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A New Method for the Synthes is  of Serine Ethanolamine Phosphate  

Ser ine  e t h a n o l a m i n e  p h o s p h a t e  (SEP)  is a n a t u r a l l y  
occur r ing  phosphod ie s t e r .  T h e  L-s tereoisomer  is found  in 
t he  t i ssues  of fish, a m p h i b i a n s ,  rep t i l es  a n d  birdsX,2; t h e  
D-form is f o u n d  on ly  in e a r t h w o r m s  a. A l t h o u g h  t h e  bio-  
syn thes i s*  a n d  d e g r a d a t i o n  5 of L - S E P  h a v e  been  de-  
sc r ibed  in detai l ,  i t s  b iological  f u n c t i o n  is sti l l  u n k n o w n .  
Since m e t a b o l i c  s tud ies  of th i s  c o m p o u n d  are  l ikely to  
i nvo lve  labe l led  ma te r i a l ,  a m e t h o d  for t he  p r e p a r a t i o n  of 
sma l l  q u a n t i t i e s  ( a b o u t  0.1 mmoles )  of c a r b o n -  or  phos -  
pho rus - l abe l l ed  S E P  was  deve loped ,  a n d  t h e  de ta i l s  a re  
desc r ibed  in t h i s  c o m m u n i c a t i o n .  

The  on ly  p rev ious ly  desc r ibed  m e t h o d  is t h a t  of JONES 
a n d  LIPKIN 6, w h i c h  invo lves  t he  s e q u e n t i a l  r e ac t i on  of 
N - c a r b o b e n z o x y s e r i n e  b e n z y l  es te r  a n d  N - c a r b o b e n z o x y -  
e t h a n o l a m i n e  w i t h  p h e n y l p h o s p h o r o d i c h l o r i d a t e ,  fol- 
lowed b y  t h e  r e m o v a l  of t h e  p r o t e c t i n g  groups .  A scaled  
d o w n  mod i f i ca t i on  of th i s  was  used  b y  PORCELLATI a n d  
SIMONClNI7 for  t h e  p r e p a r a t i o n  of ~x~C]SEP a n d  re l a t ed  
c o m p o u n d s .  Gene ra l l y  app l i cab le  m e t h o d s  for t he  syn-  
thes i s  of p h o s p h o d i e s t e r s  h a v e  been  desc r ibed  b y  CRAMER 
e t  al. s, a n d  b y  KAMPE s. 

The  s imple  p r o c e d u r e  desc r ibed  in th i s  c o m m u n i c a t i o n  
invo lves  t he  r eac t ion  in aqueous  so lu t ion  of e t h y l e n e i m i n e  
w i t h  ser ine  p h o s p h a t e  to  p roduce  ser ine  e t h a n o l a m i n e  
p h o s p h a t e .  T h e  s y n t h e s i s  is s imi la r  to  t h a t  of C D P -  
e t h a n o l a m i n e  f rom C D P  a n d  e t h y l e n e i m i n e  10 

A p a r t  f rom i ts  s impl ic i ty ,  t h i s  m e t h o d  ha s  t h e  a d v a n -  
tage  t h a t  i t  is well  su i t ed  to  t he  smal l  scale necessa ry  in 
t h e  p r e p a r a t i o n  of r a d i o a c t i v e  c o m p o u n d s ;  a r ea sonab le  
yie ld  is o b t a i n e d  w i t h o u t  recourse  to  p r o t e c t i v e  groups,  
a n d  m o s t  of t h e  u n r e a c t e d  label led  ser ine  p h o s p h a t e  c a n  
be  recovered .  

