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SUMMARY 

Serlne hydroxymethylase  (L-serlne : tetrahydrofolate 5 , Io-hydroxymethyl t rans-  
ferase, EC 2 I 2 I) was found to occur m the soluble and mi tochondna l  fractions of rat  
hver. The enzymes were purified from the two fractions and some of their properties 

were invest igated 
I The soluble fraction serine hydroxymethylase  had a rather  sharp pH op t imum 

at 8 o, whereas the mltochondrial  enzyme showed a broad pH op t imum centering 

a t 7  4- 
2 There was no significant difference m the Mlchaehs constants  for substrates  

between the soluble fraction and mltochondrlal  serine hydroxymethylases  
3 The mltochondrial  enzyme was more stable than  the soluble fraction enzyme 
4 The soluble fraction serlne hydroxymethylase  was more anionic than  the 

mitochondrlal  enzyme as evidenced by  the affimty for DEAE-cellulose and electro- 

phoretlc mobili ty.  

INTRODUCTION 

Serlne hydroxymethylase  (L-serme tetrahydrofolate 5 , Io-hydroxymethyl t rans-  
ferase, EC 2 I 2_1) whmh catalyzes the interconversion of serine and glycine 

a 

Serme + te t rahydrofo la te .~  glycmo + 5 , Io-methylenete t rahydrofola te  + H20 (I) 
b 

according to Eqn  i is reported to occur m a var ie ty  of mammal ian ,  avian and p lant  
tissues as well as in microorganisms I As to the mtracel lular  locahzatlon of the enzyme, 

however, no detailed s tudy was made 
The present commumcat lon  reports on the occurrence of serlne hydroxymethyl -  

ase m the soluble and mltochondrial  fractaons of rat  liver, and some of the properties 
of the lsoenzymes from the two fractions. 

A prehmlnary  account of this work has appeared ~_ 

* Thm work was taken from the thesis submi t ted  to the Graduate  School of Osaka Um- 
verslty by  Y Nakano,  m the part ial  fulfillment for the degree of Doctor  of M e d i a l  Science 
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MATERIALS AND METHODS 

L ( ± ) - T e t r a h y d r o f o h c  acid was p repared  by  hydrogena t ion  of fohc acid as 
described bv  HATEFI et al 3 Other  chemicals  were from commercia l  sources. Male 
albino ra ts  of Wls t a r  s t ram weighing approx  200 g were used m the present  s tudy  
The animals  were fas ted  for 24 h pr ior  to sacrifice and they  were kil led by  decapi ta t ion .  
The freshly excised hvers were homogenized in o 25 M sucrose and subcel lular  fract ion-  
a t lon was carr ied out  essent ial ly  as described b y  HOGEBOOM AND SCHNEIDER 4 The 
mi tochondr ia l  pellets ob ta ined  were washed twice wi th  o 25 M sucrose and kep t  frozen 
unt i l  use_ The nuclei  were isolated by  the procedure  of HOGEBOOM, SCHNEIDER AND 
STIEBECK 5_ Prote in  was es t imated  by  the me thod  of LOWRY et al ~ with bovine serum 
a lbumin as the s t anda rd  Inorganic  phospha te  was de te rmined  according to the me thod  
of FISKE AND S U B B A R o w  7. 

5 , Io -Methy lene te t rahydrofo la te  dehydrogenase  was ob ta ined  from Achromo- 
bacter eurydice grown on pheny la lamne  or g lu t ama te  as the  sole source of carbon The 
enzyme was purified from the sonic ex t rac t s  of the bac te r ium through  protammne 
sulfate t r ea tment ,  (NH4)2SO 4 f ract ionat lon,  hea t  t r e a t m e n t  and DEAE-ce l lu lose  
ch roma tog raphy  The detai ls  of the  purif icat ion procedure  will be pubhshed  elsewhere 
The purified p repara t ion  migra ted  as a single band  on po lyacry lamlde-ge l  electro- 
phoresls and  was comple te ly  devoid  of serme h y d r o x y m e t h y l a s e  ac t iv i ty  (M. FUJIOKA 
AND Y.  NAKANO, unpubl i shed  results) 

Serine h y d r o x y m e t h y l a s e  ac t iv i ty  was de te rmined  b y  measur ing the ra te  of 
react ion in ei ther  forward (React ion Ia) or reverse direct ion (React ion Ib)_ 

