
 
Acta Agrophysica, 2012, 19(2), 403-413 

pmoA BASED DETECTION OF METHANOTROPHIC BACTERIA 
IN COAL-BED ROCKS OF THE LUBLIN COAL BASIN 

Anna Pytlak, Agnieszka Kuźniar, Zofia Stępniewska 

Department of Biochemistry and Environmental Chemistry, Institute of Biotechnology,  
The John Paul II Catholic University of Lublin,  

Al. Kraśnicka 102, 20-718 Lublin 
 e-mail: apytlak@kul.pl 

Ab s t r a c t .  Methane is one of the most important greenhouse gases. In spite of its low mixing 
ratio (1775 ppbv), it is responsible for 20-30% of global warming. However, factors influencing 
methane fluxes to the atmosphere from different sources are still under debate. One of the most 
important elements of the methane cycle are methanotrophic bacteria. This unique group of Proteo-
bacteria utilises methane at various levels, from atmospheric concentrations to several percentages, 
using molecular oxygen. Methanotrophs have been found in many terrestrial, aquatic and subsurface 
environments, there is however little information about methanotrophs connected with coal deposits. 
In the study, the presence of methanotrophic bacteria in coal–associated rocks of the Lublin Coal 
Basin (LCB) was confirmed by the methanotrophic activity tests of fresh and autoclaved samples 
from depths of 914 m and 997 m below the surface. Methanotrophs were also successfully enriched 
on nitrate minimal salts medium and identified based on the cloned pmoA sequences. It was found 
that methane-oxidising bacteria present in the LCB are highly similar to Methylosinus, Methylocys-
tis and Methylocaldum species. It was assumed that biological oxidation may be one of the proc-
esses influencing methane concentrations in coal-beds and that rocks excavated with coal may serve 
e.g. as methanotrophically active covers preventing CH4 emission from landfills. 
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INTRODUCTION 

The process of biological methane oxidation constitutes a critical link in the 
global carbon cycle and is both ecologically and technologically important.  

Methane is the main hydrocarbon present in the atmosphere (with average 
concentration of 1.775 ppbv in 2005). Despite its short residence time in the at-
mosphere (about 10 years), methane ability to absorb infrared radiation makes it 
20 to 30 times more efficient than CO2 as a greenhouse gas.  
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Data show that methane’s current mixing ratio is more than twice that in the 
pre-industrial era and remains in strong correlation with the growth of human 
population, the development of industry and agriculture. About 60% of overall 
methane sources is considered to be of anthropogenic origin (coal mining is esti-
mated to contribute about 8% of this) (Bosquet et al. 2006, IPCC 2001, 2007). 

The major terrestrial CH4 sink is the aerobic oxidation of methane which is 
known to be carried by distinct populations of methanotrophic bacteria, possessing 
enzymes specialised to have a high or low affinity for methane (Hanson and Hanson 
1996). The first type (high-affinity, low activity) is observed at atmospheric CH4 con-
centration and is ubiquitous in soils. Bacterial populations responsible for this type 
of CH4 consumption were only recently identified as belonging to the genera Me-
thylocystis (Bull et al. 2000) The second type of methanotrophy (low-affinity, 
high activity) occurs at CH4 concentrations higher than 40 ppm and is performed 
by a wide range of methanotrophs (Hanson and Hanson 1996), belonging to either 
α- or γ-Proteobacteria. It is assumed that the majority of the estimated 400 to 640 
Tg of methane (CH4) produced annually in anoxic environments (Cicerone and 
Oremland 1988) is oxidised at the anaerobic-aerobic interface by low-affinity 
methanotrophs, thereby mitigating the global emissions of this greenhouse gas 
into the atmosphere (Raghoebarsing et al. 2005).  

The ability of methanotrophs to oxidise methane is due to the possession of 
the enzyme methane monooxygenase (MMO). There are two distinct forms of this 
enzyme, the cytoplasmic soluble methane monooxygenase (sMMO), and the 
membrane-bound particulate methane monooxygenase (pMMO) (Murrell et al.  
2000), however only the pMMO is found universally in methanotrophs and is 
therefore used as a functional marker for these organisms (McDonald et al. 2008).  

