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In  a search  for fac tors  which  m i g h t  fo rm a pa r t  of the  a p p a r a t u s  by  which  amino  acids  are  
t ransfe r red  into cells aga ins t  concen t r a t ion  gradients ,  pyr idoxa l  ha s  been tes ted  on the  Ehr l i ch  m o u s e -  
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Fig. I. Effect  of added  pyr idoxa l  upon  t he  accumul a -  
t ion  of glycine b y  t he  t u m o r  cell. Glycine added,  2 
micromoles  per  ml  of suspens ion .  I n c u b a t i o n  t ime,  one 
hour .  The  d i s t r ibu t ion  ra t io  is t he  ra t io  of t he  cellular  
glycine level to t he  ex t race l lu la r  level, each  expressed  
in miUimoles per  k i log ram of water .  T h e  average  va lue  
for the  cont ro ls  was  12.5. Re la t ive  d i s t r ibu t ion  ra t io  = 
ioo × (d is t r ibut ion ra t io  in t he  presence  of added  
pyr idoxa l /d i s t r ibu t ion  ra t io  in the  absence  of added  

pyr idoxal ) .  

asci tes  c a r c inoma  cell. In  spite of t he  
very  s t rong  concen t r a t i ve  ac t iv i ty  which  
these  cells a l ready  show, the  add i t ion  of 
pyr idoxa l  a t  appropr ia t e  levels increased 
by  65 to 75 % the  e x t e n t  to which  t h e y  
a c c u n m l a t e d  glycine (Fig. i). At  h igher  
levels py r idoxa l  became  inhibi tory .  The  
s t i m u l a t i n g  effect ha s  been  ob ta ined  al- 
m o s t  equal ly  wi th  cells f rom mice on s tock  
diets,  and  on pyr idoxine-def ic ien t  and  
pyr idoxine-for t i f ied  diets.  E v e n  pre incu-  
ba t ion  of the  ascit ic  fluid-cell suspens ion  
for an  hou r  in t he  presence  of 0. 5 milli- 
molar  py r idoxa l  did no t  abol ish  a subse-  
q u e n t  s t i m u l a t i n g  effect of pyr idoxa l  
w h e n  t he  ascit ic p l a s m a  was  replaced by  
Krebs '  R inge r -b i ca rbona t e  solut ion.  Ap-  
p a r e n t l y  w h a t  p roduces  t he  s t i m u l a t i o n  is 
a definite level of t he  py r idoxa l  in t he  
ex t race l lu la r  phase .  A molecule-for-mole-  
cule en t r ance  of py r idoxa l  and  a m i n o  
acid into t he  cell t oge the r  is no t  t he  
exp lana t ion ,  s ince w h e n  glycine was  added  
a t  a 25 mi l l imolar  level the  n u m b e r  of 
mic romoles  of ex t r a  glycine en te r ing  t he  
cells was  five t imes  as g rea t  as the  to ta l  
q u a n t i t y  of py r idoxa l  added.  

Py r idoxa l  p h o s p h a t e  was  if a n y t h i n g  
less effective t h a n  pyr idoxa l  in t he  above  
respect .  No s t i m u l a t i n g  effect of py r idox-  
amine ,  pyr idoxine ,  r iboflavin,  t h i amine ,  
n iac in  or p a n t o t h e n i c  acid could be detec t -  
ed. The  concen t r a t i on  of L-a, ~,-diamino- 
bu ty r i c  acid by  t he  cells was  also s t imu-  
lated.  

M E T H O D S  

The  cells f rom 2 ml  of ascit ic fluid, f reshly collected, were r e suspended  in 2 ml  of Krebs '  R inger  
b ica rbona te  solut ion con ta in ing  pyr idoxal ,  and  also glycine a t  two to 3o mi l l imolar  concen t r a t i on  
(two mil l imolar  in t he  e x p e r i m e n t s  of Fig. i). The  condi t ions  of incuba t ion ,  cen t r i fuga t ion  and  
ana lys i s  have  a l r eady  been described 1. 

D I S C U S S I O N  

In  i ts  coenzyme  func t ion  pyr idoxa l  p h o s p h a t e  is considered to  become l inked to t he  a m i n o  
group of the  a m i n o  acid, p e r h a p s  to form an  N-pyr idoxy l idene  der iva t ive .  The  s u b s e q u e n t  reac t ion  

* This  inves t iga t ion  ha s  been suppor t ed  in pa r t  by  a g r a n t  (No. C-I268) f rom the  Na t iona l  Cancer  
Ins t i tu te ,  Na t iona l  I n s t i t u t e s  of Hea l th ,  Un i t ed  S ta tes  Publ ic  H e a l t h  Service. 
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in a few cases occurs at a fairly remote point  in the molecule ~-a. Therefore it seems likely tha t  the  
formation of such derivatives may  be a fairly general way  by which amino acids are "g rasped" ,  
perhaps  for t ranslocat ion as well as for s t ruc tura l  modification. 

