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Annotation

Diversity of the soil microbial community and its functional aspects were investigated in man-
influenced environments, such as colliery spoil heaps in post mining sites and upland pasture used for
outdoor cattle husbandry. The study was based on the cultivation of bacteria and streptomycetes as
well as culture-independent approaches. Cultivated bacteria and streptomycetes were characterized by
phenotypic and genotypic means. The culture-independent approaches were based on an analysis of
environmental DNA in terms of both qualitative and quantitative parameters.
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Souhrn

Tato diserta¢ni price byla zaméfena na studium diversity mikrobidlnich spolecenstev v sedimentech a
pidich ovlivnénych lidskou ¢&innosti (extensivni povrchovou téZbou hnédého uhli a pfezimovdnim
skotu na pastving), pfi¢emz byly aplikovany moderni molekularné biologické pfistupy. Tyto ptistupy
byly aplikovany jak na kultivovatelnou ¢ast, tak i na komplexni mikrobidlni spole¢enstva, coz umoznilo
studovat diversitu na raznych urovnich slozitosti. Zaroven byly pouzity piistupy k zhodnoceni
kvalitativni i kvantitativni slozky struktury mikrobidlniho spoleéenstva, coz umoziuje napt. pochopit
vztahy mezi slozenim funkénich skupin mikroorganizmi a dynamikou dusiku v ekosystému a naopak,
pro studium toku dusiku je dulezité znat kvantitativni zastoupeni funkéniho mikrobidlniho
spolec¢enstva. Padni mikrobidlni spolecenstvo zabezpeéuje mnoho raznych funkci véetné kolobéhu
hlavnich biogennich prvkd, uhliku a dusiku. Cilem studia bylo propojit informace o struktufe
mikrobidlniho spolecenstva s jeho funkci pouzitim polyfazického piistupu k fe$eni problematiky.

Extenzivni povrchova téZebni ¢innost vyznamné narusuje vzhled krajiny a zaroven funkce ekosystému.
Preferovanou funkci z pohledu ¢lovéka se stava tézebni ¢innost a vedlej$im produktem této ¢innosti je
navr$eni vyznamného mnozstvi hlusiny na tzv. vysypkach. V sokolovské hnédouhelné panvi jsou tyto
hlusiny tvofeny prevaziné jily, sedimenty tfetihorniho jezera, které tvoii nadlozni vrstvy hnédého uhli
(Ktibek et al., 1998). Cilem prezentované price bylo zjistit, jestli existuje Zivotaschopné mikrobialni
spolecenstvo v téchto sedimentech a jak pfispiva k jejich kolonizaci a spontidnni sukcesi mikrobialniho
spolecenstva po vytézeni a deposici na vysypkach. Ke studiu postupného vyvoje sukcesnich stadii byly
vybrény 4 plochy spontdnné vyvyjejicich se vysypek, které se lisily statim (O - 44 let) a piedstavuji
stadia kolonizovan riznou hustotou a typem dominantni rostliny: od stadia bez vegetace (iniciélni, 1
- 2 roky), stadium s dominantnimi travami (zejména Calamagrostis epigeios; rané, 11 — 12 let), stadium
s hustym porostem kiovin vrb a ol$i (zejména Salix caprea; stfedni, 21 - 22 let) az po stadium lesniho
porostu (Betula spp. a Populus tremuloides; pozdni, 43 - 44 let). Pozdni stadium je jako jediné
charakterizovino pritomnosti jiz vyvinutého pidniho profilu, ve kterém Ize rozeznat fermenta¢ni a
humusovou vrstvu a vrstvu mineralni a také aktivitu zizal. Hlavnim cilem price bylo porovnat a
charakterizovat mikrobiélni spole¢enstva jednotlivych sukcesnich stadii, a to ve svrchni (0-S cm) a
minerdlni (10-15 cm) vrstvé. Ocekavali jsme, Ze zmény v pudnich charakteristikdich sukcesniho
gradientu budou posléze doprovizeny zménami mikrobidlni biomasy, aktivitou a diversitou ptidniho
mikrobidlniho spolecenstva, hlavné jeho heterotrofni bakteridlni slozky. Vysledky jednotlivych studii
potvrdily, Ze miocenni sediment obsahuje stopy biologickych markerti Zivych mikroorganizmi, a to
fosfolipidy mastnych kyselin, které maji rychly obrat a obecné jsou vnimany jako markery zZivé
mikrobidlni biomasy. Struktura zastoupeni jednotlivych mastnych kyselin ukdzala na dominanci
heterotrofnich bakterii, hlavné aktinomycet a saprofytickych mikroskopickych hub ve fosilnim
mikrobidlnim spole¢enstvu. Fosilni mikrobidlni spole¢enstvo mize vyznamné ptispivat k usnadnéni
kolonizace ¢erstvé vytézenych sedimentd. V sukcesni fadé vyvijejici se na tomto substrité roste
mikrobilni biomasa s ¢asem a s pfevahou gram pozitivnich bakterii ve vSech sukcesnich stadiich. Mezi
kultivovatelnymi heterotrofnimi bakteriemi lze pozorovat trend vyvoje spoleCenstva od lépe
kultivovatelnych (vy$$i pomér C:T, pomér kultivovanych kcelkovym bakteriim) a r-stratégh
(rostoucich na miskdch do 3 dna) k obtizngji kultivovatelnym (niz$i pomér C:T) a K-stratégim
(objevuji se na kultivaénich miskdch mezi 4 - 7 dnem). Zaroveni bylo v dal3i studii zji$téno, Ze
Miocenni sediment obsahuje kultivovatelné streptomycety tvorici dvé fylogeneticky oddélené skupiny,
z nichz jedna se v dal$ich sukcesnich stadiich jiZ neobjevuje, a druha skupina pravdépodobné pietrvava
a preziva vytéZeni a expozici na zemsky povrch. Béhem sukcesniho vyvoje jednak rostla biomasa
bakterii a streptomycet, mnozstvi organického uhliku, a také podil steptomycet v kultivovatelné slozce
bakterii a kone¢né geneticka diversita kultivovatelnych streptomycet. Zaroven bylo zji$téno, Ze existuje
vysoky geneticky potencidl a také zajimavé fenotypové charakteristiky (produkce antibiotik a



rezistence k nim) kmeni streptomycet izolovanych jak z miocenniho sedimentu, tak ze sukcesni fady
na sokolovskych hnédouhelnych vysypkach. Genetické vyhleddvani zaloZzené na detekci genu pro 5-
aminolevulinat synthasu (hemA-asuA; Petiitek et al., 2006) v genomu streptomycet vyustil v objeveni
13 novych potencidlnich producentt antibiotik manumycinového typu izolovanych pravé ze

studovanych ploch sokolovskych vysypek (vysledky nejsou sou¢asti prezentované disertaéni prace).

Také razné zemédélské aktivity ¢lovéka naru$uji pivodni stabilni ekosystém a méni zcela jeho funkci,
napiiklad podhorska pastvina slouzici jako zimovisté skotu. K studijnimu t¢elu bylo vybrdno zimovisté
na farmé v Borové v jiznich Cechich o rozloze ca 4 ha (48°52" severni z.v., 14°13" vychodni z.d.).
Zimovisté je zvlastni ekosystém, ktery podléhd sezénnimu kolobéhu vyuzivani: od podzimu (obvykle
konec fijna) do jara (zac4tek kvétna) je tato pastvina intenzivné vyuZivana pro ca 80 kust dobytka,
které svou ¢innosti vytvareji tzv. gradient zatiZeni. V letnim obdobi zistdva zimovi§té bez dobytka a
ptda regeneruje. Nejvice ovlivnéna ¢ast zimovisté se nachdzi v blizkosti stdji, kde maji zvifata volny
pristup ke krmeni a vodé, zatimco nejméné ovlivnéna ¢ast se nachdzi na nejvzdalenéjsim konci plochy.
Zvirata ovliviiuji charakter pudy nejenom nerovnomérnou deposici velkého mnozstvi exkrementa, ale
také pastvou a poslapavanim. Hlavnim cilem prace bylo porovnat mikrobidlni pfemény dusiku v pudé
zimovi$té ovlivnéné silnou, stfedni a zddnou pastevni ¢innosti skotu. Prace vychézela z pfedpokladuy, ze
zpisob obhospodarovani ovlivni zvy$eny vstup organického dusiku a uhliku do pudy, vlhkost, pH,
mnozstvi mineralnich forem dusiku v ptidé, mikrobidlni biomasu a relativni zastoupeni denitrifika¢nich
bakterii. V dasledku toho se zméni aktivita mikrobidlniho spoleéenstva, zejména pak denitrifikace,
emise plynnych forem dusiku zpidy a jejich vzidjemny pomér (N,O:N,). Vysledky potvrdily
predpoklad, Ze prezimovéani skotu vyznamné zménilo méfené pudni charakteristiky. Padni fyzikalné-
chemické vlastnosti, stéjné jako biologické vlastnosti, byly vyrazné ovlivnéné zptisobem hospodareni, a
to hlavné na jate, kdy se na mistech ovlivnénych pastvou nachdazely velké deposice exkrementu zvifat.
Tyto zmény byly propojeny s naristem mikrobidlni biomasy v mistech, kde byla vyssi dostupnost
organického uhliku a minerdlnich forem dusiku a také se zvySenym vyskytem anaerobnich
mikroprostfedi. Narus$ujici efekt se$lapavani pudy zvifaty a deposice exkrementt byl charakterizovan
zni¢enim ptivodni vegetace a zménou pudni struktury. Funkéni zmény odlisily pidy ovlivnéné pastvou
skotu od kontroly zvySenim relativniho zastoupeni metanogenti a denitrifka¢nich bakterii a také
zvy$enou metanogenezi a denitrifika¢ni aktivitou. Vliv pasenych zvifat vyustil v posun v mozném
fungovani ekosystému, jak jasné indikuji zmény v poméru plynnych produkta denitrifikace (N,O:N,) a
nerovnovahou mezi produkci a spotfebou metanu vzhledem k 10-letému hospodafeni na studované
pastviné.

Summary

This Ph.D. thesis focused on the study of soil microbial community diversity in man-influenced
environments: an extensive open cast brown coal mining and overwintering of cattle on upland soil,
where modern molecular biology tools have been applied. Cultivation-dependent as well as culture-
independent studies of complex microbial communities were studied using this approach, which
enabled the study of diversity on different levels of organization. At the same time, qualitative and
quantitative components of microbial community structure have been assessed, which made it possible
to understand, i.e., the relationship between structure of functional microbial guilds and the dynamic
of nitrogen in the ecosystem and vice versa. A soil microbial community supports plenty of diverse
functions, including carbon and nitrogen cycling of main biogenic elements; as well as ecosystem
stability, productivity and resilience towards stress and disturbance.



Extensive open cast mining significantly disturbs the landscape and simultaneously ecosystem
functions. Man-preferred function started with mining activity and the excavation of a notable amount
of overburden on spoil heaps occurred as a side effect. In the Sokolov mining area (Podkrugnohorska
Dump), these heaps are formed mainly by the clays of Miocene lacustrine sediments, which lay as
overburden on the brown coal layer (Kiibek et al., 1998). The aim of the study was to discover a viable
microbial community in these sediments and to find out whether it contributes to the colonization of
the substrates and spontaneous succession after excavation and deposition on the heaps. Four sites
undergoing spontaneous succession were chosen to reflect successional stages, which differed by the
age of deposition (0 - 44 y. scale). These stages are differentially vegetated: the initial stage without
vegetation (0 - 2 y. old), early stage with dominant annual grasses (mainly Calamagrostis epigeios, 10 —
12 y. old), middle stage with shrub vegetation (Salix caprea, 20 - 22 y. old) and the late stage with
forest vegetation (Betulla spp. and Populus tremuloides, 42 - 44 y. old). The late stage only is
characterized by the occurrence of a developed soil profile where it is possible to recognize
fermentation and humus layers, as well as a mineral layer and activity of earthworms. The main aim of
the study was to compare microbial communities among different stages of spontaneous succession in
both top (0-S cm) and mineral (10-15 cm) layers and characterize them. We expected that changes in
soil properties along a succession gradient would be followed by changes in microbial biomass activity
and diversity of soil microbial community, with the major emphasis on heterotrophic bacteria. Our
results showed that the Miocene lacustrine sediment consists of a viable microbial biomass as observed
by Phospholipid Fatty Acid Analysis (PLFA). The structure and composition of individual fatty acids
showed the dominance of heterotrophic bacteria, mainly actinobacteria and saprotrophic fungi in the
fossil microbial community. A fossil microbial community can significantly contribute to and facilitate
the colonization of freshly excavated sediments. Microbial biomass increased with age along a studied
successional gradient and was dominated by Gram positive species at all stages. The trend in
replacement of r-strategists and high proportion of cultivable bacteria (cultivable to total bacteria ratio,
C:T ratio) by K-strategists and low C:T ratio can be recognized among heterotrophic bacteria.
Additionally, it was observed that cultivable streptomycetes isolated from the Miocene sediment are
part of two distinct phylogenetic clusters, one of which did not occur in the subsequent successional
stages, while the other one represents species surviving the excavation and deposition on the Earth’s
land surface. These species with high probability contribute to the development of the streptomycete
community on colliery spoil heaps. The increase in bacterial and actinomycetes biomass, the amount of
organic C and proportion of actinomycetes in cultivable bacteria with the increasing age of succession
were observed in this study. The genetic diversity of Streptomycetes based on 16S rDNA-ITS (16S
rRNA gene and 16S - 23S Intergenic Transcribed Spacer) RFLP profiles (Restriction Fragment
Length Polymorphisms) increased until the middle stage, where the richness of OTUs (Operational
Taxonomic Units) was the highest, both in top and mineral layers. The replacement of pioneer species
by late successional species was observed using RFLP and phylogenetic approaches. Moreover, the
high genetic potential of streptomycetes isolated from Miocene sediment and successional gradient on
colliery spoil heaps was observed. The screening for detection of gene coding for S-aminolevulinate
synthase (hemA-asuA; Petticek et al., 2006) in the genome of streptomycetes revealed in retrieval of 13
new putative producers of manumycin-type antibiotics (the results are not included in this thesis).

The various agricultural activities of man disturb the original stable ecosystem and change its function
too; i.e., upland grassland used for outdoor cattle husbandry. The overwintering area was selected at
Borové Farm in South Bohemia, which was approximately 4 ha large (latitude 48°52" N, longitude
14°13" E). The overwintering area is a special ecosystem which conducts seasonal cycling of usage:
from autumn (usually the end of October) to spring (the begining of May) is intensively used for cattle
(ca 80 cows), which create a gradient of impact on the grassland soil. In the summer, the overwintering
area remains intact without cattle impact and the soil as well as vegetation regenerates. The most
impacted site is near the stables where animals have free access to feeding and water, whereas the least
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impacted site is the farthest away. Animals affect the soil by the uneven deposition of large amounts of
excrement, but also by grazing and treading. The aim of the study was to compare microbial
transformation of carbon and nitrogen in soil affected by different degrees of animal activity. It was
expected that a change in management influences the input of organic C and N into soil, soil moisture,
pH, nitrate and ammonium concentration, microbial biomass and a relative proportion of denitrifying
bacteria and methanogenic Archaea. As a result, the pattern and rate of microbial activity would
change, in particular denitrification and methanogenesis, emissions of N gases and methane from the
soil and a relative proportion of denitrification products (N,O:N;). Our results showed that a cattle
overwintering on grassland soils changes the soil quality significantly. Soil physico-chemical as well as
biological properties are highly influenced by this management technique, especially in spring when
intensive decay of dung and urine occurred at the sites. These changes were coupled with microbial
biomass increases at sites with a higher availability of organic carbon and mineral nitrogen as well as
increased anaerobic microsites. The disturbing effect of animal treading and excrement deposition was
detected also visually and was characterized by the damage of the original vegetation and changes in
soil structural properties. Functional changes were differentiated by increases in abundance of both
methanogenes and denitrifiers in soils under animal impact and also by increased methanogenesis and
denitrification activity. The impact of cattle resulted in a shift of potential ecosystem functioning, as
clearly indicated by changes in the denitrification product ratio (N,O:N;) and imbalance between
methanogenesis and methanotrophy due to the overwintering management practiced for 10 years.

