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Synthesis of Methionine Carrying a Chiral Methyl Group
and Its Use in Determining the Steric Course of the
Enzymatic C-Methylation of Indolepyruvate during
Indolmycin Biosynthesis

Sir:

Transmethylation reactions involving the transfer of the
methyl group of methionine are widespread in nature, but little
is known about their detailed mechanism. This communication
describes a synthesis of the two diastereomers of L-methionine
carrying a chiral methyl group and the results of experiments
using these substrates as methyl donors in the in vivo synthesis
of the antibiotic, indolmycin (1).

The reaction sequence for the methionine synthesis is shown
in Scheme 1. The S- and R-[2-2H,,>H]acetates needed as
starting materials were prepared by using the glycolytic en-
zymes tosynthesize R- and S-[3-2H,,3H]pyruvates, ! which
were trapped as lactate using an excess of lactate dehydroge-
nase and NADH. Lactate was isolated by paper chromatog-
raphy (Whatman 3MM, ethanol-NH;,OH-H,O 8:4:17) and
oxidized to acetate.? The chirality of the methyl group of these
acetate samples and others described below was determined
by the method of Cornforth et al.# and Arigoni et al.,” following
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Eggerer’s procedure.” In this procedure the acetate sample is
enzymatically converted to malate which is then equilibrated
with fumarase. During equilibration, malate samples synthe-
sized from the S-isomer of acetate retain less than half of their
tritium while samples synthesized from the R-isomer retain
more than half of their tritium.

The first step in the synthesis of methionine is the Schmidt
degradation of acetate to methylamine,® which is trapped as
the hydrochloride and tosylated by heating with p-toluene-
sulfonyl chloride in 10% aqueous NaOH. The second tosyl
group is introduced by refluxing the monotosylate, p-tolu-
enesulfonyl chloride, and K,COj in anhydrous xylene. The key
step in the sequence is the use of the ditosylimide function as
a leaving group in the alkylation of the homocysteine anion
with the chiral methyl group.”-® This reaction was performed,
under an argon atmosphere, by treating a suspension of ben-
zyl-L-homocysteine in HMPA with Na-K alloy, followed by
addition of the ditosylimide and heating to 80 °C. Methionine
was purified by ion exchange (Dowex SOW, 10% NH4OH) and
thin layer (silica gel 60 F-254, 1-butanol-acetic acid-H,O
4:1:1) chromatography. The Schmidt reaction is known® to
proceed with retention of configuration and the ditosylimide
displacement should involve inversion of configuration, race-
mization being the only plausible alternative.!® Thus, S-[2-
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14C,2H,H  ]acetate by this route gave methionine containing
a methyl group which, if chiral, must have R configuration and
R-[2-14C,%H|,>H ]acetate gave (methyl-S)-[methyl-
14C,2H,>H ]methionine. The overall yields in these syntheses
were about 10% and the T /'4C ratios of starting material (e.g.,
7.01 and 9.91) and product (e.g., 7.04 and 9.43) were essen-
tially unchanged.

Previous work from this laboratory'? has shown that
Streptomyces griseus (ATCC 12648) incorporates the methyl
group of methionine into the C-methyl and NV-methyl groups
of the antibiotic, indolmycin. This system was used to probe
the steric course of a C-methylation reaction, the transfer of
the methyl group of adenosylmethionine to the methylene
carbon of indole 3-pyruvate.!> Employing procedures described
previously,!? we incubated (methy!-R)- and (methyl-S)-
[methyl-'*C 2H|,*H,]methionine (T/!4C 7.04 and 7.08, re-
spectively) with shake cultures of S. griseus and isolated the
resulting indolmycin (T/'#C 7.12 and 6.94). Following re-
moval of the N-methyl group by alkaline hydrolysis, the in-
dolmycin was further degraded by Kuhn-Roth oxidation to
give acetic acid from the C-methyl group'? (T/!*C 6.47 and
6.99, respectively). The chirality of the two specimens of ace-
tate was determined as indicated above (39 and 63% tritium
retention in the fumarase reaction, respectively) and the results
were compared to those obtained in the chirality analysis of
the original acetate samples used for the synthesis of the
methionines (31 and 71% tritium retention in the fumarase
reaction, respectively).

