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i~. i n t roduc t ion  

For the purification of  enzymes or proteins, affinity 
chromatography  has been widely used as one  o f  the 
most  attractive me thods  [ t ] .  The  enzymes  which 
requLre coenzyme or  cofac tor  are purif ied by  the use 
o f  specific in teract ion be tween the enzyme and the 
coenzyme immobil ized in the insoluble suppor t  [ 1 ] .  

There arc 8everat reports  fo r  the purif icat ion o f  
B12-dependcnt enxymes or  Blz-binddn ~ proteins by  
the vitamin Bl2 aff ini ty adsorbents.  ~n the successful 
approach cobatanin was attached to agarose through 
a hydrocarbon spacer connected to the coffin nucleus 
[1--4]. The attac~mxent of  the cobalamin to the 
matrices through the axial ligand could be undesir- 
able, because the K m value o f  such modif ied cabalamin 
decreases drastically in adenosyl-B~2-dependent 
enzyme  systems [2] .  However,  there  is a possibil:~ty 
that  this type  o f  aff ini ty  adsorbent  might work  satis- 
factor~Ay in the purif icat ion o f  B~2-dependent 
methionhac synthetase.  The apoenzyme o f m e t h i o n i n e  
synthetase bound to the adsorbent could be obtained 
as the ho loenzyme by  elut i0n af ter  the cleavage o f  the 
carbon--cobal t  bond  b y  fight irradiation as follows: 

[n this communica t ion  we repor t  the synthesis o f  a 
coba iamin-Sepharose  by  the reaction sequence are 
shown in r i g a ,  and ilts appfication to  the purif icat ion o f  
Ns_rnethyl te t rahydrofola te  - -homoeyste ine  c o b a l a m i n  

methyl t ransferase f rom E s c h e r f c h i a  t o E .  - .  
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Fig.1. Scheme for the synthesis of cobalamm--Sepharose 4B. 
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2. Materials rand m e t h o d s  

IVs - [ t 4C]me thy l t e t r ahyd ro fo !a t e  and [ t 4 C ] m e t h y !  
iodide were  purchased  f r o m  Japan  Rad io i so tope  Ass. 
and S-adenosyh-nethionine f rom K y o w a  H a k k o  K o g y o  
Co. 4 -Chlorobu tano ic  acid and 1-ethyi-3-(3-dimethyl-  
~ rn inopropyl )carbo  "idi.hnide were ob ta ined  ~¥om 
Nakara:  C-'hemicals. F},~tNIH~ was p repa red  each day  b y  
the cata~y tic hyd ro gena t i on  o f  F ~  wi th  PtO~ [5 ] .  
Unlabeled A ~ - m c t h y l t e t r a h y d r o f o l a t e  was synthesized 
a c c o r d i n g  to  the  m e t h o d  [6 ] .  [ t4C]Methy l  B!2 and 
ca rboxypropy l -B!2  were  synthes ized  in the dark  b y  
the p rocedure  o f  [7 ] .  

A m i n o b u t y l - S e p h a r o s e  was p repared  b y  tbe over- 
nio~ht react ion  o f  cyanogen  bromide-ac t iva ted  
Sepharose  4B vAth 1,4-diar~finobutane (2 mmoI/rrfl  
Sepharose)  at  4°(2, according to  the  m e t h o d  [8] .  
Carbox.ypropy!-Bt2 was coup led  to  this a m A n o b u t y l -  
S e p h a r o ~  in the presence  o f  water-soluble  carbo-  
di imide to  fo~nn coba lamin- -Sepharose  [8 ] .  In order  
to  de te rmine  the  con ten t  o f  Bt2, 0 , I  5 ml  coba !amin - -  
Sepharose  was exp os ed  to  a 300  W tungsten  !amp for  
2 rain at a dis tance o f  30 cm on  ice and packed  in a 
colu,,~n. The  Blz c o m p o u n d  p h o t o l y z e d  was e luted 
with  3 ml distilled water.  The a m o u n t  o f  B~2 in the 
ef f luent  was de te rmined  b y  A~s~ and tha t  o f  B ~  
be, und  to  Sepharose was calculated as 40  nm o l /mi  
Sepharo:;e. 