Outline of the thesis

Chapter 1 contains a review of soil microbial community diversity in general, streptomycetes,
denitrifiers and methanogens in particular, and its relationship to ecosystem functioning. The
disturbing effect in man-influenced environments is summarized and two study ecosystems are
described. Finally, the scopes and the aims of the thesis are formulated.

In Chapter 2 the known methods and approaches developed to study soil microbial diversity are
summarized and possible applications are indicated. A literature overview and list of recent molecular
biology methods used are given.

Chapter 3 is concerned with the most important results of the thesis, which are summarized and
analyzed, and concluding remarks are clarified.

Chapter 4 brings experimental results arranged as a List of Papers cited in a literature overview and
analysis chapter. The List of Papers are separated into two groups, each of them concerning a single
studied man-influenced environment: i) Spontaneous succession on colliery spoil heaps in Sokolov
(South Bohemia) and, ii) Cattle overwintering area in Borova farm (West Bohemia). Additional two
papers are included (Paper III and IV), where the application of some methods is described.
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Chapter 1 - General introduction

Man-influenced ecosystems and landscape changes

One of the oldest human activities pertaining to changes of ecosystem management and nature’s
landscape is agriculture. Agriculture started independently in several areas of the world 10,000 years
ago. Since then, human-induced changes to soil - “metapedogenesis” (Yaloon and Yaloon, 1966), or
“anthropedogenesis” (Richter 2007) began to occur on different levels. Domesticated nature,
including plants, animals and landscapes (Kareiva et al., 2007) encompasses about S0 % of Earth’s land
surface now. This area has been converted to grazed land and cultivated crops mainly from forests and
half of the world’s forests have been lost (Millenium Ecosystem Assessment, 2005). The domesticated
landscape includes broad human activities, such as cities, industrial zones, mining activities, promotion
of commerce (road construction, enhanced trade), reduced risk (fire suppression, flood control,
predator removal, coastal engineering), and in the end maximized productivity, such as, increased food
and animal production and fisheries yield. All of them bring some impacts and tradeoffs for the natural
ecosystem. For example, the selection of certain ecosystem attributes, such as, increased animal
production led to a seven-fold global increase in pastures (1700-1990, Kareiva et al., 2007).

The major consequences of changes in landscape management for increased food and animal
production include disturbed nitrogen cycle, damaged riparian zones, overuse of antibiotics and 30 %
of global loss of grassland. The younger, but not less important man-disturbing activity is mining.
Open-cast mining is primarily accompanied by negative impacts on the environment with destruction
of surface soil and removal of overburden, which is simultaneously collected on the Earth’s land
surface. For example, the acreage of almost 9,300 ha has been disturbed in the study area (Sokolov
mining district, West Bohemia, Sokolovsk4 uhelnd, a.s., Frouz et al., 2007) since the beginning of
open-cast mining in the early 1950s. In turn, land reclamation is carried out in the district of Sokolov to
amend the negative effects of mining activities and a new landscape has been created for human
recreation, agriculture and forestry. All of these processes affecting landscape (land-use and land-
cover) changes involve also soil change (Yaloon, 2007). These mechanisms can lead to changing
(increasing or decreasing) diversity and activity of the soil microbial community.

Note: The accessory side effect of enhanced microbial transformations in soil is an increased abundance of
greenhouse gases, which has been to a significant extent of anthropogenic origin since the 19* century (Prather
and Enhalt, 2001). The major greenhouse gases of anthropogenic origin are carbon dioxide (CO,), methane
(CHL,), nitrous oxide (N,O) and halocarbons, which are released into the atmosphere by the burning of fossil fuel
and biomass, as well as other fallout of industry and agriculture. Methane and nitrous oxide are produced mainly
by microorganisms that are stimulated by human activities, such as the increased use of fertilizer, cattle
production, soil water management and waste management. Human activity thus indirectly causes global climate
change, i.e.,, human activity affects microbial communities, which, in turn, affects the composition of the
atmosphere by gas emissions. Therefore, global climate change will not be understood without proper knowledge
of what the relevant microorganisms do and how they react (Conrad, 2007).

Colliery spoil heaps after brown coal mining (Papers Ia, Ib, Ic and Id) and the area used for outdoor
cattle husbandry (Papers Ila, IIb and Ilc) were chosen as examples of man-influenced ecosystems in
this Ph.D. thesis. Both of them creates some benefits and at the same time some impacts and tradeoffs.
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The impact of these managements on the soil microbial community’s diversity and function is studied
and analyzed.

Diversity of soil microbial communities with respect to ecosystem functioning

Diversity is the criterion of genetic complexity of the microbial community as described by two
components: number of species (richness, R) and relative abundance (evenness, E). In the same wayj, it
can be assumed that the amount and distribution of information is directly applicable to the total
genetic diversity or complexity in a community. The genetic complexity or the size of microbial
community genomes assessed by re-association of community DNA equals the size of 6,000 — 10,000
E. coli genomes in unperturbed organic soils and 350 - 1,500 genomes in arable or heavy-metal
contaminated soils (Torsvik and @vreds, 2002). By contrast, the genomic complexity recovered by
culturing methods was less than 40 genomes. The total genomic complexity, assessed, for example, by
an analysis of total community DNA, provides the information about the overall (potential) taxonomic
and functional variability at the community level and therefore can reflect the real situation more
accurately than cultivation-dependent methods. The significance of biodiversity arose in the mid-
1900s, when MacArthur and Hutchinson (for a review, see Morris et al., 2002) claimed that
biodiversity is a measure of important ecological processes such as resource partitioning, competition,
succession and community stability. In the 1960s, microbiologists began to investigate the impact of
biodiversity on the function and structure of microbial communities (Hariston et al, 1968; Swift,
1974). However, the field of microbial biodiversity has grown markedly since the Diversitas initiative
in 1991, together with the development of techniques for characterizing diversity, in particular at the
molecular level. These techniques can be applied to both culturable and nonculturable microorganisms
(Rondon et al., 2000). A summary of molecular biology methods applied to assess microbial diversity is
presented in Chapter 2.

Functional diversity is an aspect of the overall microbial diversity in soil, and encompasses a range of
activities. The relationship between microbial diversity and function in the soil is largely unknown, but
biodiversity has been assumed to influence ecosystem stability, productivity and resilience towards
stress and disturbance (Torsvik and @vreas, 2002). From this point of view it can be assumed that the
higher diversity the higher or improved functioning of the soil microbial community. But this is a
questionable point indeed. Inside the complex soil microbial community there are several functional
guilds, which are redundant or unique, non-reduntant. This is congruent with the characters of entire
microbial communities as they can reflect the impact of different kinds of disturbance: they can act as
resistant, sensitive or resilient communities with functional redundancy (for a review see Allison and
Martiny, 2008). There are conflicting theories on the importance of species biodiversity in relation to
resilience since it has been proposed that functional diversity is more important than species diversity
(Tilman et al, 1997). Finally, these manifestations may play important roles in entire ecosystem
functioning. With complex functions characterized, for example, by protecting the soil microbial
community against pathogen invasion, diversity plays an important and significant role (van Elsas et
al., 2007 - Paper III). The higher the diversity of the microbial community, a lower rate of survival of
genetically modified E. coli O157:H7 strain T in the soil occurs. The authors further concluded that
soil microbial diversity is a key factor that controls the extent to which bacterial invaders become
established and thrive.

In turn, decomposition is also a complex process characterized by partitioning, and several microbes of
different taxonomical distribution are involved during degradation succession (Begon et al., 1990).
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Diverse species colonize the substrate or disappear from it, depending upon the kind of sources
consumed and whether others are generated. It is assumed that many compounds can be degraded by a
wide variety of microorganisms, i.e., there is considerable functional redundancy, but recalcitrant
compounds are degraded by more specialized organisms requiring specific enzymes. Some of them
(i.e., degradation of chitin or organopollutants) require the concerted action of several different
functional groups for degradation (Prosser, 2007). Hence, in this particular case, the overall microbial
diversity does not matter, in contrast to the presence and activity of certain species or, putting it
another way, functional diversity is more important.

Spontaneous microbial succession and diversity of the microbial community on excavated
substrates and post-mining sites

Human activity including mining, transfer, agriculture and many similar pursuits has its negative
accessory impacts on environmental quality, defensibility, function and development of ecosystems.
These can be both direct and indirect. Among direct impacts we can easily expect the change of
landscape shape after extensive surface mining of brown coal in the Sokolov area. There can be
recognized the excavation of huge amounts of tertiary sediment from a depth of 200 m and even deeper
on the Earth’s land surface. The spoil heaps, used as experimental plots in our studies, have been
formed mainly by the clays of Cypriss formation (Kiibek et al., 1998) and they represent a very
different environment from that colonized by recent microflora. The name is derived from the
frequency of water crustacean — the ostracoderm Cypris angusta. These rock clays comprise the main
part of the overburden, and therefore also the substrate of dump bodies, where it is possible, thanks to
their composition and content of organic components, to realize certain kinds of biological reclamation
directly, without the resorting to resoiling. The spontaneous succession undergone on these colliery
spoil heaps and development of soil de novo occurs without reclamation hits. Contrastingly to other
common substrates, where spontaneous succession has been ongoing and has been intensely studied,
this spoil material doesn’t contain significant amounts of recent organic carbon, but only the fossil one
(Kiibek et al., 1998; Frouz and Novakov4, 2005). This factor together with encouraging soil reaction
(pH ~ 7.8) facilitates this process. The roles of an entire microbial community of heaped substrate,
which can act as inoculum or facilitator of colonization as well as a contribution of heterotrophic
prokaryotes, remain unknown. The successional theory predicts that opportunistic (pioneer) species
with a high investment of energy in reproduction and an extensive niche width would be replaced by
equilibrium (late successional) species with a relatively higher investment of energy in maintenance
and narrower niche width as communities develop. Little is known about the development of microbial
communities during spontaneous succession, however, Sigler and Zeyer (2002) proposed that
microbial populations increased in number and activity during the primary succession on substrates
after glaciers receded. Garland et al. (2001) signalized also that the ratio of culturable to total bacterial
counts (C:T) can change significantly during soil community development and that a shift in resource
allocation from growth to maintenance occurs with time. Kandeler et al. (2006) studied the
development of the denitrifying bacterial community during the primary succession of the receding
glacier and showed increased bacterial densities (16S rRNA copy numbers) with progressing soil
development. Their results signalized that the amount of organic substances can drive the abundance
of bacteria, NirK and NosZ denitrifiers, but NirS and NarG denitrifiers showed a different
development. Several studies have been carried out concerning the development of communities of
algae (Luke$ova, 2001), microfungi, and macrofauna (Frouz et al., 2002) in the studied area. The
development of the heterotrophic streptomycete community as a significant part of the microbial
community has not yet been studied in detail. As streptomycetes are key players in decomposition,
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signaling (production of antibiotics), putative spread of antibiotic resistance, humification, promotion
of plant growth and protecting plants against pathogens, we focused on their community development
on spoil heaps.

Streptomycetes, their diversity, functional traits and roles in the environment

Streptomycetes represent one of the most abundant groups of bacteria cultivated from soils and
sediments and it is assumed that soil and compost serve them as primary reservoirs. From the
taxonomic point of view, they belong to the order Actinomycetales (domain: Bacteria, phylum:
Actinobacteria, class: Actinobacteria, order: Actinomycetales, family: Streptomycetaceae; Sedlacek,
2007), consisting of Gram-positive chemoorganotrophic bacteria with an oxidative type of metabolism.
They utilize a broad scale of carbon and nitrogen compounds served as energy sources. They are
characterized by high GC content in the genome (> S5 %) and filamentous type of growth.
Streptomyces is a type genus of this heterologous group of bacteria and consists of more than 500
species. Their genome size is two times larger in comparison to common bacteria, i.e., S. coelicolor has
a genome size of 8.7 Mb (ca two times larger than Escherichia coli). This encourages streptomycetes
since they can possess various enzymatic apparatuses and, a feature that in general is incident only to
eukaryots, viz.,, cell differentiation (Chater, 1989). Their cells differentiate during the growth on solid
media and create two types of long filamentous cells. Vegetative hyphes (the average of the filament is
0.5 - 2.0 ym) produce large-scale branched mycelium, which rarely fragments. In the conditions of
nutrient limitation they create serial mycelium with the chains of arthrospores (Holt et al., 1994).
Spores are very specialized cells intended for the survival of unfavorable environmental conditions or
for spreading to more adequate conditions in comparison with that of the mother colony. This feature
together with the ability to metabolize and/or survive under anaerobic conditions proves
streptomycetes are a pioneer of life in conditions generally thought to be inhospitable.

Actinomycetes are responsible mainly for decomposition of soil organic matter and their products
enrich available nutrients for other microflora or plants. At the same time, they are involved in the
process of humus formation. Some species (i.e., Frankia) conduct nitrogen fixation as a consequence
of symbiosis and therefore facilitate the nitrogen input to the ecosystem and colonization of poor soils
or sediment by symbiotic and other plants (i.e., g. Alnus). Moreover, they are involved in other
nitrogen transformation processes, either only in mineralization (i.e., proteolytic and chitinolytic
activities), or in denitrification and codenitrification and consequent N,O production. They are able
to use mineral nitrogen forms of nitrates or nitrites instead of oxygen as an electron acceptor in
reductive reactions to gain energy similarly to denitrifying bacteria (Albrecht et al., 1997; Shoun et al.,
1998; Kumon et al., 2002). Findings of Kumon et al. (2002) indicate that denitrification takes place
also under aerobic conditions, which is strictly repressed in denitrifying bacteria, and that the entire
process is more similar to co-denitrification known in fungi.

Note: Actinomycetes and streptomycetes are also of major biotechnological interest, because they are the most
important producers of natural bioactive compounds (Lazzarini et al., 2000; Hopwood, 2007). Secondary
metabolism begins when nutrient limitation occurs and when incubated in laboratory batch cultures. Therefore,
it has been proposed that secondary metabolism can be an adaptive mechanism to environmental stress and
streptomycetes can assure growth at the expense of microorganisms suppressed by the antibiotic activity.
Another ecological role of antibiotics has been postulated by Challis and Hopwood (2003). These authors
stressed that antibiotics can play a role as signal molecules in a real environment and can modulate the
communication between microbes (similar to quorum sensing). Nevertheless, antibiotic biosynthetic clusters of
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streptomycetes and improvements of strains have generated major interest today, as the need for new bioactive
compounds is crucial, mainly due to the increase of antibiotic resistance pathogens amongst human beings and
animals (MRSA, VRSA - Methicilin or Vancomycin resistant Staphylococcus aureus, TB - Mycobacterium
tuberculi, etc.; Levy, 2002).