These results show that the above synthesis of methionine
did produce material containing a chiral methyl group. The
acetate obtained from the degradation of indolmycin had the
same configuration as the acetate used for the synthesis of the
respective methionine. Since the synthesis of methionine from
acetate involves one inversion of configuration, it follows that
the C-methylation of indole 3-pyruvate proceeds with net in-
version of configuration at the methyl group.!# This result
complements our earlier finding!* of retention of configuration
at the methylene carbon of indole 3-pyruvate in this reaction
and allows us to describe the stereochemistry of the process as
shown in Scheme II. The somewhat (40%) lower stereo-
chemical purity of the methyl group in the product compared
to the starting acetic acid would indicate that some racemi-
zation takes place during one of the chemical steps, e.g., the
alkylation of homocysteine or the Kuhn-Roth oxidation or,
less likely, that the enzymatic methylation reaction is not en-
tirely stereospecific.

Methyl transferase reactions are believed to proceed by
nucleophilic attack on the methyl group of S-adenosylmeth-
ionine!6 and Hegazi et al.supcl7 have concluded on the basis
of secondary isotope effect measurements that catechol-O-
methyl transferase involves an Sn2-like transition state. In-
version of configuration at the methyl group, as observed in
this study, indicates that an odd number of nucleophilic dis-
placements takes place and thus suggests that the methyl group
is transferred directly from the donor to the acceptor without
generation of a methylated-enzyme intermediate.
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Application of a Novel Thermistor Mercury Electrode
to the Study of Changes of Activity of an Adsorbed
Enzyme on Electrochemical Reduction and Oxidation
Sir:

The strong adsorption of the amino acid cystine and proteins
(e.g., albumin and insulin) from aqueous solutions onto a
mercury electrode surface, presumably through interaction
of the disulfide bond with mercury, has been reported.!~3 The
question of whether enzymes adsorbed on mercury maintain
their activity, how this activity is changed upon electroreduc-
tion, and the application of electrodes based on such adsorption
for analytical purposes is the subject of this communication.
It is known that enzymes covalently bound to surfaces or im-
mobilized in gels can be employed as catalysts,*® but that
metal ions, such as Hg2*, often deactivate enzymes. The ac-
tivity of the adsorbed enzyme was determined in this study by
measuring temperature changes resulting from the action of
the enzyme urease on a substrate (urea) solution; similar
techniques have previously been employed in studies involving
dissolved enzymes.®

The thermistor mercury electrode (tme) was constructed
by sealing a Veeco Engineering Co. 32A223 thermistor in a
U-shaped glass tube with epoxy cement. A small drop of
mercury (0.1 ml) covers the thermistor and serves as both the
adsorption surface for the enzyme and to conduct heat from
the electrode surface to the thermistor. Electrical contact to
the mercury is made with a fine Pt wire. Electrodes containing
thermistors in close proximity to solid metals have previously
been described for measurement of heats of electrode reac-
tions.” Temperature changes, determined using a dc Wheat-
stone bridge arrangement, followed previous practice.® The
thermostat bath at 25 °C was maintained constant to within
0.001 °C.

When urease is adsorbed on a tme by immersion for several
minutes in a solution of 4 X 10~ M urease, then washed and
immersed in a pH 7.3 phosphate or Tris buffer alone and
subjected to cyclic voltammetry, the characteristic reduction
and oxidation peaks of an adsorbed material (similar to those
found with cystine, insulin, and albumin!-3) are observed
(Figure 1a). The peak currents are directly proportional to scan
rate, v; Epc = —0.58 V vs. sce and Epa = —0.52 V vs. sce. The
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