Assay ~- Assay wzth glyczne and 5,~o-methylenetetrahydrofolate as substrates 
(Reaction Ib) The ra te  of React ion  Ib  was de te rmined  by  the me thod  of SCRIMGEOUR 
AND HUENNEKENS s wi th  modifications_ The s t anda rd  react ion mixture ,  in a final 
volume of o 5 ml, conta ined 50 #moles  of po tass ium phospha te  (pH 7 3), o I ml of 
neu t rahzed  t e t r ahyd ro fo l a t e - fo rma ldehyde  mix ture  (4 #moles  of (-¢-)- tetrahydrofolate  
dissolved in I ml  of 12 5 mM formaldehyde) ,  12 5/ ,moles  of glyclne and an appropr l a t e  
amount  of the  enzyme After  incubat ion  at  37 ° (rout inely for IO rain), the  reac tmn was 
t e rmina ted  b y  the addi t ion  of o I ml  of 15 o/~ t r ichloroacet lc  acid 2 rnl of the  Nash 
reagent  were then added  and the mix ture  was incuba ted  again at  37 ° to allow the color 
to develop.  Af ter  20 rain of incubat ion,  o 8-ml al iquot  of the  mix ture  was di lu ted  wlth  
5 ml of H20, and the absorbance  at  41o m/~ was measured  in a B a u s c h - L o m b  34 ° 
colorimeter_ Under  these assay condit ions,  the  d i sappearance  of fo rmaldehyde  was 
l inear  with respect  to t ime and enzyme concentra t ion  unt i l  4 ° ~o of the compound was 
consumed A unit  of the  enzyme ac t iv i ty  was defined as the  amount  of enzyme causing 
the d i sappearance  of I #mole  of fo rmaldehyde  per  rain under  these condit ions and the 
specific ac t iv i ty  was expressed as units  per  mg of prote in  

Assay 2_ Assay w2th serene and tetrahydrofolate as substrates (Reactzon ra).  The 
ra te  of format ion  of 5 , Io -me thy lene te t r ahydro fo la t e  in React ion  I a  was e s t ima ted  
by  the ra te  of N A D P H  format ion  in the  presence of excess N A D P  ÷ and 5 , Io -methy l -  
ene te t rahydrofo la te  dehydrogenase  To a I 5-cm cuvet te  ( I-cm hght  path)  were 
added  i 5 o # m o l e s  of potass ium phospha te  (pH 7 3), o 4#mole  of (~- ) - te t rahydrofo la te  
dissolved in 0.02 M potass ium phospha te  (pH 7 3) conta ining o.I  M 2-mercaptoe thanol ,  
o 25 #mole  of N A D P  +, o 3-0 6 unit* of 5 , Io -me thy lene t e t r ahydro fo l a t e  dehydrogen-  

*A u m t  of 5 , Io-methylenetot rahydrofola te  dehydrogenase is the amoun t  of the enzyme 
whmh produces I /zmole of N A D P H  per m m  
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ase and the enzyme in a to ta l  volume of I 4 ml. The react ion was s tar ted by the addi t ion 

of o_I ml of o_I M L-serine The absorbance measurement  was made with a Shimadzu 

QB 5 ° spec t rophotometer  Under  these conditions, the increase in the absorbance at 

34 ° m#  was proport ional  to t ime and enzyme concentra t ion 

RESULTS 

Subcellular dzstrzbutzon of serzne hydroxymethylase activity 
As Table  I shows, serine hydroxymethy lase  ac t iv i ty  was found in the soluble, 

ml tochondr la l  and nuclear  fractions_ No ac t iv i ty  was found in the microsomal  fractmn. 

