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Abstract. The ultrastructural locations of the coenzyme
F4,0-reducing formate dehydrogenase and coenzyme F4;0-
reducing hydrogenase of Methanobacterium formicicum
were determined using immunogold labeling of thin-
sectioned, Lowicryl-embedded cells. Both enzymes were
located predominantly at the cell membrane. Whole cells
displayed minimal F4,o-dependent formate dehydrogenase
activity or F4,o-dependent hydrogenase activity, and little
activity was released upon osmotic shock treatment,
suggesting that these enzymes are not soluble periplasmic
proteins. Analysis of the deduced amino acid sequences of
the formate dehydrogenase subunits revealed no hydro-
phobic regions that could qualify as putative membrane-
spanning domains.
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The methanogenic bacteria obtain energy for growth by
reducing CO, to CH, with electrons derived from the oxi-
dation of H, and other substrates. At least one step in the
CO, reduction pathway is driven by the dihydro form of
coenzyme F 4,0 (F420) (Hartzell et al. 1985), an 8-hydroxy-
5-deazaflavin, low potential electron carrier present in all
known methanogens. Methanobacterium formicicum can use
formate or H, as the electron donor for CO, reduction
(Schauer and Ferry 1980). The oxidation of these substrates
is catalyzed by formate dehydrogenase and hydrogenase,
respectively, both of which are synthesized during growth
on either substrate (Schauer and Ferry 1980).

The Fg4yo-reducing formate dehydrogenase of M.
formicicum has been characterized (Barber et al. 1983, 1986;
May et al. 1986; Schauer and Ferry 1982, 1983, 1986;
Schauer et al. 1986), the genes encoding its two subunits
(x and B) have been cloned and sequenced (Shuber et al.
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1986), and its regulation has been investigated (May et al.
1988; Patel and Ferry 1988). This enzyme is operationally
soluble, since the majority of formate dehydrogenase activity
is present in the supernatant fraction after ultracentrifuga-
tion of cell extract prepared by French pressure cell lysis
(Schauer and Ferry 1980). However, it can not be ruled out
that the enzyme is detached from the cytoplasmic membrane
during cell rupture.

M. formicicum and other H,-oxidizing methanogens
have two distinct hydrogenases (Jacobson et al. 1982; Jin et
al. 1983; Nelson et al. 1984; Yamazaki 1982). One (F40-
hydrogenase) reduces F,,, and methyl viologen (MV); the
other (MV-hydrogenase) reduces MV but not Fy,,. Several
F420-hydrogenases have been purified and characterized
(Fox et al. 1987; Muth et al. 1987; Sprott et al. 1987;
Yamazaki 1982; S. F. Baron and J. G. Ferry, unpublished
work). The F4,0-hydrogenase of M. formicicum is ‘a hydro-
phobic enzyme that loosely associates with membranes
isolated by sucrose gradient ultracentrifugation of cell ex-
tract prepared by French pressure cell lysis (Baron et al.
1987). This result suggests, but does not prove, that the
hydrogenase is associated with the membrane in intact cells.

Results of recent immunogold labeling experiments
indicate that methyl coenzyme M reductase, which catalyzes
the last step in methanogenesis, is located at the cell mem-
brane in Methanococcus voltae (Ossmer et al. 1986) and
Methanobacterium thermoautotrophicum (Aldrich et al.
1987a). Here we use immunogold labeling and biochemical
techniques to examine the cellular locations of the formate
dehydrogenase and F4;0-hydrogenase of M. formicicum and
report that both enzymes are associated with the cytoplasmic
membrane of intact cells.

Materials and methods

Organism and growth conditions. Methanobacterium formi-
cicum JF-1 (DSM 2639) was grown in a basal salts-yeast
extract-tryptone medium with 89 mM formate and H,:CO,
(4:1) as described (Schauer and Ferry 1986).

Preparation of cell extract. Cell paste was resuspended in
twice its weight of breakage buffer (75 mM potassium TES
[pH 7.5], 1.5 mM MgCl,, 3 mM 2-mercaptoethanol, 10 pg/






