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in  t h e  course  of t h e  f i r s t  m i n u t e s  a n d  t h e n  to  r e m a i n  
a l m o s t  c o n s t a n t .  Vie  l ack  t h u s  a n y  i n d i c a t i o n  of t h e  
p r e s e n c e  of  r a p i d l y  r e n e w e d  f a t t y  ac id  f r a c t i o n  in  t h e  
b r a i n .  T h e  speci f ic  a c t i v i t y  v a l u e s  of  t h e  m u s c l e  f a t t y  
ac ids  e x t r a c t e d  f r o m  d i f f e r e n t  g r o u p s  of mice  f l u c t u a t e  
c o n s i d e r a b l y .  A n  i n d i c a t i o n  of a dec rease  of t h e  s p e c i f i c  
a c t i v i t y  f igures  w i t h i n  a 240 min .  o b s e r v a t i o n  p e r i o d  is, 
h o w e v e r ,  also in  t h i s  case  a b s e n t .  

G. HEVESY, R. RUYSSEN a n d  M. L. BEECKMANS 

T h e  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  t h e  a s s i s t a n c e  of 
l~Iiss GRACE DE ELLIOTT a n d  Mrs.  VARDE PUTTE. 

P h a r m a c e u t i c a l  I n s t i t u t e  of t h e  U n i v e r s i t y  of G e n t  
a n d  I n s t i t u t e  for  R e s e a r c h  in  O r gan i c  C h e m i s t r y ,  U n i -  
v e r s i t y  of S t o c k h o l m ,  O c t o b e r  12, 1950. 

Z u s a m m e n / a s s u n g  

W i r d  i n  d e r  C a r b o x y l g r u p p e  g e z e i c h n e t e s  A z e t a t  M~u-  
sen  e i n g e s p r i t z t ,  so f i n d e r  m a n ,  d a b  die spez i f i sche  A k t i -  
v i t i i t  d e r  Fe t t s~ iure  de r  L e b e r  s c h o n  n a c h  30 M i n u t e n  
e r h e b l i c h  a b g e n o m m e n  h a t ,  D iese r  B e f u n d  we i s t  d a r a u f  
b in ,  d a b  die  Fe t t s~ iure  d e r  L e b e r  e ine  F r a k t i o n  en thf i l t ,  
die  in  b e d e u t e n d  r a s c h e r e m  T e m p o  als da s  d u r c h s c h n i t t -  
l iche Fe t t s~ iuremolekf i l  j enes  O r g a n s  e r n e u e r t  wird.  Ver -  
s c h i e d e n e  F o r s c h e r  h a b e n  fes tges te l l t ,  d a b  d i e sem e ine  
H a l b t e b e n s z e i t  v o n  f u n d  e i n e m  T a g  z u k o m m t .  

K e i n e  F e t t s g u r e f r a k t i o n  m i t  r a s c h e m  E r n e u e r u n g s -  
t e m p o  k o n n t e  i m  H i r n  bzw.  M u s k e l  de r  Maus  f e s tges t e l l t  
we rden .  

On Glycolysis in the Chicken Embryo 

MEYERHOF a n d  PERDIGON 1 h a v e  e s t a b l i s h e d  t h e  f a c t  
t h a t  e x t r a c t s  of 3 -9  d a y  o ld  c h i c k e n  e m b r y o s  f o r m - i n  
an  a e r o b i o s i s -  l ac t i c  ac id  f r o m  f r u c t o f u r a n o s e - 1 , 6 - d i p h o s -  
phor i c  ac id  ( H D P ) .  T h e y  show t h a t  in  o r d e r  to  o b t a i n  
t h e  c o m p l e t e  g lyco ly t i c  a c t i v i t y  of t h e  e x t r a c t s  i t  is 
i n d i s p e n s a b l e  to  a d 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  (DPN)  
b e c a u s e  t h e  D P N  p r e f o r m e d  by .  t h e  e m b r y o s  is v e r y  
q u i c k l y  i n a c t i v a t e d  a t  37°C. R e c e n t l y  NOVIKOFF, 
POTTER a n d  LE PAGE ~ show t h a t  h o m o g e n a t e s  of 5 - 8  
d a y s  o ld  e m b r y o s  g l y c o l y s a t e - - i n  oxi-  a n d  anox ib ios i s -  
H D P  a f t e r  t h e  a d d i t i o n  to  t h e  e n z y m a t i c  s y s t e m  of 
D P N  a n d  A T P ,  a n d  t r u c t o f u r a n o s e - 6 - p h o s p h o r i c  acid,  
g l u c o p y r a n o s e - 6 - p h o s p h o r i c  ac id  a n d  g lucose  when ,  in  
a d d i t i o n  t o  D P N  a n d  A T P ,  H D P  is p r e s e n t  in  t h e  
s y s t e m ,  T h e  r e s e a r c h e s  of  MEYERHOF a n d  PERDIGON, 
a n d  of NOVII4OrF, POTTER a n d  LE PAGE t h u s  show fu l ly  
t h e  e x i s t e n c e  of  a g tyco ly t i c  s y s t e m  in  c h i c k e n  e m b r y o ,  
w h i c h  a c t i o n  deve lops  t h r o u g h  t h e  f o r m a t i o n  a n d  b r e a k -  
d o w n  of p h o s p h o r i c  esters ,  in  a c c o r d a n c e  w i t h  EMBDEN- 
MEYERHOF'S cycle.  

