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as  s e r o t o n i n  does  (Fig. 1). A d d i n g  picr ic  ac id  in  w a t e r  
so lu t ion ,  t yp i ca l  c rys t a l s  in  s h a p e  of ye l low- red  r o s e t t e s  
a re  fo rmed .  Th i s  f r ac t i on  of t h e  p l a t e l e t  e x t r a c t  is v e r y  
ac t ive ,  p r o d u c i n g :  (a) c o n t r a c t i o n  of i so la t ed  g u i n e a  pig  
g u t  (Fig. 2a), e v e n  w h e n  n e o - a n t e r g a n  is a d d e d  to  t h e  
m e d i u m ;  (b) c o n t r a c t i o n  of t h e  i so l a t ed  r a t  u t e r u s  
(Fig. 2b) ;  (c) c o n s t r i c t i o n  of sma l l  vessels  in  r a t  meso-  
a p p e n d i x  p r e p a r a t i o n ;  (d) m a r k e d  s h o r t e n i n g  of t h e  
b leed ing  t ime ,  e v e n  w h e n  a n i m a l s  a re  p r e v i o u s l y  i n j e c t e d  
w i t h  h e p a r i n .  T h e  e lua t e s  of t h e  r e m a i n i n g  s t r i p  h a v e  
n o n e  of t he  s p e c t r o p h o t o m e t r i c  p r o p e r t i e s  a n d  n o n e  of 
t h e  biologic  ac t i v i t i e s  de sc r ibed  a b o v e ;  h i s t a m i n e  is 
found ,  b u t  o n l y  in  v e r y  s m a l l  a m o u n t s .  

The  r e su l t s  show,  b e y o n d  d o u b t ,  t h a t  t h e  v a s o c o n -  
s t r i c to r  fac tor ,  c o n t a i n e d  in  r a b b i t  a n d  sheep  p la t e l e t s ,  
is i d e n t i f i a b l e  w i t h  5 - h y d r o x y - t r y p t a m i n e  or s e r o t o n i n  
of RAPPORT. VCe d id  n o t  f i nd  t h i s  s u b s t a n c e  in  b lood  
e l e m e n t s  o t h e r s  t h a n  p l a t e l e t s  or  in  o t h e r  t i ssues .  F r o m  
h u m a n  p l a t e l e t  e x t r a c t s  i t  is poss ib le  to  s e p a r a t e  a f rac-  
t ion  w i t h  t h e  s a m e  b io log ica l  p r o p e r t i e s  as s e ro ton in .  
W e  were  n o t  ab le ,  h o w e v e r ,  b y  m e a n s  of c h r o m a t o -  
g r aph i c  a n d  s p e c t r o p h o t o m e t r i c  p rocedures ,  t o  i d e n t i f y  
t he  v a s o c o n s t r i c t o r  f a c t o r  of h u m a n  p l a t e l e t s  w i t h  5- 
h y d r o x y t r y p t a m i n e .  

Addendum. In later investigations we succeeded to isolate also 
from human and dog platelet extracts, a fraction with all the 
spectrophotometric, chemical, and biologic properties of 5-OH- 
tryptamine. This has been made possible by using paper electro- 
phoresis after complete removal of lipids from extracts. 

The content of 5-OH-tryptamine is in the rgnge of 100 ~' per 1 g 
of fresh platelets in man and 4-5 times greater in rabbit, 
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Riassunto 

I1 f a t t o r e  v a s o c o s t r i t t o r e  delle p i a s t r i n e  di u o m o ,  
cane ,  conig l io  e m o n t o n e  v i ene  i den t i f i c a to ,  pe r  m e z z o  
di u n ' i n d a g i n e  c o m b i n a t a  c r o m a t o g r a f i c a  e s p e t t r o -  
I o t o m e t r i c a ,  con  la 5 - i d r o s s i t r i p t a m i n a .  

A m i n o  Acid  C o m p o s i t i o n  o f  C r y s t a l l i z e d  
H u m a n  M y o g l o b i n  and H a e m o g l o b i n  

In  a p r e v i o u s  p a p e r  we h a v e  r e p o r t e d  t h a t  m y o g l o b i n  
di f fers  f r o m  h a e m o g l o b i n  b y  t h e  c h e m i c a l  n a t u r e  of t h e  
g lob in  c o m p o n e n t  1. 