The disturbing effect of extensive cattle grazing on soil microbial communities

Agricultural lands occupy 37 % of the Earth's land surface and intensive agriculture accounts for 52 %
and 84 % of global anthropogenic methane and 84 % of nitrous oxide emissions (Smith et al., 2008).
The major sources of N,O production in soil are denitrification and nitrification and mitigation of
gaseous products simultaneously lead to a loss of nitrogen from ecosystems. Therefore, it is crucial to
identify the factors controlling the formation of CH4 and N,O by microorganisms in soil, particularly
the known processes of consumption of both green house gases (CH, oxidation and N,O reduction).
Upland grasslands in low-input farming systems are usually well aerated and therefore, it is assumed to
be a sink for methane (Hiitsch et al,, 1994; Conrad, 2007) and only weak sources for nitrous oxide
(Mosier et al., 1991). Management changes, such as cattle grazing and overwintering, may lead to a
significant shift in microbial community structure and functioning (Clayton et al., 1994). For the most
part nitrogen transformation can be highly affected as a huge amount of nitrogen inputs to the pasture
soil in the form of animal urine and excrement. Additionally, a significant amount of organic carbon
enters the soil and therefore may enhance microbial transformation under changed physico-chemical
conditions. The effect of animal treading was also studied by Meenner et al. (2005). These authors
described significant changes in denitrification rates in the soil depending on the intensity level of
treading. These assumptions were confirmed by studies of Simek et al. (2006) and Hynst et al. (2007)
on the same overwintering area (Borové farm in South Bohemia).

Note: Soil under animal impact showed enhanced rates of microbial transformation, especially denitrification,
and three main factors steering microbial processes have been determined (Hynst et al., 2007):
# dung and urea, the main organic input, are enriched in these soils leading to extraordinary amounts
of organic carbon and nitrogen;
* compaction of soil by animal traffic and other changes reduce soil aeration;
# grazing, trampling and defoliation result in reduced plant N uptake.

Decreased soil aeration facilitates anaerobic processes, such as denitrification and methanogenesis. For
example, it has been shown that methane emissions can significantly increase in usually well-aerated
prairie soil after the snowmelts and precipitation (Wang and Bettany, 1995). The research focused on
soil microorganisms responsible for methane and N,O production is essential for understanding the
processes as well as finding the solution for decreasing emissions of both gases indisturbed ecosystem.

However, the consumption of N,O occurs as a last step of denitrification under anaerobic conditions;
the mechanisms controlling the last step of this pathway and environmental factors facilitating it are
not yet fully understood. One assumption is the presence and expression of gene coding for nitrous
oxide synthase (n0sZ). Some denitrifying bacteria can lack this gene in the operon as revealed by the
complete genome sequencing of Agrobacterium tumefaciens C58, and thus be unable to reduce nitrous
oxide (Henry et al., 2006). Hence, the quantifying of nosZ gene abundance can be crucial for the
estimation of N,O emissions. The other key factor is the activation of expression of nosZ gene under
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certain environmental conditions, such as soil reaction (pH). This factor strongly influences
nitrification (Morkved et al., 2007) and denitrification activity (Simek and Cooper, 2002) and affects
their NO product (NO, N;O) ratios. It also influences microbial community structure, and with high
probability also the activation of nosZ gene expression. The other factors controlling denitrification are
the organic carbon, aeration status and the concentration of mineral nitrogen in the soil. They often act
in reciprocal correlation and therefore, it is difficult to know if one of them is crucial.

On the other hand, there are two ways methane can be removed from the environment and decrease
the CH, emissions from the soil: i) aerobic oxidation by a specialized group of bacteria and ii)
anaerobically by specialized archaea (Christoserdova et al, 200S). Thus, the balance between
methanogenesis and two processes of methane oxidation influences the actual CH, fluxes. Aerobic
methane oxidation seems to be ubiquitous in upland pasture soil (Le Mer and Roger, 2001), but little
is known about the occurrence of anaerobic methane oxidation in these soils even though it has been
detected in rice paddy and wetland soils and marine deep subsurfaces. There is a presumption, that
reverse methanogenesis plays a role in the methane oxidation process and, therefore, can occur in soils,
where methane is simultaneously produced. Pasture soils usually act as a sink for methane, where
methanotrophic consortia consume almost all methane produced in the soil or from the nearby
atmosphere. Environmental conditions affect the composition of the methanogenic communities.
Therefore, changes of soil physico-chemical properties as a result of intensive cattle overwintering may
cause changes of the methanogenic community structure.

Denitrification, methanogenesis and microbial guilds involved in these processes

The denitrification process is supplied by a wide variety of microorganisms that range from archaea to
Gram-positive bacteria and to fungi (Tiedje, 1988). This stepwise reaction has been intensely studied
largely in denitrification bacteria belonging to a-, p- or y- Proteobacteria. The denitrification pathway
consists of several reduction steps where nitrate, nitrite, nitric oxide and nitrous oxide play a role as
electron acceptors. Three steps, nitrate, nitrite and nitric oxide reduction, are carried out by two
functional guilds each bearing different enzymes in biochemical and genetic bases: Nap denitrifiers
with periplasmic nitrate reductase and Nar denitrifiers act with membrane bound nitrate reductase.
Both types of enzymes can be present in one strain (Philippot et al., 2007). The reduction of soluble
NOj; to gaseous nitric oxide (NO), the key step in the denitrification pathway, can be catalyzed by two
evolutionary unrelated enzymes that are different in terms of structure and prosthetic metals: a copper
(NirK) and cytochrome cd; (NirS) nitrite reductase. In contrast to nitrate reductases, bacteria carry
either copper or cd1 nitrite reductase but the two enzymes are functionally equivalent (Glockner et al.,
1993). Reduction of NO to nitrous oxide is also catalyzed by two types of enzymes: one NO reductase
receives the electrones from cytochrome ¢ (cNor) and one from the quinol pool (qNor). The last step
of the denitrification pathway, the reduction of nitrous oxide to molecular nitrogen, is performed by
multicopper homodimeric N;O reductase (nosZ), which is located in the periplasm in Gram-negative
bacteria (Zumft, 1997).

Methanogenesis and methanogenic soil microbial community

The production and consumption of methane together with fixation and respiration of carbon dioxide
are involved in the global carbon cycle. The production and consumption of methane is brought about
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by different processes, and also by different microorganisms. Microbial production of methane is
strictly linked to anaerobic conditions and the activity of methanogenic archaea, which all belong to
the Euryarchaeota based on 16S rDNA phylogeny. The key enzyme in methane production is methyl
coenzyme M reductase (Mcr), which is ubiquitous and unique to methanogens. The mcrA gene
encoding for a subunit of the Mcr, seems to be monophyletic, because its evolution is more or less
congruent with that of the 16S rRNA gene (Lueders et al., 2001). Hence, methanogenic communities
can be analyzed by targeting either a unique functional gene (mcrA) or the 16S rRNA gene sequences
that are characteristic for methanogen clusters. Communities of methanogenic archaea occur in all
environments where biogenic methane is produced. They inhabit mainly deep oceanic sediments,
hydrothermal springs, and are rarely found in terrestrial environments, such as rice paddy soils,
wetlands and permafrost. Moreover, they are known to inhabit termites’ hindgut (Lee et al., 1987) and
cattle rumen (Tatsuoka et al., 2004). A common characteristic of all methanogenic environments is the
lack of oxygen and other oxidants such as nitrate, ferric ion or sulphate, so that CH, and CO, become
the end products of the degradation of organic matter (Conrad, 1996). A complex community of
fermenting microorganisms degrades all organic compounds equally to acetate, H, and CO,. These are
the substrates from which CH, is subsequently produced.

Aims and research questions

The general aim of the Ph.D. thesis is to describe soil microbial community diversity and change in
their activity and functioning in man-influenced environments. To study this, two man-influenced
ecosystems were selected: spoil heaps in post-mining sites and upland pasture under outdoor cattle
husbandry.

The particular objectives of the thesis are as follows:

To master techniques of various DNA and RNA extractions from soil and sediments as well as
DNA/RNA-based methods for assessment of diversity of soil microbial communities, test and
prepare them for use in the laboratory (All papers).

To describe spontaneous succession of the heterotrophic bacterial community with emphasis on
soil streptomycetes and to compare four different stages of ongoing succession on colliery spoil
heaps (Papers Ib, Ic, Id).

To address the question whether Miocene lacustrine sediment used as original material for
heaping excavated from a hanging wall situated at a depth of 200-m can bring viable microbial
biomass to the surface and thus facilitate the succession process (Papers Ia, Id).

To characterize the shift in abundance and activity of denitrifying as well as methanogenic
microbial consortia in upland pasture soil as a result of changed soil physico-chemical properties

due to animal impact (Papers IIa, Ilc).

To correlate the shift in microbial community structure with its potential activity and green
house gases emission from the soil (Papers IIa, IIb, Iic).

To address the question whether the spatial distribution pattern of denitrifiers in pasture soil is
random, or it is dependent on soil physico-chemical properties (Paper IIb).
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Chapter 2 - Methods used to assess diversity of microbial community and its

functional aspects

Diversity of microbial communities in soils and approaches used for its assessment

Diversity of prokaryotic microbes exceeds the diversity of eukaryots in soil ecosystems. One gram of
soil may host more than 10 billion microbes of thousands of species (@vreis and Torsvik, 1998). Based
on the fact, that only 0.1 - 1 % of microbes visible under light microscopy can be cultivated and
characterized, soil ecosystems still remain undiscovered. Microbial diversity describes complexity and
variability on the various levels of biological organization. It compiles genetic variability inside the
taxons (species), number (richness, R) and relative abundance (evenness, E) of taxons or functional
guilds in the community. Last two components, evenness and richness, can be used to calculate the
diversity index, such as Simpson’s (D) or Shannon’s (H’) indices (Begon et al.,, 1990). Overview of
various diversity indices and calculations formulae are given in Youssef and Elshahed (2009). An
alternate way to interpret data about distribution and abundance of taxa is to calculate rank-abundance
diagrams and rarefaction curve analysis. Methods used to measure microbial diversity in soil can be
categorized into two groups (adapted from Kirk et al., 2004):

* biochemically-based or phenotype-based methods, including Plate counts, Community level

physiological profiling (CLPP), and Fatty acid methyl ester analysis (FAME)
* molecular-based techniques (which are summarized in Table 1) will be of further interest.

Taxonomy studies and fingerprinting techniques

Bacterial taxonomy is grounded on the polyphasic approach which in principle unites all genotyping,
phenotyping, and phylogenetic information about taxa (Vandamme et al., 1996). Modern microbial
ecology uses rRNA gene sequences (rRNA) for phylogenetic studies and applies various analyses of
amplified DNA, a product of polymerase chain reaction (PCR). It is a universal, ubiquitous, highly
conservative gene bearing simultaneously information about the evolution of an organism, which is
signified by changes in nucleotide sequence (Woese 1987; Woese et al., 1990). These sequences have
been used to map the phylogenetic affiliations of all living organisms, especially bacteria (Pace et al.,
1986), because the bacterial species concept is built up on 16S rDNA relatedness and DNA-DNA
homology (Staley, 2006).

Note: Bacterial polyphasic taxonomy consists of genotyping information derived from nucleic acids (DNA, and
RNA) present in the cell, phenotypic information derived from proteins and their functions (electrophoretic
analysis of total cell proteins and enzyme patterns), different chemotaxonomic markers (cellular fatty acids,
quinones, mycolic acids, polar lipids, polyamines, cell wall compounds and exopolysaccharides) and a wide range
of other expressed features (morphology, physiology, enzymology and serology).

The species is the basic unit of bacterial taxonomy and is defined as a group of strains, including the type strain,
sharing 70 % or greater DNA-DNA relatedness with S °C or less AT, (T, as the melting temperature of the
hybrid as determined by stepwise denaturation; AT,, is the difference in T, in degrees Celsius between the
homologous and heterologous hybrids formed under standard conditions) (Vandamme et al., 1996).
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Abbreviations:

AFLP - Amplified Fragment Length Polymorphism
ARDRA - Amplified Ribosomal DNA Restriction
Analysis

cPCR - competitive PCR

DGGE / TGGE - Denaturing / Temperature Gradient
Gel Electrophoresis

FISH - Fluorescence in situ hybridization

ITS - Intergenic Transcribed Spacer

LH-PCR - Length Heterogeneity PCR

MPN-PCR - Most Probable Numbers-PCR

RAPD - Random Amplification of Polymorphic DNA
rep-PCR - repetitive DNA elements amplification
(box-PCR - boxAl elements)

RFLP / t-RFLP - Restriction Fragment Length
Polymorphism / Terminal RFLP

RISA / ARISA - Ribosomal Intergenic Spacer Analysis
/ Automated RISA

SSCP - Single Strand Conformational Polymorphism
SSU rRNA - Small Subunit rRNA (168 in Prokaryota,
18S in Eukaryota)

qPCR (quantitative PCR)

Conservative regions of the rRNA gene serve the space for universal primers or probe application
targeting; for example, domains and in turn, variable regions are suitable for taxon-specific primer or
probe design. A number of methods with high resolving power have been developed for
characterization of microbial communities that include both cultured and wuncultured
microorganisms (Table 1.). They can be differentiated according to the obtained information into
two classes: i) quantitative, and ii) qualitative, with respect to some overlapping, i.e., qPCR
(comprising of real-time PCR, MPN-PCR, cPCR) and FISH, which can serve both. The relative
proportion of present taxa can be estimated also using the T-RFLP and PCR-clone-sequence
approaches and they have been used for describing microbial community structure.

A number of DNA-based methods has been used to address taxonomy and diversity of the bacterial
population on the culture dependent level. As there is no official definition of a bacterial species
(Colwell et al.,, 1995) and this problem is associated with measuring microbial diversity, microbial
ecologists introduced the phylogenetic species concept or genomic-phylogenetic species concept
(GPSC; Staley, 2006) with phylotypes, ecovars or geovars instead of species. The major reason to
facilitate usage of these definitions and terms is that the number of species of bacteria and archaea is
surprisingly small (ca 5,000) considering their early evolution, genetic diversity and residence in all
environments (Staley, 2006). Several methods to discriminate bacterial environmental isolates have
been applied to microbial ecology, such as rep-PCR, box-PCR, RAPD, AFLP, ARDRA, RFLP, which
used either genomic DNA or 16S rDNA polymorphisms (for reference see Table 1). The
environmental strains can be compared to known bacterial strains from the culture collections or in the
collection from given ecosystems, and subsequent sequencing of unique ribotypes or fingerprints can
be accompanied. Box-PCR fingerprinting was applied to distinguish the number of bacterial isolates
and to evaluate the shift in the community during spontaneous succession (Paper Ic). 16S rDNA-ITS
RFLP (ARDRA including ITS sequences) was used to group streptomycete isolates and was
complemented with the sequencing of 16S rDNA and phylogeny (Paper Id). RFLP is usually used to
analyse clone libraries and it has been performed in two studies (Papers Ilc and IV).

Fingerprinting techniques were developed to overcome the problem of time-consuming and an
expensive PCR-clone-sequencing approach. In ecological studies, a tremendous number of replicates is
needed, and usually the high number of samples are analysed for studying spatial or temporal
distribution changes and response to perturbation or others. Fingerprinting techniques in principle
can accurately address the research questions with less time and money, but one should consider some
of the limitations of what they can bring, which is common for all PCR based methods, viz.,, the PCR
bias. It comprises the overestimation of dominant species at the expence of minor contributors, caused
by an exponential growth of amplicons produced during PCR and preferent amplification of domiants
by Taq DNA polymerase. In these methods, DNA or RNA is extracted from the environmental sample
and purified. Target DNA (16S, 18S or ITS) is amplified using universal or specific primers and the
resulting products are separated in different ways. The way of separation can be agarose or acrylamide
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gels (ARDRA, RFLP, SSCP, RISA), which can be either of a denaturing chemical or temperature
gradient (DGGE, TGGE), or the separation process can be automatized (ARISA, T-RFLP) using
capillary sequencer instruments. A summary of methods and review of their application has been
presented several times (Head et al, 1998; Wellington et al, 2003; Kirk et al.,, 2004). We applied
ARDRA analysis of bacterial and actinomycetal 16S rDNA genes to compare stages of spontaneous
succession on colliery spoil heaps (Paper Ic). A DGGE analysis of 16S rDNA amplicons was applied to
determine the degree of diversity alteration in soil microcosms as affected by chloroform fumigation
(Paper III). Subsequent gel analyses should be performed to analyze results of gel fingerprinting
methods and we used the Juke-Cantor method to calculate distance matrix and the Unweighted Pair
Group Method with Arithmatic Means (UPGMA) (Sneath and Sokal, 1973) to construct
dendrograms using Quantity One 1D software (Bio-Rad Laboratories, USA) and Gel Compar II
(Applied Maths, Belgium).