Since the nuclear fract ion was con tamina ted  with  ml tochondr ia  and unbroken ceils, 

no definite conclusion is drawn as to the occurrence of the enzyme in this fraction. The  

ml tochondna l  and soluble fractions were almost  free from cross contamina t ion  

TABLE I 

S E R I N E  H Y D R O X Y b l E T H Y L A S E  A C T I V I T Y  IN S U B C E L L U L A R  F R A C T I O N S  

Serme hydroxymethylase activity was determined bv Assay I 

Fraction Specific Total Total 
actzvzt), activity protein 
(unzts/mg (umts/g (mg/g 
protezn) hver) hver) 

Homogenate o 0095 2 02 213 o 
Nuclear o o154 o 44 28 4 
Mltochondnal o o130 o 71 52 o 
Mlcrosomal o oooo o oo 23 5 
Soluble o OliO o 94 84 9 

Purification of serzne hydroxymethylase f rom soluble fractzon 
Since there was no ac t iv i ty  associated with the mlcrosomes, IO ooo × g super- 

na tan t  of the l iver homogenate  was used as the s tar t ing mater ia l  for purification of 

serine hydroxymethy lase  from the soluble fraction. 
Step z The superna tan t  solution (15oo ml) was brought  to 43% satura t ion with  

solid (NH4)2SO a After  st irring for 30 rain, the precipi ta te  was removed  by  centrifu- 

gatmn.  (NH4)zSO 4 was again added to the  superna tan t  to 53% saturat ion,  and the 

preclpatated protein was collected by centr i fugat ion The precipi ta te  was dissolved 

in 0_05 M potassium phosphate  (pH 7 I) and dialyzed overnight  against  o o2 M po- 

tassium phosphate  (pH 7 I) conta lnmg 2 #g  per ml of pyr idoxa l  phosphate  
Step 2 The dialysate was di luted with the same buffer to give the protein concen- 

t ra t ion  of about  20 mg per ml To the solution were added 0.2 vol  of o 5 M potassium 

phosphate  (pH 6 5) and L-serine to a final concentra t ion  of IO raM. The mix ture  was 
then  heated  at 7 °0 for 3 rain and, after rapid  cooling, the dena tured  protein was 
discarded by centr i fugat ion H e a t m g  under  the same conditions but  in the absence 

of added L-serlne resulted in a loss of 75 % of the act ivi ty .  
Step 3 The superna tan t  solution from Step 2 was t rea ted  with (NH4)2SO 4 in the 

same manner  as in Step I The precipi ta te  obta ined  was taken  up in a small amount  

of the buffer, and dialyzed against  o 05 M potass ium phosphate  (pH 6-5) containing 

2 ,ag per ml of pyr idoxa l  phosphate  for 12 h 
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Step 4- The dialyzed enzyme contamlng approx. 240 mg of protein was poured 
over a column (2 cm "z 16 c m )  of DEAE-cellulose which had been equil ibrated with 
o-o5 M potassium phosphate (pH 6 5) The column was then washed with the same 
buffer unt i l  no protem was eluted A gradient  elution was then carried out with 6oo ml 
of o o5 M potassium phosphate (pH 6 5) in the mixing vessel and o 4 lVl of the same 
buffer in the reservoir_ The act ivi ty  usual ly appeared at a phosphate concentrat ion of 
o I to o 17 M The fractions having high specific act ivi ty  were combined and concen- 
t ra ted by (NH4)~SO 4 precipitat ion 

A summary  of the purification procedure is given in Table I I  

T A B L E  I I  

PURIFICATION OF SERINE HYDROXYMETHYLASE FROM THE SOLUBLE FRACTION 

S e r m 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  1 

Fracizon l'ohtme P~ ote~z "1 otal Specific Yteld 
(mI) contem z~n~ t s  actzwty (%) 

(mg/ml) (umts /mg 
protez n ) 

IO OOO ) g s u p e r n a t a n t  1 5 o o  12 8 I t3  o o 0 0 7  1oo  
I s t  ( N H , ) 2 S O  4 62 ~3 2 I I 8  o o 0 3 0  82 7 
H e a t  t r e a t m e n t ,  7 ° °  238  3 8 i i i  o o lZ  5 78 o 

2 n d  ( N H 4 ) ~ S O  4 I I  3 21 2 74  o o 39  51 7 
C h r o m a t o g r a p h y  o n  D E A E - c e l l u l o s e  82 o o 27 42 8 I 94 3 ° o 

3 r d  ( N H ~ ) o S O ~  o 7 5 o 15 15 4 3 ° IO 8 

Purzficatzon of serene h ydroxymetILvlase from mztochondrml fractton 
Step r A suspension of mitochondrla  was dduted with water to give a protein 

concentrat ion of about  2 %. L-Serlne and pyridoxal phosphate were added to the final 
concentrat ion of IO mM and 2 #g per ml, respectively, and the mixture  was heated 
at 65 ° for 3 min_ The denatured protein was discarded bv  centr lfugatlon 

