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INTRODUCTION
Methane is the most stable volatile carbon compound in the anaerobic environment and it is a
very important intermediate in the reaction that eventually leads to the mineralization of
organic matter.
Methane escapes from anaerobic environments to the atmosphere when it is not oxidised by
methanotrophs.
The release of methane to the atmosphere contributes in an increased rate of global warming
and causes other changes in the chemical composition of the atmosphere.
Today, 60% of the methane emission is related to human activity, and the value increases
continuously.
Methanotrophs are unique in their ability to utilise methane as a sole source of carbon and
energy. Methane is oxidised to carbon dioxide via methanol, formaldehyde and formate
intermediers. Methanotrophs are widespread in nature and play an important role in carbon
cycling. The first step of this oxidation process is catalised by a methane monooxygenase
enzyme (MMO).
The practical importance of these bacteria is remarkable because of their potential
(environmental) biotechnological applications. Accumulation of toxic pollutants in nature
cause serious environmental problems world-wide. One of the most hazardous group of
pollutants is the halogenated hydrocarbons. The most widespread chlorinated hydrocarbon is
trichloroethylene (TCE). TCE and other chlorinated hydrocarbons have a negative effect on
human health because of their toxicity and carcinogenic effect.
Aerobic and anaerobic bacteria are able to degrade these compounds, but the product of the
incomplete reaction is often a more carcinogenic vinyl-chloride. Obligate methanotrophs,
although they need methane for their growth, are able to oxidise other organic compounds.
Among the tested methanotrophs, those containing soluble methane monooxygenase in their
cytoplasm can degrade halogenated hydrocarbons.
MMO enzymes require reducing power for catalysis. The in vivo electron donor for the
sMMO is NADH. Under physiological conditions, the reducing power is supplied by the
further oxidation of methanol produced by the MMO. Since biodegradation processes using
MMO are cooxidation processes, alternative ways of supplying reducing power are needed.

A possible alternative is hydrogen. Hydrogenases show considerable potential for
biodegradation and biotransformation, utilising their unique catalytic activities.

AIMS
Due to their special catalytic activity, the methane monooxygenase enzymes could potentially
be used as catalysts in several environmentally-friendly and economical biotechnological
processes. In vitro, the enzyme needs a cheap and clean reducing power. The hydrogen
produced by hydrogenase enzymes is an effective candidate for this purpose.
Methylococcus capsulatus (Bath) is one of the most thoroughly studied methanotroph, hence
it has been selected for our study.
My work aimed to study the hydrogenase enzymes, to characterise these enzymes at the
protein level, as summarized below:

• Detect the hydrogenase enzymes in the bacterium
• Optimise hydrogenase activity measurements for Methylococcus capsulatus (Bath)
• Study the localization of hydrogenase enzymes
• Identify the structural genes of the soluble hydrogenase
• Search for membrane bound hydrogenase genes among methanotrophs
• Biochemical characterisation of the soluble hydrogenase enzyme
• Determine the function of the detected hydrogenase enzymes

METHODS
Methylococcus capsulatus was grown in fermenters or in flasks in a shaker. Hydrogenase
activity was measured on whole cells, or on the soluble and on the membrane fractions
separately. The activity was determined using two classical hydrogenase assays: In the
hydrogen uptake activity measurement the production of the reduced dye was followed
spectrophotometerically. Gas chromatography (GC) was used to determine the hydrogen
produced during the hydrogen evolution activity assay. GC was used for the MMO activity
measurements, too. Standard DNA manipulation techniques were empoyed in the molecular
biological approaches (genomic and plasmid DNA purification, PCR reaction to amplify the
appropriate DNA fragments, cloning, transformation, Southern hibridisation, etc.).

SUMMARY OF RESULTS
•

Membrane bound hydrogenase enzyme activity was detected under nitrogen fixing and
nitrogen-depleted conditions.

•

The physiological role of the membrane bound enzyme was determined using a membrane
bound hydrogenase mutant strain.

•

Existence of an NAD+-dependent hydrogenase in the bacterium was detected with activity
measurements.

• The structural genes of the NAD+-reducing hydrogenase were identified in the genome.
The M. capsulatus putative gene products, HoxF, -U, -Y and –H, showed the highest
similarity to the corresponding subunits of the soluble hydrogenase from Ralstonia
eutropha.

• A hoxH mutant strain was constructed using marker exchange mutagenesis. The lack of
the soluble hydrogenase activity caused no apparent phenotypical change in the
bacterium.

• The basic biophysical and biochemical characteristics of the soluble enzyme were
determined for future purification processes.

• It was confirmed that the activity of the membrane bound hydrogenase was essential in in
vivo hydrogen driven MMO activity. Both sMMO and pMMO activities were uneffected
in the hoxH mutant strain.

• Membrane bound hydrogenase genes are widespread among methanotrophic bacteria.