Apparent ly  it is the s imul taneous  presence of the amino acid and a definite level of pyridoxal  
in the extracellular fluid, r a the r  t han  an adequate  cellular supply of pyridoxal,  which brings about  
the st imulation.  One of the requirements  of the "carr ier"  hyl)othesis of active t ranspor t  (see for 
~Xallil)[e ]{OSgNklb;R(; Ij} iS that  the carrier must I~: ul;,intaitwd at a hi.~her cq,ltCelltr~ttioll iJt ttne IJlltel 
than at the innt:'r limit ,,1" tht ~ Ilit!lllbl'~illt~ }lhilsc. 

R E F E R E N C E S  

1 H. N. CHRISTENSEN AND T. R. RinGs, J,  Biol. Chem., 194 (1952) 57. 
2 W. W. UMBREIT, W. A. W o o d  AND I. C. GUNSALUS, J.  Biol. Chem., 165 (1946) 731. 
3 C. E. DALGLIESH, W. E. KNOX AND A. NEUBERGER, Nature, 168 (195 o) 20. 
4 F. BINKLEY, G. M. CHRISTENSEN AND W. N. JENSEN, J.  Biol. Chem., 194 (1952) lO9. 
5 E. V. GORYACHENKOVA, Doklady Akad. Nauk.  S .S .S .R. ,  85 (1952) 603. 

T. ROSENBERG, ,4cta Chem. Scan&, 2 (1948) 14. 
Received April I5 th  , 1953 

BIOSYNTHESIS OF MILK PROTEINS IN TH E FASTING GOAT 

by 

B. A. ASKONAS AND P. N. CAMPBELL 

National lnstitule /or Medical Research, Mi l l  Hill,  London, N . W .  7 (England) 

Est imat ions  of the am oun t  of amino acid taken up by  the m a m m a r y  gland based on arterio- 
venous differences have suggested tha t  the free amino acids of the blood could not  be the major  
precursors  of the milk proteins since they  accounted for less than  4 o %  of the milk protein (SHAW 
AND PETERSON1). According to GRAHAM et al3 milk protein  nitrogen is chiefly derived from blood 
globulin, and REINEKE et al. a observed tha t  the m a m m a r y  gland of lactating goats removed a glyco- 
protein fraction from the blood. Recent studies with in t ravenously  injected labelled amino acids. 
however, have shown tha t  in rabbi t  (CAMPBELL AND WORK S) as well as in goat (BARRY 5, WORK et al. 6, 
ASKONAS et al. 7) the isolated whey and casein proteins showed higher radioactivi ty than  the p lasma 
proteins. This suggested tha t  the free amino acids of the blood represented the major  precursors  of 
the milk proteins.  The apparen t  contradict ion between these two sets of results may  be a t t r ibuted  
to the difficulty of determining the blood flow and small differences in the amino-acid levels in 
ar ter io-venous balance exper iments  (FOLLI~YS). 

REINEKE et al. 3 claimed from arterio-venous balance experiments  tha t  in the fast ing goat there 
was no uptake  of amino acids by  the m a m m a r y  gland in spite of the continued secretion of milk. 
This has been taken to indicate tha t  the blood amino acids are not  essential for the synthesis  of 
milk proteins. If  this were t rue it would indicate tha t  the mechanism for synthesis  of milk prote ins  
in the fasting animal was different from tha t  in the normal  animal. 

In  order to test  this possibility the following exper iments  were carried out  with a lactat ing goat. 
The goat was given approximate ly  5 °/*c.  of aSS-methionine (6 ing) by  in t ravenous  injection im- 
mediately after  milking dry, and the animal was milked at frequent  intervals during the following 
6 h. The milk proteins were fractionated into casein and wiley protein fractions (CAMPBELL AND 
WORK S) and the act ivi ty of the fractions determined. The exper iment  was then repeated on the 
same goat  after  it had been starved for 48 h prior to injection of the methionine.  Posterior p i tu i tary  
ext rac t  was used to ensure complete drainage of the gland at the last milking. 

The activities of the milk proteins from the two exper iments  are compared in the table. In  both 
the normal  and the fasting animal  the act ivi ty  of the milk proteins far exceeds tha t  of the plasma 
protein, suggesting tha t  in both  cases the mechanism of synthesis  was the same and therefore tha t  
the blood proteins are not  tim major  precursors  of the milk protein. I t  will be observed tha t  whereas 
in the control  animal  the radioact ivi ty of the milk proteins reached its m a x i m u m  value 13~ hours 
after tile injection of the a~S-methionine, in the fasting goat maximal  activity was longer delayed 