Molecular ecology techniques (based on PCR detection of pMMO molecular 
markers – especially with the use of pmoA gene targeted primers) enable detection 
of methanotrophic bacteria in various aquatic and terrestrial environments world-
wide. The majority of methane-consuming bacteria appear to be neutrophylic and 
mesophylic, however, in the last decade isolation and characterisation of methano-
trophs from extreme environments like mud volcanoes, hot springs, permafrost or 
soda lakes was initiated. Those extremophiles possess adaptations (osmoadaptation, 
thermoadaptation) that enable them to survive in severe environmental conditions 
and which can be used for biotechnological purposes. High efficiency of CH4 in-
corporation into biomass, wide range of reactions that can be carried by methane 
monooxygenases (MMOs), ability to synthesise single cell proteins bioprotectans 
and biopolimers, make methanotrophs a potential tool for biotechnology. 

Recently it has been found that methane-oxidising bacteria are present also in 
carboniferous rocks surrounding seams of the Lublin Coal Basin (LCB). Their 
presence in coal-surrounding geological strata brings new information about 
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global C cycling, and helps to understand better the mechanisms influencing coal-
bed gas composition and origin. Furthermore, methanotrophic bacteria retrieved 
from the coal-bed, due to their survival skills, may have an application for bio-
technical purposes.  

Therefore, the aim of the present study was to determine methanotrophic ac-
tivity of the rocks originating from different depths of the carboniferous LCB 
stratum and to identify culture-susceptible methanotrophs with the use of pmoA-
targeted assay.  

MATERIAL AND METHODS 

Sampling site 

Carboniferous stratum in the Lublin Coal Basin is located at the depth of c.a. 
700 m.b.s (meters below surface). There are c.a. 80 coal seams accompanied mostly 
by claystones. The thickness of coal bodies ranges from 0.05 to 3.8 m. Most of the 
coal seams are located in the Upper Carboniferous, Westfalian B strata and are of 
limnic-fluvial origin (Kotarba 2003).  

Rocks were collected from two depths, from the area of seam 382 (S-108) 
(914 m below surface) and seam 390 (BR-3SP-126) ( 997 m below surface). Sample 
S-108 was hammered manually, from the surrounding of a freshly excavated wall, 
whereas BR-3SP-126 was obtained from the core that was drilled in the bottom of 
seam 385/5 towards deeper coal layers that will be exploited in the future.  

Samples were crushed into pieces and ground in a mill (Testchem, Poland) to 
2 mm maximum grain diameter. 

Incubations 

Incubations, aiming to determine the methanotrophic activity (MA) of the in-
vestigated rocks, were commenced within 5 days of collecting the samples. 

MA was determined at oxic conditions at a temperature of 30oC. Triplicate 
samples (15 g) were placed in dark bottles (60 cm3), filled with deionised water to 
obtain sample moisture adequate to 100% of water holding capacity, then closed 
with rubber septa, capped with an aluminium cap and sealed with paraffin. For 
experiments an initial concentration of ca. 10% (v/v) CH4 was obtained by replac-
ing an appropriate volume of air with high purity (99.99%) methane (Praxair, 
Poland) using a gastight syringe (5 ml, SGE, Australia). The headspace concen-
trations of gases (CH4, CO2, O2) were determined using a gas chromatograph 
(3800 GC Varian, USA) equipped with flame ionisation (FID) and thermal con-
ductivity (TCD) detectors. Gases were separated on Molecular Sieve 5A, 
0.53 mm ID, 30 m length and Poraplot Q, 0.53 mm ID, 25 m length columns 
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(Varian, USA) using helium as the carrier gas. The analyses were carried out un-
der the following conditions: injector temperature 120oC, oven temperature 40oC, 
temperature of detectors: 120oC and 200oC for TCD and FID. Incubation times 
varied depending on the activity of the sample and included 8 to 10 measurement 
points. Conditions under which the rocks were incubated were previously con-
firmed as optimum for induction of methanotrophic activity by Stępniewska and 
co-workers (2004) who found that further increase of substrate concentrations 
(above 10%) did not result in elevated consumption rates. Water content (100% 
water holding capacity) in experimental treatments was chosen based on prelimi-
nary experiments.  

The specific methanotrophic activity (µM CH4 g -1day -1) of particular rocks 
was calculated from the slope of the regression line of the measured CH4 molar 
amounts vs. time. In parallel to the fresh rock, incubations of autoclaved (2 h, 
121oC, 15 psi) (Hiclave HG-50) samples were performed. 

