  w h e n  m e a s u r e d  
w i t h  t e t r a z o l i u m .  D i p h o s p h o p y r i d i n e  n u c l e o t i d e  sa t i s -  
fied t h e  r e q u i r e m e n t  b u t ,  a c c o r d i n g  to  t h e  a u t h o r s ,  is 
p r o b a b l y  n o t  t h e  n a t u r a l  fac tor .  O t h e r s  t* h a v e  m a d e  
s i m i l a r  f ind ings .  T h e  p r e s e n t  r e su l t s  d e m o n s t r a t e ,  f i r s t  
of all,  t h a t  c e r t a i n  pu r ines ,  nuc leos ides  a n d  nuc leo t ides ,  
r e spec t ive ly ,  p a r t i c i p a t e  in  t h e  e n z y m a t i c  r e d u c t i o n  of 
t e t r a z o l i u m  sa l t s ;  and ,  second ly ,  t h a t  t h i s  ef fec t  is 
specif ic  for  t e t r a z o l i u m  sa l t s  a m o n g  t h e  e l ec t ron  accep-  
t e r s  t e s t ed ,  i.e. i t  does  n o t  a p p l y  to  t h e . s a m e  e n z y m e  
p r e p a r a t i o n s  c a t a l y z i n g  t h e  r e d u c t i o n  of f e r r i eyan ide ,  

10 This compomxd, unlike DPN, cannot serve as eofactor in the 
test  system containing amine as substrate. 

11 E. SHELXON, in Proceedings o] the Histochemical Society, J. 
Histochem. Cytoehem. 4, 477 (1956). 

12 A. BROD1E and G. GeTs, Science 116, 588 (1951}. 
13 H. SPRISZ and E. WALDSCHMIDT-LEITZ, Z. physiol. Chem. ~93, 

16 (1953). 
14 C. BARKER, Fed. Prec. 12, 9 (1953). - C. BRIL, Biochim. bio- 

phys. Acta la, ~58 (1954). - N. ZOLLNER and E. ROTHEMUND, Z. 
physiol. Chem. g98, 97 (1954).- T. SUGI~IJRA and T. ONe, abstracted 
in Chem. Abstr. ~0, 10142 (1956). 

m e t h y l e n e  b lue ,  2 , 6 - d i c h l o r o p h e n o l  i n d o p h e n o l  or  oxy -  
gen.  T h e  n a t u r e  a n d  f u n c t i o n  of t h e  co fac to r  is s t i l l  
s o m e w h a t  specu l a t i ve ,  b u t  two  poss ib i l i t i e s  c a n  be  en-  
v i s aged :  (1) T h e  c o f a c t o r  se rves  in  p r o t o n  t r ans f e r ,  se rv-  
ing  a t  t h e  p y o c y a n i n e  or  t e t r a z o l i u m  level .  Because  t h e  
m o l a r  ra t io ,  m o n o f o r m a z a n / p u r i n e ,  r a n g e s  b e t w e e n  
0.5 a n d  1.5 i t  is e v i d e n t  t h a t  t h e  co fae to r  does  n o t  
b e h a v e  l ike t h e  u s u a l  c a t a l y t i c  agen t s .  I t  is c o n c e i v a b l e  
t h a t  i m m e d i a t e l y  a f t e r  t r a n s f e r r i n g  p r o t o n s  to  t h e  pyo-  
c y a n i n e  or t e t r a z o l i u m  the  c o f a c t o r  d i f fers  s o m e w h a t  
f r o m  t h e  o r ig ina l  c o m p o u n d ,  a n d  i t  is u n a b l e  to  se rve  in 
t h e  e n z y m e  s y s t e m ,  b u t  t h a t  i t  is s lowly  r e c o n v e r t e d  to  
t h e  o r ig ina l  s t r u c t u r e  1. Th i s  wou ld  a c c o u n t  for  m o l a r  
r a t i o s  g r ea t e r  t h a n  u n i t y ,  in  t h a t  a p o r t i o n  of t h e  co- 
f a c t o r  wou ld  m o v e  t h r o u g h  t he  e n t i r e  cycle  q u i c k l y  
e n o u g h  to  be  u t i l i zed  in t h e  d e h y d r o g e n a t i o n  m o r e  t h a n  
once.  (2) A n  a l t e r n a t i v e  h y p o t h e s i s  is t h a t  t h e  cofactot -  
accep t s  t he  d e h y d r o g e n a t e d  s u b s t r a t e  res idue ,  r e s u l t i n g  
in a ' b o u n d ' ,  i n a c t i v e  f o r m  of t h e  cofac tor .  H o w e v e r ,  i t  
is d i f f icu l t  to  reconci le  s u c h  a f u n c t i o n  w i t h  t h e  v a r i e t y  
of s u b s t r a t e s  a n d  of pu r i f i ed  c o m p o u n d s  w h i c h  are  
e f fec t ive  as cofac tors .  

