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1. SUMMARY

The pterin cofactor in formate dehydrogenase
isolated from Methanobacterium formicium is
identified as molybdopterin guanine dinucleotide.
The pterin, stabilized as the alkylated, di-
carboxamidomethyl derivative, is shown to have
absorption and chromatographic properties identi-
cal to those of the previously characterized
authentic compound. Treatment with nucleotide
pyrophosphatase produced the expected degrada-
tion products GMP and carboxamidomethyl
molybdopterin. The molybdopterin guanine di-
nucleotide released from the enzyme by treatment
with 95% dimethyl sulfoxide is shown to be func-
tional in the in vitro reconstitution of the cofactor-
deficient nitrate reductase in extracts of the Neu-
rospora crassa nit-1 mutant.
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2. INTRODUCTION

The molybdenum cofactor present in a wide
variety of molybdoenzymes has been structurally
characterized from a number of sources and shown
to contain a pterin species which has been desig-
nated molybdopterin (see Fig. 1). The cofactor in
the animal enzymes chicken liver sulfite oxidase
and bovine milk xanthine oxidase is a molyb-
dopterin-molybdenum complex [1-3]. More re-
cently, the organic moiety of the cofactor present
in the bacterial enzyme dimethyl sulfoxide re-
ductase has been characterized as molybdopterin
guanine dinucleotide [4] while that in a second
bacterial enzyme, CO dehydrogenase, has been
identified as molybdopterin cytosine dinucleotide
[5]. Like the simpler molybdopterin-containing
cofactor from sulfite oxidase and xanthine oxidase,
both dinucleotide-containing variants of the
molybdenum cofactor are able to reconstitute the
cofactor-deficient nitrate reductase present in ex-
tracts of the Neurospora crassa nit-1 mutant.

Partial characterization of the molybdenum
cofactor present in formate dehydrogenase from
the archaebacterium Methanobacterium formici-
cum has indicated that it does contain a pterin
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Fig. 1. Structures of oxidized forms of molybdopterin, molyb-
dopterin guanine dinucleotide, and molybdopterin cytosine
dinucleotide.

which can be converted by iodine oxidation to the
characteristic fluorescent Form A derivative [6],
but the presence or absence of an appended purine
or pyrimidine nucleotide or other acid-labile com-
ponents has not previously been assessed. Defi-
ning the precise chemical nature of the cofactor in
a molybdoenzyme of archaebacterial origin is of
importance both because of the unique phylo-
genetic position of these organisms and in view of
the many novel cofactors which have been identi-
fied in these bacteria. An earlier report [7] that the
cofactor of M. formicicum formate dehydrogenase
was unable to complement the nitrate reductase in
the N. crassa nit-1 mutant in fact suggested that
the pterin might differ significantly from those
that had been described in other systems.

In the experiments outlined below, the M. for-
micicum formate dehydrogenase pterin is identi-
fied as molybdopterin guanine dinucleotide. Thus,
the molybdenum cofactor present in this enzyme
is not unique to the archaebacteria but rather is

identical to that found in a eubacterium, Rhodo-
bacter sphaeroides [4] and recently identified in E.
coli (J.L. Johnson et al., unpublished). In view of
this, the ability of the molybdenum cofactor from
formate dehydrogenase to reconstitute nitrate re-
ductase in the niz-/ mutant has been reinvesti-
gated. The results indicate that formate dehydro-
genase does in fact function as a molybdenum
cofactor source.

3. MATERIALS AND METHODS

Methanobacterium formicicum was cultured and
harvested as described previously [8]. Formate de-
hydrogenase was isolated [8] and stored frozen
prior to cofactor characterization. The pterin
cofactor was alkylated using iodoacetamide and
released from the protein by incubation with SDS
as described earlier [4]. The carboxamidomethyl
derivative of the pterin was allowed to oxidize in
air for several hours and then isolated by chro-
matography on QAE-Sephadex. The column was
washed successively with H,0, 10 mM acetic acid,
10 mM HCIl and 50 mM HCL The pterin was
eluted in the 50 mM HCIl wash and was further
purified by HPLC. A 10 p C-18 reverse phase
column (Alltech) was used with 50 mM am-
monium acetate, pH 6.8, containing 3% methanol
(v/v) as mobile phase. Chromatography was car-
ried qut using a Hewlett-Packard 1090 solvent
delivery system and a 1040A diode array detector.
Cleavage with nucleotide pyrophosphatase (Sigma,
type III) was as described earlier [4]. Reconstitu-
tion studies using the N. crassa nit-I mutant were
carried out- as previously outlined [9]. Sulfite
oxidase from chicken liver [10] and dimethyl
sulfoxide (DMSO) reductase from Rhodobacter
sphaeroides f. sp. denitrificans [11] were isolated
by published procedures.

4. RESULTS AND DISCUSSION

4.1. Preparation and isolation of the carbox-
amidomethy! derivative

Molybdopterin and the molybdopterin di-
nucleotide variants all contain a reactive dithio-






