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SUMMARY 

Serlne hydroxymethylase (L-serlne tetrahydrofolate 5,Io-hydroxymethyltrans- 
ferase, EC 2 I 2 I) isoenzymes were purified separately from the soluble and mito- 
chondrxal fractions of rabbit liver The purified preparations appeared to contain a 
smgle component in each case as ludged from ultracentnfugation and electrophoresls 
on polyacrylamlde or starch gels The isoenzymes had similar properties with respect 
to pH optimum, electrophoretIc moblhty as well as the reactions they catalyzed The 
Isoenzymes, however, were different Immunochemlcally, the antIglobuhn prepared 
against one of the lsoenzymes did not inhibit the enzymic activity of the other The 
molecular weights of the soluble fraction and the mitochondrlal fraction enzymes, 
determined by tlie sedimentation equilibrium method, were approx I85 ooo and 
17o ooo, respectively Both lsoenzymes contained 4 moles of pyndoxal phosphate 
per mole of enzyme 

INTRODUCTION 

The preceding paper 1 has shown that two types of serine hydroxymethylase 
(t-serine tetrahydrofolate 5,Io-hydroxymethyltransferase, EC 2 I 2 I) occur in the 
soluble and mltochondrlal fractions of rat hver Partially purified preparations of 
serlne hydroxymethylase from the two fractions differ m pH optimum, electrophoretxc 
moblhty and stability 

Previously, SCHIRCH AND MASON 2 obtained an homogeneous preparation of 
serxne hydroxymethylase from acetone powder or frozen preparations of rabbit liver 
With this enzyme preparation, the spectral properties and various aspects of enzyme 
action were Investigated 2-5 The occurrence of serine hydroxymethylase lsoenzymes 
in rat liver has prompted us to reinvestigate the rabbit hver enzyme and it was found 
that the latter also contains lsoenzymes with similar properties 

The purpose of this communication IS to describe the purification and properties 
of serlne hydroxymethylase xsoenzymes from the soluble and mltochondrial fractions 

* Address requests for reprints to College of Blo-Medlcal Technology, Osaka University 
Mach~kaneyamacho, Toyonaka, Osaka 560, Japan 
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of rabbit liver and to compare the results with those previously obtained with rabbit 
hver enzyme 

EXPERIMENTAL PROCEDURE 

(±)-L-Tetrahydrofohc acid was prepared by catalytic hydrogenation of fohc 
acid as described by HATEI, Iet ale NADP+ was obtained from the Sigma Chemical Co 
Other chemicals were purchased from commercial sources and were used without 
further purification. Brushlte was prepared by slow admixing of Na2HPO a and CaC12 
solutions according to the method of TISELIUS et al 7 

5,Io-Methylenetetrahydrofolate dehydrogenase was purified from Achromo- 
bacter eurydice grown on L-glutamate as the sole carbon source After protamlne 
sulfate treatment of the extract of somcated cells, the supernatant solution obtamed 
by centrlfugatlon was fractlonated with (NHa)2SO a The fraction precipitating between 
4 ° and 52 9/o saturation was dissolved in a small amount ofo.o5 M potassmm phosphate 
buffer (pH 6 5) and was dialyzed agamst the same buffer The dialyzed enzyme was 
diluted with o o5 M potassium phosphate buffer (pH 6 5) to give a protein concen- 
tration of about 1% and was heated at 56° for 3 mm After removing the denatured 
protem by centrifugatlon, the supernatant solution was concentrated by precipitation 
with (NH4)2SO a. After dialysis of the concentrated solution against o o2 M potassium 
phosphate buffer (pH 7 I), a volume containing approx 32o mg of protein was poured 
onto a column (2 cm × IO cm) of DEAE-cellulose which had been equilibrated with 
o.o2 M potassmm phosphate buffer (pH 7 I) The column was then washed with 15o ml 
of the same buffer, and elutlon was carried out using a linear gradient with 35o ml of 
o o2 M potassium phosphate buffer (pH 7 I) in the mlxmg vessel and 35o ml of o 2 M 
potassium phosphate buffer in the reservoir 5,Io-Methylenetetrahydrofolate de- 
hydrogenase usually elutes soon after estabhshment of the gradient Chromatography 
on DEAE-cellulose effects the separation of the dehydrogenase from serme hydroxy- 
methylase The fractions contamlng the dehydrogenase were combined and concen- 
trated by precipitation with (NH4)2SO 4 The purified preparation was stable and could 
be stored at 5 ° for at least 6 months without appreciable loss of activity 

Antlsera to the serlne hydroxymethylases from the soluble and mltochondrlal 
fractions were prepared separately in guinea pigs by Intramuscular injections of the 
purified soluble fraction enzyme and the crystalhne mltochondrlal enzyme as anhgens 
in Freund's complete adluvant 3 weeks after the first lnlectlon of o 5 mg of each 
antigen (o 5 mg per guinea pig), the animals received second lnlectlons of the same 
amounts of antigens Blood was collected by cardiac puncture 2 weeks after the second 
injection The globulin fraction was prepared by preclpltahon with Na2SO a and was 
dialyzed against o 3 % NaC1 solution before use s 

