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Unusual stereoselectivity of methionine-y-lyase
from Citrobacterfreundii toward diastereomeric (S)-methionine S-oxide
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Using a diastereomeric mixture of (S)-methionine S-oxide as
an example, kinetic preference of methionine-y-lyase toward
a stereogenic center at the y-sulfur atom of the (2S,Rg)
diastereomer was discovered for the first time.
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The biocatalytic cleavage of racemates has been intensely
studied in recent years.!? Lipases are widely used in organic
synthesis to separate racemic amines and diamines,>* alcohols,’
diols® and hydroxy esters,’” and to perform stereoselective
reactions, e.g., the Michael reaction.® For example, previously
we used PPL lipase for hydrolytic cleavage of esters of a number
of amino acids>'® and for enantioselective acylation of
venfalaxine with vinyl acetate,'! and utilized methionine-y-lyase
for the cleavage of phosphorus analogues of sulfur-substituted
amino acids.!>!3

The successful stereoselective cleavage of unusual substrates
comprising a few chiral centers by enzymes is much less
common. As a rule, the known examples include the preliminary
separation of racemic diastereomers by standard methods, most
commonly by chromatography, followed by enzymatic cleavage
of the substrates into individual enantiomers.%!%-10 In this case,
the cleavage of both diastereomers usually occurs with the same
result and with similar stereospecificity.

Methionine-y-lyase (EC 4.4.1.11, MGL) used in this work
belongs to the extensive family of pyridoxal-5"-phosphate (PLP)
dependent lyases that have a wide substrate specificity and
absolute kinetic preference toward the stereogenic center at the
substrate o-carbon atom. It catalyzes the reversible o.,y-elimi-
nation of L-methionine and its analogues, S-alkyl-L-methionines,
as well as B-elimination of L-cysteine and analogues to give
ammonia, o-keto acids and thiols.!” It was revealed that MGL
also catalyzed the o,fB-elimination of L-cysteine S-alk(en)yl
sulfoxides to give thiosulfinates that were found to have in vitro
antimicrobial activity against gram-negative and gram-positive
bacteria.'® The mutant form of the recombinant enzyme from
Citrobacterfreundii with replacement of histidine by Cys115
cleaves sulfoxides more efficiently than wild-type MGL."

Studies of the reaction of the enzyme with (25,S5) and (25,Rs)
L-cysteine S-alk(en)yl sulfoxides disclosed that C115H MGL
decomposed both diastereomers to an equal extent,?” i.e., that
process was nonselective with respect to the configuration of the
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leaving group in the 3-elimination reaction. Similar experiments
with a,y-elimination were not carried out before, and the
question of the kinetic preference of the enzyme toward a
stereogenic center of a certain configuration in the y-leaving
group remained open thus far.

Our goal was to explore the reaction of MGL with a new
substrate, i.e., a diastereomeric mixture of (2S,S55)- and (25,Rg)-
(S)-methionine S-oxide 1. This is important because MGL is
considered as a promising anticancer agent. The defect of
metabolism known as the ‘methionine dependence’ is the
inability of tumor cells to synthesize methionine.?! To date, the
antitumor efficiency of the enzyme has been shown in vitro and
in vivo.?>?3

The experiments were carried out at room temperature by
taking aliquots of the reaction mixture at certain time intervals.
An accurately weighed amount of the standard (R)-Phe was
added to each aliquot and the amount of each stereoisomer in the
reaction mixture was determined. The experimental results and
chromatographic analysis of the reaction mixtures demonstrated
that the concentration of the major (25,S5) diastereomer did not
change in the course of the reaction with MGL, whereas the
concentration of the minor (2S,Rg) diastereomer gradually
decreased (Table 1). Accordingly, the ratio of diastereomers also
changed from 63:37 to 84: 16 during the reaction time studied.

¥ The enzymatic process was carried out in a solution of potassium
phosphate buffer (10 ml, pH 8.1) containing pyridoxal phosphate
(1 mmol), L-methionine sulfoxide (40 mg, 0.24 mmol), and methionine-
y-lyase (39 mg) at room temperature with stirring. During the reaction,
aliquots (0.2 ml) of the reaction mixture were taken at regular intervals,
in which the relative content of diastereomers was determined. For this
purpose, standard (R)-Phe solution (0.2 ml, 0.24 mmol) was added to
each aliquot, and the mixture was refluxed at 100 °C for 15 min, separated
from the protein precipitate and evaporated. The residue was analyzed by
NMR combined with HPLC on a chiral column (see Online Supplementary
Materials). The reaction products were further analyzed by IR spectro-
scopy and mass spectrometry.
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Scheme 1 Reagents and conditions: i, methionine-y-lyase, phosphate
buffer (pH 8.1), room temperature, 24 h.

