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The enzymic equilibration of c-serine with O-phospho-L-serine 
P a r t i a l l y  purif ied enzyme  p r e p a r a t i o n s  from ra t  l iver  h a v e  been found to  c a t a l y s e  the  fol lowing 
reac t ions  : * 

i. P-L-serine --> L-serine + Pi 

2. P-D-ser ine-+  D-serine + PI 

3. P-L-serine + 3A~C-L-serine ~--3-14C-P-L-serine + L-serine 

These reac t ions  h a v e  also been obse rved  in the  i n d e p e n d e n t  s tud ies  of NEtJHAUS AND BYRNE, 
as r epor t ed  in  an  a c c o m p a n y i n g  c o m m u n i c a t i o n  1. 

The Michael is  c o n s t a n t  for P-L-serine in reac t ion  i is qu i t e  low ( a p p r o x i m a t e l y  IO 5 M) 
whi le  for P-D-serine in r eac t ion  2 i t  is cons ide rab ly  h igher  ( a p p r o x i m a t e l y  3" I ° -3  M). There  is 
an  abso lu te  r e q u i r e m e n t  for Mg ++ or o the r  d i v a l e n t  ca t ions  for all  th ree  react ions .  

The hyd ro ly s i s  of b o t h  P-L-serine and  P-D-serine is severe ly  i nh ib i t ed  by  L-serine, while  
c o m p a r a b l e  a m o u n t s  of D-serine are w i t h o u t  effect, as shown in Tab le  I. 

T A B L E  I 

ENZYMIC H Y D R O L Y S I S  OF O - P H O S P H O - L - S E R I N E  AND O - P H O S P H O - D - S E R I N E  

Substrates added P i released 
(pmole) 

I. 3 /~moles P-L-serine 0.32 
2. 3 / ,moles  P-L-serine + l /*mole L-serine o . I4  
3. 3 / ,moles  P-L-serine + I /*mole D-serine o.32 
4. 3 / ,moles  P-D-serine o.45 
5- 3 /*moles P-D-serine + i /*mole L-serine o.I5 
6. 3 #mole s  P-D-serine + 1 /*mole n-ser ine  o.46 

Each  t u b e  con t a ined  16 #mole s  MgC12, 20 /*moles t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ,  p H  7.5 
and  o.8 mg of r a t - l i ve r  e n z y m e  purif ied by  abso rp t ion  on ca lc ium p h o s p h a t e  gel and  e lu t ion  wi th  
0.5 M a m m o n i u m  sulfate .  The final vo lume  was  1.o ml and  the  i ncuba t ion  was  for i h a t  37 °. 

T A B L E  1I 

T H E  ENZYMIC E Q U I L I B R A T I O N  OF L - S E R I N E  WITH P - L - S E R I N E  

Percentage o[ 
Substra~es added radioactivity 

converted to 
P-serine 

Expt .  z 
1. 5 pmole s  P-L-serine + i #mole  3-14C-L-serine 31.5 
2. 5 [ tmoles P-L-serine + i / ,mole 3A4C-D-serine 1. 7 

Expt .  2 
1. 2 /*moles P-L-serine + 1 / ,mole 3-14C-DL-serine 19.1 
2. 2 pmole s  P-D-serine + i /*mole 3A4C-DL-serine o.61 

The  cond i t ions  of i n c u b a t i o n  were  as descr ibed  in Table  I. At  the  end of the  expe r imen t ,  each 
t u b e  was  boiled, the  p r o t e in  r e m o v e d  by  cen t r i fuga t ion ,  and  the  s u p e r n a t a n t  so lu t ion  concen t r a t ed  
unde r  a j e t  of air. The P-ser ine  f rac t ion  was  t h e n  s e p a r a t e d  f rom free ser ine by  c h r o m a t o g r a p h y  on 
paper ,  us ing  7 ° % e thano l  con ta in ing  0.02 M c i t r a t e  buffer, p H  4.8, as solvent .  The  spots  con t a in ing  
the  P-se r ine  and  ser ine were cut  ou t  a nd  coun ted  in a gas-flow counter .  The  specific a c t i v i t y  of 
the  l abe l l ed  ser ine was  13.5,000 counts / /*mole  in E x p t .  1, and  131 ,ooo c o u n t s / # m o l e  in E x p t .  2. 

E n z y m e  p r e p a r a t i o n s  which ca t a lyze  reac t ions  I and  2 also c a t a l y z e  the  enzymi c  equ i l i b r a t i on  
of L-scrine w i t h  P-L-serine, which  m a y  be s tud ied  by  i n c u b a t i o n  of label led  L-serine wi th  unlabe l led  
P-L-serine, fol lowed by  c h r o m a t o g r a p h i c  s epa ra t i on  and  c o u n t i n g  of the  P-ser ine  f rac t ion  (Table I I ! .  
I towever ,  on ly  L-serine and  P-L-serine p a r t i c i p a t e  in r eac t ion  3 ; label led  n-ser ine  is not  conver t ed  
to phosphose r ine  in the  presence  of un labe l l ed  P-L-serine (Table I I ,  E x p t .  i) nor  is label led  L-serine 
conver t ed  to  phosphose r ine  in the  presence of un labe l l ed  P-D-serine (Table  If ,  E x p t .  2). I t  is no t  
known  w h e t h e r  the  v e r y  smal l  equ i l i b r a t i on  obse rved  wi th  P-l)-ser ine in th i s  e x p e r i m e n t  m a y  be 
caused  by a t r ace  of P-L-serine in the  sample  of P-D-serine. 