Escherichia coli B (wild t ype )  was grown aerobi-  
ca!ly at 37°C in a m e d i u m  containing (in g]lite,'): 
KH2FO4, 3.0;  K2HPO4, 7.0;  MgSO~-TH20, 0.1 ; 
(NH4)zSO4, i .0; NaC1, 0.5;  sod ium ci t rate ,  0.5 ; yeas t  
ex t rac t ,  5.0; glucose 10.0. The  cells were harvested 
in late logar i thmic phase o f  g rowth  by .cen t r i fuga t ion  
at  3500  X g for  20 n-tin. Ceil-free ext rac ts  were  theft 
p repared  b y  grinding the cells wi th  2 g a lumina/g  wet  
wt  cells ~y  using a m o r t a r  and pestle on  ice [9 ] .  

This dialysate was used as crude ex t rac t  for  e n z y m e  
assay. Fo r  fur ther  pur i f ica t ion  o f  the enzym e ,  the  
super_natant ob ta ined  as above was t rea ted  with  solid 
a m m o n i u m  sulfate  to  get a f rac t ion  precipi ta t ing at 
be tween  35- -50% a m m o n i u m  sulfate  sa tura t ion .  The  
precipi ta te  was dissolved in 0 .05 M potass ium phos-  
Phate  bu f fe r  (5 ml /g  wet  wt  disrupted cells) and 
dialyzed against 1.0 l i ter 0.0 i M po tass ium phospha te  
bu f fe r  ( p H  7.5) for  2.5 h. Dialysate,  30  ml  (p ro te in  
103 mg)  was incuba ted  wi th  D T T  (di tbJothrei tol ) ,  
6 / amol ;  1.0 M potass ium phospha te  buf fe r  ( p H  7.5) 

6 ml and  coba lamin- -Sepharose  ~ 5 nfi~ (we t  w t )  in a 
200 ml  beake r  wff_h gentle stirring for  20 rain at  30°C 
ha the  dark.  The  subsequen t  wc-rk was c a r d e d  ou*, 
be low 4°C unde r  a dim light. The  incuba t ion  mix tu r e  
was packed  in a co!unto  o f  2,7 cm d iame te r  and  
impure  protekn was e~_uted wi th  buf fe r  as described in 
the legend o f  fig.2. Af te rwards  the  beads  were trans- 
ferred into  a Petri-ddsh (diam. 8.5 c m )  wi th  a b o u t  
20 ml  o f  0.05 M po tass ium p h o s p h a t e  buf fe r  ( p H  7.5) 
and exposed  to  a 300  W tungs ten  lamp for  2 r f in  at  a 
dh t ance  o f  39  era, on  ice, in order  to  cleave the  
ca rbon- -coba l t  b o n d  o f  c o b a l a ~ n - - S e p h a r o s e .  Then ,  
the sample  exposed  to  light was repacked  in a co lumn  
o f  the same size as above.  Tk~ co lumn  was eluted 
wffh 100 mA 0.5 M KC! in 0 .05 M po tass ium phos-  
pha te  bu f fe r  ( p H  7.5) and the  e f f luen t  was col lected 
in 10 m! fractions.  

Prote in  was de te rmined  b y  the  m e t h o d  [ 1 0 ] .  
NS-Methyltetrahydrofolate--homocysteine coba lamin  
methyltransferase was assayed essential ly b y  a D o w e x  
I (C] - )  co lumn m e t h o d  [11 ,12 ] .  The comple t e  
sys t em o f  the  assay mJ×ture conta ined :  NS-[V~C] - 
m e t h y l t e t r ~ y d r o f o l a t e  50 nmo! ;  h o m o c y s t e i n e  
500 nmol ;  SAM, 25 nmol ;  FMNH2,  200 ninon; D T T ,  
500 nm01; po tass ium phospha t e  buf fe r  ( p H 7 . 5 ) ,  
25 / zmol  and  a p o e n z y m e  (pro te in  1.4 rag) in to ta l  
voI. O.425 ml.  Fo r  the  assay o f  crude ex t rac t  and 
a m m o n i u m  sulfate  f rac t ion  5 n m o l  methy']-B~2 was 
added,  because enzyme exists  as a p o e n z y m e .  But  no  
Bl2 was added  to  the  f ract ions af ter  the light irradia- 
t ion in the af f in i ty  c h r o m a t o g r a p h y ,  where e n z y m e  
exists as ho loenzyme°  The  react ion  mix tu res  were 
incuba ted  m the dark  for  15 rain at  30°C under  an 
a tmosphe re  o f  hyd rogen  gas. One unff o f  the  act ivi ty  
is def ined as Lhe amount o f  e n z y m e  cata lyzing the 
fo rma t ion  o f  ! n m o l  m e t h / o n m e / 1 5  m_in~ at  30°C. 
MethybIL_2-homocysteine methy l t rans fe rase  was 
assayed b y  measur ing  the  f o r m a t i o n  o f  [a¢C]methio-  
nine according to  the m e t h o d  [ 12] wi th  the foUowing 
modif ic  atio_ns: 