PUBLICATION LIST
L.Bodrossy, I.R.McDonald, T.Hanczár, R.Csáki, G.Rákhely, J.C.Murrell, K.L.Kovács,
Approaches to broaden the biotechnological potential of thermophilic methanotrophs. Poster
presented at the Gordon Conference on the Molecular Basis of Microbial One-Carbon
Metabolism, Henniker, New Hampshire, USA, 28 June - 3 July 1998.
K.L.Kovács, Cs.Bagyinka, H.Bratu, L.Bodrossy, B.Fodor, K.Győrfi, T.Hanczár, M.Kálmán,
J.Ősz, B.Polyák, G.Rákhely, M.Takács, A.Tóth, J.Tusz, Environmental research in the
“Universitas Biotechnology Laboratory”. Acta Biologica Szegediense, 43:111-116. 1998.
T.Hanczár, L. Bodrossy, K.L. Kovács, Hydrogenase Activity Assays on Methylococcus
capsulatus (Bath). Acta Biologica Szegediense, 43:75-84. 1998.
T.Hanczár, R.Csáki, L.Bodrossy, J.C.Murrell, K.L.Kovács, Hydrogen metabolism in
Methylococcus capsulatus (Bath). Poster presented at the 143rd SGM Meeting, Edinburgh,
UK, 12-16 April 1999.
T.Hanczár, R.Csáki, L.Bodrossy, J.C.Murrell, K.L.Kovács, Hydrogenases in methanotrophic
bacteria. Poster presented at the 13th International Congress of the Hungarian Society for
Microbiology, Budapest, Hungary, 30th August – 1st September 1999.
L.Bodrossy, T.Hanczár, R.Csáki, K.L.Kovács, Metánfaló baktériumok. Élet és Tudomány
40: 1254-1256. 1999.
K.L.Kovács, Cs.Bagyinka, L.Bodrossy, B.Fodor, K.Gyõrfi, T.Hanczár, J.Ősz, G.Rákhely,
M.Takács, A.Tóth, J.Tusz, Recent advances in biohydrogen research. European Journal of
Physiology, 439, R81-R83. 2000.
T.Hanczár, R.Csáki, L.Bodrossy, J.C.Murrell, K.L.Kovács, Hydrogen driven methane
monooxygenase activities in Methylococcus capsulatus (Bath). Poster presented at the 6th

International Conference on the Molecular Biology of Hydrogenases, Berlin, Germany, 5th 10th August 2000.
R.Csáki, L.Bodrossy, T.Hanczár, J.Klem and K.L.Kovács, Improvement and application of
molecular biological techniques for the investigation of Methylococcus capsulatus (Bath).
Poster presented at the Gordon research Conference on Molecular Basis of Microbial One
Carbon Metabolism, Connecticut College, New London, USA, 8-13 July 2000.
K.L.Kovács, Z.Bagi, Cs.Bagyinka, L.Bodrossy, R.Csáki, B.Fodor, T.Hanczár, J.Tusz,
M.Kálmán, J.Klem, Á.Kovács, J. Lu, M.Magony, G.Maróti, K.Perei, B.Polyák, S.Arvani,
M.Takács, A.Tóth, G.Rákhely, Biohydrogen, Biogas, Bioremediation. Acta Biol. Debrecina.
22:47-54. 2000.
R.Csáki, T.Hanczár, L.Bodrossy, J.C.Murrell and K.L.Kovács, Molecular characterization of
structural genes coding for a membrane bound hydrogenase in Methylococcus capsulatus
(Bath). FEMS Microbiol Lett. , 205: 203-207. 2001.
T.Hanczár, R.Csáki, L.Bodrossy, J.Klem, C.J. Murrell, K.L. Kovács, Hydrogenases in
methanotrophic bacteria. Lecture presented at COST 841 action and IEA Annex 15 Joint
Workshop, Szeged, Hungary, 7-12 Sept., 2001.
T.Hanczár, R.Csáki, L.Bodrossy, J.C.Murrell and K.L.Kovács, Detection and localisation of
two hydrogenases in Methylococcus capsulatus (Bath) and their potential role in CH4
metabolism. Archives of Microbiology, 177: 167-172. 2002.
Hanczár T., Csáki R., Bodrossy L. , Klem J., C.J. Murrell, Kovács L. K., Hidrogenázok
metánfalókban, Lecture presented at Straub Days, MTA SzBK, Szeged, Hungary, 25-30 Nov.
2001 (in hungarian).
T.Hanczár, J.Klem, R.Csáki, L.Bodrossy, and K.L.Kovács, Detection and localisation of two
hydrogenases in Methylococcus capsulatus (Bath). Poster presented at the Gordon research
Conference on Molecular Basis of Microbial One Carbon Metabolism, Connecticut College,
New London, USA, 7-12 July 2002.

T.Hanczár, R.Csáki, J.Klem, L.Bodrossy, J.C.Murrell, and K.L. Kovács, Molecular and
biochemical studies of soluble methane monooxygenase and hydrogenases in Methylococcus
capsulatus (Bath). Lecture presented at Hungarian Society for Microbiology Meeting,
Balatonfüred, Hungary, 7-10 Oct. 2002 (in hungarian).