A m i n o  ac id  c o m p o s i t i o n  of m y o g l o b i n s  of a n u m b e r  
of a n i m a l  species  (horse,  ox,  etc.)  h a s  b e e n  s t u d i e d  in 
s eve ra l  l a b o r a t o r i e s ;  h o w e v e r ,  t o  o u r  knowledge ,  t h e r e  
is o n l y  t h e  s t u d y  of one  of us  2 on  t h e  N p a r t i t i o n ,  s u l p h u r  
a n d  i ron  c o n t e n t  a n d  a m i n o  a c i d  c o m p o s i t i o n  of  h u m a n  
m y o g l o b i n .  W e  h a v e  n o w  e x t e n d e d  o u r  p r e v i o u s  r e s e a r c h  
a n d  h a v e  s t u d i e d  t h e  q u a l i t a t i v e  c o m p o s i t i o n  of a m i n o  
ac id  of h u m a n  m y o g l o b i n  a n d  h a e m o g l o b i n  b y  f i l t e r  
p a p e r  p a r t i t i o n  c h r o m a t o g r a p h y .  

H u m a n  m y o g l o b i n  was  c ry s t a l l i z ed  a c c o r d i n g  to  t h e  
m e t h o d  sugges t ed  b y  one of us3; h u m a n  h a e m o g l o b i n  
was  o b t a i n e d  in  t h e  c r y s t a l l i n e  fo rm fo l lowing  t h e  t e c h -  
n i q u e  of D r a b k i n  a. S a m p l e s  of t h e  c r y s t a l l i z e d  p ro t e in s ,  

1 A. ROSSI-FANELLI, Arch. Sei. Biol. Napoli Z6, 244 (1940). 
2 A. ROSSI-FANELLI, Science 108, 15 (1948). 
3 A. ROSS1-FANELLI, Haemoglobin. (Butterworths Sci. Publ.,Lon- 

don, 1949), p. 115. 
4 D. L. DRABKIN, J. BioI. Chem. 185, 231 (1950). 

w i t h  t h e  i ron  c o n t e n t  c o r r e s p o n d i n g  to  t h e  v a l u e s  re- 
p o r t e d  in  t h e  l i t e r a t u r e ,  were  h y d r o l y s e d  in sea led  tes t  
t u b e s  w i t h  6 N HC1 a t  120 ° for 6 h. T h e  h y d r o l y s e d  
m a t e r i a l  was  dr ied  m a n y  t i m e s  to  r e m o v e  HC1; i t  was 
t h e n  d i s so lved  in a few mi l l i l i t e r s  of w a t e r  a n d  desa l t ed  
w i t h  t h e  D e n t  m o d i f i c a t i o n  of t h e  CO~SDE~, GORDON, 
a n d  MARTIN d e s a l t i n g  appara tusX] .  A s a m p l e  of th is  
so lu t ion  was used  for  t h e  N d e t e r m i n a t i o n ,  a n  a n o t h e r  
s a m p l e  c o n t a i n i n g  1 5 0 - 1 8 0 p g  of N was used for  the  
p a p e r  t w o - d i m e n s i o n a l  c h r o m a t o g r a p h y  on  n. 4 VV'HAT- 
MAN f i l te r  paper .  T h e  s o l v e n t  were  p h e n o l  a n d  col l idine-  
l u t id ine .  Cy s t i n e  a n d  m e t h i o n i n e  were  i d e n t i f i e d  a f te r  
o x y d a t i o n  w i t h  a m m o n i u m  m o l i b d a t e  a n d  h y d r o g e n  
p e r o x y d e  2. 

Fig. 1.-Two-dimensional ehromatogram of hydrolysed crystalline 
human myoglobin (oxydized). Key for amino acids in the test. 

Leuc ines  were  r e so lved  b y  o n e - d i m e n s i o n a l  c h r o m a t o -  
g r a p h y  r u n n i n g  for  t h r e e  d a y s  in  t e r t i a r y  a m y l  a lcohol  
a c c o r d i n g  to  WORK 3. 

tG 

Fig. 2.-Two-dimensional chromatogram of hydrolysed crystalline 
human haemoglobin (oxydized). Key for the amino acids in the test. 

I n  F i g u r e s  1 a n d  2 a re  r e p o r t e d  t h e  c h r o m a t o g r a m s  
of h u m a n  m y o g l o b i n  a n d  h a e m o g l o b i n  (oxydized)  r u n  
in p h e n o l  a n d  co l l i d ine - lu t id ine .  

F i g u r e s  3 a n d  4 r e p r e s e n t  t h e  o n e - d i m e n s i o n a l  chro-  
m a t o g r a m s  of h u m a n  m y o -  a n d  h a e m o g l o b i n  r u n  in 
t e r t i a r y  a m y l  a lcohol .  