Table 1. The overview of DNA based techniques used to assess diversity of soil microbial
communities at different levels. Adapted from Kirk et al. (2004). The citation of the first work
introducing the method to microbial ecology studies is given as a reference. The list of links to
our work in presented thesis, in which techniques were used, is given in the right column.

Techniques Reference Used in the thesis

quantitative analyses

real-time PCR Hermansson and Lindgren (2001) Paper IIa, IIb, Ilc
cPCR Hallier-Soulier et al. (1996)

MPN-PCR Mintynen et al. (1997)

FISH, CARD-FISH, FISH-MAR DeLong (1989) Paper IV

qualitative analyses

G+C content (%) Nusslein and Tiedje (1999)
nucleic acids reassociation and hybridization Torsvik et al. (1990)

DNA microarrays and DNA hybridization ~ Gushin et al. (1997)

rep-PCR (including box-PCR, RAPD, etc.)  Versalovic et al. (1994) Paper Ic

DGGE and TGGE Muyzer et al. (1993) Paper 111

SSCP Lee et al. (1996)

ARDRA or RFLP Massol-Deya et al. (1995) Paper Ic, Id
t-RFLP Liu et al. (1997)

RISA or ARISA Fisher and Triplett (1999)

LH-PCR Mills et al. (2007)

PCR-clone-sequence + rarefaction analysis ~ Hongoh et al. (2003) Paper Id, IIc, IV
metagenomics Rondon et al. (2000)

SSU rRNA hypervariable tag sequencing Huse et al. (2008)

Most of these techniques are based on analyses of ribosomal RNA genes (rDNA), but other carefully
chosen taxonomic marker genes (i.e., gyrB, rpoD) can be used, especially with the multilocus sequence
alignment (MLSA) approach (Wellington et al, 2003). They have uncovered part of the microbial
diversity in soil yielding sequences from many novel phylogenetic lineages which have not been
discovered using a culture-dependent strategy. However, these analyses provide extensive information
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about the taxa present in an environment, although they provide little insight into the functional role of
each phylogenetic group.

The PCR-clone-sequence approach has been widely used to assess diversity of bacteria or archaea as
well as functional marker genes. Various experiences obtained showed that this approach can provide a
limited amount of information when a complex microbial community is studied. The number of clones
which should be sequenced and analysed to estimate a relevant bacterial community, i.e., in
agricultural soil, where thousands of genomes are expected, is enormous and should be tested using
rarefaction analysis. This approach can provide useful information about community composition in
the environment, where a lesser number of species is expected, or when the functional gene marker is
used rather than 16S rDNA. PCR-clone-sequencing was successfully used in studying the archaeal
community in the bat guano heap using 16S rDNA as a marker, where very acidic pH indicated a
lowered diversity of species (Paper IV). In addition this approach was used to identify the
methanogenic population using mcrA gene as a marker in soil severely impacted by cattle and to infer
phylogenetic relatedness from translated aminoacid sequences with rumen-borne and soil-borne
methanogenes (Paper Ilc). The rarefaction curve analysis was performed in both studies to estimate
the number of clones to be sequenced without losing the information.

Methods used to quantify DNA markers in the environment

Quantitative PCR methods (real-time PCR, cPCR, MPN-PCR) are widely used to quantify marker
genes in environmental samples and dominated usage of FISH techniques in studies carried out in
terrestrial environments. Another alternative of the culture-independent approach to quantify genes is
Southern hybridization, but it only allows comparison with the relative abundance of genetic markers
between samples and cannot be used to estimate cell numbers. The detailed review of advantages and
limitations of qPCR- based approaches was given by Smith and Osborn (2009), and quantitation of
functional genes from prokaryotes in soil by PCR was summarized by Sharma et al. (2007). The
authors stressed that obtaining the information about the gene pool and possibilities for its in situ
induction is required to control turnover processes and fluxes in soils and other environments. The
choice of method for quantitative PCR is highly dependent on the characteristics of individual
experiments and whether relative or absolute quantification is required. The call to quantify
denitrifying microorganisms for understanding nitrogen fluxes was proposed by Philippot (2006). In
our studies we used the real-time PCR method to quantify marker genes for bacteria (16S rDNA),
denitrifiers (narG, napA, nirS, nirK, nosZ) and methanogenes (mcrA) in soil under a different impact
of cattle overwintering (Papers IIa, IIb, Ilc).

Novel methods linking phylogenetic groups to their activities and function

Metagenomic is a valuable tool for recognizing which phylogenetical groups can be linked to a specific
function regarding the presence of a functional marker. In essence, DNA isolated from an environment
is archived in the form of bacteriophage lambda, cosmid, fosmid or bacterial artificial chromosome
(BAC) library (Wellington et al.,, 2003). Applying this approach, many novel bacterial lineages of
uncultured microorganisms were described (Rappe and Giovannoni, 2003), and moreover, linked to
function (i.e., the soil crenarchaeotic clone 54d9 possessed a putative gene for ammonia
monooxygenase with high similarity to its bacterial counterpart; Treusch et al., 2005). A powerful
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approach to metagenomics analysis is to identify clones that express a function in an appropriate host,
the heterologous expression (Handelsman, 2004). Metagenomics analysis provides some functional
information through genomic sequence and expression traits, but other methods are required to link
specific functions with the group responsible for them. Recently, the presence of gene coding for an
enzyme (or its catabolic subunit) active in a specific metabolic pathway is used for targeting functional
microbial guilds and evaluation of their diversity. The usage of functional markers overcomes the
problem for studying diversity of functional guilds, which are of polyphyletic origin, and therefore the
monitoring of diversity and abundance was impossible using the SSU rDNA approach. Studying
diversity of functional microbial guilds together with activity measurements offer us the option of
monitoring changes in an ecosystem functioning as a whole, because microorganisms take a major role
in most soil transformations. Today, the biggest challenge of microbial ecology is to find a link between
structural and functional biodiversity. Measures of microbial patterns (fingerprinting) and taxonomic
variability have been coupled with an analysis of functional genes and activity measurements. Such
investigations aim to reveal and understand the relationship between structural and functional diversity
in soil microbial ecosystems. This approach was used to study denitrifying and methanogenic microbial
communities in presented papers Ila, IIb and IIc. The concomitant qualitative and comparative
analyses of expressed rRNA genes and genes for key enzymes in relation to environmental factors can
be used to obtain information about the phylogeny and ecology of functional bacterial or archaeal
groups responsible for processes like denitrification, nitrification, methanogenesis and methane
oxidation.

The major advance in linking functional activity to community structure came with the development of
a stable isotope probing (SIP), which relies on the labeling of DNA with *C, resulting in the
separation of heavier labeled DNA during density gradient centrifugation (Wellington et al., 2003).
The labeled DNA can then be analyzed for functional and taxonomic marker genes. Radajewski et al.
(2000) pioneered this approach for the study of methylotrophs in soil. SIP can be also combined with
extracted labeled RNA analysis as introduced by Manefield et al. (2002), which is proposed to be a
more responsive biomarker as its turnover in much higher than that of DNA in active cells. The other
possibility is to combine a metagenomic approach with SIP to extend this general concept and link
metabolic activity to structure, as was explored by Radajewski et al. (2003).

In the last few years, DNA-DNA hybridization based techniques such as DNA or RNA (rRNA or
mRNA) microarrays have begun to be employed widely in microbial ecology. This tool can be
valuable in ecological studies since a single array can contain thousands of DNA sequences (Cho and
Tiedje, 2001). The arising usage of these techniques goes together with the improvement of
methodologies, especially with an extensive growth in the number of sequence data in the public
databases and more accurate designing of probes targeting genes of interest. This microarray can
contain specific target genes to provide functional diversity information (Kirk et al., 2004).

Active versus dormant communities

It is unlikely that dead cells will contribute significantly to community DNA as they show a reduced
residence time in soil, but some may be protected from degradation by adsorption to clays, as with
small amounts of free DNA. The rapid developments in reverse transcription-PCR (RT-PCR) and
improvement in RT enzymes has provided opportunities for an evaluation of active communities
inferred from analysis of rRNA and mRNA (for review see Wellington et al., 2003).
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The direct detection of active cells in situ is provided by FISH techniques and their further
improvements, such as CARD-FISH and FISH-MAR combining FISH with microautoradiography
(FISH-MAR) (Rogers et al., 2007). These techniques are widely used in aquatic microbial ecology
studies, and less in soil environment, as soil represents considerable difficulties for FISH analysis
because of background fluorescence and low metabolic activity of soil communities. In our studies, a
CARD-FISH technique was used to estimate the relative proportion of archaea in an entire prokaryotic
community in bat guano heap (Paper IV).

Chapter 3 - Results and general discussion

Man-influenced environments, in general, provide an opportunity to study the human impact on the
Earth’s global ecosystem and at the same time the mechanisms of putative revitalization of disturbed
landscape or soil. The methodological approach - DNA tools for assessing microbial community
diversity - were learned and mastered in the frame of broad collaboration with laboratories abroad as
well as with home laboratories. Nowadays, these techniques are routinely used in our laboratory to
address research questions of ongoing projects.

Development of the soil microbial community during spontaneous succession on colliery spoil
heaps

The processes of spontaneous succession and development of soil de novo can show the means of
natural revitalization processes. It is an example of prosperous natural restoration. The results of
studies summarized here show that the Miocene lacustrine sediment consists of viable bacterial and
fungal biomass as assessed by PLFA (Paper Ia), and also by isolation of viable streptomycete strains,
characterized by the polyphasic approach (Paper 1d). The structure of FA components showed the
dominance of heterotrophic bacteria and actinobacteria as well as saprotrophic fungi in the fossil
microbial community (Paper Ia). Spontaneous succession on colliery spoil heaps is characterized by
increased microbial biomass with increasing age of development, which is dominated by Gram positive
bacteria all over the stages. The increase of microbial biomass along successional transect has been
described frequently (Ohtonen et al.,, 1999; Frouz and Novikova, 200S; Baldrian et al., 2008). The
proportion of Gram positive species (G*/G") decreased with the age of succession in both the culture
dependent and independent survey. The shift in the bacterial community was accompanied with soil
organic matter availability as a result of the development of plant roots (Paper Ib), being attracted by
the rhizosphere, where mainly G° dominate bacterial community according to culture isolation
techniques (Paul and Clark, 1989). This is congruent with findings characterizing the development of
a soil microbial community in the barren soil of a glacier forefield (Ohtonen et al, 1999). The
heterotrophic bacterial community changed the community structure during the spontaneous
succession. The shift from prevalence of r-strategists and easier to cultivate bacteria (higher C:T ratio,
cultivable to total bacteria ratio) to K-strategists and harder to cultivate bacteria (lower C:T ratio),
which is congruent with results of Sigler and Zeyer (2002) and Garland et al. (2001). This can be
explained by the changes in organic matter nature (from fresh to recalcitrant organic matter), free
niche diminishing and the increase of microbial density and growth of nutrient competition (Paper
Ib). Bacterial biomass, G*/G" ratio and r-K continuum showed more pronounced differences among
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successional stages in the surface layer than in the mineral one. The development of microbial
communities in a mineral layer was slower compared with the surface layer, being accelerated by
earthworm-mediated mixing of soil layers and changed soil organic carbon availability after ca 25 y.
The significant positive effect of soil fauna on translocation of organic matter into the mineral layer was
described by Frouz and Novékov4 (2005). The community development was studied also by a culture-
independent approach. Applying ARDRA we found that development of bacterial and actinomycetes
communities’ showed the biggest changes between 11 - 22 y. after succession begun (Paper Ic). This is
in agreement with the assumption of Baldrian et al. (2008), who suggested that rate of nutrient
accumulation and development of soil under primary succession is largely regulated by the vegetation
succession. The switch from grassland to a forest-dominated ecosystem that occurs between 11- and
21- y. old sites can be of great importance in our sites, since these ecosystems differ in soil properties
and annual dead plant biomass production.

In a later study, the development of the soil streptomycete community was described in more detail.
The presence and survival of heterotrophic bacteria, including streptomycetes, in Miocene lacustrine
sediment was expected according to our previous findings (Paper Ia). In Paper Id we report the
isolation of viable streptomycetes (19 strains) from Miocene sediment in Cypris formation (17- to 19-
million-year-old, see Kiibek et al, 1998). Heterotrophic bacteria seems to be ubiquitous in deep
subsurface sediments, as they were isolated from various sediments such as deep sediments in the
Siberian permafrost (Mindlin et al., 2008) and deep terrestrial sediments (Fliermans and Balkwill,
1989). These findings are supported by the prevalence of aerobic or facultative anaerobic
heterotrophic bacteria in ancient or deep subsurface samples with oxidative rather that fermentative
metabolism (Fliermans and Balkwill, 1989; Vreeland et al., 2000; Mindlin et al., 2008). Remarkably,
some strains originally present in the Miocene sediment can survive the changes brought about by
excavation and may contribute to the colonization of the bare substrate. These strains were related to
Streptomyces microflavus, S. spororaveus and S. flavofuscus. Some species disappeared and new
colonizers replaced them and these non-colonizing strains were related to S. gougerotii, S. champavatii
and S. aureus in our study (Paper Id). We proposed that Miocene-borne (an ancient) streptomycetes
together with other microbial counterparts probably facilitated the colonization and contributed to soil
microbial community development on colliery spoil heaps. Streptomycete abundance (CFU counts)
increased along with their relative proportion in total bacterial CFUs during spontaneous succession.
Genetic diversity of streptomycetes was the highest after 21 y. of development in both the surface and
mineral layer and then decreased, maybe due to changes in plant cover and K-selection indication, as a
result of prevalence of recalcitrant substrates and higher microbial densities. The shift in the
streptomycete community composition was shown by the replacement of pioneer species (S.
microflavus and S. flavofuscus) and by the late succession species (S. phaeochromogenes, S. exfoliates, S.
prunicolor, S. californicus, S. spinicoumarensis, S. tauricus), followed by some Kitasatospora and
Amycolatopsis species and changes at the functional level. Phenotypic properties of isolated
streptomycete strains indicated the presence of genetic markers for antibiotic production and
resistance in pristine environments and showed equal frequency of these determinants in all studied
habitats. This is not in agreement with the studies Davelos et al. (2004) conducted in prairie soil,
where ATB resistance determinants predominated ATB producing. The occurence and putative roles
of ATBs and ATB resistance determinants in pristine environments are under wide-ranging discussion
and their major role can be placed on the level of microbial communication in the natural environment
as suggested by Challis and Hopwood (2003).

This study contributed in a major way to establish the Culture Collection of Actinomycetes at Ceské
Budgjovice (CCACB). The CCACB was founded at the Biology Centre AS CR, v. v. i. - Institute of
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Soil Biology in 2007 and serves as a depository for cultures of soil actinomycetes
(www.actinomycetes.cz).

The impact of cattle overwintering on denitrifying and methanogenic microbial communities
with respect to their activities and functioning

Human activities, mainly intensive agriculture, disturb original stable ecosystems and change its
functioning, for example, when upland pasture began to be used as overwintering area. Overwintering
pasture is the accessory result of increasing animal production demands for man. The impact of
increased deposition of dung and urine in small areas together with trampling and treading of cattle
resulted to significant changes in soil structure, its physico-chemical properties and a subsequent shift
in microbial community structure. The activity of cattle (grazing, treading, dung and urine deposition,
defoliation) resulted in increased levels of organic C (Coy), total N, ammonium, pH and soil moisture
along the gradient from no impact (NI) above moderate impact (MI) to severe impact (SI) (Paper IIa,
IIc). Similar observations have already been described by several authors (Menneer et al., 2005; Simek
et al., 2006; Hynit et al., 2007). Higher soil moisture caused by C.; accumulation and intensive soil
compaction lead primarily to creation of more anoxic microsites. Additionally, defoliation resulted in
limited plant N uptake and creation of rhizosphere-free sites. Denitrifying and methanogenic
communities were also stimulated to grow and their activities were enhanced with the increasing
impact of animals. As a result of these changes, emissions of green house gases (nitrous oxide and
methane) or potential for them increased significantly (Papers Ila, Ilc).

