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B,,-dependent Methionine synthase (MS) catalyzes the
methylation of homocysteine (Hcy) to methionine using 5-
methyl-THF as substrate and regeneration of THF. This enz-
yme has a crucial role in maintaining intracellular methionine
and the folate pool at optimal levels and plasma Hcy at a low
level. Deficiency of MS activity in ¢blG patients has been
shown to lead to early-onset biochemical phenotype inclu-
deing hyperhomocysteinemia, homocysteinuria, and hypom-
ethionemia, and clinical symptoms including megaloblastic
anemia, severe developmental delay, ataxia, cerebral atrophy,
neonatal seizures, and blindness. Elevated levels of Hcy are
correlated with cardiovascular disease and neural tube defects.

The MS knockout mouse has recently been developed.
Homozygous MS knockout embryos survived through impl-
antation but die in early embryonic stage. The heterozygous
knockout of methionine synthase in mice has been shown to
elevate plasma Hcy moderately compared to wild type animals.

MS knockouts may be impaired in their function to re-
methylate Hcy and also to regenerate non-methyl folate from
5-methyl THF. Because MS is the only known enzyme to
regenerate THF, deficiency of the functional form of folate
coenzyme including 5,10-methylene THF (which is “methyl
folate trap”) in MS knockouts may result in the biochemical
changes including hyperhomocysteinemia.

Methionine is a precursor of S-adenosylmethionine (S-
AdoMet) which is known as a strong activator of cystathi-
onine /S -synthase. Therefore impaired do novo methionine
synthesis by MS knockout will lead to the depression of S-
AdoMet and the Hcy accumulation because of unstimulated
cystathionine S -synthase.

We hypothesized that the elevated plasma Hcy in MS he-
terozygotes is associated with the deficiency of functional

folate by methyl folate trap and the depression of S-AdoMet
synthesis and the biochemical alteration by MS knockout de-
ficiency may be more susceptible to dietary B, deficiency.
We have investigated the metabolic effects of heterozygous
MS deficiency and/or B, depletion on one-carbon metabolism
in male and female mice by analyzing plasma Hcy, intrace-
lular S-adenosylhomocysteine (S-AdoHey) and S-AdoMet,
plasma and intracellular folate, and MS activity.

In this study, plasma Hcy (p <0.05) and brain S-AdoHcy
{p <0.05) were slightly elevated in MS heterozygous mice,
but this heterozyous knockout effect was observed only in B,
deficient mice. Plasma Hcy and brain S-AdoHcy levels were
positively correlated ( 7 =0.685, p <0.05) . Plasma folate was
elevated by MS heterozygous deficiency (p <0.01) or B,
deficiency (p < 0.05), whereas hepatic folate was not cha-
nged by MS heterozygosity or B, deficiency. These results
suggest that a “methyl folate trap” due to MS heterozygosity
or vitamin B, deficiency lead to an accumulation of 5-me-
thyl-THF and Hcy in plasma.

References

1) Watkins D, Rosenblatt DS (1989) : Am J Med Genet 34: 427-434

2) Swanson DA, Liu M-L, Baker PJ, Garrett L, Stitzel M, Wu J, Harris
M, Banerjee R, Shane B, Brody LC (2001): Mol Cell Biol 21:
1058-1065.

3) Araki A, Sako Y (1987) : J hromatogr 422: 43-52

4) Fell A, Benjamin LE, and Steele RD (1985) : J Chromatogr 345:
150-156

5) Newman EM, Tsai JF (1986) : Anal Biochem 54: 509-515

6) Banerjee R, Gulati S, Chen Z (1997) : Methods Enzymol 281:
189-196

— 876 —



