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The specificity of S-adenosyI-L-methionine sulfonium stereoisomers in some 
enzyme systems 

There is, as yet, little information on the biological specificity of stereoisomers 
of the methyl donor, S-adenosylmethionine. This compound contains two centers of 
asymmetry in addition to those in the ribose moiety: C-2 of the methionine part, and 
the sulfonium pole. The present report is concerned with the sulfonium stereoisomers; 
the L-methionine derivative was used in all instances. The designations (+) and (--), 
based on polarimetry, are used for the sulfonium stereoisomers because the absolute 
configuration of the sulfonium pole has not yet been determined. 

DE LA HABA et al. 1 have shown that enzymatically produced S-adenosyl-L- 
methionine has the (--) sulfonium configuration. The racemic compound can be 
obtained by methylation of S-adenosyl-L-homocysteine 1 or by condensation of 5'- 
methylthioadenosine with 2-amino-4-bromobutyric acid 2. A high degree of specificity 
of the sulfonium stereoisomers was observed 1 in several enzymatic systems : only the 
(--) configuration was active as substrate. On the other hand, DURELL et al. 3 showed 
that both diastereoisomers of methylethylacetothetin are active as methyl donors in 
the thetin :homocysteine methyltransferase system (EC 2.1.1.3). 

To explore further the relationship between the steric configuration of the 
sulfonium pole and the biological activity of S-adenosyl-L-methionine, the activities 
of the (--) and (~_) stereoisomers were compared with 4 enzymes that had not been 
previously investigated. Three methyltransferases and a decarboxylase were selected 
for this investigation: imidazole N-methyltransferase (EC 2.I.I.8), which t2,rms 
methylhistamine, hydroxyindole 0-methyltransferase (EC 2.I.I.4), which yields 
melatonin, homocysteine S-methyltransferase (EC 2.I.I.IO), and S-adenosylmethio- 
nine decarboxylase. 

(--)S-Adenosyl-L-[Me14C]methionine and (--)S-adenosyl-L-[carboxy-14C]-me- 
thionine were prepared from labeled methionine by biosynthesis with yeast* and 
isolated according to SHAPIRO AND EHNINGER 5. S-Adenosyl-L-homocysteine was 
prepared by enzymatic synthesis from adenosine and L-homocysteine c and isolated 
by ion-exchange chromatographyS, 7. (-¢-)S-Adenosyl-L-[Me-14C]methionine was 
prepared by methylation of S-adenosyl-L-homocysteine with labeled methyl iodideS; 
(:k)S-adenosyl-L-[carboxy-Z4C]methionine was obtained by methylation of S-adeno- 
syl-l--[carboxv-laC]homocysteine 8. Imidazole N-methyltransferase was purified from 
guinea-pig brain according to BROWN et al. °, and the enzymatic assay was performed 
according to SNYDER et al. 1°. Hydroxyindole 0-methyltransferase was purified from 
piueal glands and assayed according to AXELROD AND WE1SSBACH ll. Homocysteine 
S-methyltransferase, purified from Saccharomyces cerevisiae ~2, was a generous gift 
from Dr. S. K. Shapiro. S-Adenosyhnethionine decarboxylase was purified from 
Escherichia coli according to TABOR 13. The activity was measured by the release of 
14CO2 from S-adenosyl-L-[carboxyJ4C]methionine. 

The activity of (--)S-adenosyl-L-methionine in the methylation of histamine 
compared with that of the racemic compound, used at the same concentration, is 
shown in Fig. i. The activity of the racemic compound is one half that of the ( - )  
isomer. In addition, it may be seen that the rate of the reaction with the racemic 
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Fig. I. Sulfonium stereoisomers of S-adenosyl-L-methionine as methyl donors in the methylation 
of histamine. Purified imidazole N-methyltransferase, 2.5 mg of protein, was incubated at 37" in 
the presence of o.2 #mole of histamine, 5 o#moles sodium phosphate buffer (pH 7.5), and 5 ° 
(~- ~)  or 25 ( I - - I )  m#moles of ( )S-adenosyl-L-IMe-14C]methionine, or 5 ° m/.tmoles (A---A) 
of (±)S-adenosyl-L-[Me-laCjmethionine, in a final volume of o.5 ml. The specific activity of the 
the labeled methyl donors was 4.8. lo 5 counts/min per Hmole. 

Fig. 2. Sulfonium stereoisomers of S-adenosyl-L-methionine as methyl donors in the hydroxy- 
indole O-methvltransferase system. Purified hydroxyindole O-methyltransferase, 0..5 mg of protein, 
was incubate(1 at 37 ° in the presence of i.o l~.mole of N-acetylserotonin, 5 ° #moles of potassium 
phosphate buffer (pH 7-4), and 200 (~j [~} or ioo ( I - - I )  m/imoles of ( )S-adenosyl-L-[Me-14C] - 
methionine, or 200 mHmoles ( ~  /].) of (:1).%adenosyl-L-FMe-laC]methionine, in a final volume 
of 0.8 ml. The specific activity of the methyl donors was I. ~ - ~o 5 counts/min per ,umole. 

c o m p o u n d  is t he  same  as t h a t  o b s e r v e d  w i t h  ha l f  t he  c o n c e n t r a t i o n  of  t he  ( ) %rm.  