T h e  i m p o r t a n c e  of t h e s e  r e su l t s  is eas i ly  a p p r e c i a t e d  if 
one  t h i n k s  of t h e  genera l  o p i n i o n  p a r t i c u l a r l y  b a s e d  on  
t h e  r e s e a r c h s  of  I~EEDHAI~:[ a n d  coll. 3, t h a t  a n a e r o b i c  
g lycolys is  w o u l d  l i ave  in  t h e  e m b r y o  a course  i n d e p e n d e n t  
of t h e  f o r m a t i o n  of p h o s p h o r i c  es ters .  A n o n - p h o s p h o r y l a t -  

i ng  g lycolys is  s eems  rea l ly  to  e x i s t  in  t h e  b r a i n  1 and in 
v a r i o u s  k i n d s  of F u s a r i u m  2, w h e r e  i t  fo l lows a completely 
d i f f e r e n t  r o u t e  f ro ra  t h e  one  o b s e r v e d  in  musc le  and 
yeas t .  2Even t h o u g h  ~N~OVIKOFF, POTTER a n d  LE PAGE, 
as wel l  as  p r e v i o u s l y  DORFMAN 3, w r i t e :  " T h o u g h  i t  does 
n o t  ru le  o u t  t h e  pos s ib i l i t y  of a non-phosphory la t ing  
r o u t e  of g lycolys is ,  t h e  a v a i l a b l e  e v i d e n c e  does  n o t  make 
n e c e s s a r y  p o s t u l a t i n g  t h e  e x i s t e n c e  of s u c h  a route", 
two  e x p e r i m e n t s  p e r f o r m e d  b y  t h e m  m a y  cause  one to 
d o u b t - a s  t h e y  t h e m s e l v e s  a d m i t - - t h a t  t h e  phosphory- 
l a t i n g  g lyco lys i s  is t h e  o n l y  r o u t e  o p e n  for  t h e  catabolism 
of g lyc ides  in  t h e  e m b r y o .  I n  one,  in  f ac t ,  t h e  homogenate 
of f r e sh  e m b r y o  does  n o t  show t h e  t y p i c a l  n e e d  of HDP 
for  g lycolys is  of t h e  glucose,  in  t h e  o t h e r  n e i t h e r  the 
D P N  n o r  t h e  A T P  omis s ion  p r o v o k e  a p p r e c i a b l e  changes 
in  t h e  r e a c t i o n .  T h e r e f o r e  we t h o u g h t  i t  was  interesting 
to  show t h e  e x i s t e n c e  in  c h i c k e n  e m b r y o s  of a n0n- 
p h o s p h o r y l a t i n g  b r e a k d o w n  of  t h e  g lyc ides  a n d  the 
s e p a r a t i o n  of t h e  e n z y m a t i c  s y s t e m  p r o v o k i n g  i t  ir0m 
t h e  one  p r o v o k i n g  t h e  g lycolys is  p r e c e d e d  b y  t h e  ph0s- 
p h o r y l a t i o n .  B y  r e p e a t e d  e x t r a c t i o n s  w i t h  R i n g e r  solu- 
t i o n  of 7 -8  d a y s  o ld  c h i c k e n  e m b r y o  we could  easily 
r e m o v e  f r o m  t h e  t i s sue  t h e  e n z y m e s  c a t a l y s i n g  the 
p rocess  of p h o s p h o r y l a t i n g  glycolys is .  On  t h e  contrary 
a n o t h e r  e n z y m a t i c  s y s t e m ,  eas i ly  f o r m i n g  lac t i c  acid 
f r o m  glucose  (Tab le  I) r e s i s t ed  t h e  e x t r a c t i o n .  

