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1. Introdaction
Methiconine formation follows the equation
homocysieine + 5-CH3-FH, - methionine + FH, *

{see refs. {1, 2]). In Escherickio coli [2]. as well as
i animals {31, this reaction is catalyzed by the co-
balamin enzyme methionine syntheiase which in ad-
dition requires SAM {4} as an aciivator. Stavriano-
poulos and Jasnicke (5§ and Weissbach and Taylor
[6] isolated and identified 1abelled methylcot-alamin
from an incubation mixture containing methionine
synthetase, 5-13CH;-FH, and SAM, but no homo-
cysteine. From these experiments it seems probable
that in the cousse of the above reaction enzyrze-bond
methylcobalamin is formed as an intermediate, Yet
we did not regard these resnits Lnequivocal since the
methylcobalamin might have besn formed by ths
‘unnatural” reaction conditions, i.e. the absence of
homocysteine in the reaction mixiure. _
According to W. W. Cleland [71, iwo-sutstrate re-
action mechanisms with an ordered sequence of steps
(*ping-pong’ mechanisms) can be differentiated from
“*ranGom” processes by kinetic studies, in which the

concenitation of only one of the subsirates is changed,

kecping all other parameters constant. Froan such
measurements evidence is presented to support cur
assnrpption.

Abbreviations: FH4,5 6.7 &mmhyd:nfohc acid; S—Cﬂa-
FHg, S-methyl-5.6,7,8-tetrahydrofolic acid; SAM, S-ade--
nosylmethionine.
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2. Materials and M=thods

The enzymie was purified by armmonium sulfatz
fractionation of an £, coli extract as described in [S]
and stabilized by siorage in 50% glycere! at pH 8 and
—20°. BEven at 0° the enzyme looses activiiy rapidly.
Protein was assuyed according to rolin-Ciocaltea [8].
Dl-homocysteine and Di-S-CH;-F1, were prepared
according to [5]. 48.6% of the DL-:-CH,-Fd, was
converted io FH,, if the enzymztic reaction was run
to completion. DL-5-CH5-FH,. was messered by its
0.D. (Em 25 000). Initial Di-homoecysieine concen-
iratmns were deiermined according to [93.

EAM-chloride was a product of BDLH. 1.1d., Poole;
its concentratior, was assayed spectrophorometrically
{E}. 15463 :10] ). FAD apnd NADH were porchased
fior Sigma, Si. Louis, and Bochainger, Manzheim,
respectively. The concentsation of iy pmxiuced
during the reaction was assayed according to ref. {11]
mrrﬁs.ﬁed o a micromethod { Eppenﬁa:f-f‘hmune! 21,
Netheler and Fan:, Hambugg; fi?f' 22 600). Preceding
experiments hed confinned tue formation of equi-
moiar amonnts of both FH,; and meihionine {dater-
mined microbiole gxcally}

3. lesults and Discussion

A typical experiment is shown in fig. 1. It deir..a-
stretes that the kinetics of the 12acti=n sapport the
assumption of > ‘ping-pong’ mechauiim with a me-
thylcobalamin-coataining eszyme iatsrmediate: on
incubation of methionine synthetase with its sub-
stzates unde: standard condmons » bt varying con-
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Fig. i. Dependence of reciproeal reaction velorities on reri-
procal spbstiale concentrations. ¥ach inenbation mixtore
contained 5-CH3-FHy and hemorysteine as indicated, 72 pg
enzyme, 25 nmoles SAM, 25 pmoies FAD, 0.7 zmoles NADH
ang 1.0 mgz NADH-FAD-pxidoreductase from £ co# [5] In
D.25 1 0.1 M sodivm phosphate buffer pH 7.2 and was incu-
bated for 30 min at 317 in an atmosphere of nitrogen in the
dark. Each value represents the averape of triplicate analyses.
Their deyviations do not excesd €55, © 1.0mM, & 0.412 mM,
& 0200 mM 5-CHy-FHa.

centrations of either 5-CH3-FH,; or homocysteine, a
series of parallel straight lines is obtained in the double
seciproeal plot. Due o the lability of even the stabil-
ized enzyme, only those values are plottzd which were
obtained in the same experimental run.

At 5-CH;-FH, concertrations higher than 2 mdl,
substrate inhibition cocurs, Whether this effect is due
ip the substrate itself or 0 an unknown contaminant
of 5.CH5-F1, was not invesiigated. Deviations from
linearity at low substrate concentralions are caused
by the rapid decomposition of the labile substrates
prioz to incukation. Thess experiments give addilional
evidenc for the following reaction sequence {scheme
1), charaeterized by an oscillation of the eazyme be-
tween o methylated and a demethylated form.
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5CH3FHy FH,; homocysieine methiomne

enzyme l—Lmethylateﬂ J—-—J—enzyme —
r €nzyine

Scheme 1.

The sieps preceding the first reaction, i.e. the role
of SAM in the Iabilization and transfer of the methyl
group of 5-CH;-FH, to the enzyme-bound cofacior,
stili remain 1o be investigated. Possibly the latier step
is aided by the reduction of cobalamin which renders
the central atom more nucleophilic.
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