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Selenomethionine in Enzymatic 
Transmethylations 

IN the past, biological interest in selenium has 
been centred around its toxic role as the cause of 
'alkali disease' and 'blind staggers'' and as a source 
of industrial poisoning2• However, recent develop
ments suggest a more important role for this element. 
Thus, it has been shown that selenium is an essential 
trace element for the rat• and is stimulatory, if not 
essential, for the growth of certain plants•. While 
inorganic selenium compounds are active in these 
cases, there is evidence that these inorganic selenium 
compounds are converted biologically into organic 
compoundq, including tho selenium analogues 
of cysteine6

, cystine, methionine• and cystathio
nine7. The structure of the essential selenium 
compound or compounds, therefore, remains to bo 
established. 

These results havo stimulated interest in the meta
bolic role of selenomothionine. This analogue has 
boon shown to support exponential growth of a 
methionine-requiring E. coli mutant, growth con
tinuing for as long as one hundred generations on a 
methionine-free medium containing selenomethionine. 
Furthermore, micro-organisms grown under these 
conditions are capable of adaptive enzyme forma
tion•,•. These results are of particular significance in 
that they demonstrate that proteins in which meth
ionine is replaced by its selenium analogue have 
retained their functional integrity. 

In the light of these findings, it was considered of 
interest to investigate the ability of selenomethionine 
to replace methionine in a biological reaction in which 
the sulphw- atom of this amino-acid is functionally 
involved, namely, transmethylation. As is well 
established, an adenosine triphosphate-dependent 
enzymatic activation resulting in the formation of 
S-adenosylmethionine is a prerequisite for the 
enzymatic transfer of the methyl group of methionine. 
S-adenosylmethionine can act as a methyl donor to a 
suitable methyl acceptor in the presence of specific 
methylpherases9 , It may be recalled that an 
essential featm·e in the activation reaction is the 
conversion of the sulphur atom from a thioether to a 
sulphonium configuration. 

When selenomethionine was incubated with meth
ionine-activating enzyme prepared from rabbit 
liver10 or yeastu, it was utilized as well as or better 
than methionine. Fig. 1 shows the results of an 
experiment in which methionine and selenomethionine 
are compared as substrates for the yeast methionine
activating enzyme. In the presence of excess pyro
phosphatase the reaction can be followed by measur
ing the amino-acid dependent mineralization of the 
three phosphates of adenosine triphosphate and/or the 
formation of an adenosyl compound which, because 
of its cationic nature, is not adsorbed on 'Dowex-1' Cl. 
It can be seen that, in fact, selenomethionine is a 
better substrate for the yeast-activating enzyme than 
the natural sulphur analogue. 

To test the ability of Se-adenosylselenomethionino 
to serve as methyl donor, tho adenosyl compound 
formed from selenomethionine was precipitated as 
the crystalline trireinockate derivative, converted to 
the sulphate salt and afterwards incubated with 
guanidoacetic acid in tho presence of pig-liver creatine 
methylpherase•. It was found that 0·28 µmole of 
Se-adenosylselenomethionine supported formation of 
0·21 1.tmole of creatine by transmethylation while a 
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Fig. l. 1':ach vessel contained in a final volume or u ·5 ml.: 
tris(hydroxymethyl)amlnomethanc, pH 7 ·6 , 75 µmoles; pot
assium chloride. 150 µmoles; magnesium chloride , 150 µmoles; 
adenosine triphosphatc , neutralized with potassium hydroxide , 
12 µmoles; reduced glutathione, neutralized with potassium 
hydroxide, 5 µmoles; substrate as indicated; a n excess of 
yeast inorganic pyrophosphatase; 90 micrograms of methionine 
activating enzyme purified 250-fold from an extract of baker's 
yeast (ref. 11). Incubation was for 30 min. at 37°. The reaction 
was terminated by addition of perchlorlc acid and aliquots of the 
protein-free supernatant were used for determination of the in
organic phosphate (triangles) and adenosyl compound (circles) 
(ref. 10). A control was run without added substrate and the 
control value subtracted from the experimental. The stoichio
metry of the reaction requires t.11e mlnerali,.ation of three moles 

of phosphate for each mole of a,tenosyl compound formed 

control of O ·32 µmolo of authentic S-adenosyl
methionine gave a quantitative yield of croatine. 

Tho ability of inorganic selenium compoundq to 
function as methyl acceptors in fungi and related 
species has been demonstrated by tho studies of 
Challenger and his school12• The experiments re
ported hero emphasize the ability of selenomethionine 
to replace its natm-al sulphur analogue as a substrate 
in two enzymatic reactions involved in biological 
transmethylation. Although in one instance it has 
been found that selenomethionine competes with its 
sulphur analogue13, it may be postulated on the basis 
of tho present evidence that the ability of seleni
ferous compounds to replace their sulphw--containing 
analogues is rather widespread. 

We wish to thank Dr. Dean Cowie for use of a 
manuscript privr to publication and for the gift of a 
sample of selenomethionine which was originally 
synthesized by Dr. Alex Schrift. 

s. HARVEY MUDD 

G. L. CANTONI 

Laboratory of Cellular Pharmacology, 
National Institute of Mental Health, 

Bethesda, Maryland. Oct. 4. 
1 Underwood, E. J., "Trace Elements in Ruman and Animal Nutri

tion", 344 (Academic Press, New York, 1956). 
• Hamilton, A. , and Hardy, H. L., "'Industrial Toxicology", 2nd edit., 

188 (Paul B. Hoeber, Inc. , New York, 1949). 
• Schwarz, K., and Foltz, C. M., J. Amer. Chem. Soc., 79, 3292 (1D5i) . 
'Trelease, S. F., and Trelcasc, H. M., Amer. J. Bot., 25, 372 (1938). 
• Cowie, D. B., and Cohen, G. N., JJiochim. Biophys. Acta (in the 

press). 
• McConnell, K . P., and Wabnitz, C. H . . J. Biol. Chem., 226, 765 

(1957). 
7 Horn, :I.I. J., and Jones, D. B., J. Biol. Chem., 139, 649 (1941) . 
• Cohen, G. N., and Cowie, D. B., C.R .. Acad. Sci., Pari•, 244, 680 

(1957). 
• Cantoni. G. L., In "Proceedings of the Third International Congress 

of Riochemistry, llrussels, 1955"', 233 (edit. by Liebecq, C. , 
Academic Press, New York, 1956) . 

10 Cantoni, G. L., and Durell, J., J.t Biol. Chem., 225, 1033 (1957). 
11 Mudd, S. H., and Cantoni, G. L. (in preparation). 
"Challenger, F . , Quart. Rev., 9, 255 (1955). 
"Schrift, A .• Amer. J. Bot., 41, 345 (1954). 


	Selenomethionine in Enzymatic Transmethylations

