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a rach i s  oil a n d  ole ic  acid were f o u n d  t o  inc rease  t h e  r a t e  
of s y n t h e s i s  of pen ic i l l in ,  t h o u g h  n o t  as  e f fec t ive ly  as 
lactose .  S o d i u m  benzy lpen ic i l l oa t e ,  p r e p a r e d  f r o m  
benzy lpen ic i l l in ,  was  ine f f i c ien t  as t h e  pen ic i l l in  pre -  
cursor .  The  seed  m y c e l i u m  ( p r e p a r e d  in  c o r n  s t eep  
l iquor - sucrose  m e d i u m  b y  i n o c u l a t i n g  w i t h  t h e  spo res  
a n d  a e r a t i n g  for  48 h a n d  used  to  i n o c u l a t e  t h e  f e r m e n -  
tors)  d id  n o t  p r o d u c e  a n y  pen ic i l l in  as s u c h  o r  w i t h  PA,  
lac tose ,  L-cys t ine  a n d  L-val ine.  T h e  p e n i c i l l i n - p r o d u c i n g  
c a p a c i t y  of t he  m y c e l i u m  in  t h e  f e r m e n t o r  v a r i e s  w i t h  
t h e  age of t h e  m y c e l i u m ,  r i s ing  to  a p e a k  a t  35-45  h a n d  
t h e n  dec l in ing .  The  o b s e r v a t i o n  of HALLIDAY a n d  ARN- 
STEIN ~ t h a t  c r u s h i n g  t h e  m y c e l i u m  d e s t r o y s  t h e  pen ic i l l in  
p r o d u c i n g  c a p a c i t y  is con f i rmed .  

T h e  use of t h e  w a s h e d  myce l i a l  s u s p e n s i o n s  as a d o p t e d  
in these  e x p e r i m e n t s  exc ludes  t h e  m e t a b o l i t e s  f o u n d  in 
t he  f e r m e n t e d  b r o t h  f r o m  p a r t i c i p a t i n g  in  t h e  b i o s y n -  
thesis ,  a n d  sat isf ies  t h e  t w o  c o n d i t i o n s  n o w  t a k e n  to  be  
essen t i a l  for pen ic i l l in  syn thes i s ,  viz.  t h e  m y c e l i u m  
s h o u l d  n o t  be  a c t i v e l y  m u l t i p l y i n g  a n d  t h e  p H  of t h e  
m e d i u m  s h o u l d  be  a b o u t  7.0L .The fo l lowing p i c t u r e  of 
pen ic i l l in  p r o d u c t i o n  b y  t h e  m y c e l i u m  emerges  f r o m  t h e  
p r e s e n t  s tudies .  T h e  m y c e l i u m  p r e p a r e d  as  seed to  in-  
ocu la t e  t he  big  i e r m e n t o r s  p r o b a b l y  lacks  t h e  e n z y m e  
s y s t e m s  essen t i a l  for  pen ic i l l in  syn thes i s .  T h e  m y c e l i u m  
in  t he  p r o d u c t i o n  f e r m e n t o r s  g r a d u a l l y  bu i ld s  u p  endo-  
genous ly  t h e  e n z y m e  s y s t e m s  essen t i a l  for  b i o s y n t h e s i s  
as well  as for  p r o v i d i n g  e n e r g y  for  t h e  S y n t h e t i c  s t e p s  
a n d  also t h e  s u b s t r a t e s  e x c e p t  PA.  F o r  c o n t i n u e d  pen i -  
cil l in p r o d u c t i o n  a t  a good r a t e ,  t h e  m y c e l i u m  r e q u i r e s  
P A  f rom t h e ' e x o g e n o u s  source  a n d  also e n e r g y  w h i c h  
seems  to  be  p r o v i d e d  b y  some  saccha r ides ,  a r a c h i s  oil, 
oleic acid,  a n d  a c e t a t e  a c t i n g  as  s u b s t r a t e s .  

F u l l e r  de ta i l s  of t h e  work  a n d  d i s c u s s i o n  of t h e  r e su l t s  
will  be  p u b l i s h e d  e lsewhere .  

We are indebted to Dr. P. D. KULKARm, Miss I. NALINI, and Mr. 
D. N. BXLAMPELLY for the bioassays reported here. 

V. N. DESHPANDE a n d  K. GANAPATHI 

A ntibiotivs Research Centre, Hindustan Antibiotics ( P) 
Ltd., Pimpri  (Poona District, India), May  17, 1957. 