F r o m  a c o m p a r i s o n  of t h e  c h e m i c a l  s t r u c t u r e  of a c t i v e  
s u b s t a n c e s  i t  wou ld  a p p e a r  t h a t  t h e  6 a n d  8 pos i t i ons  on  
t h e  p u r i n e  are  of specia l  i m p o r t a n c e .  Thus ,  a d e n i n e  a n d  
c e r t a i n  o t h e r  6 - s u b s t i t u t e d  a n a l o g u e s  a re  inac t ive ,  as is 
a z a g u a n i n e .  T h e  a c t i v i t y  of a d e n o s i n e  a n d  A M P  m a y  be  
exp l i cab l e  b y  t h e i r  p r io r  d e a m i n a t i o n ,  e n z y m e s  for  
w h i c h  a re  f o u n d  in t h e  r a t  l iver,  a l t h o u g h  a d e n a s e  is 
a b s e n t .  
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Zusammentassung 

N a c h  de r  v o r l i e g e n d e n  U n t e r s u c h u n g  k 6 n n e n  ver -  
s c h i e d e n e  P u r i n e  u n d  e in ige  i h n e n  n a h e s t e h e n d e  Ve r -  
b i n d u n g e n  a n  de r  e n z y m a t i s c h e n  R e d u k t i o n  de r  T e t r a -  
zole a l s  Z w i s c h e n p r o d u k t e  t e i l n e h m e n .  

Oxygen Equilibrium of Human Myoglobins 
(Mb I and Mb II) 1 

I n  p r e v i o u s  r e sea rch ,  we d e m o n s t r a t e d  t h a t  a t  l e a s t  
t h r e e  c o m p o n e n t s  (Mb I,  M b  I I ,  M b  I I I )  a re  p r e s e n t  in  
t h e  h u m a n  m u s c l e  a n d  in  p r e p a r a t i o n s  of c ry s t a l l i z ed  
m y o g l o b i n  (Mb). T h e s e  c o m p o n e n t s  d i f fer  f r o m  one  
a n o t h e r  in  t h e i r  e l e c t r o p h o r e t i c  b e h a v i o u r  2. 

I n  t h i s  no te ,  we give t h e  r e su l t s  of e x p e r i m e n t s  a i m e d  
a t  s t u d y i n g  t h e  o x y g e n  e q u i l i b r i u m  of M b  I a n d  M b  I I .  
I t  h a s  n o t  b e e n  poss ib le  to  m a k e  e x p e r i m e n t s  w i t h  M b  
I I I ,  b e c a u s e  of t h e  s m a l l  q u a n t i t i e s  in  w h i c h  i t  is p r e s e n t  
in  M b  so lu t ions .  

W e  h a v e  f o u n d  t h e s e  s tud ie s  i n t e r e s t i n g  to  i n v e s t i g a t e  
t h e  poss ib le  phys io log ica l  m e a n i n g  of t h e s e  p i g m e n t s ,  

t Aided by a grant from the Rockefeller Foundation. 
2 A. ROSsI-FANELLI and E. ANTONXm, Arch. Biochem. Biophys. 