Table I 

Formation of lactic acid from glucose. Reaction mixture: 1 g embryo 
aftcr the extraction; 5 ml Ringer's-bicarbonate solution; 25 mg 

glucose. 

Added substances 

GlUCOSe . . . .  

mg of total lactic acid 
Exp. I Exp. II Mean mg 

0,22 0.24 0.23 
2.94 2.94 2.94 

mg of 
formed 

lactic ae d 

2.7I 

M o r e o v e r  t h e  f o r m a t i o n  of l ac t i c  ac id  f r o m  glucose is 
n o t  m o d i f i e d  b y  t h e  p r e s e n c e  of  D P N ,  A T P  a n d  HDP 
( t ab l e  I I ) .  

Table I I  

Action of DPN, ATP, HDP on the formation of lactic acid from glu- 
cose. Reaction mixture: 1 g embryo after the extraction; 5 ml 
Ringer's-bicarbonate solution; 0.25 ml, 0.1 mol phosphates; 25 mg 

glucose. 

Added substances mg of total lactic acid ] mg of Mean mg formed 

I lactic acid 

Glucose . . . .  
Glucose + 2.5 mg 
DPN + 4 mg 
ATP + 0.1 mg 
H D P  

Exp. I I Exp. II  

0,27 0.28 
2,04 2-01 

2.06 1-94 

0.27 
2.02 

2.00 

1.75 

1"73 
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Also adenos in t r i phospha t a se  (ATP-ase)  has  no impor -  
tance for t h e  gtycolysis  of  t h e  e x t r a c t e d  e m b r y o n i c  
tissue. Though  m o s t  of th is  enzymes ,  as MEYERIIOF and  
WILSO~ a f f i rmed  ~, is t r ans fe r red  to  t he  so lu t ion  used for 
the ext rac t ion ,  a p a r t  of i t  r emains  in t he  t issue and,  
in contrast  to  t h e  one t r ans fe r red  to  t he  e x t r a c t  *, is 
strongly i nh ib i t ed  by  to luene ,  sod ium azide,  d igi tonin ,  
not so s t rong ly  by  oc ty l  a lcohol  (Table  I I I ) ,  t hus  r ema in -  
ing an analogous  i n h i b i t i o n  of t he  e n z y m e  of homo-  
genates of t u m o r a l  t issue (MEYERHOF and  WILSON) 3. 

Table H I  
Inhibition of the ATP-ase of the embryo with toluene, oetyl alcohol, 
sodium azide, and digitonin, after the extraction. Reaction mixture: 
50 mg embryonic tissue after the extraction; 0.6 ml, 0.5 tool diethyl- 
barbiturate PH 7-4; 0.~2 ml, 0.04 tool CaCI~; 0'6 ml, 0.013 tool ATP 

PH 7-4 and 0.8 ml H~O. 

Concen- Inorganic P Inhibition 
Inhibitory substances tration splitt off % 

Toluene 
Octyl alcohol . . . 
Natrium azide . . . 
Digitonin 

D 

saturated 
saturated 

0.2 % 
0.12% 

39"4 
9'4 

26.2 
16.9 
16.9 

76 
33 
57 
57 

The A T P - a s e  inh ib i t ion  p r o v o k e d  by  the  above  
mentioned na rco t i ca  does no t  p rovoke  glycolysis .  On 
the contrary,  as one  of  us could  p rev ious ly  observe  (CA- 
FIERO*) in t h e  brain ,  a comple t e  abo l i t ion  of t he  glycolysis  
is induced by  to luene  and  oc ty l  alcohol ,  pa r t i a l  abo l i t ion  
by digitonin : sod ium azide  has  no act ion.  

Similar to  ATP-ase ,  t he  pherase  hexok inase  seems to 
be impor tan t  for a s a t i s f ac to ry  d e v e l o p m e n t  of t he  
phosphorylating glycolysis  in t he  t i s sue  h o m o g e n a t e s  ~. 
Addition of hexok inase  to  t he  e x p e r i m e n t a l  s y s t e m  
employed b o t h  in p~esence and  absence  of  D P N ,  A T P ,  
HDP, does n o t  m o d i f y  a t  all  t he  speed of t h e  process.  