Protein was eshmated by the method of LowRY et al 9. The dry weight of protein 
was determined on a salt-free sample dried over P205 under reduced pressure 

Serme hydroxymethylase activity was determined by the rate of utlhzation of 
formaldehyde for serine synthesis 

a 
Serme -- t e t r a h y d r o f o l a t e  ~ g lycme  + 5 , I o - m e t h y l e n e t e t r a h y d r o f o l a t e  + H~O (i) 

b 
~L 

5, I o - M e t h y l e n e t e t r a h y d r o f o l a t e  + N A D P  + ~- 5, i o-me t h e n y l t e t r a h y d r o f o l a t e  + N A D P H  + H + (2) 
b 
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from glycme (React ion I b ,  Assay  I), or b y  the  ra te  of N A D P H  format ion  m a coupled 
sys tem of  serme h y d r o x y m e t h y l a s e  and 5 , Io -me thy lene t e t r ahydro fo l a t e  dehydro-  
genase (Reactions I a  and  2a, Assay  2) Detai ls  of assay  condi t ions have  been previ-  
ously given a 

Sed imenta t ion  veloci ty  and equi l ibr ium measurements  were made  in a Hi t ach i  
U C A - I A  ana ly t ica l  u l t racent r i fuge  equipped  with  a phase  p la te  schlieren d i aphragm 
and a Rayle igh  interference opt ica l  sys tem Fr inge  d isp lacement  measurements  were 
made  with  a Nlkon opt ical  mlc rocompara to r  Molecular  weights were de te rmined  b y  
the  high-speed sed imenta t ion  equi l ibr ium me thod  of  YPHAX'I IS I° 

Spec t ra  were made  in a Cary Model - I4  spec t rometer ,  and  absorbance  measure-  
ments  were made  in a Shlmadzu  QB-5o spec t ropho tomete r  

RESULTS 

Purification of serene hydrozymethylases 
Fresh ly  excised rabb i t  hver  was homogenized with  5 vol of o 25 M sucrose in a 

W a r m g  blender  Af ter  removing connect ive t issues and cellular  debris  b y  pass ing 
the homogena te  th rough  a layer  of gauze, the  nuclear  f ract ion was sepa ra t ed  b y  
cent r l fugat lon  (700 × g, IO ram) in the  usual  manner  The prec ip i ta te  thus  ob ta ined  
was again homogenized in one-hal f  the  original  volume of o 25 M sucrose in a glass 
homogenizer  f i t ted  wi th  a plas t ic  pestle,  and  the supe rna t an t  ob ta ined  b y  centr l-  
fugat lon was combined with  the  first supe rna tan t  The combined  supe rna t an t  solut ion 
was centr i fuged at  IO ooo × g for IO rain, and  the  ml tochondr la l  pel let  ob ta ined  was 
washed once with  the  sucrose solut ion and s tored  at  - -20  ° unt i l  use Since no serme 
h y d r o x y m e t h y l a s e  ac t iv i ty  was found to be associa ted  wi th  the  mlcrosomal  fract ion,  
the  IO ooo × g supe rna t an t  fluid was used as the  s t a r t ing  mate r i a l  for the  purif icat ion 
of serine h y d r o x y m e t h y l a s e  from the  soluble fract ion 

Pur~lTcatwn of ser,ne hydroxymethylase from the soluble fractzon 
Step z. To the IO ooo × g supe rna tan t  solut ion (168o ml), 42o g of  solid (NHa)2SO4 

were g radua l ly  added ,  the  p H  was held at  7 b y  add i t ion  of  2 M K O H  Af te r  3o ram, 
the  mix tu re  was t ransfer red  to a disc of filter paper  which had  previous ly  been coated  
with Super-Cel The f i l t ra te  was then  t r ea t ed  with  168 g of  solid (NH4)2SO4, and the  
resul t ing prec ip i ta te  was collected b y  f i l t ra t ion in the  same manner  and dissolved m 
o o 5 M po tass ium phospha te  buffer (pH 7 I) containing I mM E D T A  

Step 2 The solut ion from Step  I was d i lu ted  with  dist i l led water  to give a p ro tem 
concent ra t ion  of  abou t  IO mg/ml  To the d i lu ted  solut ion were added  o 2 vol of  o 5 M 
po tass ium phospha te  buffer (pH 6 5), and  L-serme to a final concent ra t ion  of 2o mM 
The mix tu re  was then hea ted  in a wate r  b a t h  at  63 ° for 3 man and  af ter  r ap id  cooling, 
the  dena tu red  pro te in  was collected b y  cent r l fugat lon  and  d iscarded 

Step 3 The supe rna t an t  solut ion from Step  2 was t r ea t ed  wi th  (NHa)2SO 4 in 
the  same manner  as in S tep  I, and  the prec ip i ta te  ob ta ined  b y  cent r l fugat ion  was 
dissolved in a small  volume of  o o5 M po tass ium phospha te  buffer (pH 7 I) conta in ing 
I mM E D T A  The solut ion was then d ia lyzed  agains t  o or  M po tass ium phospha te  
buffer (pH 7 I) conta in ing I mM E D T A  and I 4 mM 2-mercap toe thanol  