6~, 578 (1956). 
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a n d  to  es tab l i sh ,  as  s e e m e d  to  be  n e c e s s a r y  in  t h e  course  
of a s y s t e m a t i c  r e sea rch  on  t h e  O~ e q u i l i b r i u m  of h u m a n  
M b  s, w h e t h e r  t h e  d i s soc ia t ion  c u r v e s  ol  n o n - h o m o -  
geneous  c rys ta l l i zed  M b  were  d i f f e ren t ,  a n d  in w h i c h  
way,  f rom t h o s e  o b t a i n e d  w i t h  h o m o g e n e o u s  p r e p a r a -  
t ions .  

Preparation o] crystallized human Mb.--Mb h a s  b e e n  
c rys ta l l i zed  a c c o r d i n g  to  ROSsI-FANELLIL T h e  c r y s t a l s  
were d isso lved  in H , O  a n d  t he  s o l u t i o n  o b t a i n e d  was 
d i a lyzed  u n t i l  t h e  a m m o n i u m  s u l p h a t e  d i s a p p e a r e d ,  a n d  
if  necessa ry ,  t h e  so lu t ion  c o n c e n t r a t e d  b y  f r eeze -d ry ing .  

Separation o/the Mb components.-Components I a n d  
I I  were  s e p a r a t e d  t h r o u g h  p r e p a r a t i v e  zone e lec t ro-  
phores is ,  u s ing  s t a r c h - g e l  s u p p o r t i n g  m e d i u m .  T h e  
m e t h o d  used  for  t he  p r e p a r a t i o n  of gel a n d  for  t h e  
e l a t i o n  of s u b s t a n c e s  was  ba s i ca l l y  t h a t  desc r ibed  b y  
SMITHIES 5. 

S t a r c h  gels 23 × 12 × 1 c m  in size, in  b o r a t e  bu f f e r  
p H  8.6, I 0-05 were  used.  The  s e p a r a t i o n  was o b t a i n e d  
in 8 to  10 h,  w i t h  a v o l t a g e  g r a d i e n t  of 6 -8  V /cm.  I t  is 
poss ib le  to  s e p a r a t e  in  each  e l ec t rophore s i s  f r o m  I to  2 m l  
of a so lu t ion  of M b  I -- 3%.  As c a n  be  seen  b y  t h e  ex-  
p e r i m e n t  s h o w n  on F i g u r e  1 (made  in a c c o r d a n c e  w i t h  
a t e c h n i q u e  desc r ibed  in a p r e v i o u s  work2),  t h e  s e p a r a t -  
ed c o m p o n e n t s  are  e l e c t r o p h o r e t i c a l l y  h o m o g e n e o u s .  

Fig. 1.--Paper electrophoresis of homogeneous Mb I (1), Mb IT (3) 
and unhomogeneous crystallized myoglobin ('2). 

Determination o[ the O~ dissociation curves.--The b o r a t e  
bu f f e r  so lu t ions  of t h e  c o m p o n e n t s  I a n d  I I ,  o b t a i n e d  b y  
e lu t i on  f rom s ta rch-ge l ,  a re  b r o u g h t  f rom p H  8,6 to  p H  8 
w i t h  d i l u t ed  ace t ic  acid.  M b  I is o b t a i n e d  in  c o n c e n t r a -  
t i ons  of 0 , 5 - 1 % ,  a n d  M b  I I  in 5 or 6 t i m e s  w e a k e r  con-  
c e n t r a t i o n s .  The  i so la t ed  c o m p o n e n t s  were  r e d u c e d  
t h r o u g h  t h e  e n z y m a t i c  s y s t e m  p r e v i o u s l y  descr ibed% 
T h e  d i s soc ia t ion  cu rves  were  d e t e r m i n e d  b y  m e a n s  of a 
s p e c t r o p h o t o m e t r i c  m e t h o d  w h i c h  we h a v e  d e v e l o p e d  
a n d  w h i c h  is p a r t i c u l a r l y  su i t ed  in  t h e  case  ot sma l l  
q u a n t i t i e s  of p i g m e n t  a n d  of d i l u t ed  so lu t ions  s. 