Therefore i t  appea r s  t h a t  7-8  days  o ld  ch icken  em-  
bryos, a f te r  r e p e a t e d  e x t r a c t i o n  w i t h  R i n g e r ' s  solut ion,  
form lact ic  acid  f rom glucose, fol lowing a rou t e  which  is 
different f rom the  one of  the  phosphory l a t i on  cycle  or  
for which, a t  least ,  i t  is imposs ib le  to  acknowledge  the  
reactions of t h a t  cycle.  As  poss ib ly  t he  non -phospho ry -  
lating glycolysis  of  t he  e x t r a c t e d  e m b r y o n i c  t i ssue  
depends on ly  on t h e  d i f f i cu l ty  of  e q u i l i b r i u m  a m o n g  the  
cellular enzymes  p r o v o k e d  b y  t h e  ex t r ac t i on ,  we c a n n o t  
affirm t h a t  in t he  h e a l t h y  e m b r y o  a n o n - p h o s p h o r y -  
lating rou te  Of t he  glycolysis  is a c c o m p a n i e d  b y  the  
phosphorylat ing one. 

E x p e r i m e n t a l . - 7 - 8  d a y  old embryos ,  o b t a i n e d  by  the  
incubation of eggs of  Leghorn  hens  in an  e lec t r ic  incu-  
bator, were qu i ck ly  i so la ted  f r o m  t h e i r  annexes  and  
reduced in an  fine e x t r a c t  in a m o r t a r  to  0°C.  Shor t ly  
afterward an e x t r a c t  was ob t a ined  w i t h  the  add i t i on  
of 5 par ts  of R inge r ' s  so lu t ion  cooled to  0°C, s t i r r ing  
continually for 20 rain,, each  t i m e  t h e n  cen t r i fug ing  and  

1 o. MEVERHOF and J. R. WILSON, Arch. Biochem. 23, ~46 (1949). 
2 O. MEYERHOF and J. R. ~*VILso~, Arch. Biochem. 21, 1 (1949}. 
s H. IAEB and M. K. ZACHERL, Z. physiol. Chem. 21I, 2t i  (1932). 
4 F. P. MAZZA and C. L~NTI, Arch. Sc. Biol. 24, 203 (1938); 2~, 

447 (1939) ; 28, 245 (1942). - C. LENTI and M. FUORTES, Atti Acc. Sci. 
Torino 73, 228 (1937-1938). - C. LENTI and N. BARGONI, Arch. Med. 
sper. 15, 71 (1944). - C. LEtCTI, Boll. Soc. ita]. Biol. sper. 20, 530 
(1945); Rend. Ace. Naz. Lintel ~, 519 (1948). - M. CAFIERO, Boll. 
Soe. ital. Biol. sper. 25, t~265 (1949). 

$ O. MEYERHOF and J. R. WILSON, Arch. Biochem; 23, 2A6 (1949); 
21, 1 (1949). 

d e c a n t i n g  the  solut ion.  E q u a l  a m o u n t s  of  t he  ex t r ac t s  
were  q u i c k l y  we ighed  and  p laced  in large  conica l  Bar -  
c r o f t - W a r b u r g  flask, suppl ied  w i t h  a l a t e r a l  d iver t i -  
cu lum.  5 ml  of R inge r ' s  solut ion wi th  the  add i t i on  of 
0'03 mol  N a H C O  3 and e v e n t u a l l y  of the  t e s t i ng  sub-  
s t ra tes  were  added.  The  reac t ion  mix tu re s  were  sa tu-  
r a t ed  dur ing  15 rain. w i t h  a N~ cur ren t ,  con t a in ing  5 % 
CO, and  p u t  in a t h e r m o s t a t  a t  37~C dur ing  3 hours .  
T h e  pH of t he  r eac t ion  m i x t u r e  was 7.4--7.5.  T h e  
d e t e r m i n a t i o n s  of lac t ic  acid were  ob t a ined  using m e t h o d  
and  a p p a r a t u s  of  LmB and  ZACHI~RL 1 a f t e r  depro te in -  
i sa t ion  of the  samples  accord ing  to FOLIN and  W u  and 
a f te r  r e m o v a l  of glycides by  the  cup roca l c ium prec ip i ta -  
t ion.  The  a c t i v i t y  of t he  A T P - a s e  was d e t e r m i n e d  ac- 
cord ing  to  D u  BOlS and  POTTER% 

D P N  was a p r o d u c t  of N u t r i t i o n a l  Biochem.  Co. and  
A T P  of S i g m a  Chem. Co. H e x o k i n a s e  was p r epa red  ac- 
co rd ing  to  MEYERttOF'S m e t h o d  s. 