W e  m a y  conc lude  t h a t  in  h u m a n  m y o g l o b i n  t h e  follow- 
ing  a m i n o  ac ids  a re  p r e s e n t  : 1, a s p a r t i c  ac id ;  2, g l u t a m i c  

x R. CONSDEN, A. H. GORDON, and A. J. P. MARTEN, Biochem. J. 
41,590 (1947). 

2 C. E. DENT, Biochem. J. 48, 169 (1948). 
E. WORK, Biochem. J. 42, 49 (1948). 
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acid; 3, glycine; 4, serine; 5, alanine; 6, threonine; 
7, arginine ; 8, lysine ; 9, histidine; 10, proline; 110 valine; 
12, teucine; 13, isoleucine; 14, methionine; 15, phenyl- 
alanine; 16, tyrosine. In human haemoglobin we found: 
1, aspartic acid; 2, glutamic acid; 3, glycine; 4, serine; 

former contains cystine but lacks of isoleucine, while the 
latter lacks cystine but contains /soleucine. The same 
differences have been found in the myo- and haemo- 
globin crystallized from the horse, with the exception 
that  very small traces of a cystine-like substance ap- 
peared in myoglobin. 

The origin of it will be investigated later. 
These findings emphasize the deep discrepancies which 

exist in the chemical composition of the two proteins. 
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Riassunto 

]~ stata eseguita l'analisi cromatografica su car ts  
degli aminoacidi costituenti la molecola della mio- 
gtobina ed emoglobina umana cristallizzAte. I due pig- 
menti differiscono dal punto di vista qualitativo per 
il contenuto in cistina ed isoleucina. II primo amino- 
acido si t rova nella emoglobina • non sells miogiobina, 
il secondo solo sells mioglobina. 

Risultati analoghi sono staff ottenuti  con mioglobina 
ed emoglobina di cavallo. 

Fig. 3.-Hydrolysed crystalline human myoglobin in tertiary amy] 
alcohol. Key in the test. 

5, alanine; 6, threonine; 7, arginine; 8, lysine; 9, histi- 
dine ; 10, proline; 11, valine; 12, leucine; 14, methionine; 
15, phenylalanine; 16, tyrosine; 17, cystine. Trypto- 
phane has not been detected owing to its destruction 
during the HCI hydrolysis; its occurrence in both myo- 
and haemoglobin has, however, been confirmed x. 

Fig. 4.-Hydrolysed crystalline human haemoglobin in tertiary amyl 
alcohol, Key in the test. 

Besides the quantitative differences ol several amino 
acids, to  which we have already called attention else- 
where a, haemoglobin differs from myoglobin because the 

1 A. ROS$I-FANELLI, Haemoglobi. (Butterworths Sci. Publ, Lon- 
don, 1949), p. 115. 

2 A. ROSsI-FANELLI, Arch. Sci. Biol. Napoli eS, 244 (1940) ; Science 
108, 15 (1948). 

On the Phosphorylation of Thiamine 
in the Llvind Animal 

I t  is known that  ATP /s necessary for the phos- 
phorylation of th/sm/ne in ~ o  both w/th yeast (Lxe- 
TON*, WEIL-MALHStltSKI~ sad animal tissues (OcKoA s, 
LIPSCX.,IITZ 4, Ls~UTHARD|). LBUTHARD ## /~.S have re- 
cently isolated a liver fraction catalyzing the phos- 
phorylation of thiamine by transpceition of a pyro- 
phosphoric radical from ATP to thiamine. 

In the present paper we give evidence that  & direct 
transposition of phosphoric groups takes place from 
ATP to thiamine in the living animal. For this purpose 
we have prepared ATPS* according to DouNce el at.* 
from muscles of rabbits killed 60 rain after intravenous 
injection of 15 million counts of p , s  as sodium phos- 
phateV; the results of t h e s a a l y l d s  o t  the ATP so 
obtained are reproduced in the Table. 

White rats of 200 g were injected intravenously with 
30 mg ATP ss sad  20 mg ~ l i n e  hydrochloride per 
kilogram'of body-weight. The animals were killed 30 sad  
60 rain after the injection sad  the liver contents of 
thiamine and of its mono-, di- and tri-phosphor/c esters 
were determined by the chromstogr&phic technique pre- 
viously described s. The chromatograms (It) were 
sprayed with an alkaline terricyanide solution in order 
to localize the spots of thiamine sad  of its esters, and 

x M. A, Ltrro. and C. A, ELvs.|SM, Cold Spring Harb~" Syrup, 
quant. Biol. T, 184 (198S). 
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