PROTOCOL 21

Purification of the Carbon Monoxide
Dehydrogenase-linked Ferredoxin from
Methanosarcina thermophila

A.P. Clements and J.G. Ferry

MATERIALS

Electron flow during conversion of acetate to CH4 + CO, in Methanosarcina
thermophila begins with the cleavage of acetyl-CoA and oxidation of the car-
bonyl group to CO,. Both activities are catalyzed by an enzyme complex that
has carbon monoxide dehydrogenase (CODH) activity (Abbanat and Ferry
1991). The resulting electron pair, which is transferred from the CODH complex
to a ferredoxin protein and then to as yet unidentified carriers, ultimately sup-
ports the final reductive steps of methanogenesis from acetate (Jablonski and
Ferry 1991). In vitro electron transfer is supported by electrons derived from the
oxidation of CO to CO,, which is catalyzed by CODH (Terlesky and Ferry
1988a). The requirement for ferredoxin in biochemical studies that involve elec-
tron transfer (Terlesky and Ferry 1988a; Jablonski and Ferry 1991) necessitates
the purification of large amounts of the protein. The following purification pro-
cedure is a modification of a previously published protocol (Terlesky and Ferry
1988b) and typically yields approximately 5-10 mg of pure ferredoxin from 20 g
(wet weight) of cells.

Methanosarcina thermophila strain TM-1 utilizes acetate, methanol, or tri-
methylamine as a carbon and energy source. Culturing of the organism is de-
scribed in Protocol 6.

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

Superose-12 gel filtration column (M; range = 1,000-300,000) (Pharmacia
17-0536-01 or equivalent)

Flow-through absorbance meter (280- or 400-nm filters; Pharmacia 18-1003-66)

Anaerobic gas manifold equipped to deliver N, H,, and CO gases (see
Protocol 13)

Anaerobic chamber (see Protocol 13)

French pressure cell (1-inch piston diameter, 50-ml capacity; SLM Aminco FA-
073)

Refrigerated centrifuge (Sorvall RC-5B) and rotor (Sorvall $S-34; DuPont Medi-
cal Products)

Nylon filters (0.2 um; Micron Separations Inc. N025P04700)
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METHODS

Cellulose acetate syringe filters (0.2 um; Nalge 190-2520)
Polycarbonate centrifuge tubes (Nalge 3430-2526)
UV-VIS spectrophotometer (250-550-nm range)

Buffer A
TES (N-tris[hydroxymethyljmethyl-2-amino-
ethanesulfonic acid) (Fisher BP309) 100 mM
MgCl, 2 mM

DNase I (Boehringer Mannheim 104 159) 0.03 mg/ml

10% (v/v) glycerol

Adjust pH to 6.8 with KOH.
Buffer B
TES 50 mm

10% (v/v) ethylene glycol

Adjust pH to 6.8 with KOH. Filter (0.2 um) and degas buffer

and maintain under N, (see Protocol 13).

Metronidazole (Sigma M 3761)
KCl

Caution: Metronidazole is carcinogenic and a possible mutagen and terato-
gen. Wear gloves and safety glasses. Avoid direct contact.

Perform all steps under strictly anaerobic conditions. All protein fractions
should be kept at 4°C or lower whenever possible. Perform all chromatography
steps at 23-30°C in an anaerobic chamber.

1.

Resuspend approximately 20 g (wet weight) of fresh or frozen cells in 20 ml
of chilled Buffer A. Pass the cell slurry through a chilled French pressure
cell (135 MPa; 20,000 1b/in2) and collect the cell extract in sealed, N,-filled
centrifuge tubes (see Protocol 13). Following centrifugation of the cell ex-
tract at 10,000g for 20 minutes at 4°C, collect the supernatant (= cell lysate)
and dilute 1:4 with Buffer B. Alternatively, use the soluble fraction from
sucrose gradients (Terlesky and Ferry 1988a) without further dilution or
dialysis to remove the sucrose. Pass the lysate or sucrose gradient soluble
fraction through a 0.2-um cellulose acetate syringe filter to remove large
particles that may damage the chromatography columns. Note: Cell lysates
and other crude fractions containing ferredoxin can be temporarily stored
under N, at -20°C during purification.