Step 2 The heated extract  was t reated with (NH4)eSO ~ and the protein pre- 
cipi tat ing between 43 and 53 % saturat ion was dissolved in o 05 M potassium phosphate 
(pH 7 I) The solution was then dialyzed against o oo5 M potassium phosphate (pH 7 I) 
contamlng 2/~g per Inl of pyrldoxal  phosphate for 12 h 

Step 3 The dialyzed enzyme was adsorbed on a column of brushtte (2 cm × 
14 cm) which had been eqmhbra ted  with o oo5 M potassium phosphate (pH 7 I) 
Washing was made with the same buffer unt i l  no protein was detected an the eluate. 
Serlne hydroxymethylase  was eluted from the column by raising the concentrat ion of 
the buffer to o o 3 M 

Step 4 The fractions having high specific act ivi ty  were pooled, diluted 2-fold 
with water and then poured over a I cm × 4 cm column of DEAE-cellulose. Under  
these conditions, serlne hydroxymethylase  was held by  the cellulose as a sharp band  
on the top of the column The enzyme was eluted with o I M potassium phosphate  
(pH 7 I) By this procedure the enzyme was concentrated and an addi t ional  e-fold 
purification was usual ly achieved. 

The purification procedure of the mitochondrlal  serlne hydroxymethylase  is 
summarized an Table I I I  
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T A B L E  I I I  

PURIFICATION OF SERINE HYOROXYMETHYLASF FROM THE MITOCHONDRIAL I~RACTION 

S e r i 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 

23 

Fraction Vohtme ProteTn Total Specific Yzeld 
(ml ) content units act~wt~, (%) 

( mg/ml) ( un~ts/mg 
prote~n) 

M a t o c h o n d r i a l  s u s p e n s i o n  7 o 5 '  5 26 6 o 007  i o o  
H e a t  t r e a t m e n t ,  65 ° 132 2 o 22 o o 08 82 .5 

( N H 4 ) 2 S O  a 2 22 o 15 o o 36 58 9 
C h r o m a t o g r a p h y  o n  b r u s h l t e  13 o 2 I  7 8 2 83 29 o 
C h r o m a t o g r a p h y  o n  D E A E - c e l l u l o s e  o 5 i 5 4 o 5 5 ° 15 o 

Properties of soluble frachon alzd m~tochondr2al serene hydroxymethylases 
pH optimum The effect of p H  on serme h y d r o x y m e t h y l a s e  ac t iv i ty  was de- 

t e r m m e d  in o . i  M po ta s smm phospha te  or po tass ium pyrophospha te .  A ra the r  steep, 
n e a r l y  symmetr ica l  curve was ob t amed  for the  soluble fract ion serme h y d r o x y m e t h y l -  
ase wath the  o p t i m u m  at p H  8 o_ The  ml tochondr la l  enzyme showed a b road  p H  
o p t i m u m  and was most  achve  be tween p H  7.0 and 7-7 (Fig_ I) 

O2 

0 

o~ 

o 

6 ~ 8 9 
pl-{ 

Fig I Effect of p H  on serlne hydroxymethy lase  act ivi ty The purified prepara t ions  of soluble 
fraction ( @ - - @ )  and mltochondrlal  ( A - - / X )  serlne hydroxymethy lases  were used Activity 
measurement  was made by  Assay I 

M~chaehs constants for substrates The Michaelis cons tants  for subs t ra tes  were 
e s t ima ted  from double  reciprocal plots  in the  usual  manner  9 As shown m Table  IV, 
the  K m value  for serme was smal ler  t han  t h a t  for glycme, and  the K m  for t e t r ahyd ro -  
folate  was smaller  t han  t h a t  for 5 , Io -me thy lene t e t r ahydro fo l a t e  There was, however,  
no s lgmficant  difference in affinities of subs t ra tes  for serme hyd roxyme thy l a se s  from 
bo th  fractions_ 

