PROTOCOL 18

Purification of Formate Dehydrogenase
from Methanobacterium formicicum

N.L. Schauer and J.G. Ferry

Recent evidence suggests that formate is an important intermediate in the
methanogenic microbial food chains that cycle carbon in anaerobic environ-
ments (Thiele and Zeikus 1988; Boone et al. 1989). Thus, it follows that most
CO,-reducing methanogenic microbes are able to replace H, with formate as
the electron donor. Formate-utilizing methanogens synthesize formate de-
hydrogenase, which catalyzes the reversible two-electron oxidation of formate
(HCOO- <=> CO, + H* + 2e7). The physiological electron acceptor is coenzyme
F450, the reduced form of which donates electrons for at least two reactions in
the pathway of CO, reduction to methane. Coenzyme F,,,-reducing formate
dehydrogenases have been extensively characterized from Methanobacterium
formicicum (Schauer and Ferry 1982, 1983, 1986; Barber et al. 1986, 1983; May
et al. 1986, 1988; Schauer et al. 1986; Schuber et al. 1986; Patel and Ferry 1988;
Baron et al. 1989; Johnson et al. 1991; White and Ferry 1992) and Methano-
coccus vannielii (Jones and Stadman 1981). The enzyme from M. formicicum
has subunits with molecular masses of 85 and 53 kD in an o8, configuration
(Schauer and Ferry 1982). The small subunit contains 2x[4Fe-4S] centers and a
noncovalently bound flavin adenine dinucleotide (FAD) that is required for F45
reduction (Schauer and Ferry 1982, 1983, 1986; Schauer et al. 1986; Schuber et
al. 1986). The large subunit contains molybdenum in a molybdopterin guanine
dinucleotide cofactor (May et al. 1988; Johnson et al. 1991). The enzyme from
M. vannielii also contains molybdenum and Fe-S centers, but it has a native
molecular weight of M, = 105,000 (Jones and Stadtman 1981). The protocols de-
scribed below are adapted from Schauer and Ferry (1986).

We used M. formicicum strain JF-1 (DSM 2639), which was isolated from a
benzoate-degrading consortium originally derived from sewage sludge.

Growth and Harvesting M. formicicum Cells

MATERIALS

Cells from harvested cultures (cell paste) of M. formicicum (see Protocols 5 and
6)

Centrifuge (model LE, Carl Padberg, New Brunswick Scientific)

Fermentor (New Brunswick Scientific MF-105)

Cuvette (sealed with serum stopper)

French pressure cell (SLM Aminco)

DEAE-cellulose column (5 x 15 cm; Whatman DE-53)
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METHODS

Growth

Harvesting

Stirred ultrafiltration apparatus with a YM-30 (30,000- M, cut-off) membrane
(Amicon)

Phenyl-Sepharose CL-4B column (2.5 x 20 cm; Pharmacia 17-0810-02)

Hydroxyapatite column (2.5 x 20 cm; Calbiochem-Behring 391947)

Assay reaction mixture (0.75 ml)

2-mercaptoethanol (Sigma M 6250) 20 mM
potassium phosphate buffer (pH 7.5) 60 mM
methyl viologen 20 mM
coenzyme F;o 47 uM
Buffer A
potassium phosphate (pH 7.5) 50 mM
sodium azide 10 mM
FAD (flavin adenine dinucleotide) 10 uM
2-mercaptoethanol 2mM

5% (w/v) glycerol

Cautions: 2-Mercaptoethanol may be fatal if inhaled or absorbed through the
skin and is harmful if swallowed. High concentrations are extremely de-
structive to the mucous membranes, upper respiratory tract, skin, and eyes.
Wear gloves and safety glasses and work in a chemical fume hood.

Methyl viologen may be fatal if inhaled, swallowed, or absorbed through
skin. It is irritating to mucous membranes and upper respiratory tract. Wear
gloves and safety glasses and work in a chemical fume hood.