Step 4 The d ia lyzed  solut ion from Step 3, conta in ing approx  3oo mg of protein,  
was poured  onto a column of brush l te  (3 cm × 17 cm) which had  been equi l ib ra ted  
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with o oI M potassmm phosphate buffer (pH 7 I), contamlng I 4 mM 2-mercapto- 
ethanol and 8 pM pyrldoxal phosphate* The column was washed with 260 ml of the 
same buffer, and serme hydroxymethylase activity was eluted with o 04 M potassium 
phosphate buffer (pH 7 I) containing I 4 mM 2-mercaptoethanol and 8 #M pyrldoxal 
phosphate The fractions having a high specific activity were combined, and 40 g of 
sohd (NH4)2SO 4 were added per IOO ml solution The resulting precipitate was taken 
up in a small volume of o 05 M potassium phosphate buffer (pH 7 I) containing I mM 
EDTA 

Step 5 The concentrated enzyme solution from Step 4 was freed from Insoluble 
material by brief centrlfugatlon, and solid (NH4)2SO 4 was added to turbidity At 
this stage, a weak schheren sheen could be observed Mlcroscopm examination revealed 
the formation of small particles, but attempts to increase their size were unsuccessful 
Standing the mixture for several days at 5 ° resulted in the formation of a rather heavy 
precipitate 

A summary of the typical purification procedure of serme hydroxymethylase 
from the soluble fraction is presented m Table I 

T A B L E  I 

P U R I F I C A T I O N  OF S E R I N E  H Y D R O X Y M B T H Y L A S E  F R O M  T H E  S O L U B L E  F R A C T I O N  

S e r l n e  h y d r o x y m e t h y l a s e  a c t i v i t y  w a s  d e t e r m i n e d  b y  A s s a y  I A u n i t  o f  e n z y m e  a c t i v i t y  w a s  
d e f i n e d  a s  t h e  a m o u n t  o f  e n z y m e  c a u s i n g  t h e  d i s a p p e a r a n c e  o f  I / , m o l e  o f  f o r m a l d e h y d e  p e r  m m  

a t  37 ° 

Fractzon Volume Protezn Total Spec*fic Yzeld 
( ml ) content umts act,wry (%) 

(mg/ml) (umts] 
mg 
prote,n ) 

IO o o o  × g s u p e r n a t a n t  168o  19 7 188o  o o57  (IOO) 
i s t  ( N H 4 ) 2 S O  4 97  55 o 146o  o 27 77 9 
H e a t  t r e a t m e n t  lO3O I 3 1 4 2 °  I IO 75 6 
2 n d  ( N H 4 ) 2 S O  4 12 5 24 2 iOlO 3 34 53 8 
B r u s h l t e  3 o 23 6 525  7 4 27 9 
3 r d  ( N H 4 ) 2 S O  a 2 o 15 5 31o  i o  o I 6  5 

Purification of m,tochondrzal serene hydroxymethylase 
Step z Packed mltochondria were suspended in distilled water to give a protein 

concentration of approx 20 mg/ml The suspension (700 ml) was made I mM and 
20 mM with respect to EDTA and L-serine, respectively, and heated at 63 ° for 3 mm 
The bulky precipitate obtained by centrlfugatlon was washed once with 350 ml of 
o 02 M potassmm phosphate buffer (pH 7 I) containing I mM EDTA, and both super- 
natant solutions were combined 

Step 2 To 840 ml of the heated extract, 184 g of solid (NH4)2SO 4 were added, 
the pH being maintained at 7 by addition of 2 M KOH After 30 miD, the precipitate 

* I n  v i e w  o f  t h e  r e p o r t  o f  SCHIRCH AND MASON 2 t h a t  t h e  p u r i f i e d  p r e p a r a t i o n  o f  s e r m e  
h y d r o x y m e t h y l a s e  w a s  a c t i v a t e d  t o  a c o n s i d e r a b l e  d e g r e e  b y  a d d e d  p y r i d o x a l  p h o s p h a t e ,  i t  w a s  
i n i t i a l l y  i n c l u d e d  in  s o m e  b u f f e r  s o l u t i o n s  u s e d  i n  s t e p s  w h e r e  d i l u t i o n  o f  t h e  e n z y m e  s o l u t i o n  
m i g h t  b e  e n c o u n t e r e d  m o r d e r  t o  a v o i d  p o s s i b l e  i n a c t i v a t i o n  o f  t h e  a p o p r o t e l n  S u b s e q u e n t  
e x p e r i m e n t s  h a v e  s h o w n  t h a t  a s i m i l a r  p u r i f i c a t i o n  c a n  b e  a c h i e v e d  i n  t h e  a b s e n c e  o f  a d d e d  
p y n d o x a l  p h o s p h a t e  (see DISCUSSION) 
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was collected by  centnfugat ion and discarded, and 84 g of  (NH4)~SO 4 were added to 
the supernatant  fluid The resultulg precipitate was collected by  centrlfugatlon and 
dissolved in a minimal volume of o 05 M potassium phosphate  buffer (pH 7 i) con- 
talnlng I mM E D T A  