Enrichment cultures 

Methanotrophic cultures were established in 10 ml of NMS medium (Whit-
tenbury, 1970) that contained: KNO3, 1.0; KH2PO4, 0.54; Mg2SO4

.7H2O, 0.2; 
CaCl2

.2H2O, 0.015. CaCl2, Mg2SO4 (g l–1 distilled water at pH 6.8) and trace ele-
ments added after autoclaving. The bottles inoculated with coal-bed rocks were 
incubated under 10% v/v CH4 in air at 30°C for 10 days. 

DNA isolation 

 DNA extraction from methanotrophs enrichment cultures was performed us-
ing the method described by Sambrook and co-workers (1989), with minor 
changes. Ten days enrichment cultures were harvested by centrifugation and the 
pellets suspended in TE buffer and subjected to lysis using GES solution (5M 
guanidine thiocyanate, 100 mM EDTA, 0.5% sarcosyl [pH8]). DNA was purified 
using ice-cold solution of ammonium acetate (7,5M) and subsequently chloro-
form : isoamyl (24:1) mixture and cell debris removed by centrifugation. DNA 
was precipitated at –20oC with isopropanol for two hours, pelleted by centrifuga-
tion at 17 500 x g for 30 min, rinsed 5 times with 70% v/v ethanol and resus-
pended in 30 ml of ultrapure, DNAse free water.  

PCR and cloning 

Amplifications were performed in TProffessional Gradient System (Biometra, 
Germany) using primer set designed by Costello and co-workers (1999) for the 
detection of the pmoA gene of the methanotrophs. The primer sequences were as 
follows: forward – A189: GGNGACTGGGACTTCTGG and reverse: mb661 –
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CCGGMGCAACGTCYTTACC. PCR reactions were carried out in a total volume 
of 25 ml in 0.2 ml tubes. Each PCR mix consisted of 2 µl DNA matrix, 12.5 μl PCR 
Master Mix 2x (Fermentas), 1 μl of each primer (10mM) and 8.5 μl nuclease free 
water (Fermentas). PCR conditions consisted of an initial denaturation step at 94oC 
for 4 min, followed by 30 cycles at 94oC for 1 min, 54.5oC for 55 s and 72oC for 55 s. 
The final extension step was at 72oC for 3 min. 

PCR products were checked for size and purity on 1% w/v agarose gels. Products 
of the correct size were purified using QIAquick PCR Purification Kit (Qiagen) and 
ligated into pGem®-T Easy vector supplied by Promega, according to the manufac-
turer’s instructions. Five random selected clones from each sample were sequenced at 
Genomed Sp. z.o.o.(Poland) with the use of vector-specific flanking primers (M13f 
and M13r). Nucleotide-nucleotide Blast (BlastN) was used to search the GeneBank 
for the nearest relative sequence. Original pmoA sequences achieved for the coal-bed 
methanotrophs and selected public-domain sequences were aligned and the phyloge-
netic tree was built using the neighbourhood-joining method (Saitou and Nei 1987). 

RESULTS AND DISCUSSION 

The dynamics of CH4, O2 and CO2 concentrations in gaseous phase of incuba-
tions performed with the use of fresh and autoclaved samples revealed that meth-
ane uptake in the investigated rocks is due to the activity of methanotrophic bacte-
ria. In the fresh rocks, after c.a. 10 days of lag phase CH4 was rapidly utilised with 
the use of molecular oxygen, which was confirmed by the parallel drop in the 
concentrations of those gases phase and simultaneous growth of CO2 mixing ratio. 
Contrastingly, methane concentration in the sterilised samples remained nearly 
unchanged during the whole incubation period (Fig. 1).  
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Fig. 1. Concentration dynamics of CH4, O2 and CO2 in incubations of the coal-bed rocks. Data 
points represent an average value and bars standard deviation of 3 experimental replicates 
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The MA of the coal-bed rock S-108 was 0.906 and that of BR-3SP-126 was 1.496 
µMCH4 g-1 day-1, respectively. The values obtained for MA are comparable to 
methanotrophic activities found in surface environments, e.g. in peat – 1.656 
µMCH4 g-1day-1 (Freeman et al. 2002) or lake sediment – 0.11 µMCH4 g-1day-1. 
Also noteworthy is the fact that methane uptake by bacteria present in the investi-
gated rocks began within just c.a. 5 days from the beginning of incubation at op-
timal conditions.  