Since M b  I I  c a n  on ly  be  o b t a i n e d  in  d i t u t e d  so lu t ions  
(0.5 × 10 -4 M), we m a d e  a ser ies  of p r e l i m i n a r y  t e s t s  in  
o r d e r  to  a s c e r t a i n  t h e  in f luence  of t h e  c o n c e n t r a t i o n  of 
Mb on t he  O z d i s soc ia t ion  curve .  These  e x p e r i m e n t s ,  

S A. ROSSI-FANELLI and E. ANTONINI (in press). 
4 A. ROSSI-FANELLI, Haemoglobin (Butterworth 's  Sci. PubI., 

London 1949), p. 115. 
5 0 .  SMITHIES, Bioehem. J. 81,629 (1955). 
e A. ROSSI-FmCELLL E. A~Tomm,  and B. MONDOVt, Arch. Bio- 

chem. Biophys. 68, 341 (1947). 

w h i c h  were  m a d e  e i t h e r  on  n o n - h o m o g e n e o u s  M b  or  on  
M b  I, s h o w e d  t h a t  t h e  M b  c o n c e n t r a t i o n  h a s  no  ap-  
p rec i ab le  in f luence  on  t h e  02 d i s soc ia t ion  c u r v e  f rom 
0.2 to  4.5 × 10 .4  M .  T h e  d i s soc i a t i on  c u r v e s  of Mb I 
h a v e  t h e r e f o r e  b e e n  d e t e r m i n e d  us ing  t h e  s a m e  concen-  
t r a t i o n  of M b  as used  in t h e  case  of M b  I I .  

T h e  s p e c t r o p h o t o m e t r i c  r ead ings  were  t a k e n ,  w i th  a 
l i gh t  p a t h  of 2 ram,  in  t h e  v i s ib l e  reg ion  (~ -- 510, 540, 
560, 580) a n d  m a i n l y  for t h e  d i l u t e d  so lu t ions ,  in  the  
Sore r  zone  ()~ - 415, 430). 

No  d i f fe rence  was  f o u n d  b e t w e e n  t h e  o x y g e n a t i o n  
p e r c e n t a g e ,  e i t h e r  w h e n  t h e  r e a d i n g s  were  m a d e  in t h e  
v i s ib le  reg ion  or  in  t h e  Sore t  zone ;  a n d  no  app rec i ab l e  
d i f fe rence  b e t w e e n  M b  I a n d  M b  I I  in  t h e  e x t i n c t i o n  
a n d  m a x i m a  of t h e  p e a k s  of t h e  o x y g e n a t e d  a n d  deoxy-  
g e n a t e d  d e r i v a t i v e s .  

7"0 

0-5 

pa x rnmll 9 

Fig. 2.--Oxygen dissociation curve of human 1rib 1 (5 × 10 -~ M) at 
20 ° and pH 8; p 1~. ~ 0-66 mm Hg; Y = MbOz/Mb + MbO~. 

Shape o[ the 02 dissociation curve.-- As s h o w n  in F igure  
2 a n d  3, Mb I as well  as M b  I f  h a v e  h y p e r b o l i c  dissocia- 
t i o n  c u r v e s  w h i c h  fol low t h e  Hi l l  e q u a t i o n :  

M b O j M b  K (p O~)n w i t h  n = i .* 

T h i s  r e s u l t  is v e r y  i n t e r e s t i n g ,  p a r t i c u l a r l y  as  f a r  as the  
m i n o r  c o m p o n e n t  is c o n c e r n e d ,  b e c a u s e  t h i s  p r o p e r t y  
shows  t h a t  i t  is a t r u e  m y o g l o b i n .  

Oxygen a/tinity.--The e x p e r i m e n t s . r e p o r t e d  in  F igure  
2 a n d  3 s h o w  t h a t  a t  20 ° a n d  a t  p H  8 t h e  t w o  M b  h a v e  
a v e r y  s i m i l a r  02  a f f in i ty .  A c t u a l l y ,  m a n y  d issoc ia t ion  
c u r v e s  for  Mb I I  h a v e  g iven  p ~ va lues  s l igh t ly  lower 
t h a n  those  of Mb I a n d  n o n - h o m o g e n e o u s  Mb.  These  
d i f ferences ,  h o w e v e r ,  are  n o t  fa r  f rom t h e  l i m i t  of the  
e x p e r i m e n t a l  e r ro r  of t h e  m e t h o d .  

tn[tuence o[ temperature on oxygen a[finity.--The in- 
f luence  of t e m p e r a t u r e  o n  t h e  02  d i s soc i a t i on  cu rves  of 
M b  I a n d  M b  I I  was  s t u d i e d  b e t w e e n  20°C a n d  40°C. 