Labe l l ed  L-serine p h o s p h a t e  was p r e p a r e d  b y  t h e  
m e t h o d  of NEUHAUS a n d  BYRNE n us ing  e i t he r  [32P]POCls 
or  L-[3-14C]serine a n d  t he  a p p r o p r i a t e  un labe l l ed  com- 
pound .  T h e  yield in  t e r m s  of ser ine  was  60%.  I n  a t y p i c a l  
e x p e r i m e n t  0.05 ml  (1000 / ,moles) of e t h y t e n e i m i n e  was 
a d d e d  to  a n  aqueous  so lu t ion  c o n t a i n i n g  30 /~moles of 
labe l led  L-serine p h o s p h a t e ,  t h e  p H  was  a d j u s t e d  to  7.0 
w i t h  ace t ic  acid a n d  t he  v o l u m e  a d j u s t e d  to  10 ml. The  
r eac t i on  m i x t u r e  was  i n c u b a t e d  a t  45 °C for 17 h a n d  t h e n  
c o n c e n t r a t e d  u n d e r  r educed  p ressu re  on  a r o t a r y  evapo-  
r a to r .  T h e  c o m p l e t e  m i x t u r e  was app l i ed  to  a 45 c m  wide 
shee t  of W h a t m a n  3 MM p a p e r  a n d  e lec t rophores i s  was  
car r ied  o u t  a t  p H  2.0 in a cooled p l a t e  a p p a r a t u s  12 for 
45 ra in  u n d e r  a vo l t age  g r a d i e n t  of 100 V/cm.  T h e  bu t f e r  
used c o n t a i n e d  12.4 ml  of 98% formic  acid a n d  43.5 ml  
of g lacia l  acet ic  acid/1. T h e  p a p e r  was  dr ied  in a n  a i r  
s t r e a m  a n d  t h e n  a u t o r a d i o g r a p h e d .  T h e  s e p a r a t i o n  of 
S E P  f rom ser ine  p h o s p h a t e  a n d  va r ious  b y - p r o d u c t s  was  
comple te ,  I n  th i s  s y s t e m  S E P  m o v e d  t o w a r d s  t h e  
c a t h o d e  w i t h  a n  Ralanine of 0.38 (where  a l a n i n e -  1.0), 
whe reas  ser ine  p h o s p h a t e  m o v e d  in t h e  d i r ec t i on  of t h e  
anode .  S E P  a n d  ser ine  p h o s p h a t e  were  e lu t ed  f rom t h e  
paper ,  a n d  t he  recover ies  d e t e r m i n e d  b y  m e a s u r i n g  rad io-  
ac t iv i ty .  The  yield of L - S E P  was 17% f rom ser ine  phos-  
pha t e ,  a n d  t h e  r ecove ry  of ser ine p h o s p h a t e  was 35%.  
T h e  i d e n t i t y  of L - S E P  was  e s t ab l i shed  f i rs t ly  b y  m e a n s  of 
c o - c h r o m a t o g r a p h y  in  a n u m b e r  of so lven t s  w i t h  n a t u r a l  
L - S E P ;  a n d  second ly  b y  t h e  c h r o m a t o g r a p h i c  ident i f ica-  
t i on  of ser ine  a n d  e t h a n o l a m i n e  p h o s p h a t e  p r o d u c e d  b y  
t h e  ac t ion  of a specific S E P - d i e s t e r a s e  s on  the  s y n t h e t i c  
c o m p o u n d .  

R e l a t e d  p h o s p h o d i e s t e r s  were  f o r m e d  b y  t h e  r eac t i on  
of e t h y t e n e i m i n e  w i t h  a l a n i n e  p h o s p h o n a t e  ( the  phos -  
phon ic  ana logue  of ser ine phos pha t e ) ,  t h r e o n i n e  p h o s p h a t e  
( t h r eon ine  e t h a n o l a m i n e  p h o s p h a t e  occurs  in f ish 13), a n d  
t he  d ipep t ide  phosphose r y l va l i ne .  

