PROTOCOL 20

Purification of Carbon Monoxide
Dehydrogenase from
Methanosarcina thermophila

M.E. Rasche, K.C. Terlesky, D.R. Abbanat, and J.G. Ferry

MATERIALS

The carbon monoxide dehydrogenase (CODH) complex is the central enzyme
in the metabolism of acetate by Methanosarcina thermophila. When acetate is
utilized as a substrate for methanogenesis, the CODH complex cleaves acetyl
coenzyme A, an activated form of acetate, to produce (1) coenzyme A; (2) an
enzyme-bound carbonyl group, which can be oxidized to CO,; and (3) a methyl
group, which is reduced to methane in subsequent steps of methanogenesis.
The CODH complex consists of five subunits (o;B;v;6,¢;) with reported
molecular masses of 89, 71, 60, 58, and 19 kD. The complex can be resolved into
two dimeric components after treatment with detergent. The nickel-iron-sulfur
(Ni-Fe-S) component (composed of the 89- and 19-kD subunits) is the pro-
posed site of acetyl CoA cleavage and also catalyzes the oxidation of CO to CO,.
The cobalt-iron-sulfur (Co-Fe-S) component (composed of the 60- and 58-kD
subunits) contains a corrinoid cofactor called Factor III (Coa-[a-(5-hydroxy-
benzimidazolyl)]-Cof-cyanocobamide) and may be involved in methyl group
transfer (Abbanat and Ferry 1991).

The enzyme activity of the CODH complex is sensitive to O,. The following
protocol describes a modification of the procedures developed by Terlesky et
al. (1986) and Abbanat and Ferry (1991) for the anaerobic purification of the
CODH complex from Methanosarcina thermophila and the separation of the
Ni-Fe-S and Co-Fe-S components by detergent solubilization.

Methanosarcina thermophila strain TM-1 is a methane-producing micro-
organism capable of growth on acetate, methanol, and trimethylamine. The op-
timal temperature for the growth of this organism is approximately 50°C (Zin-
der and Mah 1979).

Cells from harvested cultures (cell paste) of Methanosarcina thermophila
(see Protocol 6)

Anaerobic chamber (Coy Laboratory Products)

Continuous flow centrifuge (Type LE, Cepa, New Brunswick Scientific
M1114-5001)
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METHODS

BASF catalyst R3-11 (Chemical Dynamics)

French pressure cell (50 ml capacity; SLM Aminco FA-073)

Ultracentrifuge (Beckman model L7-55) with rotor (Beckman type 35)

Polycarbonate centrifuge tubes (Beckman 355620)

Serum vials (160 ml; Wheaton Science Products 223748) and stoppers (Bellco
Glass 2048-11800)

Cellulose acetate syringe filters (0.2 um; Nalge 190-2520)

FPLC (fast protein liquid chromatography) system with gradient programmer
(Pharmacia)

Mono Q HR 10/10 anion-exchange column (Pharmacia 17-0556-01)

Superose-12 gel filtration column (Pharmacia 17-0536-01)

Glass cuvettes with black butyl rubber stoppers (Bellco Glass 2048-11800)

Visible wavelength spectrophotometer

Breakage buffer
potassium TES (N-tris[hydroxymethyllmethyl-
2-aminoethanesulfonic acid) (pH 7.0) 50 mM
2-mercaptoethanol (Sigma M 6250) 10 mM

5% (v/v) glycerol
DNase I (0.015 mg/ml of breakage buffer; Boehringer Mannheim 104-159)
Buffer A (0 M KC])
potassium TES (pH 6.8) 50 mM
MgCl, 10 mM
10% (v/v) ethylene glycol
Buffer B is Buffer A with 1 M KCl
Buffer C is Buffer A with 0.15 M KC1
Detergent Buffer A is Buffer A with 0.05% (w/v) dodecyl trimethylammonium
bromide (DTAB) and 0.1% (w/v) Triton X-100
Detergent Buffer B is Detergent Buffer A with 1 M KCl
Methyl viologen reaction mixture

potassium phosphate (pH 7.5) 50 mM
methyl viologen 20 mM
2-mercaptoethanol 20 mM

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.

Make all solutions and containers used during enzyme purification anaerobic
by six cycles of vacuum degassing and replacement with O,-free N,, H,, or CO
(see Protocol 13). Remove trace amounts of O, from gases by passage through
reduced BASF catalyst R3-11. Perform enzyme purification at 23°C in an
anaerobic chamber containing a gas mixture of 95% N, and 5% H,. Polycar-
bonate centrifuge tubes and other plastic materials are made anaerobic by in-
cubation overnight in the anaerobic chamber.
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Grow cells anaerobically in the presence of acetate in a 10-liter pH auxostat
as described by Sowers et al. (1984; see Protocol 6).

Harvest the cells with a continuous-flow centrifuge (Type LE) under N,.
Freeze the cell paste and store in liquid N,. Typically, 20 g of cell paste yields
50 mg of CODH complex.

Preparation of cell-free extract: Make all solutions anaerobic prior to use by
vacuum degassing and replacement with N, (see Protocol 13). Thaw 20 g of
cell paste slowly (over a period of 30-60 minutes) under an atmosphere of
H,. In an anaerobic chamber, suspend cells in 20 ml of Breakage buffer
using a glass or plastic rod. Load the suspension into a French pressure cell.
Break cells at 135 MPa (20,000 1b/in2) and collect extract in a sealed 160-ml
serum vial containing H,. Add an additional 20 ml of Breakage buffer. Load
the mixture into anaerobic centrifuge tubes. Centrifuge at 27,0008 for 20
minutes at 4°C. Remove the supernatant fraction (cell-free extract) and
store in liquid N, (or temporarily under H, at -20°C) until further use.

Mono Q anion-exchange chromatography: Equilibrate the Mono Q column
with anaerobic Buffer A and fill the second pump with Buffer B. Filter the
fresh or previously frozen cell-free extract anaerobically through 0.2-pm fil-
ters. Load the cell-free extract (up to 25 mg of protein) onto the Mono Q
column. Elute proteins using a linear gradient from 0 to 0.6 M KCl at a flow
rate of 2 ml per minute as follows:

0-4 minutes, 0 M KC1
4-16 minutes, 0-0.6 M KCl gradient
16.5-22 minutes, 1 M KCl

Monitor the absorbance of the eluate at 280 nm. Collect protein fractions at
1-minute intervals (2-ml fractions). The CODH complex is a brown protein
that elutes between 0.5 and 0.6 M KCIL.

CODH activity assay: Measure the CODH activity of the fractions by follow-
ing the CO-dependent reduction of methyl viologen as described on p. 234
(Assay for CODH Activity).

Protein concentration using the Mono Q column: Combine the fractions con-
taining high specific activity and dilute with 5-6 volumes of Buffer A to ob-
tain a KC] concentration of approximately 100 mM. Load the diluted protein
sample onto the Mono Q column equilibrated with Buffer A. Wash the
column with 10 ml of 100 mM KCl. Concentrate the enzyme by batch elution
with 1 M KCL

Superose-12 gel filtration: Load 0.5-1 ml of concentrated protein solution
(~10 mg of protein) onto the Superose-12 (or Superose-6) column pre-
equilibrated with Buffer C. Elute protein from the column using Buffer C.
The brown CODH complex is usually found in the first or second protein
peak. Freeze fractions containing CODH activity dropwise in liquid N, or
store temporarily at —20°C.






