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Vitamin By, is produced only by prokaryotes and utilized by animals as an essential micronutrient. Genetic com-
plementation analysis of cell lines from patients indicated that at least eight gene products are involved in intracellular
B, metabolism and utilization. We have investigated bacterial adenosylcobalamin-dependent enzymes and elucidated
their structure-based fine mechanisms. They tend to undergo mechanism-based inactivation during catalysis, because
they use highly reactive radicals for catalyzing chemically difficult reactions. We have discovered molecular chaperone-
like reactivating factors for these enzymes that release a damaged cofactor forming apoenzyme. Methylcobalamin-
dependent methionine synthase also undergoes inactivation, because it utilizes cob (I) alamin, a super nucleophile, for
catalysis. Methionine synthase reductase is a reactivating partner for this enzyme. Recent studies suggested that activity-
maintaining systems for B;, enzymes are present in animal cells as well, and thus hints for designing therapeutic agents
for By,-related metabolic disorders might be obtained from the investigations of microbial B, metabolism.
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Fig. 1. Two Coenzyme Forms of Vitamin B,
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Fig. 2. B, Deficiency

A. Pernicious anemia. Bone marrow before and after B;, administration (by Latham, McGandy, McCann, and Stare) . B. Relationship with homocysteine

metabolism and vascular disease.
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Fig. 3. Bj, Trafficking and Metabolism in Animals Cells (A) and in E. coli Cells (B)
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Fig. 4. Mammalian B;, Enzymes
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Reaction (A) and structures of N-terminal (B) and C-terminal (C) regions of methionine synthase. Reaction (D), overall structure (E), and « subunit struc-

ture (F) of methylmalonyl-CoA mutase.
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Fig. 5. Microbial B, enzymes
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Reactions and overall structures of diol dehydratase (A, B) and ethanolamine ammonia-lyase (C, D).
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Fig. 6. AdoCbl-dependent Rearrangements

Common feature (A), minimal mechanism (B), and refined mechanism (C) for diol dehydratase. Only the reaction with (S)-1,2-propanediol is shown. For

the reaction with the (R)-enantiomer, see ref. 11.
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Fig. 10. Mechanism of Action of Diol Dehydratase-reactivating Factor
Subunit swapping with enzyme (A), modeled complex (B), and postulated gap for B, release (C).
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