The synthesis of formate dehydrogenase is constitutive when the organism is
grown in the presence of H, plus CO,. If necessary, however, growth in the
presence of formate is accomplished utilizing a pH auxostat as described in
Protocol 6 and by Schauer and Ferry (1980). Growth is performed in an MF-105
fermentor with a working volume of 10 liters. General methods for the prepara-
tion of gases and media are described in Protocol 1 and by Bryant et al. (1968)
and Schauer and Ferry (1980). Basal medium for growth on H;, plus CO; is de-
scribed in Appendix 2 (Medium 8). The addition of yeast extract and trypticase
(both at 0.05%, w/w) and vitamin and trace minerals (Schauer and Ferry 1980)
(both at 1% v/v) may enhance growth. Na,MoO, is omitted from basal media
(including trace minerals) for molybdate-deficient growth, resulting in a 15-fold
decrease in formate dehydrogenase synthesis (May et al. 1988). Addition of 1
mM Na,WO, to the basal media results in the synthesis of inactive enzyme
(May et al. 1988). Cultures are sparged with H,/CO, (4:1) at 300 ml per minute.

Basal medium is used for growth on formate in the pH auxostat, except that
Na,COj is replaced with 0.5% (w/w) sodium formate and the culture is sparged
with N, at 300 ml per minute.

1. Harvest cells in late exponential phase at an optical density of 3.0 to 4.5 (550
nm, 1-cm light path). Anoxic harvesting is performed by maintaining cul-
tures under an atmosphere of H,/CO, (4:1) and using an LE continuous-
flow centrifuge operated at 24,000 rpm.

2. Immediately freeze the cell paste and then store in liquid N.



Assay

Purification
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1. Assay enzyme activity during purification by monitoring the formate-
dependent reduction of methyl viologen (egg3 = 11.3 mM~1 cm~1) or Fyy,
(420 = 42.5 mM~1 cm-1 at pH 7.5) at 21°C (Schauer and Ferry 1982).

2. Degas the reaction mixture with O,-free N, in a cuvette sealed with a serum
stopper (for the preparation and manipulation of anoxic solutions, see
Schauer and Ferry 1980 and Protocol 13).

3. Record endogenous activity after the addition of enzyme. Start the reaction
by adding 10 pmoles of sodium formate. This high concentration of sub-
strate is necessary to compensate partially for the inhibition by sodium
azide included in the buffers used for purification. One unit of activity is the
amount of enzyme that reduces 1 pmole of electron acceptor per minute.
The assay is linear in the first 30 seconds and at protein concentrations be-
tween 1 and 10 pg per assay.

1. Perform all steps anaerobically at 4°C unless indicated otherwise. Pass a cell
suspension (containing 130 g of thawed cell paste in 260 ml of Buffer A)
through a French pressure cell at 1405 kg/cm? and then centrifuge at
100,000g for 30 minutes.

2. To the supernatant solution in step 1, add solid ammonium sulfate to 60%
saturation (4°C). Adjust the solution to pH 7.5 by adding 10% (w/v) am-
monium hydroxide and remove the precipitated protein by centrifugation at
100,000g for 30 minutes.

3. Apply the supernatant solution from step 2 containing formate dehydrog-
enase to a DEAE-cellulose column that was previously equilibrated with
Buffer A 60% saturated with ammonium sulfate (25°C). Elute at pH 7.5 with
a 1.2-liter linear gradient of ammonium sulfate decreasing from 40% to 20%
saturation.

4. Concentrate the fractions containing the greatest specific activity by
ultrafiltration and load onto a phenyl-Sepharose column previously equi-
librated with Buffer A 20% saturated with ammonium sulfate (6°C). Elute
proteins at pH 7.5 with a linear gradient of ammonium sulfate decreasing
from 15% to 0% saturation.

5. Combine formate-dehydrogenase-containing fractions and load directly
onto a hydroxyapatite column. Elute at pH 7.5 with a linear gradient of
0.05-0.3 M potassium phosphate. Combine fractions containing purified en-
zyme and concentrate to 5 ml by ultrafiltration.

6. Remove unbound, exogenously added FAD from the purified enzyme by
ultrafiltration. To the enzyme solution (5 ml), add 5 ml of FAD-free Buffer A,
followed by concentration to 5 ml. Filter the enzyme in this manner 10
times. Prepare native FAD-depleted formate dehydrogenase by removing
the remaining bound FAD by the same ultrafiltration procedure, except add
0.5 mM formate or 1 mM sodium dithionite to the FAD-free buffer.






