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Phosphopeptides in the lactating mammary gland 

The  presence of free phosphopep t ides  in milk has  been d e m o n s t r a t e d  by \:AN THOM AND P~N 1,2 
who  h a v e  also ob ta ined  evidence for the  b iosyn thes i s  of such  pept ides  b rough t  abou t  in vitro 
by  h o m o g e n a t e s  of sheep  udder .  The  ident i f icat ion of phosphoser ine  as a cons t i t uen t  of these  
b iosyn the t i c  pept ides  focuses a t t en t i on  on the  role of th i s  subs t ance  as an  in t e rmed ia t e  in phospho-  
pro te in  syn thes i s .  In  a s t u d y  of the  occurrence  of phosphoser ine  in m a m m a r y  t issues,  carried 
ou t  in th i s  l abora tory ,  it  h a s  been observed  t h a t  the  l ac ta t ing  m a m m a r y  g land  of rat ,  while 
con ta in ing  no de tec tab le  a m o u n t  of th is  ami no  acid, does, however,  con ta in  t race  a m o u n t s  of 
phosphopep t ides ,  t he  ut i l iza t ion of which  m i g h t  well represent  an  i m p o r t a n t  p a t h w a y  for tile 
b iosyn thes i s  of casein.  

M a m m a r y  g lands  r emoved  f rom rats ,  14 days  af ter  par tu r i t ion ,  were homogen ized  in the  
cold wi th  5 vol. 2.5 90 KC1 in a \Var ing  blendor.  The  h o m o g e n a t e  was  t rea ted  i m m e d i a t e l y  wi th  
t r ichloroacet ic  acid to 2.5 o//o final concent ra t ion .  All the  opera t ions  were carr ied ou t  in t he  cold 
to min imize  pro teo ly t ic  ac t iv i ty .  The  deproteinized sample  was filtered, and  the  clear fi l trate 
r epea ted ly  ex t r ac t ed  wi th  e the r  to r emove  excess t r ichloroacet ic  acid. A n y  free inorganic  phos-  
p h a t e  p re sen t  was  r e m o v e d  as m a g n e s i u m  a m m o n i u m  phospha te .  The  neut ra l ized  solut ion was  
t h e n  t r ea ted  wi th  b a r i u m  ace ta te  followed by  alcohol to 50 % concent ra t ion .  Af ter  al lowing to 
s t a n d  ove rn igh t  in t he  cold, t he  prec ip i ta te  t h a t  separa ted  was cent r i fuged  off, d issolved in water ,  
filtered, and  reprec ip i ta ted  as before. The  b a r i u m  sal ts  of p h o s p h a t e  esters  were washed  2 -  3 t inles  
wi th  5 o %  alcohol, and  t h e n  decomposed  by  the  q u a n t i t a t i v e  add i t ion  of H2SO 4. The  BaSOt  
was cen t r i fuged  off, and  t he  s u p e r n a t a n t  concen t ra t ed  to d ryness  in vacuo. 

The  solids were ana lysed  by  ascend ing  pape r  c h r o m a t o g r a p h y  wi th  n -bu t ano l :  glacial acetic 
a c i d : w a t e r  (4 :1 :5)  as solvent .  Sp ray ing  wi th  n i n h y d r i n  revealed four  d is t inc t  spots  a t  R F 0.07, 
o.16, o.27 and  0.32. The  m e t h o d  of MANES AND ISHERWOOD 3 was  employed  to de tec t  p h o s p h a t e  
on  t he  paper .  W i t h  t he  m o l y b d a t e  reagent ,  th ree  blue spo t s  were visible, two coinciding wi th  the  
n i n h y d r i n  spo t s  of R F 0.27 and  0.32, while t he  th i rd  blue spo t  which  had  the  h ighes t  RF, was  
found  to be ne i ther  a pept ide  nor  an  ami no  acid. 

For  charac te r iza t ion  of t he  ind iv idua l  spots,  t he  c h r o m a t o g r a m  was  r u n  for 48 h to get  a 
clearer  separa t ion ,  according to the  t echn ique  of RADHAKRISHNAMURTY AND SARMA 4. W i t h  the  
a id  of guide  strips,  the  spo t s  were cu t  out ,  e lu ted  wi th  water ,  hyd ro lysed  wi th  2 N HC1 in sealed 
t u b e s  a t  i I o ° C  for 20 h, a n d  ana lysed  for the  cons t i t uen t  amino  acids by  ascend ing  ch roma to -  
g r a p h y  us ing  n -bu t ano l : g l ac i a l  acetic a c i d : w a t e r  (4:1:5)  as solvent .  All the  four  pept ides  were 
found  to con ta in  the  s ame  a m i n o  acids, via. isoleucine (and/or  leucine, since bo th  have  the  same  
R F in th i s  sys t em) ,  valine,  proline, alanine,  threonine ,  serine and  g lu t amic  acid. Phosphoser ine*  
was  de tec ted  on t he  pape r  a t  R F o.15 in the  hyd ro l y sa t e s  of the  two fas ter  m o v i n g  pept ides ,  
u s ing  t he  HANES AND ISHERWOOD techn ique  3. 

An  inc identa l  obse rva t ion  of in te res t  was the  closely s imilar  amino  acid p a t t e r n  g iven  by  
casein  p h o s p h o p e p t o n e  p repared  by  the  pro teo ly t ic  deg rada t ion  of casein. The  condi t ions  of t he  
e x p e r i m e n t s  for the  isolat ion of t he  m a m m a r y  gland pept ides  were such as to rule ou t  the  possi- 
bi l i ty  of these  ar is ing as a resul t  of the  proteoly t ic  ac t ion  of the  m a m m a r y  gland.  The  close 
s imi la r i ty  in amino  acid compos i t ion  of these  phosphopep t ides  raises the  ques t ion  of thei r  role 
in the  b iosyn thes i s  of casein. Whi le  the  absence  of a p h o s p h o r y l a t i n g  e n z y m e  s y s t e m  for serine 
in t he  m a m m a r y  g land  5 is sugges t ive  of the  impor t ance  of phosphopep t ide  as in t e rmed ia t e  in 
case in  synthes i s ,  t he  possibi l i ty  of phosphoser ine  fo rma t ion  f rom c o m p o u n d s  o ther  t h a n  serine, 
c a n n o t  be ruled out6, 7. A deta i led  s t u d y  of the  occurrence and  b iosyn thes i s  of these  phospho-  
pept ides  in t he  m a m m a r y  g land  wi th  a v iew to ob ta in ing  in fo rmat ion  regard ing  t he  metabol ic  
roles of these  pept ides  is in progress  and  will be repor ted  in detai l  elsewhere.  
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* O-Phosphose r ine  was  a generous  gif t  of California F o u n d a t i o n  for Biochemica l  Research,  
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