Denitrification activity (DEA) increased considerably with the degree of animal impact, which is
corresponds with previous findings (Menneer et al., 2005; Simek et al., 2006). However, the highest
N,O emissions were measured at the MI site and a discrepancy between potential denitrification
activity and actual N,O fluxes at the SI site was observed (Paper IIa). We assumed that reduced N,O
emission rates at site SI might be the result of high compaction of the soil due to animal impact,
resulting in lower diffusion rates of N,O and consequently longer residence times of N,O in the soil,
which increases the probability for a complete reduction to N,. Studied soils under the differing impact
of cattle differed in N,O reducing ability, which can be explained by differences in oxygen availability,
quality and amount of C and N sources, soil pH and presence of plant cover (rhizosphere-related
species). Additionally, nitrification and emissions of its gaseous products can be affected
(Hatzenpichler et al., 2008) and contribute different ways to overall N,O emissions. The indication of
pH modulation of denitrification pathway in studied soils is consistent with studies of Firestone et al.
(1980), Nigele and Conrad (1990) and Simek and Cooper (2002). The abundance of denitrifier’s
markers (NirS and NirK) followed microbial biomass and increased along with animal impact and
positively correlated with DEA and DEA-N,: in the spring, their abundance was the highest at SI and
the lowest at NI and was related to reduced DEA rates in autumn. In contrast, nosZ abundance was not
changed as significantly as nirK and nirS, indicating a relative stability of this community under cattle
impact and also during the season. The changes in the denitrifying community affected by cattle
overwintering were reflected by the ratio nirS : nirK denitrifiers, which was the highest in the severely
impacted site and indicated also niche preference of both groups of Nir denitrifiers. Our results as well
as those of Chéneby et al. (1998) indicated that nosZ abundance is not a good predictor of the ability
of bacteria to reduce N>O and thus, is not a good predictor of N,O emissions. In summary, our results
(Paper IIa) from spring sampling showed good agreement with the study of Swerts et al. (1996), who
found that the molar ratio of gaseous denitrification products is strongly influenced by the balance
between the NO;™ concentrations, available organic C as well as enzyme status.
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The significant shift from pasture soil acting as a sink for methane to the soil with significant emissions
of methane was described (Paper Ilc). Cattle dung has been proposed to serve as an inoculum for the
rumen-borne methanogenic community and together with changed soil properties might lead to
facilitation of soil-born methanogenic consortia and their activity. This hypothesis was proven to be a
higher abundance (real-time PCR and archaeal etherlipids - PLEL analysis) and activity (CH, fluxes)
of methanogenes was observed in a severely impacted site. Cattle impacted sites emitted a significant
amount of methane and reduced activity of methane oxidizers was observed. It can be explained by the
inhibition of methane oxidation by a high concentration of ammonia (originating from cattle urine),
nitrogen limitation in contrast, or oxygen limitation (increased anaerobiosis). In any case, methane
oxidation by low-affinity methane oxidizers or anaerobic methane oxidation may play an important
role at the SI site. Additionally, a shift in microbial community structure reflected by the presence of
rumen-borne as well as soil-borne methanogens (Methanosarcinaceae) was detected in SI soil using a
phylogenetic analysis of molecular marker for methanogenic archaea (mcrA gene) (Paper Ilc). A
similar phenomenon was also described for arable soils receiving high amounts of cattle manure using
PLEL analysis (Gattinger et al.,, 2007). Finally, it can be concluded that after a period of at least six
months with no cattle impact, the formerly severely impacted site maintained its methane production
potential, whereas the methane production potential under moderate impact returned to background
values.

The spatial distribution patterns of denitrifying bacteria were mapped in a grassland field divided into
three areas based on the intensity of cattle impact using a geostatistic approach (Paper IIb).
Geostatistics is a tool used to quantify spatial variation and predict values of non-sampled locations
(Krige, 1951). Kriged maps revealed a gradient in the distribution of the 16S rRNA, napA, nirK and
nosZ genes, between southeast and northwest areas of the field. The narG map also showed a similar
trend but the gradient was weaker. These similarities between the spatial distributions of
denitrification and 16S rRNA genes confirm that the denitrification trait is not a strong factor in
controlling denitrifier abundance and that the abundance of both total bacteria and of the denitrifier
community is controlled by the same factors (Paper IIb). Accordingly, it has been proposed that most
of the denitrifiers in nature exist because they are effective aerobic competitors (Tiedje, 1988).
However, the distribution of nirS gene abundance exhibited a completely different pattern and was
positively correlated to several soil properties such as nitrate and ammonia concentrations, pH and soil
moisture. Additionally, all these soil properties were affected by the presence of cattle. A NirS
denitrifying community is proposed to be most affected by environmental changes and therefore can
reflect the change of environmental conditions more pronouncedly (Philippot, personal
communication). Other genetic markers - narG, napA, nirK and nosZ showed that the rest of
denitrifying community is quite stable in the environment. Moreover, it was reported that the
abundance of nitrous oxide reductase (coded by nosZ gene) is not a good predictor of N,O emissions,
because not the presence but the actual regulation of transcription is the major player in this process.

To conclude, the results observed and presented in this Ph.D. thesis contributed to a better
understanding of microbial colonization of Miocene sediments and ongoing spontaneous succession
after their exposition on the Earth’s land surface. At the same time, the second part of the study
described the interference of soil microbial community structure and function after -cattle
overwintering had begun on upland pasture. An integral part of the thesis was to introduce almost all
molecular biology methods into the workplace of the Institute of Soil Biology (BC AS CR, v. v. i.),
which contributed to the task handling of the presented work as well as the issues of ongoing projects,
on which the student worked during her Ph.D. study.

27



References

Albrecht, A., Ottow, J.C.G., Benckiser, G. (1997) Incomplete denitrification (NO and N,O) from nitrate by
Streptomyces violaceoruber and S. nitrosporeus revealed by acetylene inhibition and 1SN gas
chromatography-quadrupole mass spectrometry analyses. Naturwissenschaften 84:145-147.

Allison, S.D., Martiny, J.B.H. (2008) Resistance, resilience, and redundancy in microbial communities. PNAS
USA 105:11512-11519.

Baldrian, P., Trogl, J., Frouz, J., Snajdr, J., Valdskovd, V., Merhautova, V., Cajthaml, T., Herinkova, J. (2008)
Enzyme activities and microbial biomass in topsoil layer during spontaneous succession in spoil heaps
after brown coal mining. Soil Biol Biochem 40:2107-2115.

Begon, M., Harper, J.L., Townsend, C.R. (1990) Ecology: individuals, populations and communities, Blackwell
Scientific Publications, Oxford, UK, 1990, ¢esky pieklad, Vydavatelstvi University Palackého, 1997,
pp. 613-646.

Challis, G.L., Hopwood, D.A. (2003) Synergy and contingency as driving forces for secondary metabolite
production by Streptomyces species. PNAS USA 100:14555-14561.

Chater, K.F. (1989) Sporulation in Streptomyces, In Regulation of Procaryotic Development, Chapter 14, Smith, E.,
Slepecky, A., Setlow, P., Eds., American Society for Microbiology, Washington, DC, USA, pp. 277-
299.

Chéneby, D., Hartmann, A., Hénault, C., Topp, E., Germon, J.C. (1998) Diversity of denitrifying microflora and
ability to reduce N,O in two soils. Biol Fertil Soils 28:19-26.

Cho, J.C., Tiedje, J.M. (2001) Bacterial species determination from DNA-DNA hybridization by using genome
fragments and DNA microarrays. Appl Environ Microbiol 67:3677-3682.

Christoserdova, L., Vorholt, J.A., Lidstrom M.E. (2005) A genomic view of methane oxidation by aerobic
bacteria and anaerobic archaea. Genome Biol 6:208.1-6.

Clayton, H., Arah, J.R.M., Smith, K.A. (1994) Measurement of nitrous oxide emissions from fertilized grassland

using closed chambers. ] Geophys Res 99:599-607.

Colwell, R.R., Clayton, R.A., Ortiz-Conde, B.A., Jacobs, D., Rusek-Cohen, E. (1995) The microbial species
concept and biodiversity, In Microbial Diversity and Ecosystem Function: Proceedings of the
IUBS/TUMS Workshop held at Egham, Allsopp, D., Colwell, R.R., Hawksworth, D.L., Eds., UK, August
10-13, 1993, in support of the IUBS/UNESCO/SCOPE ’DIVERSITAS’ programme. CAB
International, Cambridge, pp. 3-15.

Conrad, R. (1996) Soil microorganisms as controllers of atmospheric trace gases (H,, CO, CH,, OCS, N,O, and

NO). Microbiol Rev 60:609-640.

Conrad, R. (2007) Soil microbial communities and global climate change — methanotrophic and methanogenic
communities as paradigms, In Modern Soil Microbiology, 2" edition, van Elsas, J.D., Jansson, J.K.,
Trevors, J.T., Eds., CRC Press, Taylor and Francis Group, Boca Raton, USA, pp. 263-282.

Davelos, A.L., Kinkel, L.L., Samac, D.A. (2004) Spatial variation in frequency and intensity of antibiotic
interactions among Streptomycetes from prairie soil. Appl Environ Microbiol 70:1051-1058.

DeLong, E.F., Wickham, G.S., Pace, N.R. (1989) Phylogenetic stains: Ribosomal RNA-based probes for the
identification of single cells. Science 243:1360-1363.

Firestone, M.K., Firestone, R.B., Tiedje, J.M. (1980) Nitrous oxide from soil denitrification: factors controlling
its biological production. Science 208:749-751.

Fisher, M.M., Triplett, E.-W. (1999) Automated approach for ribosomal intergenic spacer analysis of microbial
diversity and its application to freshwater bacterial communities. Appl Environ Microbiol 65:4630-6.

Fliermans, C.B., Balkwill, D.L. (1989) Microbial life in deep terrestrial subsurfaces. BioScience 39:370-377.

Frouz, J., Pizl, V., Tajovsky, K., Balik, V., Hanél, L., Stary, J., Luke$ova, A., Novakovd, A., Sourkova, M., Piikryl,
I. (2002) Soil development and succession of soil biota in afforested and non-reclaimed sites in post
mining landscape - preliminary results, In Proceedings SWEP 2002, Ciccu, R., Ed., Cagliary, Italy, pp.
621-626.

Frouz, J., Novikové, A. (2005) Development of soil microbial properties in topsoil layer during spontaneous
succession in heaps after brown coal mining in relation to humus microstructure development.
Geoderma 129:54-64.

28



Frouz, J., Popperl, J., Ptikryl, L., Strudl, J. (2007) New landscape design in the region of Sokolov. Sokolovska
uhelnd, pravni zastupce a.s., Sokolov, Czech Republic, 26 pp.

Garland, J.L., Cook, K.L., Adams, J.L., Kerkhof, L. (2001) Culturability as an indicator of succession in microbial
communities. Microb Ecol 42:150-158.

Gattinger, A., Hofle, M.G., Schloter, M., Embacher, A., Bohme, F., Munch, J.C., Labrenz, M. (2007) Traditional
cattle manure application determines abundance, diversity and activity of methanogenic Archaea in
arable European soil. Environ Microbiol 9:612-624.

Glockner, A.B., Jungst, A., Zumft, W.G. (1993) Copper-containing nitrite reductase from Pseudomonas-
aureofaciens is functional in a mutationally cytochrome-cd(1)-free background (NirS-) of
Pseudomonas-stutzeri. Arch Microbiol 160:18-26.

Guschin, D. Y., B. K. Mobarry, D. Proudnikov, D. A. Stahl, B. E. Rittmann, Mirzabekov, A.D. (1997)
Oligonucleotide microchips as genosensors for determinative and environmental studies in
microbiology. Appl Environ Microbiol 63:2397-2402.

Hallier-Soulier, S., Ducrocq, V., Mazure, N., Trauffant, N. (1996) Detection and quantification of degradative
genes in soils contaminated by toluene. FEMS Microbiol Ecol 20:121-133.

Handelsman, J. (2004) Metagenomics: application of genomics to uncultured microorganisms. Microbiol Mol
Biol Rev 68:669-68S5.

Hariston, N.G., Allan, J.D., Colwell, R.K., Futuyma, D.]J., Howell, J., Lubin, M.D., Mathias, J., Vandermeer, J.H.
(1968) The relationship between species diversity and stability: an experimental approach with
protozoa and bacteria. Ecology 49:1091-1101.

Harwood, C., Bucley, M. (2008) The uncharted microbial world: the microbes and their activities in the
environment. A report from The American Academy of Microbiology. Seattle, Washigton, USA, 41p.

Hatzenpichler, R., Lebecleva, E.V., Spieck, E., Stoecker, K., Richter, A., Daims, H., Wagner, M. (2008) A
moderately thermophilic ammonia-oxidizing crenarchaeote from a hot spring. PNAS USA 105:2134-
2139.

Head, I.M., Saunders, J.R., Pickup, R-W. (1998) Microbial evolution, diversity and ecology: a decade of
ribosomal RNA analysis of uncultivated microorganisms. Microb Ecol 35:1-21.

Henry, S., Bru, D., Stres, B., Hallet, S., Phillipot, L. (2006) Quantitative detection of the nosZ gene, encoding
nitrous oxide reductase, and comparison of the abundances of 16S rRNA, narG, nirK and nosZ genes
in soil. Appl Environ Microbiol 72:5181-5189.

Hermansson, A., Lindgren, P.E. (2001) Quantification of ammonia-oxidizing bacteria in arable soil by real-time
PCR. Appl Environ Microbiol 67:972-976.

Hongoh, Y., Yuzawa, H, Ohkuma, M., Kudo, T. (2003) Evaluation of primers and PCR condtion for the analysis
of 16S rRNA genesfrom a natural environment. FEMS Microbiol Lett 221:299-304.

Holt, J.G., Krieg, N.R., Sneath, T.H.A., Staley, J.T., Williams, S.T. (1994) The Actinomycetes groups 22-29, In
Bergey’s Manual of Determinative Bacteriology, 9" edition, Holt, J.G., Krieg, N.R., Sneath, T.H.A,,
Staley, J.T., Williams, S.T., Eds., Williams and Wilkins, Baltimore, USA, pp.605-625.

Hopwood, D.A. (2007) Steptomyces in nature and medicine. The Antibiotic makers. Oxford University Press, Inc.,
New York, USA, 250p.

Huse, S.M., Dethlefsen, L., Huber, J.A., Welch, D.M., Relman, D.A., Sogin, M.L. (2008) Exploring microbial
diversity and taxonomy using SSU rRNA hypervariable tag sequencing. PLoS Genet 4:e100025S5.
doi:10.1371/journal.pgen.1000255.

Hiitsch, B.W., Webster, C.P., Powlson, D.S. (1994) Methane oxidation in soil as affected by land use, soil pH and

N fertilization. Soil Biol Biochem 26:1613-1622.

Hynst, J., Simek, M., Brtéek, P., Petersen, S.0. (2007) High fluxes but different patterns of nitrous oxide and
carbon dioxide emissions from soil in a cattle overwintering area. Agric Ecosyst Environ 120:269-279.

Kandeler, E., Deiglmayr, K., Tscherko D., Bru, D., Philippot, L. (2006) Abundance of narG, nirS, nirK, and nosZ
genes of denitrifying bacteria during primary succession of a glacier foreland. Appl Environ Microbiol
72:5957-5962.

