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I ntroduction

A clear determinant of the present Society is our
energy demand. Overall energy need is increasioggal
with the population growth. Numerous studies have
demonstrated that soon the currently used fosstggn
carriers will not be able to meet these high deraauir
aim must be focused towards to the renewable energy
not just because they are environmentally frientiyt
because their unlimited nature. Recognizing thisstm
developed countries have launched a variety ofggner
strategies, in order to ensure sustainable devedopm
Hungary, as a member of the European Union has
committed to raise the share of the counties rehlwva
energy consumption to 14,65 %, by 2020. Therelst a
room for improvement, considering that this sharenly
7 % at present. Among the variety of renewable ggner
carriers emerges biogas, since almost every organic
material can be converted to biomethane via anaerob
digestion. This is particularly useful when we mdstl
with organic waste produced by households, thestngu

or by the agriculture. These are often considersed a
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hazardous waste, which requires special handliogage
and disposal. Thus, handling these materials byltioee
mentioned method, we can save money on the
elimination, as well as obtaining valuable energyhe
same time.

The degradation of the organic material is
catalysed by a highly complex microbial community,
which can be divided into three distinct units. Tirst
group includes the hydrolysing bacteria that aregis
their exoenzymes to break down the high molecular
weight substrates. The resulting intermediatesiseel by
the acetogenic bacteria, who build up the secontiose
The end metabolites they produce are volatile fatigs.
The methanogenic archaeabacteria, belonging tthirte
group are utilizing these compounds to generatevtioe
main components of biogas, namely methane and arbo
dioxide.

The produced biogas can be diversely utilized.
The easiest way is to burn the gas mixture in sgised
gas engines, thereby converting it to electricitg &eat.
The sulphur removal from the biogas is essentialrder
to prevent the premature corrosion of the engimekol



Another problem is the unnecessary waste heat,hwhic
may harm the efficiency, if not used properly. A mno
advisable option to purify the biogas not only from
sulphur, but from the unwanted carbon-dioxide adl,we
resulting pure biomethane. This energy carrier am
suitable for transportation, storage, or in caseetdvant
statutory provisions, the feed-in to the natura ged is

also a possibility.

Objectives

In order to raise the competitiveness of biogas
compared with the fossil energy carriers, we nemd t
increase the efficiency of the process. To achibig we
need to get a more comprehensive knowledge abeut th
biogas-producing community, what makes the use of
molecular biological methods inevitable.

Before preparing the thesis | have aimed to apply
several molecular biological methods (Real Time PCR
and T-RFLP, or Terminal Restriction Fragment length
Polymorphism) to examine a variety of biogas praaigic

microbial communities, in particular their dominant
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members. The target genes of my investigation \were
one hand unique, specific to the given strag/A: large
subunit of the celluleas genech: extreme condensed
hydrogenase gene), or on the other hand universilet
investigated grouplES rRNA: the gene of the ribosomal
RNA small subunit both in case of eubacteria, and
archaeabacteria, ancrA: large subunit of the methyl-
coenzyme M reductase gene in case of methanogenes).
The prevalence of these genes was monitored in, time
along to the modification of some key parametens, i
order to obtain crucial information regarding the

behaviour of the given biogas producing community.

M ethods

During my research | have analysed liquid
samples withdrawn from 5 litre volumetric content
continuous fermentors, fed by various biomass types
(casein, pig blood, corn silage, liquid pig manurbg
volume of the produced gas, and relevant key oiperat

parameters (pH, redox potential, temperature) were



constantly monitored and registered by the spgciall
developed devices. The gas composition was detetmin
periodically by the help of a gas chromatographirgur
the whole fermentation. A high pressure liquid
chromatograph (HPLC) was used in order to meas@e t
concentration of the formed volatile fatty acidsdaheir
quantitative change. The monitoring of the extdynal
added hydrogen producer strains in the fermentas w
carried out with Real-Time PCR method using specifi
primerpairs. T-RFLP method was implemented targetin
themcrA gene and the partial 168NA gene to map the
archaeal population. The eubacterial content of the
samples was assessed by analysing a fragment @6she
rRNA gene. An online evaluation software, named T-
REX was used to analyse the restriction patterhdsia
clone library was prepared from every sample ireotd
identify the dominant peaks on the chromatogranerAf

careful screening and selection, a few clones tagry

high importance were handpicked, and sequenced. The

obtained sequence data was subjected to onlinéasimyi
search (NCBI BLAST, RDP) to define their closest

relatives among the known species.
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Results

1. | have successfully developed a method based on
specific marker genescdA, ech), to identify both
hydrogen producing strains we routinely use. Whkb t
help of this method, | have proven that the presipu
identified decline in the intensification effect some
special circumstances is caused by the low rate of
biomass input. As a consequence of the doubled food
intake, the cell number of the inoculated straiovpd to

be stable, as well as the elevated biogas yield.

2. In my thesis | have presented the archaeal Mglro
composition of a fermentor operated at typical
parameters, using T-RFLP method, targeting both the
mcrA gene, as well as the 16RNA gene. Using the
gathered sequence information | have identified the
dominant species, or their closest relatives. Titained
data were compared with scientific literature, ndey to

interpret the results.



3. | have examined the methanogenic composition of
several fermentors, adapted to two kinds of higitgin
content biomass with the help of T-RFLP method,
targeting themcrA gene. | have identified the dominant
species and their closet relatives in this casavelt |
concluded that the adaptation affected the methamog
population massively, which is an important disacgve
because they do not have a direct contact with the
substrate, the chemical nature of the intermediates

(volatile fatty acids and hydrogen) is constant.

4. | have determined the eubacterial compositioim -
particular the dominant species - of a continuossiyed
fermentor fed with corn silage based on partiauseges

of the 16SrRNA gene. The occurrence of the abundant
species was corroborated by previous experiments of

several research groups.

5. Subsequently, the fermentors were inoculatet thi¢
previously applied hydrogen producing strain whhe
same operating circumstances were kept. As a refult

the integration to the biogas producing consotlia,gas

yield elevated more than 20 % compared to the obntr
fermentor. | have also defined the eubacterial
composition of the inoculated fermentor that showed

significant difference from the previously detected