Step 3 The enzyme solution from Step 2 was dialyzed overnight against o 005 M 
potassium phosphate  buffer (pH 7 I) containing I mM EDTA,  and the dialyzed enzyme 
was put  on a column of  brushlte (3 cm × 14 cm) which had been equlhbrated with 
o oI  M potassium phosphate buffer (pH 7 I) containing 8/zM pyndoxa l  phosphate 
After washing the column with 300 ml of the same buffer, elutlon was carried out with 
o 03 M potassium phosphate buffer (pH 7 I) containing 8/zM pyrldoxal  phosphate 
To the combined active fractions (NH4)2SO 4 (4 ° g per IOO hal) was added, and the 
resulting precipitate, collected by  centrlfugatlon, was dissolved in a small volume of 
o 05 M potassium phosphate buffer (pH 7 I) containing I mM EDTA The mltochon- 
drlal serlne hydroxymethylase  could be crystallized from this concentrated solution 
by allowing It to s tand for several days at 5 ° Fig I shows a photomicrograph of  
crystalhne mltochondrlal  ~erme hydroxymethylase  

Fig i Photomicrograph of crystalhne serme hydroxymethylase from the mttochondrlal fraction 
Magmficatlon, × ioo 

Table I I  summarizes the purification procedure of serlne hydroxymethylase  
from the mltochondrlal  fraction 

Properties of the soluble fractwn and m,tochondr, al serene hydro ~ymet~,lases 
Homogeneity Sedimentation pat terns of  the purified serme hydroxymethylases  

fronl the soluble and mltochondrlal  fractions obtained USUlg an analytical  ultra- 
centrifuge, are ~hown m Fig 2 In both cases, a single symmetr ical  boundary  wa~ 
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T A B L E  I I  

P U R I F I C A T I O N  OF S E R I N E  H Y D R O X Y M E T H Y L A S E  FROM T H E  M I T O C H O N D R I A L  F R A C T I O N  

S e r l n e  h y d r o x y m e t h y l a s e  a c t i v i t y  w a s  m e a s u r e d  b y  A s s a y  i 

343 

Fractton Volume Protezn Total Specific Y~eld 
(ml) content umts a~ttwty (%) 

(mg/ml) (umts/ 
mg 
prote*n) 

M i t o c h o n d r l a l  s u s p e n s i o n  75 ° 13 i 6 4 0  o 0 6 6  (IOO) 
H e a t  t r e a t m e n t  8 4 o  I 8 54 ° o 36  84 5 
(NH4)zSO4 9 4 26 z 425  I 73 66  5 
B r u s h l t e  I 5 2o  I 250  8 28 39 I 
C r y s t a l h z a t l o n  i o i i  6 175 15 5 27 4 

observed  The sed imen ta t ion  coefficients (s~0,w) of  the  soluble f ract ion and  nn to-  
chondr la l  f ract ion enzymes  ca lcu la ted  from the  d a t a  p resen ted  in F ig  2, were 8 8 S 
and 8 5 S, respec t ive ly  

Elec t rophores ls  of the  enzymes  was per formed on th in - l ayer  po lyac ry lamlde  gel 
p repa red  m o oI  M po tas s ium phospha te  buffer (pH 7 4), a t  IO ° wi th  a cons tan t  
cur ren t  of 2 mA/cm Pro te in  was s ta ined  with  o 2 % Amldob lack  m m e t h a n o l - w a t e r -  
acetic acid  (5 5 i ,  b y  v o l )  Both  the  soluble f ract ion and  ml tochondr la l  f ract ion 
enzymes mig ra t ed  t oward  the  anode as one ma lo r  band  in each case A commercia l  
c rys ta lhne  bovine  serum albumin,  under  the  same exper imen ta l  condit ions,  c leaved 
into one ma]or  b a n d  rmgra t lng  well t owards  the  anode, and  2 faint  bands  The electro- 
phore t lc  mobl l l t les  of  the  serme h y d r o x y m e t h y l a s e s  purif ied from the  two fract ions 
were a lmost  ident ica l  and  mig ra t ed  abou t  one-fifth as fast  as the  ma]or  b~ nd of  bovine  
serum a lbumin  Starch-gel  e lectrophoresls  pe r formed  under  the  same condi t ions  as 
above  also revealed  in each case a single band  which had  ident ica l  moblht les  

Molecular weights The molecular  weights  of  the  soluble f rac t ion and mlto-  
chondr la l  f ract ion serlne h y d r o x y m e t h y l a s e s  were de te rmined  b y  the  high-speed 
sed imen ta t ion  ectull lbrmm procedure  of YPHANTIS 1° The plot  of  log of  concen t ra t ion  
vs square  of d is tance  from the  center  of ro ta t ion ,  r 2, gave a s t ra igh t  line in each case 
F r o m  the  d a t a  p resen ted  in F ig  3, the  a p p a r e n t  molecular  weights  of the  serlne 