Kareiva, P., Watts, S., Macdonald, R., Boucher, T. (2007) Domesticated nature: Shaping landscapes and
ecosystems for human welfare. Science 316:1866-1869.

Kirk, J.L., Beaudette, L.A., Hart, M., Moutoglis, P., Klironomos, J.N., Lee, H., Trevors, J.T. (2004) Methods of
studying soil microbial diversity. ] Microbiol Meth 58:169-188.

29



Kiibek, B., Strnad, M., Boha¢ek, Z., Sykorova, J., Cejka, J., Sobalik, Z. (1998) Geochemistry of Miocene
lacustrine sediments from the Sokolov Coal Basin (Czech Republic). Int J Coal Geol 37:207-233.

Krige, D.G. (1951) A statistical approach to some basic mine valuation problems on the Witwatersrand. ] Chem
Metall Min Soc S Afr 52:119-139.

Kumon, Y., Sasaki, Y., Kato, I., Takala, N., Shoun, H., Beppu, T. (2002) Codenitrification and denitrification are
dual metabolit pathways through which dinitrogen evolves from nitrate in Streptomyces antibioticus. J
Bacteriol 184:2963-2968.

Lazzarini, A., Cavaletti, L., Toppo, G., Marinelli, F. (2000) Rare genera of actinomycetes as potential producers
of new antibiotics. Anton Leeuw Int ] G 78:399-405.

Lee, M.]., Schreurs, P.J., Messer, A.C., Zinder, S.H. (1987) Association of methanogenic bacteria with flagellated
protozoa from a termite hindgut. Curr Microbiol 15:337-341.

Lee, D.H., Zo, Y.G., Kim, S.J. (1996) Nonradioactive method to study genetic profiles of natural bacterial
communities by PCR-single strand conformational polymorphism. Appl Environ Microbiol 62:3112-
3120.

Le Mer, J., Roger, P. (2001) Production, oxidation, emission and consumption of methane by soils: A review.
Eur J Soil Biol 37:25-50.

Levy, S.B. (2002) The antibiotic paradox: hoow the misuse of antibiotics destroys their curative powers, 2" ed.
Cambridge, MA: Da Capo Press, ¢esky pfeklad, Praha: Academia, 2007, 312p.

Liu, W.T., Marsh, T.L., Cheng, H., Forney, L.J. (1997) Characterization of microbial diversity by determining
terminal restriction fragment length polymorphisms of genes encoding 16R rRNA. Appl Environ
Microbiol 63:4516-4522.

Lueders, T., Chin, K.J., Conrad, R., Friedrich, M. (2001) Molecular analyses of methyl-coenzyme M reductase
alpha subunit (mcrA) genes in rice field soil and enrichment cultures repeal the methanogenic
phenotype of a novel archaeal lineage. Environ Microbiol 3: 194-204.

Lukes$ova, A. (2001) Soil algae in brown coal and lignite post-mining areas in Central Europe (Czech Republic
and Germany). Restoration Ecol 9:341-350.

Manefield, M., Whiteley, A.S., Griffiths, R.I., Bailey, M.J. (2002) RNA stable isotope probing, a novel means of
linking microbial community function to phylogeny. Appl Environ Microbiol 68:5367-5373.

Mintynen, V., Niemela, S., Kaijalainen, S., Pirhonen, T., Lindstrom, K. (1997) MPN-PCR-quantification
method for staphylococcal enterotoxin cl gene from fresh cheese. Int ] Food Microbiol 36:135-14.

Massol-Deya, A.A., Odelson, D.A., Hickely, R.F., Tiedje, J.M. (1995) Bacterial community fingerprinting of
amplified 16S and 16S-23S ribosomal DNA gene sequences and restriction endonuclease analysis
(ARDRA), In Molecular Microbial Ecology Manual, Akkermans, A.D.L., van Elsas, J.D., de Bruijn, F.].,
Eds., Kluwer Academic Publishing, Boston, pp. 3.3.2. 1-8.

McAllister, D.E. (1991) What is biodiversity? Can Biodiv 1: 4-6.

Menneer, J.C., Ledgard, S., McLay, C., Silvester, W. (2005) Animal treading stimulates denitrification in soil
under pasture. Soil Biol Biochem 37:1625-1629.

Millenium Ecosystem Assessment (2005) Ecosystems and Human Well-Being: Current State and Trends, Islands
Press, Washington, DC, USA.

Mills, D.K., Entry, J.A., Gillevet, P.M., Mathee, K. (2007) Assessing microbial community diversity using
amplicon length heterogeneity polymerase chain reaction. Soil Sci Soc Am J 71:572-578.

Mindlin, S.Z., Soina, V.S., Petrova, M.A., Gorlenko, Z.M. (2008) Isolation of antibiotic resistance bacterial
strains from eastern Siberia permafrost sediments. Russ | Genet 44:36-44.

Morkved, P.T., Dorsch, P., Bakken, L.R. (2007) The N,O product ratio of nitrification and its dependence on
long-term changes in soil pH. Soil Biol Biochem 39:2048-2057.

Morris, C.E., Bardin, M., Berge, O., Frey-Klett, P., Fromin, N., Girardin, H., Guinebretiére, M.H., Lebaron, P.,
Thiery, J.M., Troussellier, M. (2002) Microbial biodiversity: Approaches to experimental design and
hypothesis testing in primary scientific literature from 1975 to 1999. Microbiol Mol Biol Rev 66:592-
616.

Mosier, A., Schimel, D., Valentine, D., Bronson, K., Parton, W. (1991) Methane and nitrous oxide fluxes in

native, fertilized and cultivated grasslands. Nature 350:330-332.

30



Muyzer, G., Waal, E.C.D., Uitterlinden, A.G. (1993) Profiling of complex microbial populations by denaturing
gradient gel electrophoresis analysis of polymerase chain reaction-amplified genes coding for 16S
rRNA. Appl Environ Microbiol 5§9:695-700.

Nigele, W., Conrad, R. (1990) Influence of pH on the release of NO and N,O from fertilized and unfertilized
soil. Biol Fertil Soil 10:139-144.

Nusslein, K., Tiedje, J.M. (1999) Soil bacterial community shift correlated with change from forest to pasture
vegetation in a tropical soil. Appl Environ Microbiol 65:3622-3626.

Ohtonen, R., Fritze, H., Pennanen, T., Jumpponen, A., Trappe, J. (1999) Ecosystem properties and microbial
community changes in primary succession on a galcier forefront. Oecologia 119:239-246.

@vreas, L., Torsvik, V. (1998) Microbial diversity and community structure in two different agricultural soil
communities. Microb Ecol 36:303-315.

Pace, N.R,, Olsen, G.J., Woese, C.R. (1986) Ribosomal RNA phylogeny and the primary lines of evolutionary
descent. Cell 45:325-326.

Paul, E.A, Clark, F.E. (1989) Soil microbiology and biochemistry. San Diego: Academic Press, 273 p.

Petti¢ek, M., Petti¢kova, K., Havliéek, L., Felsberg, J. (2006) Occurrence of two S-aminolevulinate biosynthetic
pathways in Streptomyces nodosus subsp. asukaensis is linked with the production of asukamycin. |
Bacteriol 188: 5113-5123.

Philippot, L. (2006) Use of functional genes to quantify denitrifiers in the environment. Biochem Soc Trans
34:101-103.

Philippot, L., Halin, S., Schloter, M. (2007) Ecology of denitrifying prokaryotes in agricultural soil. Adv Agron
96:249-305.

Prather, M., Enhalt, D. (2001) Atmospheric chemistry and greenhouse gases, In Climate Change 2001: The
Scientific Basis, Houghton, J.T., Ed., Cambridge University Press, Cambridge, UK, pp. 239-287.

Prosser, J.I. (2007) Microorganisms cycling soil nutrients and their diversity, In Modern Soil Microbiology, 2"
edition, van Elsas, ]J.D., Jansson, ]J.K., Trevors, ]J.T., Eds., CRC Press, Taylor and Francis Group, Boca
Raton, USA, pp. 237-262.

Radajewski, S., Ineson, P., Parekh, N.R., Murrell, J.C. (2000) Stable isotope probing as a tool in microbial
ecology. Nature 403:646-649.

Radajewski, S., McDonald, L.R., Murrell, J.C. (2003) Stable isotope probing of nucleic acids: a window to the
function of uncultured organisms. Curr Opin Biotechnol 14:296-302.

Rappe, M.S., Giovannoni, S.J. (2003) The uncultured microbial majority. Annu Rev Microbiol 57:369-394.

Richter, D.D. (2007) Humanity’s transformation of Earth’s soil: Pedelogy’s new frontier. Soil Sci 172:957-967.

Rogers, S.W:, Moorman, T.B., Ong, S.K. (2007) Fluorescent in situ hybridization and microautoradiography
applied to ecophysiology in soil. Soil Sci Soc Am ] 71:620-631.

Rondon, M.R., August, P.R., Betterman, A.D., Brady, S.F., Grossman, T.H., Liles, M.R., Loiacono, K.A., Lynch,
B.A., MacNeil, I.A., Minor, C., Tiong, C.L., Gilman, M., Osbourne, M.S., Clardy, J., Handelsman, J.,
Goodman, R.M. (2000) Cloning a soil metagenome: a strategy for assessing the genetic and functional
diversity of unculturable microorganisms. Appl Environ Microbiol 66:2541-2547.

Sedla¢ek, I. (2007) Taxonomie prokaryot. Masarykova Universita Brno, Ceska republika, 270 p.

Sharma, S., Radl, V., Hai, B., Mrkonjic Fuka, M., Engel, M., Schauss, K., Schloter, M. (2007) Quantification of
functional genes from prokaryotes in soil by PCR. ] Microbiol Meth 68:445-452.

Shoun, H., Kano, M., Baba, L., Takala, N., Matsuo, M. (1998) Denitrification by actinomycetes and purification
of dissimilatory nitrite reductase and azurin from Streptomyces thioluteus. | Bacteriol 180:4413-4415.

Sigler W.V., Zeyer J. (2002) Microbial diversity and activity along the forefields of two receding glaciers. Microb
Ecol 43:397-407.

Simek, M., Cooper, J.E. (2002) The influence of soil pH on denitrification: Progress towards the understanding
of this interaction over the last 50 years. Eur J Soil Sci 53: 345-354.

Simek, M., Bracek, P., Hynst, J., Uhlitov4, E., Petersen, S.O. (2006) Effects of excretal returns and soil
compaction on nitrous oxide emissions from a cattle overwintering area. Agr Ecosys Environ 112:186-
191.

Smith, C.J., Osborn, A.M. (2009) Advantages and limitations of quantitative PCR (Q-PCR)-based approaches in
microbial ecology. FEMS Microbiol Ecol 67:6-20.

Smith, P., Martino, D., Cai, Z., Gwary, D., Jnazen, H., Kumar, P., McCarl, B., Ogle, S., O 'mara, F., Rice, C,,
Scholes, B., Sirotenko, O., Howden, M., McAllister, T., Pan, G, Romanenkov, V., Schneider, U,,

31



Towprayoon, S., Wattenbach, M., Smith, J. (2008) Greenhouse gas mitigation in agriculture. Phil
Trans R Soc B 363:789-813.

Sneath, P.H.A., Sokal, R.R. (1973) Numerical taxonomy: the priciples and practices of numerical classification.
Freeman and Company, San Francisco, USA, pp. 230-234.

Staley, J.T. (2006) The bacterial species dilemma and the genomic-phylogenetic species concept. Phil Trans R
Soc B361:1899-1909.

Swerts, M., Merckx, R., Vlassak, K. (1996) Influence of carbon availability on the production of NO, N,O, N,
and CO, by soil cores during anaerobic incubation. Plant Soil 181:145-151.

Swift, M.J. (1974) Species diversity and the structuer of microbial communities in terrestrial habitats, In The role
of terrestrial and aquatic organisms in decomposition processes, Andreson, J.M., McFadyen, A., Eds.,
Blackwell Scientific Publications, Oxford, UK, pp. 185-221.

Tatsuoka, N., Mohammed, N., Mitsumori, M., Hara, K., Kurihara, M., Itabashi, H. (2004) Phylogenetic analysis
of methyl coenzyme-M reductase detected from the bovine rumen. Lett Appl Microbiol 39:257-260.

Tiedje, J.M. (1988) Ecology of denitrification and dissimilatory nitrate reduction to ammonium, In Biology of
Anaerobic Microorganisms, Zehnder, A.J.B., Ed., John Wiley & Sons, Inc., New York, USA, pp. 179-
244.

Tilman, D., Naeem, S., Knops, J., Reich, P., Siemann, E., Wedin, D., Ritchie, M., Lawton, J.,, Wardle, D.A.,
Zackrisson, O., Hornberg, G., Gallet, C. (1997) Biodiversity and ecosystem properties. Science
278:1866-1867.

Torsvik, V., Gokseyr, J., Daae, F.L. (1990) High diversity in DNA of soil bacteria. Appl Environ Microbiol
56:782-787.

Torsvik, V., Qvreds, L. (2002) Microbial diversity and function in soil: from genes to ecosystems. Curr Opin
Microbiol 5:240-245.

Treusch, A.H., Leininger, S., Kletzin, A., Schuster, S.C., Klenk, H.P., Schleper, C. (2005) Novel genes for nitrite
reductase and Amo-related proteins indicate a role of uncultivated mesophilic crenaerchaeota in
nitrogen cycling. Environ Microbiol 7:1985-1995.

Vandamme, P., Pot, B., Gillis, M., de Vos, P., Kersters, K., Swings, J. (1996) Polyphasic taxonomy, a consensus
approach to bacterial systematics. Microbiol Rev 60:407-438.

van Elsas, J.D., Hill, P., Chrondkova, A., Grekova, M., Topalova, Y., Elhottovd, D. and Kri*tafek, V., 2007.
Survival of genetically marked Escherichia coli O157:H7 in soil as affected by soil microbial community
shift. The ISME ] 1: 204-214.

Versalovic, J., Schneider, M., de Bruijn, F.J., Lupski, J.R. (1994) Genomic fingeprinting of bacteria using
repetitive sequence-based polymerase chain reaction. Meth Mol Cell Biol 5:25-40.

Vreeland, R., Rosenzweig, W., Powers, D. (2000) Isolation of a 250 million year old halotolerant bacterium from
a primary salt crystal. Nature 407:897-900.

Wang, F.L., Bettany, J.R. (1995) Methane emission from usually well-drained prairie soil after snowmelt and
precipitation. Can J Soil Sci 75:239-241.

Wellington, E.M.H., Berry, A., Krsek, M. (2003) Resolving functional diversity in relation to microbial
community structure in soil: exploiting genomics and stable isotope probing. Curr Opin Microbiol
6:295-301.

Woese, C.R. (1987) Bacterial evolution. Microbiol Rev 51:221-271.

Woese, C.R., Kandler, O., Wheelis, M.L. (1990) Towards a natural system of organisms: Proposal for the
domains Archaea, Bacteria, and Eucarya. PNAS USA 87:4576-4579.

Yaloon, D.H., Yaloon B. (1966) Framework for manmade soil changes: An outline of metapedogenesis. Soil Sci
102:272-277.

Yaloon, D.H. (2007) Human-induced ecosystem and landscape processes always involve soil change. BioScience
57:918-919.

Youssef, N.H., Elshahed, M.S. (2009) Diversity rankings among bacterial lineages in soil. The ISME ] 3:305-313.

Zumft, W.G. (1997) Cell biology and molecular basis of denitrification. Microbiol Mol Rev 61:533-616.