(i) The  react ion  mixture contained: [~4C]methyi-  
B ~  lO nmo[ ;  homocys teh~e  2 p m o I ;  po tass ium 
phospha te  buf fer  100 p m o ! ;  e n z y m e  in totM vo!. 
0 .45  wd and was aerobicaldy incubated m the  dark  
for  30  m i x  at  30°C. 

(fi) The  produc~,  [~'~C]methionine, was e tu ted  wi th  
2.0 ml 1 M dibasic po tass ium phospha t e  f rom the  
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Table 1 
Purification of  B~-dependent  methionine synthetase from Escherichia coli 

Volume Total  protein - Total  act. Spec. act. Recovery Puri~cation 
(m~) (rag) (units) (un~ts/mg) (%) (-fold) 

Crude extract  50 495 11 [ 0 2.2 ! 00 ! 

30 103 880 g.5 79 3.8 A m m o n i u m  s u l f a t e  
( 3 5 - - 5 0 % )  

Affinity chromatography 
Fraction No. 43 ! 0  0.18 480 2670 43 1220 
Fraction No. 44 10 0.10 380 3800 34 1750 

c o l u m n  o f  D o w e x  50  (H ÷) (0 .6  X 3 .0  c m )  a n d  
c o l l e c t e d  in  a c o u n t i n g  vial .  

3 .  F :esu l t s  a n d  d~seussior~ 

V i t a m i n  B ~2-dependen t  m e t h i o n i n e  s y n t i m t a s e  has  
b e e n  p u r i f i e d  t o  h o m o g e n e i t y  f r o m  E. co l i  [ t 3 , 1 4 ] .  
H o w e v e r ,  i t  r e q u i r e s  a m u l t i s t e p  p r o c e d u r e  to  o b t a i n  
a p u r i f i e d  e n z y m e .  In o r d e r  t o  s i m p l i f y  t h e  m e t h o d  
we  u sed  a f f i n i t y  c h r o m a t o g r a p h y  a n d  p u r i f i e d  a p o -  

m e t h i o n i n e  s y n t h e t a s e ,  w t ~ c h  was  c o n v e r t e d  i n t o  
h o t o e n z y m e  in  a s tage  o f  t h e  a f f i n i t y  c h r o m a t o g r a p h y .  

A s u m m a r y  o f  t h e  p u r i f i c a t i o n  is g iven  in  t a b l e  1. 
T h e  r e c o v e r y  o f  t he  a c t i v i t y  ( f r a c t i o n  No .  4 3 , 4 4 )  was  
a b o u t  77% a n d  e n z y m e  was  p u r i f i e d  t o  ove r  1000-  
fo ld .  T h e  spec i f i c  a c t i v i t y  is a t  l eas t  c o m p a r a b l e  t o  
t h e  o n e  r e p o r t e d  [ 5 ] .  T h e  p u r i t y  was  e s t ~ a t e d  t o  b e  
a b o u t  70% f r o m  t h e  p o l y a c r y l a m i d e  disc-gel  e l e c t r o -  
p h o r e s i s .  