C. LENTI and  M. CAFIERO 

D e p a r t m e n t  of Bio logica l  Chemis t ry ,  U n i v e r s i t y  of 
T u r i n  (I taly) ,  A u g u s t  17, 1950. 

Z u s a m m e n ] a s s u n g  

I n  m i t  R inge r lSsung  e rha l t enen  E x t r a k t e n  aus 7 -8  
Tage  a l i en  H i i h n e r e m b r y o n e n  b i lde t  sich anae rob io t i sch  
aus Glukose  ]Y[ilchsXure, und  zwar  gleichgt i l t ig  ob D P N ,  
A T P  oder  H D P  v o r h a n d e n  ist  oder  n icht .  Diese R e a k -  
t ion  wi rd  d u t c h  To luo l  und  Ok ty l a lkoho l  v o l l s t ~ n d i g  
und  durch  D ig i ton in  te i lweise  g e h e m m t .  N a t r i u m a z i d  
ist  dagegen  ohne  W i r k u n g .  Beigef t ig te  H e x o k i n a s e  be- 
e inf luBt  den V o r g a n g  n ich t .  Die  AT]?-ase des ex t r a -  
h i e r t en  e m b r y o n a l e n  Gewebes  wird  du rch  Toluol ,  O k t y l -  
a lkohol ,  N a t r i u m a z i d  und  D!g i ton in  deu t l i ch  g e h e m m t .  

1 H. LIEB and M. K. ZACHERL, Z. physiol. Chem. 211, 211 (1932). 
2 K. P. Du Bins and V. R. POTTER, J. Biol. Chem. 1~0, 185 (1943). 
3 0 .  MEYERHOF~ Biochem. Z. 183, 176 (1927). 

Foamproduct ion of B loodserum and the 
Relation to its  Proteincontent  

B l o o d s e r u m  as a col loidal  p ro t e in so lu t i on  produces  
f o a m  unde r  ce r t a in  condi t ions .  T h e  a m o u n t  of f o a m  
depends  on the  a m o u n t  of  s e r u m  appl ied.  H o w e v e r ,  b y  
us ing  e q u a l  q u a n t i t i e s  of  serum,  f o a m p r o d u c t i o n  is in 
d i r ec t  r e la t ion  to  t he  p ro t e in  c o n t e n t  of t h e  blood.  I n  
o rder  to  w o r k  w i t h  a s t anda rd i zed  b u t  s imple  me thod ,  
t he  fo l lowing p rocedure  p r o v e d  t o  be  useful :  0.2 se rum 
d i lu ted  w i t h  5 cm ~ aqua desti l lata are  v igorous ly  shaken  
d u r i n g  20 seconds in a t e s t - t u b e  of 15 cm he igh t  and  
1.2 cm wid th .  T h e  size or  he igh t  of the  foam c o l u m n  is 
m e a s u r e d  a f t e r  i 0  and  20 minu tes .  The  t o t a l - p r o t e i n  
c o n t e n t  of t h e  s e rum was  d e t e r m i n e d  by  t h e  m e t h o d s  
of CONVAY and  of KJELDHAL. The  resul t s  are i l lus t r a t ed  
by  f igure 1. The  m e t h o d  al lows on ly  a rough  e s t i m a t i o n  
which,  for p rac t i ca l  purposes  p r o v e d  to  be suff icient .  
A n o r m a l  t o t a l - p r o t e i n  c o n t e n t  of  t he  b lood b e t w e e n  
6.5 and  8.0 g %  cor responds  to  a foam c o l u m n  of 2.2 to  
2.8 cm he ight ,  a f t e r  10 minu t e s  (in f igure 1). A hypo-  
p r o t e i n e m i a  of 4 %  or  less p roduces  a foam c o l u m n  of 
a b o u t  1.5 cm.  (I, a case of po r t a l  hype r t ens ion  w i t h  
to ta l -p ro te in ' .3 .6  g%.~ 'A h y p e r p r o t e i n e m i a  of 9 or  11 or  
more  g %  bui lds  a fo~m of 3.5 to  4.0 cm. ( I I I ,  a c a s e  of 
m u l t i p l e  m y e l o m a ,  t o t a l -p ro t e in  12 g%.)  
' I n  order  to d e t e r m i n e  the  role which  the  three  d i f ferent  

p ro t e in  cons t i t uen t s  p l a y  in f o a m  produc t ion ,  exper i -  
m e n t s  were  ca r r i ed  ou t  w i th  f ibr inogen,  w i th  globul ins ,  
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