Methanotrophic bacteria in the coal-bed were able to survive in the deep subsur-
face conditions where high lithostatic pressure (Cała et al. 2004), low concentration 
of oxygen (Kotarba 2001) and arid conditions prevail. The mechanisms of metha-
notrophs survival in coal-bed must have been successful enough to support bacterial 
life for extended periods of time as geological settings and impermeability of the 
carboniferous formations in the LCB area imply that they were isolated from water 
and nutrient supply since the Pleistocene (2 Ma) (Kotarba and Clayton 2003).  

 Interestingly, higher MA was found in rock BR-3 SP-126, 
retrieved from the layer of the carboniferous stratum lying 
deeper (997 m below surface) than in rock S-108 (914 m be-
low surface), which suggests that the methanotrophs are not 
sensitive to shifts in lithostatic pressure (which, based on the 
average gradient of 23 kPa m-1 in the continental crust (Gentzis 
2009) was calculated to be c.a. 23 MPa). 

Identification of the microorganisms potentially applicable 
in biotechnology was performed based on the DNA, success-
fully isolated from methanotrophic enrichment cultures of both 
investigated coal-bed rocks. PCR amplification with pmoA-
targeted primers generated products of proper size (c.a. 510 bp) 
(Fig. 2.) which were subsequently ligated into pGem®-T Easy 
vector, cloned and sequenced.  

It was found that pmoA sequences achieved from rock S-
108 were closely related to representatives of Methylocaldum, 
Methylosinus and Methylocystis, whereas those from rock BR-
3 SP-126 only to the latter gender (Fig. 3). The sequences of 
Methylocaldum (92-97% identity) represented M. gracile 
[U89301.1] (Bodrossy et al. 1997), and uncultured bacteria 
isolated from landfill cover soils operating at different cli-
matic conditions e.g. in Austria [AY195664.1] (Bodrossy et 
al. 2003), Taiwan [EU275141.1] or Canada [EU647271.1].  

Sequences of pmoA from S-108 enrichment culture were 
also highly similar to Methylosinus trichosporium, including 
strains M23 isolated from mangrove roots in the western India 

 
Fig. 2. Electropho-
rogram of PCR pro-
ducts amplified with 
189f/mb661r primers 
set. 1 – GeneRuler™ 
Ladder Plus, 2 – S-
108, 3 – BR-3SP-126, 
4 – negative control  
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[AJ459037.1] (97-99%), O19/1 isolated from Baltic sediments [AJ459021.1] (94-
95%) and KS18 originating from the aerated lake sediments [AJ459032.1] (95%).  

Sequences obtained from both rocks showed 97-100% similarity to Methylocystis 
isolated from experimental lysimeters [e.g.GQ857552.1, GQ857557.1, GQ857560.1, 
GQ857561.1, GQ857564.1, GQ857572.1].  

The results obtained show that cultivation-susceptible methanotrophic com-
munity of the LCB coal-bed rocks consists mostly of bacteria capable of resting 
stage formation, which is a logical explanation of their presence in the severe, 
moisture and oxygen-depleted conditions of the coal-bed. Other authors investi-
gating deep subsurface environments also found similar structures of the metha-
notrophic community. However, so far the majority of studies concerned aquatic 
habitats, e.g. Kotelnikova and Pedersen (1996) found Methylosinus and Methylo-
cystis species at the depth of 400 m, in igneous granitic rock aquifer at Äspö 
(Sweden), and representatives of the same genera were enriched from groundwa-
ter sandy aquifiers in U.S. by Bowman and co-workers (1993).   

Furthermore, in spite of the fact that their present-day activity is inhibited by 
low oxygen levels in the coal-bed gas, it cannot be excluded that methanotrophic 
activity in the past ages might have brought down methane concentrations in the 
coal-bed to present-day low values. Moreover, the lack of oxygen might have 
been one of the factors enhancing methanotrophs survival in unfavourable condi-
tions of the coal-bed. It was described by Roslev and co-workers (1995) that the 
recovery of MA by CH4-starved soils and sediments was better in samples starved 
in anoxic conditions rather than oxic. The authors attributed a better survival of 
methanotrophs in anoxic conditions to the destructive force coming from free 
oxygen radicals in starved methanotroph under ambient O2.  