A p a r t  f rom the  usefulness  of th i s  p rocedu re  for t he  
p r o d u c t i o n  of label led  phosphod ies t e r s ,  t he  r eac t ion  be- 
t w e e n  ser ine  p h o s p h a t e  a n d  e t h y l e n e i m i n e  m a y  be  of 
i m p o r t a n c e  in t h e  field of p ro t e in  c h e m i s t r y ,  liAFTERY 
a n d  COLE 14, in a mod i f i ca t i on  of I,INDLEY'S p r o c e d u r e  15, 
showed  t h a t  e t h y l e n e i m i n e  was capab l e  of c o n v e r t i n g  t he  
cys te ine  res idues  of p ro t e in s  to  S- f l -aminoe thy lcys te ine .  
The  r e su l t i ng  a m i n o  acid is a lysine ana logue  a n d  b o n d s  
a d j a c e n t  to  i t  a re  c l eaved  b y  t ryps in .  I t  was  also s h o w n  
t h a t  cys t e ine  was t h e  on ly  a m i n o  acid n o r m a l l y  found  in 
p ro t e in s  wh ich  reac ted  w i t h  e t h y l e n e i m i n e  a n d  f rom th i s  
t he  a u t h o r s  conc luded  t h a t  t he  r eac t ion  was specific for 
cys te ine  res idues  of p ro te ins .  I n  th i s  c o m m u n i c a t i o n  I 
h a v e  s h o w n  t h a t  ser ine  p h o s p h a t e ,  e i t he r  as a free anf ino  
acid or  c o m b i n e d  in a d ipep t ide ,  r eac t s  w i t h  e t h y l e n e -  
imine,  i t  is t he re fo re  p r o b a b l e  t h a t  t he re  will be  some re- 
ac t ion  b e t w e e n  e t h y l e n e i m i n e  a n d  ser ine  p h o s p h a t e  resi- 
dues  in  p ro t e in s  (pe rhaps  p a r t i c u l a r l y  in t h e  ' a c t i ve  
c e n t r e '  of enzymes) .  I found  t h a t  a m i n o e t h y l a t e d  phos-  
p h o s e r y l v a l i n e  was n o t  c l eaved  b y  t ryps in ,  so i t  is l ike ly  
t h a t  such  b o n d s  in p ro t e in s  would  be  s imi la r ly  r e s i s t an t .  
The re fo re  t he  t r e a t m e n t  of p h o s p h o p r o t e i n s  w i t h  e thy l -  
ene imine  if followed b y  t r y p t i c  d iges t ion,  is l ikely to cause  
changes  in e l ec t rophore t i c  a n d  c h r o m a t o g r a p h i c  p roper -  
t ies  of t he  r e s u l t a n t  pept ides .  Th i s  would  be  due  no t  on ly  
to  t h e  expec t ed  c l eavage  fol lowing a m i n o e t h y l a t i o n  of 
cys te ine  residues,  b u t  also to  a cons ide rab le  c h a n g e  in 
cha rge  b r o u g h t  a b o u t  by  t he  conve r s ion  of h igh ly  acidic  
ser ine  p h o s p h a t e  res idues  to  n e u t r a l  S E P - r e s i d u e s  1~. 

Zusammenfassung. E i n e  e in fache  neue  M e t h o d e  fiir die 
H e r s t e l l u n g  v o n  S e r i n e - . ' 4 t h a n o l a m i n - P h o s p h a t ,  e inem 
na t i i r l i chen  PhosphorsAured ies te r ,  wird  en twicke l t .  Sic 
b e n i i t z t  die E i n w i r k u n g  yon  di . thelinimin au f  Serine-  
p h o s p h a t  u n d  e igne t  s ich besonde r s  ffir die H e r s t e l l u n g  
von  k le ine ren  Mengen  r a d i o a k t i v e r  V e r b i n d u n g e n .  Auf  
eine m6gl iche  ~hnl iche  R e a k t i o n  zwischen ~ t h e l i n i m i n  
und  de r  S e r i n e p h o s p h a t g r u p p e  v o n  P r o t e i n e n  wi rd  h in-  
gewiesen. 
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