T h e  T a b l e  a n d  F i g u r e  3 give t h e  v a r i a t i o n  of the  log. 
K a n d  p ½,  w i t h  t e m p e r a t u r e ,  b o t h  for  M b  I a n d  M b  II .  

I t  c a n  b e  seen  t h a t  t h e  02 a f f i n i t y  a t  d i f f e r en t  t empe ra -  
t u r e s  is s i m i l a r  for  b o t h  Mbs.  

* MbO 2 and Mb denote concentrations. 
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T h e  o v e r a l l  h e a t  o f  r e a c t i o n  c a l c u l a t e d  b y  t h e  V a n ' t -  
H o f f  e q u a t i o n  b e t w e e n  20 ° a n d  40 ° w a s  f o u n d  t o  b e :  
fo r  M b  I A H  = - 1 3 . 5 0 0  ca l . ,  a n d  fo r  M b  I I  A H  
- 13 .300  c a l .  

T h e  r e s u l t s  w e  h a v e  o b t a i n e d  s h o w  t h a t  t h e  d i s s o c i a -  
t i o n  c u r v e s  f o r  M b  I a n d  M b  I I  a r e  v e r y  s i m i l a r .  T h e  
f i g u r e s  g i v e n  f o r  t h e  m i n o r  c o m p o n e n t  ( M b  I I )  a r e  
h i g h l y  i n t e r e s t i n g .  T h i s  p i g m e n t  s h o w s  al l  t h e  p r o p e r t i e s  

t 
°C 

20 
25 
30 
35 
40 

~ _ log K 

rib I ~ [b II 

+ 0-18 + 0.19 
+ 0.03 + 0.04 
- 0-13 - 0.11 
- 0-28 - 0.23 
- 0-47 - 0-42 

p ½ (ram Hg) 

Mb I Mb II 

0.66 0.65 
0.93 0.91 
1.35 1.29 
1.91 1-70 
2"95 2-63 

Values of log K and p ½ for h u m a n  Mb T and Mb II at different 
temperatures.  K = MbO2/Mb • pO2; p ½ = oxygen pressure (at 20 ° C) 

for 50% saturat ion.  

R e s e a r c h  o n  t h e  s t r u c t u r e  o f  t h e  p i g m e n t  m u s t ,  o n  
t h e  o t h e r  h a n d ,  b e  b a s e d  o n  h o m o g e n e o u s  p r e p a r a t i o n s .  
R e s u l t s  o f  t h e  p r e l i m i n a r y  r e s e a r c h  w h i c h ,  we  h a v e  

0"5' 

WgK 

0 

-0.5 

o.o  2o o. 3 o  oo3 o' o.mso l/r 
Fig. 4.--Influence of temperature on oxygen affinity of human  Mb I 
= • and Mb I I = &; pH 8, borate buffer I 0.05; K = MbOfl Mb " #O~. 

o f  a m y o g l o b i n :  r e v e r s i b l e  c o m b i n a t i o n  w i t h  o x y g e n ,  
s h a p e  o f  t h e  d i s s o c i a t i o n  c u r v e ,  a n d  a f f i n i t y  for  O v so  
t h a t  w e  m u s t  d e f i n i t e l y  g i v e  u p  t h e  t h o u g h t  t h a t  w e  a r e  
d e a l i n g  w i t h  a n  i m p u r i t y  o r  a n  a r t e f a c t .  

c a r r i e d  o u t  l e a d  u s  t o  t h i n k  t h a t  t h e  t w o  M b  h a v e  
d i f f e r e n t  c h e m i c a l  n a t u r e s ,  a s  s e e m s  t o  b e  t h e  c a s e  w i t h  
h o r s e - M b L  

R e s e a r c h  a l o n g  t h i s  l i ne  is in  p r o g r e s s  in  o u r  I n s t i t u t e .  

A .  ROSSI-FANELLI a n d  E .  ANTONINI 

Insti tute o/ Biological Chemistry,  Universi ty  ot Rome 
(Italy), Augus t  5, 1957. 