Apply cell lysate (100-150 mg of protein) at a flow rate of 2 ml per minute
to a Mono Q column equilibrated with Buffer B. Monitor the absorbance of
the eluate at 280 or 400 nm. Wash the column with 20 ml of Buffer B to al-
low membranes to pass through in the unretained fraction. Note: This
membrane-rich fraction has a faint brown color. If the binding capacity of
the column is exceeded, some of the CODH complex will not be retained
and the membrane fraction will have a darker brown color.

Begin a linear gradient from 0 to 1000 mM KCl in Buffer B over 50 minutes
at a flow rate of 2 ml per minute and collect 3-ml fractions. Ferredoxin
elutes with approximately 650-700 mM KCI and is contained in the last
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10.

11.

colored fraction (yellow/brown). The CODH complex elutes with approxi-
mately 500-550 mM KCI and is contained in the penultimate colored frac-
tion (brown). Save the CODH-enriched fraction if CODH is also to be
purified or if the protein complex is needed for ferredoxin activity assays.

Repeat steps 2 and 3 until all of the cell lysate has been fractionated.

Pool ferredoxin-containing fractions from all runs and dilute at least 1:2
with Buffer B to lower the KCI concentration. Reapply ferredoxin at a flow
rate of 2 ml per minute to a Mono Q column equilibrated with Buffer B. In-
crease the KCl concentration to 350 mM and begin a gradient from 350 to
750 mM KClI over 40 minutes. Manually collect each protein eluting from
the column to avoid contaminating ferredoxin with other proteins.

Dilute the ferredoxin fraction 1:2 with Buffer B and reapply at a flow rate of
2 ml per minute to a Mono Q column equilibrated with Buffer B. Wash the
column at a flow rate of 0.5-1.0 ml per minute with Buffer B containing 750
mM KCI. The fraction containing ferredoxin will be more concentrated
than after step 3 or 5 and will be light to dark brown.

Load 100-500 pl of the ferredoxin fraction from step 6 onto a Superose-12
column equilibrated with Buffer B containing 150 mM KCI. Ferredoxin
elutes after approximately 21 or 30 minutes at flow rates of 0.7 and 0.5 ml
per minute, respectively. Avoid collecting the small fraction that contains
coenzyme F 5 which elutes immediately following ferredoxin. F4y, is an
acidic, low-molecular-weight cofactor that functions as an electron carrier.
The green-colored compound has an intense absorption maximum at 420
nm and, unlike ferredoxin, fluoresces under ultraviolet light.

Repeat step 6 until all of the ferredoxin has been loaded onto the column.

Pool fractions containing ferredoxin from step 7 and reapply to a Mono Q
column equilibrated with Buffer B. Elute ferredoxin at a flow rate of 1 ml
per minute with Buffer B containing 700 mM KCI. The protein concentra-
tion of the brown solution should be approximately 1.0-1.5 mg/ml.

Dilute purified ferredoxin about 1:5 with Buffer B and transfer to a sealed,
N,-filled cuvette. Analyze the ferredoxin sample by performing a spectral
scan from 250 to 550 nm. Pure ferredoxin has two broad absorption maxi-
ma at about 300 and 390 nm (Fig. 1); the ratio of the absorbance at 390 nm
to that at 300 nm is typically between 0.75 and 0.85. The absorbance at
both 260 nm and 280 nm should be less than that at 300 nm since there are
no aromatic amino acids in the protein. The protein concentration can be
estimated using Beer’s Law; the extinction coefficient for the maximum at
388 nm is approximately 26,700 M~! cm~! (Clements et al. 1994).

Analyze purified ferredoxin by SDS-PAGE (12-15% acrylamide) (Laemmli
1970) and stain for protein using a silver stain. Note: Ferredoxin migrates
with the bromophenol blue dye front in 12% acrylamide gels and is not
necessarily comparable to molecular size standards.






