JOURNAL OF BACTERIOLOGY, Mar. 1990, p. 1271-1275
0021-9193/90/031271-05$02.00/0
Copyright © 1990, American Society for Microbiology

Vol. 172, No. 3

Protein Content and Enzyme Activities in Methanol- and
Acetate-Grown Methanosarcina thermophila

PETER E. JABLONSKI,! ANTHONY A. DIMARCO,> THOMAS A. BOBIK,?
MARTHA C. CABELL,'t aNp JAMES G. FERRY'*

Department of Anaerobic Microbiology, Virginia Polytechnic Institute and State University, Blacksburg,
Virginia 24061-0305,* and Department of Microbiology, The University of Illinois
Urbana-Champaign, Urbana, Illinois 61801>

Received 4 August 1989/Accepted 6 December 1989

The cell extract protein content of acetate- and methanol-grown Methanosarcina thermophila TM-1 was
examined by two-dimensional polyacrylamide gel electrophoresis. More than 100 mutually exclusive spots were
present in acetate- and methanol-grown cells. Spots corresponding to acetate kinase, phosphotransacetylase,
and the five subunits of the carbon monoxide dehydrogenase complex were identified in acetate-grown cells.
Activities of formylmethanofuran dehydrogenase, formylmethanofuran:tetrahydromethanopterin formyl-
transferase, 5,10-methenyltetrahydromethanopterin cyclohydrolase, methylene tetrahydromethanopterin:co-
enzyme F,,, oxidoreductase, formate dehydrogenase, and carbonic anhydrase were examined in acetate- and
methanol-grown Methanosarcina thermophila. Levels of formyltransferase in either acetate- or methanol-grown
Methanosarcina thermophila were approximately half the levels detected in H,-CO,-grown Methanobacterium
thermoautotrophicum. All other enzyme activities were significantly lower in acetate- and methanol-grown

Methanosarcina thermophila.

Of the known methanogens, Methanosarcina species are
the most catabolically diverse and are therefore amenable to
the study of catabolite influence on protein synthesis. Meth-
anosarcina thermophila TM-1 is capable of using acetate,
methanol, or methylated amines as growth substrates (28).
Except for the reductive demethylation of methyl coenzyme
M, the pathways for utilization of acetate or methanol by the
methanogenic archaeobacteria (see Fig. 3) (23, 25) are dis-
tinct from the pathway for reduction of carbon dioxide (20).
When acetate is used, acetate kinase and phosphotrans-
acetylase catalyze the activation of acetate to acetyl coen-
zyme A prior to the proposed cleavage of the carbon-carbon
bond by the carbon monoxide dehydrogenase (CODH) com-
plex (23). The levels of these enzymes are severalfold greater
in acetate-grown cells than they are in methanol-grown cells
(1, 15, 23). Electrons for the demethylation of methyl coen-
zyme M derive from the oxidation of methanol (see reaction
5in Fig. 3) or the carbonyl group of acetate (see reaction 2 in
Fig. 3). The presence of formylmethanofuran dehydrogenase
activity in extracts of methanol-grown Methanosarcina
barkeri is consistent with the proposal that methanol is
oxidized by a reversal of the carbon dioxide reduction
pathway (5). Growth of Methanosarcina thermophila TM-1
is supported by acetate or methanol, but the organism
reduces carbon dioxide to methane only after an extended
adaptation period, and growth is poor (28). Here we present
results of two-dimensional (2-D) gel electrophoretic analyses
of whole-cell proteins which estimate the extent of regula-
tion by the growth substrate and report the activities of the
enzymes that catalyze one-carbon redox reactions in ex-
tracts of acetate- and methanol-grown cells.
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MATERIALS AND METHODS

Organism and 2-D electrophoresis. Methanosarcina ther-
mophila (29) was grown either on 100 mM acetate or 100 mM
methanol to the mid-log phase, and extracts were prepared
by using a French pressure cell as described previously (22).
Protein was determined by either the bicinchonic acid
method (standard assay) (Pierce Chemical Co., Rockford,
I11.) or by a protein assay (Bio-Rad Laboratories, Richmond,
Calif.), according to the instructions of the manufacturer, by
using bovine serum albumin (Sigma Chemical Co., St.
Louis, Mo.) as a standard. Samples for electrophoresis were
prepared by the method of Potts (19). The 2-D electropho-
resis was performed as described by O’Farrell (17), except
that 3-[(3-cholamidopropyl)dimethylammonia]-1-propanesul-
fonate was substituted for Nonidet P-40. The cathode solu-
tion was 20 mM NaOH, and the anode solution was 20 mM
H,PO,. Tube gels (inner diameter, 1.5 mm; length, 130 mm)
were focused at 20°C for 16 h at 800 V followed by 2 h at
1,500 V. For denaturing (sodium dodecyl sulfate) electro-
phoresis in the second dimension, 12% polyacrylamide gels
were used as described by Laemmli (13) (30 mA per gel,
20°C). No equilibration was done between the first and
second dimensions, to minimize diffusion of proteins from
the tube gels. Gels were stained with Coomassie blue R-250
for 14 h or were stained with silver (27) to detect low-
abundance proteins. Purified acetate kinase was a gift from
D. J. Aceti (1), CODH was a gift from K. C. Terlesky (23),
and phosphotransacetylase was a gift from L. L. Lundie
19).

Enzyme activities, Formylmethanofuran dehydrogenase,
formylmethanofuran:tetrahydromethanopterin formyltrans-
ferase, 5,10-methenyltetrahydromethanopterin cyclohydro-
lase, methylene tetrahydromethanopterin:coenzyme F,,,
oxidoreductase, and formate dehydrogenase activities were
assayed as described before by using coenzymes that were
isolated from Methanobacterium thermoautotrophicum (5,
7, 8, 10, 21). Carbonic anhydrase was assayed as described
before (12).