A~n,tv for DEAE-cellulose I t  was found dur ing  enzyme purif icat ion t ha t  the  
m i t o c h o n d n a l  serme h y d r o x y m e t h y l a s e  came off the  DEAE-ce l lu lose  column with  a 
buffer of lower iomc s t rength  t han  t ha t  r eqmred  for the  elutaon of the  soluble f ract ion 
enzyme.  To ascer tam the difference m the affinity of the  bo th  enzymes for D E A E -  
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o,f  
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0 ~"5'0 100 1.~U 
Potassium lOhosphote (raM) 

Fig 2 A f f i m t y  o f  soluble fraction and mltochondrml senne hydroxynlethylases for D E A E -  
cel lu lose  The  purified preparat ion  of  serlne h y d r o x y m e t h y l a s e  was  adsorbed on a I c m  x IO c m  
c o l u m n  of  D E A E - c e l l u l o s e  E l u t m n  was carried out  as described in the  t e x t  E n z y m i c  a c t : v l t y  was  
de termined  b y  A s s a y  I A,  the  mttochondr~al  serlne h y d r o x y m e t h y l a s e ,  B, the  so luble  f rae tmn 
serme h y d r o x y r n e t h y l a s e ,  C, the  m i x t u r e  of  A a n d  B 

cellulose, an experiment  described an Fig 2 was performed. The purified preparations 
of soluble fraction and mitochondrlal  serlne hydroxymethylases  were adsorbed on 
DEAE-cel lu lose  colunms which had been equihbrated with o 02 M potassium phos- 
phate at pH 6 5 F]g. 2 shows the plot of serine hydroxymethy lase  act iv i ty  against 
phosphate concentration of the eluates. The mltochondrlal  enzyme  was eluted at the 
phosphate concentration of o 05 to o I M (the act iv i ty  peak at o 07 M), whereas the 
enzyme from the soluble fraction came off the column at the concentration of o I to 
o 17 M (the peak at o 13 M) Chromatography of the mixture  of both enzymes  revealed 
two act iv i ty  peaks centering at phosphate concentrations of 0.07 and o 14 M 

Electrophoreszs Electrophoresls  of the soluble fraction or the m]tochondrlal  
serme hydroxymethy lase  on cellulose acetate strip revealed a single protein band in 
each case To examine whether the band represents serlne hydroxymethylase ,  the 
strip was cut into small  pmces of the same size and each piece was eluted separately 
with o o2 M potassium phosphate buffer (pH 7 I) The enzymic  act iv i ty  coincided with 

T A B L E  I V  

/X'm VALUES FOR SUBSTRATES 

D e t e r m i n a t i o n  of  II'm va lues  for L-serlne and  t e t rahydro fo la t e  was  m a d e  b y  A s s a y  z, a n d  those  
for g l y c m e  and 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  by  Assay  I 

Substrate Soluble [ract~oT~ AIztochondrzal 
serene hydroxv- sertne hydroxy- 
meth vlase metkvlase 
(#M) (raM) 

L-Serlne 54 ° o 54 
L( ± ) -Tetrahydrofo la te  7 2 o o E o 
G l y e m e  12oo I 8 
L( -c ) - M e t h y l e n e t e t r a h v d r o f o l a t e  13o o 13 
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'O F70r'igin 
A~ 

t 

! ° 

e 

F i g  3 E l e c t r o p h o r e s l s  p a t t e r n  o n  ce l l u lo se  a c e t a t e  T h e  m i t o c h o n d r l a l  s e r l n e  h y d r o x y m e t h y l a s e  
(A), t h e  s o l u b l e  f r a c t i o n  s e r m e  h y d r o x y m e t h y l a s e  (C), a n d  t h e  m i x t u r e  (B) w e r e  a p p h e d  o n  a 
c e l l u l o s e  a c e t a t e  s t r i p  E l e c t r o p h o r e s l s  w a s  p e r f o r m e d  f o r  i h a t  20 ° w i t h  o 07 M p o t a s s i u m  
p h o s p h a t e  ( p H  8 o) as  t h e  b u f f e r  A c o n s t a n t  c u r r e n t  o f  i m A  p e r  c m  o f  t h e  s t r i p  w a s  a p p l i e d  P r o -  
t e l n  w a s  s t a i n e d  w i t h  t h e  P o n s e a u  3 R r e a g e n t  1° 

the protem band Fig 3 shows the result of a typical experiment The soluble fraction 
serlne hydroxymethylase travelled further to the anode than the mltochondrlal enzyme 
under these conditions 