R~sumd 

Les a u t e u r s  o n t ' ~ t u d i 6  les effets  des  d ive r s  h y d r a t e s  
de  c a r b o n e  (glucose, f ruc tose ,  m a n n o s e ,  ga lac tose ,  
xylose,  a r ab inose ,  lac tose ,  a m i d o n  e t  dex t r i ne ) ,  d u  
p y r u v a t e ,  du  l ac t a t e ,  de l ' a c~ t a t e ,  de l ' hu i l e  d ' a r a c h i d e ,  
etc,  s u r  la  b i o s y n t h ~ s e  de  la p6nic i l l ine  p a r  les ce l lu les  
lav6es de P. ¢hrysogenum. 

5 M. j .  JOHNSON, Bull. World Health Org. 6, 99 (1952). 

On the Role of Purines  in the E n z y m a t i c  
Reduct ion of T e t r a z o l i u m  Salts  

I n  t h e  pas t ,  t h r e e  p r i m e  f u n c t i o n s  of pu r ine s  a n d  t h e i r  
d e r i v a t i v e s  in  t h e  ce l lu lar  e c o n o m y  h a v e  b e e n  e luc ida t -  
ed, n a m e l y  in  t h e  f o r m a t i o n  of nuc l eop ro t e in s ,  in  ene rgy -  
c o n s e r v a t i o n  m e c h a n i s m  a n d  in  some  t r a n s f e r  r e a c t i o n s  
of c a r b o h y d r a t e s  a n d  phospho l ip ides .  T h a t  s t i l l  other 
f u n c t i o n s  ex i s t  for  t h i s  i m p o r t a n t  g roup  of  c o m p o u n d s  
is a t t e s t e d  to  b y  t h e  role  of h y p o x a n t h i n e  in  t h e  ox ida -  

t i on  of s u l p h i t e  1, cys t e ine  2, a n d  f a t t y  acids  a, a n d  of 
a d e n o s i n e - 5 ' - m o n o p h o s p h a t e  (AMP) in  L -ami n o  acid 
d e c a r b o x y l a t i o n  4. I t  h a s  also b e e n  r e c e n t l y  f o u n d  ~ t h a t  
a wide  v a r i e t y  of such  c o m p o u n d s  f u n c t i o n  in t e t r a -  
z o l i u m  s a l t  r e d u c t i o n .  T h u s ,  p u r i n e ,  h y p o x a n t h i n e  a n d  
r e l a t e d  c o m p o u n d s  6 c a n  rep lace  t h e  h e a t - s t a b l e  factor ,  
f o u n d  in  v a r i o u s  a n i m a l  t i s sues  a n d  in  yeas t ,  w h i c h  is 
n e c e s s a r y  for  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 sL T h e  p u r p o s e  of t h e  p r e s e n t  c o m m u n i c a t i o n  is to  
r e p o r t  t h e  f i nd ings  t h a t  t h i s  a c t i v a t i o n  b y  p u r i n e s  a n d  
p u r i n e  d e r i v a t i v e s ,  a l t h o u g h  f i r s t  d e t e c t e d  b y  us in  t h e  
case  of a n  a m i n e  d e h y d r o g e n a t i n g  s y s t em,  is o b s e r v e d  
w i t h  q u i t e  d ive r se  s u b s t r a t e s  w h e n  a t e t r a z o l i u m  sa l t  is 
used  as t h e  t e r m i n a l  e l ec t ron  accep to r .  

