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A mixed 17-mer oligonucleotide deduced from the N terminus of a ferredoxin isolated from Methanosarcina
thermophila was used to probe a Agtll library prepared from M. thermophila genomic DNA; positive clones
contained either a 5.7- or 2.1-kbp EcoRlI insert. An open reading frame (fdxA4) located within the 5.7-kbp insert
had a deduced amino acid sequence that was identical to the first 26 N-terminal residues reported for the
ferredoxin isolated from M. thermophila, with the exception of the initiator methionine. fdx4 had the coding
capacity for a 6,230-Da protein which contained eight cysteines with spacings typical of 2[4Fe-4S] ferredoxins.
An open reading frame (ORF1) located within the 2.1-kbp EcoRI fragment also had the potential to encode a
2[4Fe-4S] bacterial-type ferredoxin (5,850 Da). fdx4 and ORF1 were present as single copies in the genome,
and each was transcribed on a monocistronic nRNA. While the fdx4- and ORF1-specific nRNAs were detected
in cells grown on methanol and trimethylamine, only the fdxA-specific transcript was present in acetate-grown
cells. The apparent transcriptional start sites of fdx4 and ORF1, as determined by primer extension analyses,
lay 21 to 28 bases downstream of sequences with high identity to the consensus methanogen promoter.

Ferredoxins are small, acidic proteins containing nonheme
iron and acid-labile sulfur in clusters coordinated by cys-
teines. These ubiquitous electron transport proteins partici-
pate in a wide variety of redox reactions, and many organ-
isms, including Rhodospirillum rubrum (28), Streptomyces
griseolus (15), and Clostridium thermoaceticum (7), contain
multiple ferredoxins. Ferredoxins from three different meth-
ane-producing organisms have been purified and character-
ized (9-11, 25); however, the genes encoding these proteins
have not been cloned. Each ferredoxin has a subunit molec-
ular mass of about 6,000 Da and accepts electrons from
either pyruvate:ferredoxin oxidoreductase or carbon mon-

" oxide dehydrogenase.

Methanosarcina thermophila is a moderately thermophilic
organism that produces methane from acetate, methanol,
and methylated amines. A ferredoxin isolated from acetate-
grown cells and partially sequenced (25) accepts electrons
from the purified M. thermophila carbon monoxide dehydro-
genase enzyme complex, which catalyzes cleavage of the
C-C and C-S bonds of acetyl coenzyme A and oxidation of
the carbonyl group to CO, (1). This ferredoxin is also
required for CO-dependent H, production (24), and recent
studies suggest that reduced ferredoxin may be involved in
activation of the methyl coenzyme M methylreductase (13).
A ferredoxin is required for the conversion of acetyl coen-
zyme A to methane in cell extracts of Methanosarcina
barkeri MS (8); thus, ferredoxin appears to be essential for
acetate conversion to methane in the genus Methanosarcina.
Here we report the cloning and nucleotide sequence of the
gene encoding the ferredoxin isolated from M. thermophila
as well as of an open reading frame (ORF) with the potential
to encode a second ferredoxin in this organism.
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MATERIALS AND METHODS

Materials. T4 polynucleotide kinase, T4 DNA ligase,
Escherichia coli DH5a MAX Efficiency competent cells,
Nick Translation System, DNA restriction endonucleases,
pUC18, and pUC19 were obtained from Bethesda Research
Laboratories, Gaithersburg, Md. RNase A, ampicillin, and
5-bromo-4-chloro-3-indolyl-B-D-galactoside  (X-gal) were
purchased from Sigma Chemical Co., St. Louis, Mo. Gene-
Screen Plus and Colony/PlaqueScreen hybridization mem-
branes, NENSORB 20 purification cartridges, and radiola-
beled nucleotides were from Du Pont-New England Nuclear
Corp., Boston, Mass. Agtll phage arms, the Packagene
lambda DNA packaging system, RQ1 DNase, rRNasin, and
avian myeloblastosis virus reverse transcriptase were sup-
plied by Promega Corp., Madison, Wis. Sequenase enzyme
kits and sequencing primers were obtained from United
States Biochemicals Corp., Cleveland, Ohio. All other ma-
terials used were reagent grade and are commercially avail-
able.

Preparation and labeling of DNA probes. A mixed oligonu-
cleotide (probe I; 5'-TGYGTNGAYGARTGYCC-3', where
Y is either pyrimidine, R is either purine, and N is any
nucleotide) was synthesized based on amino acids 15 to 20 of
the N-terminal protein sequence of ferredoxin from M.
thermophila (25). The fdxA-specific probe II (5'-AACTGC
GATTCCTTTCTCTTC-3") was complementary to nucleo-
tides +85 to +105 (see Fig. 2). The ORF1-specific probe 111
(5'-TTACTCAATTGTGATTGCATT-3') was complemen-
tary to nucleotides +157 to +177 (see Fig. 3). Oligonucleo-
tides were 5’-end labeled with [y->’P]JATP as described
before (19). The 762-bp EcoRI-Pstl fragment of plasmid
pMTS500 (probe IV) and the 727-bp SstI-EcoRI fragment of
plasmid pMT200 (probe V) were isolated from agarose gels
with an Elutrap apparatus (Schleicher & Schuell, Inc.,
Keene, N.H.) and labeled with [a->’P]dATP by using the
Nick Translation System as described by the supplier. After
excess label was removed with a NENSORB 20 cartridge,