P-L serine and  P-D-serine are a p p a r e n t l y  h y d r o l y z e d  a t  t he  same enzymic  site, since P-L- 
serine effect ively displaces  a2P-D-serine f rom the  enzyme  (Table l l I ) .  

* P-L-serine -- O-t)hospho-L-serine;  P-D-serine = O-phospho-D-ser ine:  Pi = inorgan ic  
ort  Imt~h.sphate.  
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T A B L E  111 

EFFECT OF P-L-SERINE ON HYDROLYSIS OF 32P-D-SERINE 

Radioactivity 
Suhstrates added released as Pi 

(counts rain) 

z. 2 / ,moles 3~p-D-serine 8565 
2. 2 / ,moles 32P-D-serine + 2 pmoles  P-L-serine 275 

Conditions of incubat ion  were the same as in Table I, except t ha t  the t ime of incubat ion was 
20 rain. The radioact ivi ty  released as Pt was determined by  a method  based on tha t  of ERNSTER, 
ZETTERSTROM AND LINDBERG 3. The specific act ivi ty of the 32p-n-serine was lO4,OOO counts / ra in  
/lmole. 

A previous  s tudy  of the enzymic hydrolysis  of phosphoser ine  has been carried out  by  
1CHIHARA AND GREENBERG 2 who did not  observe the reactions described by NEUHAUS AND BYRNE 1 
and by  us. 

The au thors  are indebted to Dr. M. KARNOVSKY :[or generous gifts of 3-I4C-L-serine and 
3-I4C-D-serine. This work  was  aided by gran ts  f rom the Nutr i t ion Foundat ion,  the Live Insurance  
Medical Research Fund,  and the National  In s t i t u t e  of Neurological Diseases and Blindness, 
l 'n i ted  States  Public Health Service ( ( ; rant  B-i199). 
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O-Phosphoserine phosphatase" 
Tile following react ions have  been found to be catalyzed by enzyme prepara t ions  from chicken 
and ra t  liver **. 

O-phosplloserine ---> serine + o r thophospha te  (1) 

O-phospho-L-serine + liCa-L-serine---> 14C3-O-phospho-L-serine + L-serine (2) 

The phospha ta se  activity,  reaction i, was  purified 20 fold s ta r t ing  wi th  aqueous  extracts  of 
the  acetone powder  of chicken liver. The purified enzyme prepara t ion  dephosphory la tes  L-PS*** 
at  the  ra te  of i .81 #moles / i o  m i n / m g  protein  at  38°. The final concentra t ion  of the components  in 
the  test  sys t em were o.oi M MgCI2; o.o 5 .~,I succinate buffer, p H  5.9o; o.oi 3,1 subs t ra te  and 
enzyme.  After  deproteinizat ion,  the o r thophospha te  fo rmed  was determined by the method of 
DRYER, TAMMES AND ROUTH 1. Wi th  respect  to reaction i, the purified prepara t ion  is highly specific 
for PS. At low subs t r a t e  concent ra t ions  it is specific for L-PS (Km ~ 5.8. to 5 31) while at  high 
subs t r a t e  concent ra t ions  it will dephosphory la te  D-PS (Kin = 4.2-lO -a M) which confirms the 
observa t ion  of BORKENHAGEN AND KENNEDY $ tha t  rat-l iver p repara t ions  dephosphoryla te  D-PS 
as well as L-PS. Ident ical  m a x i m u m  velocities were observed for bo th  isomers. The only other  
subs t ra te  dephosphory la ted  at  any appreciable rate  is p -n i t rophenyl  phospha te  which is due to a 
contaminat ing,  uncharacter ized phospha tase .  These resul ts  are in cont ras t  to the conclusion of 
ICHIHARA AND GREENBERG 8 t ha t  the major  p a t h w a y  for the cleavage of PS was carried out  by a 
non-specific phospha ta se  present  in rat- l iver  extracts .  

L-Serine was  found to be a very effective inhibitor  (K i = 5.9 " IO-4 M) of the phospha tase  
activity,  oL-Homoser ine  (0.0 5 .,TI) and DL-threonine (o.o 5 ~'~I) were wi thout  effect. 1ANEWEAVER- 
BURK plots  a showed tha t  the L-serine inhibit ion is uncompeti t ive.  

The exchange of 14C3-L-serine wi th  L-PS, react ion 2, occurs at a significant rate in chicken- 
and rat-l iver homogenates .  This exchange is i l lustrated for a chicken-liver homogenate  by the rapid 

* Suppor ted  by U.S. Public Heal th  Service Gran t  No. A-8Oz-(C). 
** Similar and independent  resul ts  are being published s imul taneously  by BORKENHAGEN AND 

KENNEDY 2. 
*** The following abbrevia t ions  are used: PS, O-phosphoserinc:  L-PS, O-phospho-L-serine: 

D-PS, O-phospho-D-serine;  14C3-L-serine, uniformly labelled L-serine; S .A,  specific activity 
(counts/min/Hmole). 