V ',I 
i 

F i g  2 S e d i m e n t a t i o n  p a t t e r n s  o f  s e r l n e  h y d r o x y m e t h y l a s e s  A T h e  s o l u b l e  f r a c t i o n  e n z y m e  
( S t e p  5) w a s  d i a l y z e d  a g a i n s t  o 0 4  M p o t a s s i u m  p h o s p h a t e  b u f f e r  ( p H  7 I) ,  c o n t a i n i n g  I m M  
E D T A ,  a n d  w a s  c e n t r i f u g e d  a t  20  ° a t  43 7 ° 0  r e v / m l n  T h e  p r o t e i n  c o n c e n t r a t i o n  w a s  5 6 m g / m l  
E a c h  p i c t u r e  w a s  t a k e n  a t  a b o u t  18 a n d  48  m l n  a f t e r  m a x i m u m  s p e e d  w a s  r e a c h e d  B T h e  
c r y s t a l l i n e  m i t o c h o n d r i a l  e n z y m e  w a s  d i a l y z e d  a g a i n s t  o o 4 M p o t a s s i u m  p y r o p h o s p h a t e  b u f f e r  
( p H  8 5),  c o n t a i n i n g  1 m M  E D T A ,  a n d  w a s  s e d l m e n t e d  a t  15 ° a t  43  7 ° o  r e v / m l n  T h e  p r o t e i n  
c o n c e n t r a t i o n  w a s  i i 2 m g / m l  P i c t u r e s  w e r e  t a k e n  a t  a b o u t  37 a n d  82 m m  a f t e r  r e a c h i n g  m a x i -  
m u m  s p e e d  
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Fig 3 Sedimentation equilibrium runs of the serlne hydroxymethylases Plots are log c against r 2 
A The soluble fraction enzyme (Step 5) was dialyzed agamst o o2 M potassium phosphate buffer 
(pH 7 i) containing i mM EDTA The protein concentration was o 43 mg/ml A 3 5 -mm column 
of the enzyme solution was analyzed in a double-sector cell, the d]alysate being placed in the 
reference ce]l The rotor speed was 25 090 r e v / m m ,  time, 21 h, t emp ,  20 ° ]3 The crystalline 
mltochondrlal enzyme was dialyzed against o 05 M potassmm pyrophosphate buffer (pH 8 5) 
contamlng i mM EDTA The protein concentration was o 39 mg/ml The sedimentation equili- 
brium run was made under the same conditions as in (A) 

h y d r o x y m e t y l a s e s  were  c a l c u l a t e d  as 185 ooo a n d  17o ooo, r e spec t i ve ly ,  a s s u m i n g  a 

pa r t i a l  specafic v o l u m e  of  o 73 ml /g  

Absorpt,  on spectra T h e  pur i f i ed  p r e p a r a t i o n  o f  t h e  soluble  f r a c t i o n  se r lne  

h y d r o x y m e t h y l a s e  s h o w e d  a b s o r p t i o n  m a x i m a  a t  278 a n d  428 m/z, c h a r a c t e r l s t ] c  of  

p y n d o x a l  p h o s p h a t e - c o n t a m l n g  e n z y m e s  (Fig  4A) T h e  m l t o c h o n d r a a l  e n z y m e  s h o w e d  

a s imi la r  s p e c t r u m  w i t h  a b s o r p t i o n  m a x i m a  at  278 a n d  430 m F  (Fig 4B) T h e  A27sm u 
A430 ms ra t io  o f  t h e  soluble  f r a c t i o n  ser lne  h y d r o x y m e t h y l a s e  was  8 9, w h e r e a s  t h a t  

o f  t h e  m l t o c h o n d r l a l  e n z y m e  was  6 3 T h e  s p e c t r a  o f  t h e  ser ine  h y d r o x y m e t h y l a s e s  

d id  n o t  sh i f t  w h e n  t h e  p H  o f  t h e  so lu t ion  was  v a r i e d  b e t w e e n  5 4 a n d  9 2, m a c c o r d a n c e  

w i t h  t h e  f i n d m g  of  SCHIRCH AND MASON 3 T h e  a d d i t i o n  of  D-alanlne  to  s e r m e  h y d r o x y -  

W A V E L E N G T H  ( raM)  

2eo ~ o  3co ~ o  44o  ~ l o  

W A V E L E N G T H  ( r a p )  

93 

pH 

Fig 4 Absorption spectra of the serme hydroxymethylases A Spectrum of purified soluble 
fraction serme hydroxymethylase (Step 5) in o o 5 M potasmum phosphate buffer (pH 7 I) The 
protein concentration was I 56 mg/ml B Spectrum of m~tochondrlal serme hydroxymethylase 
in o 05 M potassium phosphate buffer (pH 7 i) The protein concentration was i 42 mg/ml 