Stab,hty The purified preparation of soluble fraction serme hydroxymethylase 
was more unstable than that from the mltochondnal fraction For example, when the 
dilute solutions of serlne hydroxymethylases (300 #g of protem per ml of o 05 M 
potassmm phosphate (pH 7.1)) were allowed to stand for 72 h at 23 °, the soluble 
fraction serlne hydroxymethylase lost 85 % of the activity, whereas the mltochondnal 
enzyme only 2o% 

The addition of sermne or glycme to the soluble fraction serlne hydroxymethylase 
was effective in preventmg the loss of activity that occurred during enzyme storage 
Sulfhydryl compounds such as 2-mercaptoethanol and dlthiothreltol at concentrations 
of I and o I raM, respectively, were partially effective On the contrary, EDTA, 
pyridoxal phosphate or serum albumm did not exert any protection against mac- 
tivatlon of the enzyme (Table V) 

T A B L E  V 

PROTECTIVE EFFECT OF VARIOUS COMPOUNDS ON SOLUBLE FRACTION SERINE HYDROXYMETHYLASE 

ACTIVITY 

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 o l u b l e  f r a c t i o n  s e r m e  h y d r o x y m e t h y l a s e  w a s  e m p l o y e d  a f t e r  d i a l y s i s  
f o r  12 h a g a i n s t  o 05 M p o t a s s i u m  p h o s p h a t e  ( p H  7 i) E n z y m 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 f t e r  a l l o w i n g  t h e  e n z y m e  t o  s t a n d  f o r  48 h a t  23 ° in  t h e  p r e s e n c e  o f  e a c h  c o m p o u n d  t e s t e d  T h e  
p r o t e m  c o n c e n t r a t i o n  o f  t h e  m i x t u r e  w a s  3 0 0 / z g  p e r  m l  

Adddzon Concn Imt~al 
(mAq ) enzyme 

actlwtv 
(%) 

N o n e  43 5 
G l v c i n e  i o  88 5 
L-Serlne io IOO o 

Pyrldoxal-P o I 44 o 

EDTA I 44 8 

Dithlothreltol o I 61 o 

2 - M e r c a p t o e t h a n o l  I 7 ° 3 
B o v i n e  s e r u m  a l b u m i n  i ~o * 42 o 

* g p e r  i o o m l  

B~ochzm Bzophys Acta, 159 ( I968)  1 9 - 2 6  



26 V NAKANO, M FUJIOKA, H WADA 

DISCUSSION 

Among l soenzymes  many  examples  are now known which differ in their local- 
lzation within the cell Among those occurring in the soluble and mltochondrlal  fractions 
of mammal ian  tissues are i soenzymes  of g lutamate  aspartate transamlnase n-~3, gluta- 
mate  alanine transaminase 1~, kynurenlne transaminase is, malate  dehydrogenaseJ6,17, 
lSOCltrate dehydrogenase ~s, fumarase ~9, creatlne kinase 2°, etc The data described in 
this communicat ion  indicate that there occur, in rat hver, isoenzylnes  of serme hydroxy-  
methylase  in the soluble and mltochondrial  fractions The occurrence of serine hydroxy-  
methylase  in these cell fractions has also been demonstrated m livers of other species 
such as ox, mouse,  pig and rabbit Homogeneous  preparations of l soenzymes  have 
iecent ly  been obtained from rabbit liver in thls laboratory. The i soenzymes  from this 
source had very similar properties with respect to pH opt imum, electrophoretic 
mob lh ty  and stability,  but they  were distinct lmmunochemlca l lv  2 

The serlne hydroxymethy lase  l soenzymes  of rat liver differ in the pH opt imum,  
stabi l i ty  and In net electric charge of the protein as evidenced by the difference in 
affimty for DEAE-cel lu lose  and m electrophoretic mobi l i ty  The lsoenzymes,  however,  
showed a marked similarity in Km values for substrates This fact and the ready 
reversibil ity of the reaction suggest that the direction of the reactmn catalyzed by 
these i soenzymes  ~n vwo is largely dependent on the availabil i ty of substrates in 
particular cell components  It  seems Impossible at present to assign any role to these 
i soenzymes  in cellular metabohsm because of the lack of mformatmn on the steady-  
state concentration of substrates in each cell compartment  
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