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The genes for the acetate-activating enzymes, acetate kinase and phosphotransacetylase (ack and pta), from
Methanosarcina thermophila TM-1 were cloned and sequenced. Both genes are present in only one copy per
genome, with the pta gene adjacent to and upstream of the ack gene. Consensus archaeal promoter sequences
are found upstream of the pta coding region. The pta and ack genes encode predicted polypeptides with
molecular masses of 35,198 and 44,482 Da, respectively. A hydropathy plot of the deduced phosphotransacety-
lase sequence indicates that it is a hydrophobic polypeptide; however, no membrane-spanning domains are
evident. Comparison of the amino acid sequences deduced from the M. thermophila and Escherichia coli ack
genes indicate similar subunit molecular weights and 44% identity (60% similarity). The comparison also
revealed the presence of several conserved arginine, cysteine, and glutamic acid residues. Arginine, cysteine,
and glutamic acid residues have previously been implicated at or near the active site of the E. coli acetate
kinase. The pta and ack genes were hyperexpressed in E. coli, and the overproduced enzymes were purified to
homogeneity with specific activities higher than those of the enzymes previously purified from M. thermophila.
The overproduced phosphotransacetylase and acetate kinase migrated at molecular masses of 37,000 and
42,000 Da, respectively. The activity of the acetate kinase is optimal at 65°C and is protected from thermal
inactivation by ATP. Diethylpyrocarbonate and phenylglyoxal inhibited acetate kinase activity in a manner
consistent with the presence of histidine and arginine residues at or near the active site; however, the

thiol-directed reagents 5,5’-dithiobis(2-nitrobenzoic acid) and N-ethylmaleimide were ineffective.

The metabolism of acetate, whether through the production
or consumption of the principal intermediate acetyl coenzyme
A (acetyl-CoA), is of major importance in the physiology of
both procaryotes (Bacteria and Archaea domains) and eu-
caryotes (Eucarya domain). Acetate is an end product in the
energy-yielding metabolism of most facultatively and strictly
anaerobic microbes. Phosphotransacetylase (EC 2.3.1.8) and
acetate kinase (EC 2.7.2.1) are synthesized by these anaerobes
to catalyze the conversion of acetyl-CoA and ADP to acetate
and ATP,

CH;COSCoA + P; s CH;CO,PO5>~ + CoA

CH;CO,P0O;2~ + ADP < CH;COO ™~ + ATP

where CoA is coenzyme A. In addition, these enzymes catalyze
the activation of acetate to acetyl-CoA as a first step in the
assimilation or dissimilation of acetate in some aerobes and
anaerobes from the Bacteria domain (27, 40).

Acetate is the major intermediate in methanogenic micro-
bial food chains which cycle carbon in anaerobic environments.
The acetate produced from the decomposition of complex
organic matter by fermentative organisms and acetogens is
further metabolized by the methane-producing acetotrophs
Methanothrix and Methanosarcina spp. In Methanosarcina spp.,
acetate is first activated to acetyl-CoA through reactions
catalyzed by acetate kinase and phosphotransacetylase (9).
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These enzymes are also synthesized in many mcthanogens to
activate acetate for assimilation into cell carbon (33).

In addition to being an important intermediatc in the
metabolism of many bacteria, acetylphosphate acts as a phos-
phoryl donor to enzyme I of the phosphoenolpyruvate:glucose
phosphotransferase system in Escherichia coli and Salmonella
typhimurium via a phosphoenzyme intermediate of acctate
kinase (10). Acetylphosphate also acts as phosphoryl donor to
periplasmic binding proteins (12) as well as to many responsc
regulator proteins of two-component systems (reviewed in
reference 23). More recently, it has been proposed that
acetylphosphate functions as a global regulatory signal in E.
coli (23, 48).

Phosphotransacetylase and acetate kinase have been iso-
lated and biochemically characterized from microorganisms
belonging to the Bacteria domain (7, 11, 16, 24, 25, 32, 34, 36,
37, 38, 45) and from Methanosarcina thermophila in the
Archaea domain (1, 21). Despite the importance of these
enzymes in anaerobic carbon cycling and in the metabolism of
both aerobic and anaerobic microbes, few molecular genctic
approaches have been taken in the study of these two enzymes.
Cloning of the phosphotransacetylase gene from E. coli has
been reported (51), but the DNA sequence has not been
published. Presently, the only gene encoding acctate kinasc
which has been cloned and sequenced is the ackA gene from E.
coli (22). Here we report the organization, cloning, and
sequence analysis of the M. thermophila genes encoding ace-
tate kinase and phosphotransacetylase. The overproduction
and purification of both enzymes and characterization of the
acetate kinase are also presented.