Fig 5 Serlne hydroxymethylase activity as a function of pH The purified preparations of the 
soluble fraction (Q--O) and mltochondrlal (C)--@) serme hydroxymethylases were used Activity 
was measured by Assay i 

B~och,m B~ophys Acta, 185 (1969) 338-349 



S E R I N E  H Y D R O X Y M E T H Y L A S E  ISOENZYMES 3 4 5  

methylase was previously shown to cause the appearance of a new peak at 495 m/~, 
the height of which was increased in the presence of tetrahydrofolate2, 4 Similar 
experiments carried out with the soluble fraction and mltochondrlal fraction enzymes 
also confirmed these findings Addit ion of D-serlne had no effect on the spectra of 
either enzyme 

p H  optima The pH optima of the soluble fraction and mltochondrlal enzymes 
were found to lie at 7 3 when assayed with glycine and 5,Io-methylenetetrahydrofolate 
as substrates The pH-actavl ty  curves were similar for both enzymes, but a somewhat 
steeper curve was obtained for the soluble fraction enzyme (Fig 5) 

Reaction velocities ~n forward and reverse d~rect~ons The serme hydroxymethylase 
reaction is readily reversible The lmtlal  velocities in the forward (Reaction Ia) and 
reverse (Reaction Ib) directions were determined under s tandard assay conditions, 
and the ratio of these values (forward/reverse) was calculated for both the soluble 
fraction and mltochondrlal  enzymes, a value of I 7 was found for the former and i 8 
for the la t ter  

T A B L E  I I I  

EFFECT OF VARIOUS COMPOUNDS ON SERINE HYDROXYMETHYLASE ACTIVITY 

T h e  e n z y m e  w a s  p r e l n c u b a t e d  w i t h  e a c h  c o m p o u n d  t e s t e d  in  o 3 m l  o f  o I M p o t a s s m m  p h o s -  
p h a t e  b u f f e r  ( p H  7 3) fo r  i o  m m  a t  19 ° T h e  a c t i v i t y  m e a s u r e m e n t s  w e r e  m a d e  b y  A s s a y  I 

Compound Conch 
(raM) 

Or,gznal enzyme act,vzty (%)  

Soluble M, toehondrml  
fY~ct~on se~'~ne 
serzne hydroxy- 
hydroxy-  methylase 
methylase 

o - P h e n a n t h r o h n e  I 7 I  2 59 6 
a,a ' -Dapyrldyl  i I oo i oo 
E D T A  IO 87 o 83 o 
p - C h l o r o m e r c u r x b e n z o a t e  o o04 7 4 71 5 

o 02 o 5o o 
o i  o 33 2 

I o d o a c e t a t e  i o i oo i oo 
N - E t h y l m a l e l m l d e  o i 72 6 93 7 

I 2 1  8 4 5  o 

IO o 35 5 
S o d i u m  a r s e m t e  i o  i o o  IOO 
N H , O H  I 84 5 IOO 
H y d r a z m e  i 36 4 66 6 

E~ect of various compounds on senne hydroxymethylase act,wty To test the 
difference in susceptibili ty of the two enzymes to inhibition, their activities were 
measured in the presence of various lnhlbltors As shown m Table I I I ,  the soluble 
fraction enzyme was more susceptible to sulfhydryl reagents and also to carbonyl 
reagents The soluble fraction enzyme was very strongly inhibited by  p-chloromercun- 
benzoate and N-ethylmalelmade The enzyme was not protected from inhibition by  
these compounds by  the presence of either glyclne or 5,Io-methylenetetrahydrofolate 
Iodoacetate and NaAsO 2 had no effect on the reaction rate 

Monovalent (K+, Na +, NH+4) and divalent (Mg ~+, Mn 2+, Ca 2+) cations, tested at 
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concentrat ions  of o i M and o oI  M, respectively,  dtd not  influence the react ion rate 

Addi t ion  of  thlol compounds such as 2-mercaptoethanol  (IO raM) and di thlothrel tol  

(i raM) had also no effect Incubat ion  of  the enzymes with purme nucleoslde mono-,  
dl-, and t r lphosphates  (each at 5 mM) resulted in no significant change in ac t iv i ty  

Amounts of pyrzdoxal phosphate bound to enzyme The amounts  of  pyr ldoxal  

phosphate  bound to the enzymes were determined by the phenylhydrazlne  method  n 
The purified preparat ions  of the soluble fraction and mltochondrla l  serxne hydroxy-  

methylases  were dialyzed against  o oI  M potassium phosphate  buffer (pH 7 I) and 

mixed with  2% phenylhydrazme in I M H2SO 4 After  removing the denatured  protein 

by centr ifugatlon,  the absorbancies of the superna tan t  solutions were read at 41o m/z 