Table 1 Action of methionine-y-lyase on (S)-methionine S-oxide 1 Sg/Rg
diastereomeric mixture.

HPLC data/* mmol (%)
t/h
(28,55)-1 (25,Rs)-1
15.1 (63) 8.9 (37)
5 16.2 (74) 5.8 (26)
24 14.4 (84) 2.8 (16)

4 Chirobitic TAG column 250 x4.6 mm; MeOH/H,0 (60:40) + 0.2% DEA,
0.70 ml min~!, 210 nm UV detector.

Thus, the enzyme catalyzes the stereoselective cleavage of
only one of the stereoisomers in the diastereomeric mixture,
while the other one remains unchanged. The latter was isolated
after 48 h processing with ee > 92%. Such a high stereoselectivity
of this enzyme toward the configuration of the chiral center on
the sulfur atom in the presence of one more chiral atom at the
y-position has been discovered for the first time. All the reaction
products were identified. The 'H NMR spectra of the starting
compound containing a superposition of the spectra of the two
stereoisomers are transformed on treatment with MGL into
distinct spectra of the major (25,55)-1 diastereomer. The positive
sign specific rotation values of the original stereoisomer mixture
([a]® = +3.74) remains positive ([a]p=+2.02) in the final
reaction mixture. The decomposition products of the minor
diastereomer include a-ketobutyric and methanesulfinic acids
identified by IR, '"H NMR spectroscopy and mass spectrometry.
Thus, the IR spectrum of the product mixture isolated after the
reaction contains, in addition to the signals of the pure
diastereomer, also intense bands at 1090 and 980 cm™
characteristic of methanesulfinic acid, as well as signals of the
methylthio group at 1317 cm™!. New bands corresponding to the
carbonyl group of a-ketobutyric acid appear at 1630 and
1600 cm™!. The mass spectral decomposition of the mixture is
also consistent with the presence of an (S)-methionine S-oxide
stereoisomer, o-ketobutyric and methanesulfinic acids. MALDI
data (103.9545) additionally indicate the presence of ketobutyric
acid. The formation of sulfinic acid in the reaction products can
be explained by the autoxidation of monomethyl sulfoxide,
which is formed as an intermediate upon decomposition.

The mechanism of elimination reactions catalyzed by MGL
implies proton transfer to the leaving group as one of the stages.
It was suggested according to X-ray diffraction analysis,?* that
side group of active site Lys (Lys210 of C. freundii MGL) is the
proton donor in the case of a,B-elimination reaction of sulfur
containing amino acids catalyzed by the PLP-dependent
enzymes, whereas active site Tyr (Tyr113 of C. freundii MGL) is
the donor in a,y-elimination reaction. These groups are located
on the opposite sides of the cofactor’s pyridoxal ring plane.
Thus, the chiral environment of the leaving group should
principally differ in o,B- and o,y-elimination reactions. This
may have been the reason for the differences in the enzyme

stereoselectivity toward the chiral leaving groups in the reactions
in question.

The use of wild-type MGL allowed us to isolate one of the
stereoisomers by a relatively rare approach utilizing the high
enzyme selectivity toward one of the substrate’s diastereomers.
As a result, MGL consumes only (25,Rg)-1 diastereomer as the
substrate in the y-elimination reaction while the other one
remains unchanged. This allows one to isolate the major
(25,55)-1 diastereomer with high enantiomeric purity.

Enzymatic technique for the preparation of chiral sulfoxides
that is enantio-complementary to the known (S)-enatiomer-
reducing activity of methionine sulfoxide reductase A was
described previously.? Kinetic resolution has been successfully
accomplished with high enantioselectivity, and (R)-configured
chiral sulfoxides were prepared in ~50% yield.?6 Such examples
of the separation of diastereomers due to their different resistance
to external effects, including chiral ones to which enzymes may
be attributed,' are quite rare. In fact, diastereomeric ferrocene?’
and paracyclophane?® complexes were previously separated due
to their different stability on the carrier surface, which resulted in
the complete decomposition of one of the diastereomers by silica
gel chromatography and isolation of pure stereomeric products
in each of the examples studied.

It is of note that such a high stereoselectivity of this enzyme
to the configuration of the chiral center on the y-sulfur atom in
the presence of one more chiral atom at the o-position was
observed for the first time. This fact expands the prospects of
MGL utilization in processes involving the isolation of individual
stereoisomers of physiologically active compounds with central
chirality not only in the a-position of amino acids'>!3 but also
additionally in the y-position.
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Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2021.03.030.
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