Methods.--Washed par t i c l e s  of h o m o g e n i z e d  r a t  l iver  
or, a l t e r n a t i v e l y ,  so lub i l i zed  e n z y m e  p r e p a r a t i o n s  8, 
were  used  as sources  of e n z y m e .  R e a c t i o n  m i x t u r e s  
c o n t a i n e d ,  in  a f ina l  v o l u m e  of 2.0 ml ,  40 / ,moles  of 
p h o s p h a t e  buffer ,  p H  7-4; 20 /~moles of s u b s t r a t e ;  
4.8 /*moles of t r i p h e n y l t e t r a z o l i u m  ch lo r ide  or  n e o t e t r a -  
zo l ium ch lo r ide  (expressed  in  m o n o t e t r a z o l i u m  u n i t s ) ;  
0 . 4 / , m o l e  of p y o c y a n i n e ;  0 .1-0.3  / ,mole  of co fac to r  (i.e. 
p u r i n e ,  e tc . ) ;  a n d  28-35  m g  (d ry  wt.)  of d i a lyzed  l iver  
e x t r a c t .  P y o c y a n i n e  was  a d d e d  to  a id  t h e  t r a n s f e r  of 
h y d r o g e n  f rom s u b s t r a t e  to  t h e  t e t r a z o l i u m  9, b u t  i t  was  
n o t  a n  o b l i g a t o r y  c o m p o n e n t .  T h e  so lu t ions  were  incu-  
b a t e d  in  a w a t e r b a t h  a t  37 ° for  15-40  m i n  a t  w h i c h  t i m e  
t h e  co fac to r  was  a d d e d .  T h i s  p r e i n c u b a t i o n  of s u b s t r a t e  
a n d  e n z y m e  a s s u red  m a x i m a l  r a t e  of t e t r a z o l i u m  
r e d u c t i o n .  T h e  a p p e a r a n c e  of f o r m a z a n  w i t h  a m i n e  
s u b s t r a t e s  u s u a l l y  d e p e n d e d  u p o n  t h e  a d d i t i o n  of t h e  
co fac to r ,  b u t  occas iona l ly  a sma l l  a m o u n t  was  f o r m e d  
be fo re  s u p p l e m e n t a t i o n .  T h e  r e a c t i o n  was  fol lowed b y  
t h e  inc rease  in  a b s o r b a n c e  of t h e  r e a c t i o n  m i x t u r e s  a t  
520 m/z, r e a d  d i r e c t l y  in  t h e  C o l e m a n  J u n i o r  Spec t ro-  
p h o t o m e t e r .  U n d e r  t he se  c o n d i t i o n s  f o r m a z a n  p ro d u c -  
t i o n  h a s  b e e n  o b s e r v e d  to  p roceed  b r i s k l y  for  a s h o r t  
per iod ,  r e a c h i n g  a p l a t e a u  in 5 -15  min .  Th i s  was  t h e  
case  w h e n  h y p o x a n t h i n e ,  x a n t h i n e ,  pu r ine ,  guan ine ,  
inos ine  a n d  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  ( D P N )  were  
used.  A t  t h e  p l a t e a u  t h e  m o l a r  r a t i o  of ' f o r m a z a n  
p r o d u c e d :  co fac to r  a d d e d '  v a r i e s  b e t w e e n  0.5 a n d  1.5. 
Aden ine ,  6 - m e t h y l p u r i n e ,  a z a g u a n i n e ,  u r ic  ac id  a n d  
a l l o x a n  were  i n a c t i v e  in  t h i s  t e s t  s y s t e m  s. 

Resul t s . -Many s u b s t r a t e s  were  t e s t e d  as h y d r o g e n  
donor s  w i t h  a t e t r a z o l i u m  sa l t  as t h e  u l t i m a t e  accep to r  
(Table) .  A m o n g  t h e  amines ,  t y r a m i n e  a n d  i s o a m y l a m i n e  
h a d  a n  a b s o l u t e  r e q u i r e m e n t  for  t h i s  co fac to r ;  w i t h  
t r y p t a m i n e  a n d  b e n z y l a m i n e  t h e  r a t e  of r e d u c t i o n  of the 
d y e  was  m a r k e d l y  acce l e r a t ed  b y  t h e  cofac to r .  Choline 
a n d  s u c c i n a t e  were  also d e h y d r o g e n a t e d  in  t h e  u n s u p p l e -  
m e n t e d  r e a c t i o n  m i x t u r e s  b u t  a d d i t i o n  of co fac to r  in- 

i I. FRIDOVlCH and P. HANDLER, J. biol. Chem. 221, 323 (1956). 
2 I: FRIDOVICH and P. HANDLER, Bioehim. biophys. Acta 21, 173 

(1956). 
a E. ANNAU, A. EPERJESSY, and O. FELSZEGtIY, Z. physiol. 

Chem. 277, 58 (1943).- K. BURTON, Nature 161, 606 (1948).-A.JA- 
COB, C. R. Soc. Biol., Paris 147, 1044 (1953). 

4 L. EGGLESTON, Biochem. J. 65, 735 (1957). 
5 j .  LAGNAVO and T. L. SOURKES, Rev. Canad. Biol. la, 258 

(1956). 
6 j .  LAGNADO and T. L. SOURKES (in preparation). 
7 j .  LAGNADO and T. L. SOURKES, Can. J. Biochem. Physiol. 34, 

1095 (1956). 
s G. COTZlAS, I. SERLIN, and J. GREENOUGH, Science 120, 144 

(1954). - T. L. SOURKES and J. LAGSADO, J. Histochem. Cytochem. 
fi, 442 (1957). 

9 D. GREEN, S. MII, H. MAHLER, and R. Boc•, J. biol. Chem. 206~ 
1 (1954). - E. FARBER and C. LOUVIERE, J. Histochem. Cytochem. 4, 
347 (1956). 
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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). 