Another mechanism that might have supported the survival of methanotrophs in 
oxygen-depleted environments might have been the synthesis of poly-3-hydroxy 
butyrate (PHB) – an internal storage polymer which is used by some methanotrophs 
as an alternative reducing-energy source under starvation conditions. The pmoA 
sequences achieved from the enrichment cultures indicate that there is a close rela-
tionship between methanotrophic bacteria found in the coal-bed rocks with species 
having well documented ability to synthesise PHB like Methylosinus trichosporium 
OB3 (Doronina et al. 2007). PHB is currently one of the most promising biopoly-
mers (Bonartsev et al. 2007), therefore further research should be undertaken to 
verify whether strains present in the coal-bed could be used for commercial PHB 
production.  

The presence of spore- and cyst-forming methanotrophs (Methylocystis and 
Methylosinus) may also enable application of the coal-bed rocks as methane–
oxidising landfill covers. High efficiency for methane removal by microbiota 
inhabiting the investigated rocks can be compared to other materials supporting 
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the growth of methanotrophic bacteria and already being used in methane biofil-
tration (Stępniewska et al. 2010). The extreme survival skill of the methanotro-
phic bacteria in arid conditions of the coal-bed may be important, as moisture of 
the landfill covers is highly variable, especially at the beginning of reclamation, 
when there is no plant cover.   
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Fig. 3. Phylogenetic tree of bacterial amplicons. Nucleotide sequences were aligned with Clustal W 
and phylogenetic trees were created with MEGA 5.1 software using the neighbour-joining method 
(Saitou and Nei 1987); the significance of the junctions was established using the bootstrap method 
(1000 replicates) (Felsenstein 1985). The tree is drawn to scale, with branch lengths in the same 
units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary 
distances were computed using the Nei-Gojobori method (Nei and Gojobori 1986) and are in the 
units of the number of synonymous differences per sequence 
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CONCLUSIONS 

1. Coal-bed rock surrounding seams 382 and 390 in the Lublin Coal Basin 
are habitats of methanotrophic bacteria. 

2. Methanotrophic activity of the coal-bed rocks measured at 10% CH4, 
100% WHC and 30oC in samples collected from the depths of 914 and 997 m 
below surface was 0.906 and 1.496 µMCH4 g-1day -1, respectively.  

3. Biological methane oxidation might have been the reason for present-day 
low methane levels in the LCB formations.  

4. Methanotrophic bacteria, revealing high similarity of pmoA sequences to 
the genera of Methylocistis, Methylosinus and Methylocaldum, can be enriched 
from the coal-bed. 

5. High survival skills of the coal-bed methanotrophs may enable application 
of the carboniferous rocks as landfill cover soils.  

6. Enrichment cultures built on the basis of the coal-bed rocks should be 
subjected to further research aiming to determine other biotechnological applica-
tions of the isolated methanotrophic bacteria, e.g. PHB synthesis. 
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S t r e s z c z e n i e .  Metan jest jednym z najważniejszych gazów szklarniowych, który pomimo 

niskiego stężenia w atmosferze (1775 ppbv) odpowiedzialny jest za 20-30% obserwowanego efektu 
szklarniowego. W globalnym bilansie CH4 ważną rolę odgrywają bakterie metanotroficzne. Stano-
wią one wyjątkową grupę Proteobacteria zdolnych do wykorzystania metanu zarówno, gdy jego 
stężenie jest bardzo niskie (na poziomie atmosferycznym) jak również wysokie, wynoszące nawet 
kilkadziesiąt procent. Występowanie metanotrofów potwierdzono w wielu lądowych, wodnych 
i podziemnych ekosystemach, natomiast wciąż niewiele wiadomo na temat mikroorganizmów utle-
niających metan w otoczeniu pokładów węgla. W bieżącej pracy potwierdzono występowanie bak-
terii metanotroficznych w skałach Lubelskiego Zagłębia Węglowego (LZW). Biologiczne utlenianie 
metanu stwierdzono w skałach pochodzących z głębokości –914 m oraz –997 m pod powierzchnią 
gruntu. Występujące w tych skałach bakterie metanotroficzne zostały namnożone na pożywce NMS 
i poddane identyfikacji w oparciu o sekwencje genu pmoA. Uzyskane sekwencje wykazywały wy-
sokie podobieństwo do gatunków z rodzajów Methylosinus, Methylocystis and Methylocaldum. 
Uzyskane wyniki wskazują, że biologiczne utlenianie metanu może wpływać na stężenie metanu w 
wyrobiskach kopalni węgla kamiennego a także stwarzają perspektywę zastosowania skał przywę-
glowych, jako warstw zabezpieczających przed emisją CH4 ze składowisk odpadów komunalnych. 
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