Cor r e spond ing  resu l t s  were  o b t a i n e d  w i t h  h y d r o x y i n d o l e  O - m e t h y l t r a n s f e r a s e ,  as 

i n d i c a t e d  in Fig .  2. The  su l fon ium r a c e m a t e  showed  on ly  ha l f  t he  a c t i v i t y  c o m p a r e d  

to  t he  ( - )  s t e reo i somer .  I n  con t r a s t ,  t he  d a t a  r e p o r t e d  in Fig.  3 d e m o n s t r a t e  t h a t  

b o t h  s t e reo i somers  are  e f fec t ive  as m e t h y l  donors  in t he  m e t h y l a t i o n  of  h o m o : y s t e i n e .  

T h e  ( ~ )  t b r m  is u t i l i zed  in th is  s y s t e m  more  r ap id ly  t h a n  the  ( ) s t e reo i somer .  

Us ing  a large  excess  of  e n z y m e  i t  was  possible  to  o b t a i n  q u a n t i t a t i v e  t r a n s m e t h y l a t i o n  

wi th  b o t h  s te reo isomers .  
In  a d d i t i o n  to these  t r a n s m e t h y l a t i n g  enzymes ,  S - a d e n o s y l - L - m e t h i o n i n e  de-  

c a r b o x y l a s e  was  e x a m i n e d .  Fig.  4 shows t h a t  t he  ( ) su l fon ium c o m p o u n d  is a b o u t  

twice  as r e a c t i v e  as t he  (~_) form.  This  sugges ts  t h a t  on ly  t he  ( - - )  su l fon ium s tereo-  

i somer  is d e c a r b o x y l a t e d .  
The  d a t a  r e p o r t e d  here  conf i rm t h a t  t he  ( ) su l fon ium s t e r eo i somer  of  S-  

a d e n o s y h n e t h i o n i n e  is t he  b io log ica l ly  a c t i v e  fo rm in m o s t  ins tancesL  H o w e v e r ,  t he  
a c t i v i t y  of  b o t h  s t e reo i somers  in t he  m e t h v l a t i o n  of  L -homocys t e ine  shows t h a t  a 
gene ra l i z a t i on  r e g a r d i n g  s ter ic  conf igu ra t ion  a n d  a c t i v i t y  is n o t  possible.  T h e  ut i l i -  
za t ion  of  ( q - ) S - a d e n o s y l m e t h i o n i n e  b y  L-homocys t e ine  S - m e t h y l t r a n s f e r a s e  m a y  be  
r e l a t ed  to  t he  l im i t ed  specif ic i ty  of  th is  e n z y m e  which  t r a n s m e t h y l a t e s  also w i t h  
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Fig. 3. Sulfonium stereoisomers of S-adenosyl-L-methionine as methyl  donors in the homocyste ine  
S-methyl t ransferase  system. Purified enzyme, 1.3 mg of protein, was incubated wi th  2.0 m/~moles 
of Zn ~+, io #,moles sodium phospha te  buffer (pH 7.2), 0.5/~mole L-homocysteine. 200 m/~moles 
( -- )S-adenosyl-L-[ Me-14C]methionine (O---O) or ( ± )S-adenosyl-L-[Me-14C]methionine ( G - - ©  ), 
specific act ivi ty  4.1 • lO b counts /min  per /~mole, in a final volume of o.2 ml. The enzyme was 
assayed by  ion-exchange ch romatography  TM, and the s tandard  deviations are indicated. 

Fig. 4- The specificity of sulfonium stereoisomers in the S-adenosyl-L-methionine decarboxylase 
system. Purified enzyme, 8 mg ( ) or 4 mg ( ) of protein, was incubated with 
60 m/zmoles of ( )S-adenosyl-L-[carboxy-l~C]methionine ( ~ )  or (~=)S-adenosyl-L-[carboxy-l*C! - 
methionine (Q),  5 ° re#moles of Mg 2+, 5 °/~moles of Tris-HC1 buffer (pH 7.2), in a final volume of 
0. 4 ml. The reaction was carried out  at  380 in Warbu rg  vessels. The 14CO~,, released f rom the in- 
cubat ion mixture  by  the addition ofo .  4 ml of 1. 5 M perchloric acid f rom the side arm, was t r apped  
by  o. I ml of hyamine  hydroxide in the central  well, and the radioact ivi ty was counted in a scin- 
tillation spectrometer.  The specific radioactivi ty of the sulfonium compounds  was 4. i • I o s counts /  
min per/2mole. 

S-methylmethionine as the methyl  donor. The latter compound does not have an 
asymmetric sulfonium center. 
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