Fo r  the soluble fract ion serine hydroxymethy lase ,  i mole of  pyr ldoxal  phosphate  was 

found to bind with 48 ooo g of  protein;  the corresponding value for the ml tochondna l  

enzyme was 42 ooo g of  protein These values and the apparent  molecular  wmghts of  

the enzymes (Fig 3), suggest tha t  i mole of  the enzyme binds 4 moles of  pyr ldoxal  

phosphate  
Reactwn w~th a-methylserzne SCHIRCH AND MASON 2 demons t ra ted  tha t  a- 

methylser lne was cleaved to D-alanme and 5 , Io -methy lene te t rahydrofo la te  by serine 

hydroxymethy lase  Tes ted  at high concentrat ions of  the soluble fraction and mito- 
chondrlal  serlne hydroxymethylases ,  cleavage ofa-methylser ine  could be demons t ra ted  

by subst i tu t ing  the compound for L-serlne in Assay 2 Wi th  a compara t ive ly  small 

amount  of enzyme tha t  readily cata lyzed the breakdown of L-serine, no appreciable 

cleavage of a-methylser ine  occurred, and when the same compound was added to the 

react ion mixtures  containing L-serine (Assay 2), it inhibi ted the react ion Wi th  L-serme 

as the variable  substrate,  a-methylserIne inhibi ted the cleavage of serine compet i t ive ly  
as ludged from LINEWEAVER-BURK plots II Table IV compares the re la t ive  rates of  

t ransformat ion  of  a-methylser lne by the two enzymes, and the K~ values found when 
this compound was added as the inhibitor  of tile serine hydroxymethy lase  react ion 

An approx 3-fold higher K, value was obta ined for the mltochondrla l  enzyme The  

TABLE IV 

R E A C T I O N  \ V I T H  a - M E T H Y L S E R I N E  

The incubation mixture contained, in i 4 ml, 15o #moles of potassmm phosphate buffer (pH 7 3), 
o 2/,mole of (±)-L-tetrahydrofolate, 7/*moles of 2-mercaptoethanol, o 25 pmole of NADP+, a 
sufficient amount of 5, io-methylenetetrahydrofolate dehydrogenase and serme hydroxymethylase 
from rather the soluble fraction or the mltochondnal fraction The reactmn was started by addl- 
tmn of o i ml of o i M L-serme or o i M a-methyl-DL-serme, and the increase m absorbanee at 
34 ° mp was read m a spectrophotometer at 19 ° The amounts of enzyme used from the soluble 
and mltochondrlal fractions were 2 5 and 2 pg, respectively, where L-serlne was the substrate 
With a-methyl-DL-serme as the substrate, the amounts of enzymes were increased 2o-fold For 
determination of K, values, L-serlne was incubated under the same condmons but in the presence 
of 3 34, 6 67 and 13 4 mM a-methyl-DL-senne Calculation of K, values are based on the assump- 
tion that only one isomer of a-methyl-DL-serme is active 

Relatwe act,tory K~ for 
w*th a-methyl- 

S e Y ~ n e  

L-Serzne a-Methyl- (raM) 
D L - S e ~ ' ~ e  

Solub le  f r a c t i o n  se r lne  h y d r o x y m e t h y l a s e  i o o  i 2 4 3 9 
M l t o c h o n d r l a l  s e r lne  h y d r o x y m e t h y l a s e  i o o  i 12 i i 2 
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Km values for serme de te rmined  under  these condit ions were I 3 mM for the soluble 

fract ion enzyme and i o mM for the ml tochondna l  enzyme 

Immunochem,cal studies To examine  the lmmunochemlca l  dis t inct ion between 
the soluble fract ion and the mi tochondr ia l  serine hydroxymethylases ,  ant lsera  were 

prepared separa te ly  in guinea pigs wi th  ei ther  the purified prepara t ion  of  the soluble 

fract ion or the ml tochondr la l  serlne hydroxymethy la se  as ant igen Ant lg lobuhns  were 
prepared from these ant lsera  by  precipi ta t ion with Na2SO 4 As shown In Fig 6, bo th  

the enzymes were inhibi ted by  p remcuba t lon  with  the corresponding ant lglobuhns 

I00 

r-- 5o 

LU 

o ^ 0 ----j~ 

e,2 

I I i i i m ' ~ l  
0 2  0.4 0 6  0 8  I 0  '/" 3.0 

G~J~4MA -GLOBULIN (too) 

Fig 6 ]nhlbltlon of serlne hydroxymethylase activity by antlglobulms The antiglobuhns 
against the soluble fraction and mltochondrlal serme hydroxymethylases were prepared as de- 
scribed in EXPERIMENTAL PROCEDURE The purified soluble fraction enzyme equivalent to 8 Hg 
of protein and the crystalhne mltochondrlal enzyme equlvalent to 6/~g of protein, were preln- 
cubated with antlglobullns in o 3 ml of o I M potasslum phosphate buffer (pH 7 3) for 2o mln 
at 320 The enzyme activity was measured under standard assay conditions by Assay i Curve i, 
soluble fraction enzyme plus the antxsoluble fraction serlne hydroxymethylase, Curve 2, mlto- 
choudrlal enzyme plus antlmltochondrlal enzyme, Curve 3, soluble fraction enzyme plus antl- 
mltochondrml enzyme or mltochondrlal enzyme plus antlsoluble fraction enzyme 