T h e  t y p i c a l  e l u t i o n  p a t t e r n  o f  t h e  c h r o m a t o g r a p h y  
is s h o w n  in  f ig .2 .  A l m o s t  all  o f  c o n t a m i n a t i n g  p r o -  
tem_s were  e l u t e d  in  t h e  w a s h i n g  s t e p s  b y  0 . 0 5  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  a i ld  1 M KCIM3.05  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 .  T h e  e n z y m e  was  e l u t e d  
wifla 0 .5  M KCI- -O.05  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  
a f t e r  t h e  p h o t o l y s i s  o f  e n z y m e - b o u n d  c o b a t a m i n - -  
S e p h a r o s e .  This  e n z y m e  a lso  c a t a l y z e s  t h e  t r a n s f e r  o f  
m e t h y l  g r o u p  o f  me thy l -B~  z t o  h o m o e y s t e i n e  [ 1 3 ] .  
We e x a m i n e d  th is  in  a n o t h e r  e x p e r i m e n t .  Figu:re 3 
s h o w s  the  e l u t i o n  p r o f i l e  a f t e r  p h o t o l y s i s .  T h e  p e a k  
p o s i t i o n  o f  t h e  a c t i v i t y  o f  m e t h y l - B a z - h o m o c y s t e i n e  
m e t h y t t r a n s f e r a s e  c o m p l e t e l y  c o i n c i d e s  w i t h  t h a t  o f  
N S - m e t h y l t e t r a h y d r o f o l a t e - - h o m o c y s t e i n e  m e t h y l -  

t r ans f e r a se .  T h e  s imi l a r  r e su l t  was  o b t a i n e d  in t he  
a f f i n i t y  c h r o m a t o g r a p h y  o f a p o m e t h i o n i n e  s y n t h e t a s e  
f r o m  P r o t a m i n o b a c t e r  n tber ,  a B~2-produc ing  b a c t e -  
r i u m  [ 9 ] ,  c u l t i v a t e d  in  a c o b a l t  d e f i c i e n t  m e d i u m  
s u p p l e m e n t e d  w i t h  s u c c i n a t e  a n d  se r ine  ( d a t a  are  n o t  

s h o w n ) .  These  resu l t s  s u p p o r t  t he  f i n d i n g  [ i 3 ] ,  t h a t  
g S - m e  t h y l t e t r a h y d r o f o l a t e - - h o m o c y s t e i n e  t r ans -  
m e t h y l a t i o n  a n d  m e t h y l - I ~ 2 - - h o m o c y s t e i n e  t rans-  
m e t h y t a t i o n  o c c u r  a t  s e p a r a t e  s i tes  o n  t h e  B~2 proteb~ 

In th i s  s t u d y  t h e  c a r b o n - - c o b a l t  b o n d  in c o b a l a -  
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F i g . 2 .  A f ~ _ n i t y  c h r o m a t o g r a p h y  o f N S - m e t h y l t e t r a h y d r o  - 

folate--homocystelne methyltransferase. The coba l amin -  
Sepharose binding enzyme was washed wit~l [1] 100 mi 
0.05 M potassiu.m phosphate buffer, [Ii]  ! 50 m! 1 M KCt-- 
0.05 bi ~otasMum phosphate buffer and [III] 100 mI 0.05 M 
potassium phosphate buffer. After exposure to visible light, 
~ h e  c o l u m n -  w a s  w a s h e d  w i t h  [ N |  5 0  m l  O . 0 5  ~ p o t a s s i u m  
phosphate buffer and f-really enzyme was eiuted with IV] 
100 ml 0,5 M KCI--0.05 M potassium phosphate buffer. 
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Fig.3.  E lu~on  pa t te rn  ofJV~-methy'I tetrahydrofolate - 
homocys te ine  methyl t ransferase and methyloB1a-homo- 
cysteine methyl t ransferase f rom a cobalamin--Sepharose  
column.  Elu*den was po.fformed as in fig.2, except  tha t  this  
exper iment  was carried ou t  on a smaller scale. 

m i n - - S e p h a r o s e  w a s  c l e a v e d  b y  t h e  p h o t o l y s i s  a n d  
t h u s ,  t h e  a f f i n i t y  a d s o r b e n t  is  n o t  r e u s a b l e .  W e  a r e  
n o w  i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  o f  e l u t i n g  t h e  p r o -  
t e i n  w i t h o u t  p h o t o l y s i s  so  t h a t  t h e  a d s o r b e n t  w o u l d  
b e  r e u s a b l e .  I t  m i g h t  o p e n  t h e  w a y  f o r  t h e  w i d e  a p p l i -  

. c a t i o n  o f  t.his t y p e  o f  t h e  a d s o r b e n t  in  t h e  p u r i f i c a -  
t i o n  o f  B 1 2 - d e p e n d e n t  e n z y m e s .  
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