32



Paper Ia Antonie van Leeuwenhoek (2006) 89: 459-463

Screening for microbial markers in Miocene sediment exposed during open-cast
mining

D. Elhottova®’, V. Kristtfek!, J. Frouz', A. Novékové' and A. Chrondkova?

!Institute of Soil Biology, Academy of Sciences of the Czech Republic, Na Sadkich 7, 370 05 Ceské Budéjovice,
Czech Republic; > Faculty of Biology, University of South Bohemia in Ceské Budéjovice, Braniovska 31, 370 05
Ceské Bud&jovice, Czech Republic ; * Author for correspondence (e-mail danael@upb.cas.cz; phone: +420-38-777-
5766; fax: + 420-38-5310133)

Key words: Fatty acids, Microfungi, Mining, Miocene sediment, Subsurface bacteria

Abstract

Viable microorganisms were found in Miocene lacustrine clays of the cypris formation excavated from
200-m below the surface as spoil during open-cast brown coal mining (Sokolov Brown Coal Basin,
North-Western Bohemia, Czech Republic). Both saprotrophic microfungi of the genera Penicillium,
Verticillium, Cladosporium and Aspergillus as well as heterotrophic bacteria were isolated from an intact
sediment cores. Heterotrophic bacteria were classified by the MIS Sherlock System as representatives
of genera Nocardiopsis, Arthrobacter, Micrococcus, Kocuria, Rothia, Clavibacter, Bacillus, Paenibacillus,
Brevibacillus, Microbacterium, Acinetobacter and Pseudomonas. A bacterium found among the strains
had an atypical fatty acids profile enriched by branched fatty acids and polyunsaturated fatty acid
(18:3w6) and gave no MIS Sherlock match. Phospholipid fatty acids analyss indicates a relatively high
(535 pmol g') but inhomogenously distributed viable microbial biomass. Fatty acids analyses of non-
fractioned lipids (representing viable, storage and dead biomass; 8390 pmol g"') detected rich and
homogenous profiles with fungal, bacterial and actinmycetal markers but no protozoan and algal fatty
acids markers.

Abstrakt

Byly nalezeny Zivé mikroorganismy v jilech miocenniho jezera cyprisové formace, které byly vytézené z
hloubky 200 m jako odpad po povrchové té7bé hnédého uhli (Sokolovsk4 uheln4 panev, severozdpadni
Cechy, Ceské republika). Saprotrofni mikromycéty z roda Penicillium, Verticillium, Cladosporium a
Aspergillus spole¢né s heterotrofnimi bakteriemi byly izolovany z neporu$eného jadra sedimentu.
Heterotrofni bakterie byly identifikovany pomoci systému MIS Sherlock a byly urceny jako zastupci
roda: Nocardiopsis, Arthrobacter, Micrococcus, Kocuria, Rothia, Clavibacter, Bacillus, Paenibacillus,
Brevibacillus, Microbacterium, Acinetobacter a Pseudomonas. Byla nalezena bakterie, kterd méla
neobvyklé zastoupeni mastnych kyselin a nebyla identifikovina pomoci MIS Sherlock metody, pfi¢emz
profil mastnych kyselin této bakterie byl obohacen o vétvené mastné kyseliny a polynenasycené mastné
kyseliny (18:3w6). Analyza fosfolipidd mastnych kyselin poukazuje na relativné vysoky (535 pmol g*),
ale nehomogenné rozlozeny obsah Zivé mikrobidlni biomasy. Analyza mastnych kyselin celkovych
lipida (reprezentujicich Zivou, zisobni a mrtvou biomasu; 8390 pmol g*) odhalila bohaté a
rovnomérné rozlozené profily houbovych, bakteridlnich a aktinomycetovych markert, a naopak
nepotvrdila pfitomnost markert protozoi a fas.

Nasledujici pasaz o rozsahu 4 stran obsahuje utajované skute¢nosti a je obsazena pouze v archivovaném
origindle diserta¢ni price uloZzeném na Prirodovédecké fakulté Jihoceské univerziy v Ceskych
Budéjovicich.
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Abstract

The bacterial population of brown coal colliery spoil (Sokolov coal mining district, Czechia) was
characterized by measuring viable bacterial biomass, the culturable to total cell ratio (C:T), colony-
forming curve (CFC) analysis and species and/or biotypes diversity. Bacterial representatives that
differed in colony-forming growth (fast and/or slow growers) were used for growth-strategy
investigation of heterotrophic bacteria. Spoil substrates from the surface (0-50 mm) and the mineral
(100-150 mm) layers were sampled on 4 sites undergoing spontaneous succession corresponding to
1, 11, 21 and 43 years after deposition (initial, early, mid and late stages). The bacterial biomass of
the surface layer increased during the initial and early stages with a maximum at mid stage and
stabilised in the late stage while mineral layer biomass increased throughout the succession. The
maxima of C:T ratios were at the early stage, minima at the late stage. Depending on the succession
stage the C:T ratio was 1.5-2 times higher in the mineral than the surface layer of soil. An increase in
the fraction of nonculturable bacteria was associated with the late succession stage. CFC analysis of
the surface layer during a 3-d incubation revealed that the early-succession substrate contained more
(75 %) rapidly colonizing bacteria (opportunists, r-strategists) than successively older substrates.
The culturable bacterial community of the mineral layer maintained a high genera and species
richness of fast growers along the succession line in contrast to the surface layer community, where
there was a maximum in the abundance of fast growers in the early stage. There was a balanced
distribution of Gram-positive and Gram-negative representatives of fast growers in both layers. A
markedly lower abundance of slow growers was observed in the mineral in contrast to the surface
layer. Gram-positive species dominated the slow growers in the surface as well as in the mineral
layers. The growth strategy of the heterotrophic bacterial population along four successional stages
on spoil of brown coal colliery substrate in the surface layer displayed a trend indicative of a r-K
continuum in contrast to the mineral layer, where an r-strategy persisted.

Abstrakt

Populace bakterii hnédouhelnych vysypek (Sokolovskd uhelni panev, Cechy) byla charakterizovina
pomoci méfeni zivé bakteridlni biomasy, poméru kultivovatelnych k celkovym bakteriim (C:T),
analyzou kiivek jednotek tvoticich kolonie (CFC) a druhovou a/nebo biotypovou diverzitou.
Ptedstavitelé bakterii, ktefi se liSily v rychlosti riistu (rychle a/nebo pomalu rostouci kolonie), byly
pouzity pro studium ristové strategie heterotrofnich bakterii. Vysypkovy substrit z povrchové (0-SO
mm) a minerdlni (10-150 mm) vrstvy byl odebrin na 4 mistech, kde dochézi k spontdnni sukcesi, a
které odpovidaji stafi 1, 11,21 a 43 let po navrieni (iniciélni, rané, sttedni a pozdni stadia). Bakterialni
biomasa povrchové vrstvy rostla v prabéhu inicidlniho a raného stadia, dosahla maxima ve stiednim
stadiu a ustdlila se v pozdnim stadium, zatimco biomasa mineralni vrstvy rostla po celou dobu sukcese.
Maxima poméru C:T byly v raném stadiu, minima v pozdnim stadiu. V zavislosti na sukcesnim stadiu

vv7s .

byl pomér C:T 1.5-2 krit vy$$i v minerdlni vrstvé nez ve vrstvé povrchové. Narist podilu
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nekultivovatelnych bakterii je spojovan s pozdnim sukcesnim stadiem. CFC analyza povrchové vrstvy
béhem 3-denni inkubace odhalila, Ze rany sukcesni substrit obsahuje vice (75 %) rychle rostoucich
bakterii (oportunistickych, r-stratégli) nez sukcesné star$i stadia. Kultivovatelnd ¢4st bakteridlniho
spole¢enstva mineralni vrstvy si podrzela vysokou druhovou i rodovou bohatost oportunistickych
bakterii po celou sukcesni fadu, na rozdil od spoletenstva povrchové vrstvy, kde nejvétsi mnozstvi
oportunistickych bakterii bylo zaznamendno v raném stadium. Rozlozeni Gram pozitivnich a Gram
negativnich zdstupct oportunistickych bakterii bylo vyrovnané. Vyznamné mensi abundance pomalu
rostoucich bakterii byla zaznamendana v mineralni vrstvé oproti vrstvé povrchové. Gram pozitivni druhy
prevazovaly v populaci pomalu rostoucich bakterii jak v povrchové, tak i v mineralni vrstvé. Rastova
strategie heterotrofnich bakterii v povrchové vrstvé substritd podél 4 sukcesnich stadii na
hnédouhelnych vysypkich naznacovala r-K kontinuum, naopak u bakterii zminerdlni vrstvy
pretrvavala r-strategie.
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Abstract

Microbial communities of 4 different stages (initial [0 years after heaping of the excavated material],
early [10], middle [20] and late [42]) of primary succession process were studied. They were
characterized by genotyping methods: ARDRA - Amplified ribosomal DNA restriction analysis and
box-PCR - genomic fingerprinting using specific primer for boxA-element. Box-PCR method was
chosen for comparison of methodological approaches used for characterization of heterotrophic
bacterial communities. ARDRA patterns of eubacterial communities were so complex and there
weren’t shown any differences among individual communities on different stages of primary succession
process. Actinomycetes communities were analyzed using two sets of primers: Actinomycetes 1. (243F-
1378R, Heuer et al. 1997) and Actinomycetes 2. (243F-A3R; Monciardini et al. 2002). Fingerprints,
which were obtained using both of actinomycetes specific primers, showed differences between
communities on the early and later stages of primary succession process. Box-PCR analysis is still in
data processing and will be published later.
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Abstrakt

Byla studovdna mikrobidlni spoletenstva 4 rozdilnych stadii primarni sukcese: inicidlni [0 let po
navrSeni substritu], rané [10], stfedni [20] a pozdni [42]. Mikrobidlni spoletenstva byla
charakterizovdna pomoci 2 genotypovych metod ARDRA (Amplified ribosomal DNA restriction
analysis) a box-PCR (genomicky fingerprinting pomoci primeru specifického pro boxA element).
Metoda box-PCR byla vybrina pro porovnani metodickych ptistupt vhodnych pro charakterizaci
heterotrofnich spole¢enstev bakterii. ARDRA profily bakteridlnich spolecenstev byly komplexni a
neukdzaly rozdily mezi jednotlivymi spoledenstvy riznych stadii primdrni sukcese. Spolecenstvo
aktinomycetd bylo analyzovdno pomoci 2 sad primerd: Actinomycetes 1. (243F-1378R, Heuer et al.
1997) and Actinomycetes 2. (243F-A3R; Monciardini et al. 2002). Fingerprinty, které byly ziskdny
pomoci obou sad primeru specifickych pro aktinomycety, ukazaly rozdily ve sloZeni spole¢enstva mezi
ranym a pozdéjsimi stadiemi primarni sukcese. Analyza box-PCR je pravé ve stavu zpracovani a bude
publikovana pozdéji.
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Abstract

The amount and genetic diversity of soil streptomycetes, a major source of natural bioactive
compounds, was investigated on colliery spoil heaps (Sokolov, Czech Republic) using the restriction
pattern analysis of 16S-internal transcribed spacer rDNA and 16S sequences. We sampled freshly
excavated Miocene sediment and four sites of primary succession (initial, early, middle and late stages,
aged 1-44 years) developed on the same sediment. Even in fresh Miocene sediment, active bacteria
were present and the relative proportion of actinomycetes among total bacterial isolates and their
genetic diversity significantly increased with the age of deposition. The clustering of phylotypes well
corresponded to the stage of succession and clusters were dominated by sequences: (i) from the initial
and early stages; (ii) from the middle and late stages; (iii) from the Miocene sediment and finally (iv)
of relatives of S. turgidiscabies, which were spatially dispersed. The replacement of pioneer species by
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the late succession species during succession was observed. Plate assays of Streptomyces strains revealed
27% antibiotic-producing strains. Screening for nonribosomal peptide synthases and type I polyketide
synthases systems showed putative production of biological active compounds in 90% and 55%
streptomycetes, respectively. The frequencies of tetracycline, amoxicillin and chloramphenicol
resistant streptomycetes were 6%, 9% and 15%, respectively. These findings documented the
occurrence of genetic elements coding for antibiotic resistance and production even in pristine
environments. Our results demonstrated a key role of ancient streptomycetes for pioneer community
development and dynamic changes in their community on freshly excavated substrates during the first
20 years.

Abstrakt

Studovali jsme mnoZstvi a genetickou diverzitu piadnich streptomycett (hlavnich zdroja ptirodnich
bioaktivnich litek) na hnédouhelnych vysypkich (Sokolov, Ceski republika) pomoci analyzy
restrikénich profiléd 16S-ITS (internal transcribed spacer/vnitfni piepisované intergenova sekvence)
rDNA a 168 sekvenci. Vzorkovali jsme Cerstvé vytézeny miocenni sediment a 4 mista primarni sukcese
(inicidlni, rané, stfedni a pozdni stadia, staré 1-44 let), kterd se vyvijela na stejném sedimentu.
Dokonce i v ¢erstvém miocennim sedimentu byly ptritomné aktivni bakterie, a relativni zastoupeni
aktinomycet mezi celkovymi bakteridlnimi izoldty a jejich genetickd diverzita vyznamné rostly se
stafim navazky. Shlukovani fylotypti dobie odpovidalo stafi sukcese a u klastrti /skupin/ pievladaly
sekvence: (i) z inicidlniho a sttedniho stadia; (ii) ze stfedniho a pozdniho stadia; (iii) z miocénniho
sedimentu a kone¢né (iv) sekvence ptibuzné S. turbidiscabies, které byly prostorové rozptylené. Bylo
zaznamendno vytla¢eni pionyrskych druht pozdné sukcesnimi druhy v pribéhu sukcese. Plotnové
zkousky kmend streptomycetii odhalily pfitomnost kmentd s antibiotickou aktivitou (27 %).
Vyhledéavani genetickych markert pro neribozomalni peptid syntézy a polyketid syntdzy typu I ukdzalo
na moznou produkci biologicky aktivnich litek u 90%, respektive u 55 %, streptomycetii. Frekvence
streptomycett rezistentnich na tetracyklin, amoxicilina chloramfenikol byla 6 %, 9 %, respektive 15 %.
Tato zjisténi dokumentovala pfitomnost genetickych elementi kédujicich antibiotickou rezistenci a
produkci dokonce v puvodnich, neovlivnénych prostfedich. Nase vysledky ukdzaly na klicovou roli
praddavnych streptomycetd ve vyvoji pionyrského spolecenstva a dynamické zmény v jejich
spolecenstvu na Cerstvé vytézenych substratech béhem prvnich 20 let.
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Abstract

Pasture soils used for cattle overwintering may represent significant sources of N,O emissions from
soils. Therefore, the long-term effect of cattle overwintering on the abundance and activity of a
denitrifying community was explored. The study was performed at a cattle overwintering area in South
Bohemia (Czech Republic), where three sites differing in the degree of animal impact were selected:
severely impacted (SI) and moderately impacted (MI), as well as a control site with no impact (NI).
N:O flux measurement and soil sampling were performed in spring and fall of 2005. The activity was
measured in terms of potential denitrification activity. Bacterial nirK, nirS and nosZ genes were used as
functional markers of the denitrifying communities; abundance was analyzed using a real time PCR
assay. Surprisingly, in situ N,O emissions were the highest in spring at MI and significantly differed
from those at SI and NI, while in autumn, rates of emissions generally decreased. In contrast potential
denitrification rates were highest at SI, followed by MI, and the lowest at NI. An overall significant
shift in N,O / N, molar ratio was shown in cattle impacted sites. The highest abundance of all genes
measured at both sampling times was found at site SI, whereas at site MI increased numbers were
observed only in spring. Our results indicate a strong influence of cattle on the abundance as well as the
activity of microbes involved in denitrification.