Riassunto 

D a l l a  m i o g t o b i n a  u m a n a  c r i s t a l l i z z a t a  s o n o  s t a f f  i so-  
l a t i ,  a m e z z o  d e l l ' e l e t t r o f o r e s i  s u  ge l  d i  a m i d o ,  d u e  c o m -  
p o n e n t i  p u f f  e d  o m o g e n e i :  M b  I e M b  I I .  D e i  d u e  c o m p o -  
n e n t i  s o n o  s t a t e  d e t e r m i n a t e ,  in  v a r i e  c o n d i z i o n i  s p e r i -  
m e n t a l i ,  le c u r v e  d i  d i s s o c i a z i o n e  p e r  l ' o s s i g e n o .  

7 H. T. THEORELL and A. AKESOU, Ann. Acad. Sci. fcnn. 60,303 
(1955). - H. THEOReLL, Personal Communication. 

1 3 4 8 7 
pO 2 mmH# 

Fig. 3 . - -Oxygen dissociation curve of h u m a n  Mb II (4 x 10 - s  M) at 
'20 ° and pH 8; p ~/2 = 0.65 m m  Hg; ~z = MbO2]M b + MbO2" 

A s  f a r  a s  t h e  t w o  M b  a r e  c o n c e r n e d ,  a n d  w e  h a v e  
d e m o n s t r a t e d  t h e i r  p r e s e n c e  a l s o  in  t h e  m u s c l e  e x t r a c t ,  
w e  c a n  s t a t e  t h a t  t h e y  a r e  p e r f e c t l y  e q u i v a l e n t  in  t h e i r  
m o s t  t y p i c a l  p h y s i o l o g i c a l  p r o p e r t y :  t h a t  is,  t h e  r e v e r s -  
ib le  c o m b i n a t i o n  w i t h  0 3 . W e  m u s t  r e j e c t  t h e  h y p o t h e s i s  
t h a t  M b  I I  is  a r e s i d u e  o f  f o e t a l  M b ;  e x p e r i m e n t s  w h i c h  
w e  h a v e  c a r r i e d  o u t  d e m o n s t r a t e  t h a t  f o e t a l  M b  c a n n o t  
b e  s e p a r a t e d  i n  e l e c t r o p h o r e s i s  f r o m  a d u l t  M b ,  a n d  t h a t  
t h e  p r e p a r a t i o n s  o f  f o e t a l  M b  s h o w  t h e  p r e s e n c e  o f  
s e v e r a l  c o m p o n e n t s  w h i c h  h a v e  e l e c t r o p h o r e t i c  c h a r -  
a c t e r i s t i c s  s i m i l a r  t o  t h o s e  f o u n d  i n  a d u l t  M b .  

T h e  a b o v e  r e s u l t s  s h o w  t h a t  s t u d i e s  (a l so  w i t h  
s p e c t r o p h o t o m e t r i c  m e t h o d s ) o n  t h e  e q u i l i b r i u m  b e t w e e n  
h u m a n  M b  a n d  O 3 c a n  b e  r i g h t l y  b a s e d  o n  n o n - h o m o -  
g e n e o u s  c r y s t a l l i z e d  p i g m e n t  p a r t i c u l a r l y  b e c a u s e  M b  I 
a n d  M b  I I  h a v e  i d e n t i c a l  a b s o r p t i o n  s p e c t r a .  

~ b e r  d i e  A l k a l o i d e  v o n  Rauwolfia ligastrina 
R .  & S .  R a u ~ u s t i n ,  e i n  n e u e s  r e s e r p i n ~ i h n l i c h e s  

A l k a l o i d  * 

V o n  d e n  a m e r i k a n i s c h e n  R a u w o l f i a - A r t e n  s i n d  b i s  
h e u t e  a u s s e r  R. sellowii M u e l l . - A r g .  *, R.  granditlora 
M a r t .  s u n d  R.  schueli S p e g .  4 h a u p t s g c h l i c h  d ie  n a c h  d e r  
n e u e n  K l a s s i f i k a t i o n  y o n  R A o  s u n t e r  d e r  B e z e i c h n u n g  
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