Almost  complete  Inhibit ion of  the soluble fract ion serlne hydroxymethy lase  occurred 

on incubat ion with  Its ant iglobuhn,  whereas the Inhibit ion m a x i m u m  was about  7 ° % 

with  the ml tochondr la l  serme hydroxymethy lase  and its ant lg lobuhn The ac t iv i ty  of  

the soluble fract ion serme hydroxyme thy la se  was not  inhibi ted by  the ant lg lobulm 
to the ml tochondna l  serme hydroxymethy lase ,  and conversely,  the a c t l w t y  of  the  
ml tochondr ia l  enzyme was not  affected by  the ant lg lobuhn to the soluble fract ion 

enzyme Normal  serum was also wi thout  effect on the act ivi t ies  of  both  enzymes 

DISCUSSION 

Prevlous inves t iga t ion  In this labora tory  has shown tha t  serlne hydroxymethy l -  

ase lsoenzymes occur m the soluble and ml tochondr la l  f rachons  of ra t  l iver 1 The 

lsoenzymes purified f rom this source differ In their  electrophoretxc moblhtles,  p H  
op t ima  and stablht les  P r e h m m a r y  exper iments  wi th  livers of  pig, ox, chicken, mouse 

and rabbi t  have  indica ted  tha t  serine hydroxymethy la se  ac t iv i ty  resides both  in the 
so]uble and ml tochondna l  frachons,  and also tha t  both  crude soluble and mltochon-  

drlal fract ions of  rabbi t  l iver  have  about  8-1o hines  higher ac t iv i ty  than  those of other  
m a m m a h a n  hvers Al though SCHIRCH AND MASON 2 obta ined an apparen t ly  homo- 
geneous prepara t ion  of serme hydroxymethy lase  from rabbi t  liver, no s tudy  was made 

as to the mtrace l lu lar  locahzat lon of  the enzyme Demons t ra t ion  of  the occurrence of 
serme hydroxymethy la se  lsoenzymes in ra t  l iver and presumably  in o ther  m a m m a h a n  
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livers prompted us to investigate the isoenzymes in rabbit  liver Serlne hydroxy- 
methylase was purified from the soluble and mltochondrlal fractions of rabbit liver to 
an apparent homogeneity In contrast to the rat liver enzymes, the serlne hydroxy- 
methylases purified from the two fractions of rabbit liver have similar pH optima, 
electrophoretlc moblhtles and stablhties The reaction with a-methylserlne and D- 
alanlne previously reported by SCHIRCH AND MASON s and by SCHIRCH AND JENKINS4, 5 

IS common to both lsoenzymes, although minor differences exist The property which 
clearly distinguishes these lsoenzymes is their immunochemlcal reactivity The anti- 
globulin prepared against one of the lsoenzymes does not inhibit the activity of tile 
other, although It inhibits the corresponding enzyme (Fig 6) A similar lmmunochem- 
lcal difference between lsoenzymes which differ m their mtracellular locahzatlon is 
reported for aspartate ammotransferase 13 

Previously, SCHIRCH AND MASON 2 obtained rabbit  liver serme hydroxymethylase 
with a molecular weight of 331 ooo that  contained 4 moles of pyrldoxal phosphate 
per mole of enzyme This preparation could be activated about 35% by added pyrldox- 
al phosphate When a purified enzyme preparation was first incubated with excess 
pyridoxal phosphate and then dialyzed against o oi M potassium phosphate buffer 
(pH 7 3) containing I mM EDTA for 48 h, the dialyzed enzyme still contained 4 moles 
of pyrldoxal phosphate per mole of enzyme From these observations, the authors 
suggested that  the enzyme contained 6 moles of pyrldoxal phosphate when fully 
active, and that  2 of these were easily removed by dialysis while the rest were 
firmly bound The serine hydroxymethylase isoenzymes purified by the present 
procedures seem to have rather firmly bound pyndoxal  phosphate Neither prolonged 
dialysis against potassium phosphate-EDTA buffer, under the same conditions as 
above, nor gel filtration on Sephadex caused a reduction of specific enzyme actlwtles 
nor were the isoenzymes activated by added pyrldoxal phosphate The apparent 
molecular weights of the soluble fraction and mltochondnal serlne hydroxymethylases, 
as determined by sedimentation ec[ulllbrium analysis, were about 185 ooo and 17o ooo, 
respectively These values and the minimum molecular weight calculated on the basis 
of the coenzyme content suggest that  both isoenzymes contain 4 moles of pyridoxal 
phosphate per mole I f  the fully active preparation of SCHIRCtt AND MASON contains 
6 moles of pyrldoxal phosphate, the weight of protein bound by  i mole of the coenzyme 
compares rather well with those of the lsoenzyme reported here The reason for discre- 
pancies with the results of SCHIRCH AND MASON regarding the molecular weight and 
activation by  added pyndoxal  phosphate is not clear However, it may be inferred 
that  the portion of their preparation which IS not bound with the coenzyme imght be 
destroyed and removed dunng purification, possibly at the heat step involved m the 
purification methods employed here 
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