Abstrakt

Pastevni pudy uZivané pro piezimovani dobytka mohou reprezentovat vyznamné zdroje emisi N>O z
pud. Z tohoto divodu byl zkoumdan dlouhodoby vliv pfezimovani skotu na pastviné na abundanci a
aktivitu denitrifikaéniho spoletenstva. Studie byla provedena na zimovisti vjiznich Cechich (Ceska
republika), kde byla vybrana 3 mista, kter4 se lisila stupném zétéze zvifat: silné zatizena (SI) a stfedné
zatizena (MI) spole¢né s kontrolni pidou bez vlivu zvitat (NI). Méfeni tokd N,O a vzorkovéni pid
probéhlo na jafe a na podzim roku 200S. Byla méfena potencidlni denitrifika¢ni aktivita. Bakterialni
geny nirK, nirS a nosZ byly pouzity jako funk¢ni markery denitrifika¢niho spolecenstva; abundance
byla analyzovdna pomoci real time PCR. Emise NO, in situ byly ptekvapivé nejvys$si na MI na jafe a
vyznamné se li$ily od emisi na SI a NI, kdezto na podzim, mira emisi obecné klesla. Na rozdil od emisi,
potencidlni denitrifika¢ni aktivita byla nejvys$si na SI, poté na MI, a nejnizéi na NI. Byl prokazin
celkovy vyznamny posun v molérnim poméru N,O / N, na lokalitich se zatézi zvifat. Nejvyssi
abundance vSech detekovanych genti v obou odbérovych ¢asech byla zaznamenana na SI, kdeZto na MI
byly zvy$ené hodnoty naméfeny jenom na jatre. Nase vysledky naznacuji silny vliv skotu na abundanci a

také aktivitu mikroorganizmi, které se Gi¢astni denitrifikace.
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Summary

There is ample evidence that microbial processes can exhibit large variations in activity on a field scale.
However, very little is known about the spatial distribution of the microbial communities mediating
these processes. Here we used geostatistical modeling to explore spatial patterns of abundance and
activity of the denitrifying community, a functional guild involved in N-cycling, in a grassland field
subjected to different cattle grazing regimes. We observed a nonrandom distribution pattern of
denitrifiers with a macro-scale spatial dependence (6 to 16 m) and mapped the distribution of this
functional guild in the field. The spatial patterns of soil properties, which were strongly affected by
presence of cattle, imposed significant control on potential denitrification activity and potential N>O
production but not on denitrifier abundance. Absolute abundance of most denitrification genes was
not correlated with the distribution patterns of potential denitrification activity or potential N,O
production. However, the relative abundance of bacteria possessing the nosZ gene encoding the N,O
reductase in the total bacterial community was a strong predictor of the N,O/(N,+N,O) ratio, which
provides evidence for a relationship between bacterial community composition based on the relative
abundance of denitrifiers in the total bacterial community and ecosystem processes. More generally,
the presented geostatistical approach allows integrated mapping of microbial communities, and hence
can facilitate our understanding of relationships between the ecology of microbial communities and
microbial processes along environmental gradients.

Abstrakt

Aktivita mikrobidlnich procesd v padé vykazuje velkou prostorovou variabilitu. Zaroven je malo
informaci o prostorové distribuci mikrobidlnich spoletenstev, které tyto procesy zprosttedkovavaji.
V nasi studii jsme pouzili geostatistické modelovani pro zjisténi prostorovych vzorci abundance a
aktivity denitrifika¢niho mikrobidlniho spoleéenstva, funkéni skupiny zapojené do kolobéhu dusiku, na
pastviné vystavené rizné zatézi pastvy skotem. Obdrzeli jsme nendhodnou distribuci denitrifika¢nich
bakterii zavislou na prostorové makro-gkale (6 - 16 m) a zmapovali jsme distribuci této funkéni skupiny
v terénu. Prostorové vzorce pudnich charakteristik, které byly silné ovlivnéné pfitomnosti skotu,
vyznamné kontrolovaly potencidlni denitrifika¢ni aktivitu a potencidlni produkci N,O, ale
nekontrolovaly abundanci denitrifika¢nich bakterii. Absolutni hodnoty abundanci vétsiny
denitrifika¢nich gend nebyly v korelaci s distribu¢nimi vzorci potencialni denitrifika¢ni aktivity nebo
potencialni produkce N,O. Avsak relativni abundance bakterii nesoucich gen nosZ, kédujici reduktizu
oxidu dusného vcelkovém bakteridlnim spolecenstvu, byla silnym predikitorem poméru
N,O/(N,+N,0), ktery poskytuje diikaz, Ze existuje vztah mezi slozenim bakteridlniho spolecenstva
zalozeném na relativnim zastoupeni denitrifikaénich bakterii v celkové bakteridlnim spoleéenstvu a
procesy na urovni ekosystému. Predstaveny geostatisticky pfistup obecné poskytuje ucelené mapovani
mikrobidlnich spole¢enstev a proto muZze napomdhat k lep$imu pochopeni vztahti mezi ekologii
mikrobidlnich spolec¢enstev a mikrobidlnich procesti podél environmentalnich gradient.
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Abstract

In the present study we tested the hypothesis that animal treading associated with a high input of
organic matter would favour methanogenesis in soils used as overwintering pasture. Hence, methane
emissions and methanogen populations were examined at sections with different degree of cattle
impact in a Farm in South Bohemia, Czech Republic. In spring, methane emission positively
corresponded to the gradient of animal impact. Applying phospholipid etherlipid (PLEL) analysis, the
highest archaeal biomass was found in section SI (severe impact), followed by MI (moderate impact)
and NI (no impact). The same trend was observed for the methanogens as showed by real-time
quantitative PCR analyses of methyl coenzyme M reductase (mcrA) genes. The detection of mono-
unsaturated isoprenoid side chain hydrocarbons (i20:1) indicated the presence of acetoclastic
methanogens in the cattle impacted sites. This result was corroborated by the phylogenetic analysis of
mcrA gene sequences obtained from section SI, which showed that 33% of the analysed clones
belonged to the genus Methanosarcina. The majority of the sequenced clones (41%) showed close
affiliations with uncultured rumen archaeons. This leads to the assumption, that a substantial part of
the methanogenic community in plot SI derived from the grazing cattle itself. Compared to the spring
sampling, in autumn a significant reduction in archaeal biomass and number of copies of mcrA genes
was observed mainly for section MI. It can be concluded that after S months without cattle impact, the
severely impact section maintained its methane production potential, whereas the methane production
potential under moderate impact returned to background values.

Abstrakt

V této studii jsme testovali hypotézu, zda se$lapovani pudy zvifaty, spole¢né s vysokym vstupem
organické hmoty, bude podporovat methanogenezi v pidich vyuzivanych jako zimovisté. Proto byly
zkoumdny emise methanu a populace methanogent na plochdch razné zatiZenych pobytem zvifat na
farmé v jiznich Cechich (Ceska republika). V jarnim obdobi emise methanu pozitivné korelovaly s
gradientem zatéze zvirat. Pouzitim fosfolipid-etherlipid analyzy bylo zjiSténo, Ze nejvy$si biomasa
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archei se nachazi na ploge s nejvyssi zaté2i (SI), poté na stfedné zatizené (MI) a nejniZéi na kontrolni
padé. Stejny trend byl zaznamendn pro methanogenni archea, jak bylo ukidzino pomoci real-time
kvantitativni PCR analyzy gend pro methyl koenzym M reduktizu (mcrA). Detekce
mononenasycenych isoprenoidf v postrannich fetézcich uhlovodiki (i20:1) naznalovala pfitomnost
"acetoclastic" methanogenti na plochich ovlivnénych skotem. Tento vysledek byl potvrzen
fylogenetickou analyzou mcrA sekvenci ziskanych z plochy SI, ktery odhalil, Ze 33 % analyzovanych
klond patfi do rodu Methanosarcina. Vétsina analyzovanych klont (41 %) byla blizce piibuzna se
sekvencemi nekultivovatelnych archei bachoru skotu. Tato zjisténi vedou k domnénce, ze podstatna
¢ast metanogenniho spolecenstva ptdy SI je odvozena od samotnych pasoucich se zvifat. V porovnéani
s jarnim odbérem bylo na podzim zaznamendno vyznamné snizeni biomasy archei a po¢tu kopii genu
mcrA hlavné v padé MI. Muze byt shrnuto, Ze po 5 mésicich bez vlivu skotu, si silné ovlivnéna ptda
uchovala potencidl produkovat methan, kdeito potencidl pudy se stiednim zatiZzenim se vratil na
uroven kontrolnich hodnot.
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Abstract

A loamy sand soil sampled from a species-rich permanent grassland at a long-term experimental site
(Wildekamp, Bennekom, The Netherlands) was used to construct soil microcosms in which the
microbial community compositions had been modified by fumigation at different intensities (depths).
As expected, increasing depth of fumigation was shown to result in progressively increasing effects on
the microbiological soil parameters, as determined by cultivation-based as well as cultivation-
independent (PCR-DGGE, PLFA) methods. Both at 7 and at 60 days after fumigation, shifts in the
bacterial, fungal and protozoan communities were noted, indicating that altered community
compositions had emerged following a transition phase. At the level of bacteria culturable on plates, an
increase of the prevalence of bacterial r-strategists was noted at 7 days followed by a decline at 60 days,
which also hinted at the effectiveness of the fumigation treatments. The survival of a non-toxigenic
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Escherichia coli O157:H7 derivative, strain T, was then assessed over 60 days in these microcosms,
using detection via colony forming units counts as well as via PCR-DGGE. Both data sets were
consistent with each other. Thus, a clear effect of fumigation depth on the survival of the invading
strain T was noted, as a progressive increase of depth coincided with a progressively enhanced
inoculant survival rate. As fumigation depth was presumably inversely related to community
complexity, this was consistent with the hypothesis that soil systems with reduced biological
complexity offer enhanced opportunities for invading microbial species to establish and persist. The
significance of this finding is discussed in the light of the ongoing discussion about the complexity-
invasiveness relationship within microbial communities, in particular regarding the opportunities of
pathogens to persist.

Abstrakt

Hlinitopis¢ita puda s bohatou druhovou diverzitou, pochdzejici z trvalé pastviny na experimentdlnim
stanovisti (Wildekamp, Bennekom, Holandsko), byla pouzita pro vytvoteni pidnich mikrokosmd, u
kterych bylo modifikovino slozeni mikrobidlniho spolecenstva pomoci fumigace. Podle oc¢ekévani,
zvysujici se intenzita fumigace méla za nasledek postupné rostouci vliv na pudni mikrobiologické
parametry, které byly uréeny pomoci kultivaénich i na kultivaci nezévislych metod (PCR-DGGE,
PLFA). Sedm a také 60 dni po fumigaci byly zaznameniny posuny ve skladbé bakteriélniho,
houbového i protozodlniho spolecenstva, které naznalovaly, Ze po prechodném obdobi se objevilo
zménéné spolecenstvo. Na urovni bakterii schopnych kultivace byla zaznamendana prevaha r-stratégti 7
dni po fumigaci, po které nésledoval pokles (60 dni, respektive), coz ukazovalo na efektivitu fumigaéni
z4téze. Piezivini netoxického kmene T, odvozeného od kmene Escherichia coli O157:H7, bylo
stanoveno po dobu 60 dni v mikrokosmech pomoci detekce kolonie-formujicich jednotek a také PCR-
DGGE. Oba datasety byli navzajem shodné. Byl tedy zaznamendan jasny vliv intenzity fumigace na
prezivani invazivniho kmene T, protoZe postupny narust intenzity fumigace se shodoval s postupnym
zvy$ovanim schopnosti inokulantu prezivat. ProtoZe intenzita fumigace byla pravdépodobné negativné
korelovéana se slozitosti/komplexitou diversity, toto zji$téni potvrdilo hypotézu, ze padni systémy se
snizenou biologickou slozitosti umoznuji zvy$ené moznosti pro preZiti invazivniho mikrobidlniho
druhu. Vyznam tohoto poznatku je diskutovin ve smyslu probihajici diskuze o vztahu mezi invazivitou
a slozitosti uvnitf mikrobidlnich spolecenstev, zejména s ohledem na mozZnosti pretrvavani patogend.

Nasledujici pasiz o rozsahu 10 stran obsahuje utajované skuteénosti a je obsaZena pouze v
archivovaném origindle diserta¢ni price ulozeném na Prirodovédecké fakulté Jihoceské univerziy v
Ceskych Budéjovicich.
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Abstract

Although the microbial biodiversity of terrestrial habitats is studied in a great scale, little is known
about microbial communities in caves and related habitats. Here we examined the molecular diversity
of Archaea in a bat guano pile in Cave Domica (Slovakia), temperate cave ecosystem with significant
bat colony (about 1,600 individuals). Guano pile was created mainly by an activity of the
Mediterranean horseshoe bat (Rhinolophus euryale) and provides a source of organic carbon and other
nutrients in the oligotrophic subsurface ecosystem. The upper and the basal parts of guano surface
were sampled where the latter one had higher pH and higher admixture of limestone bedrock and
increased colonization of invertebrates. The relative proportion of Archaea determined using CARD-
FISH in both parts ranged between 3.5 - 3.9% (the basal and upper part, respectively). The archaeal
community of the bat guano pile was dominated by non-thermophilic Crenarchaeota (99 % of clones).
Phylogenetic analysis of 115 16S rDNA sequences revealed presence of Crenarchaeota previously
isolated from temperate surface soils (group 1.1b, 62 clones), deep subsurface acid waters (group 1.1a,
52 clones) and Euryarchaeota (1 clone). Four of the analyzed sequences were found to have little
similarity to those in public databases. The composition of both studied archaeal communities differed,
with respect to higher diversity of Archaea in the upper part of the bat guano pile. Our study revealed
for the first time that a high diversity archaeal population is present in the bat guano deposit and
consists of both soil and subsurface - born Crenarchaeota.

Abstrakt

Ackoliv je biodiversita mikroorganismu v terestrickych ekosystémech studovdna ve velké mife, jenom
malo je zndmo o mikrobidlnich spolecenstvech v jeskynich a pfibuznych prostfedich. V této praci jsme
pomoci molekuldrni analyzy studovali diversitu archei kupy netopyiiho gudna vjeskyni Domica
(Slovensko), typické temperdtni jeskyni svyznamnou kolonii netopyrti (kolem 1600 jedinct).
Guanov4 kupa byla vytvofena aktivitou Vripence jizntho (Rhinolophus euryale) a slouZi jako zdroj
organického uhliku a Zivin v oligotrofnim podpovrchovém ekosystému. Byly vzorkovany horni a
bazélni ¢asti povrchu guanové kupy, pfi¢emz druhd z nich byla charakteristickd vy$$im pH a vétsi
primési vapencového podlozi a také zvySenou kolonizaci bezobratlymi zivocichy. Relativni zastoupeni
archei v obou mistech uré¢ené metodou CARD-FISH se pohybovalo mezi 3.5 a% 3.9 % (bazilni a horni
&ast, resp.). Ve spoledenstvu archei kupy netopyiiho gudna pfevlidala netermofilni Crenarchaeota (99
% klont). Fylogenetickd analyza 115 sekvenci genu 16S rRNA odhalila ptitomnost Crenarchaeota,
ktera byla diive isolovana z temperatnich povrchovych piid (skupina 1.1b, 62 klonit) a z hlubinnych
podpovrchovych kyselych vod (skupina 1.1a, 52 klont), a ptitomnost Euryarchaeota (1 klon). Ctyti
analyzované klony vykazovaly velice nizkou piibuznost se sekvencemi z vefejnych databazi. Struktura
obou studovanych spolec¢enstev archei se lisila, s ohledem na vys$$i diversitu archei vhorni ¢asti
gudnové kupy. Nase studie poprvé odhalila, ze lozisko netopyiitho gudna skytd vysokou diversitu
spole¢enstva archei, které je slozeno jak ze zastupci puvodné pudnich, tak podpovrchovych

Crenarchaeota.
Nasledujici pasaz o rozsahu 11 stran obsahuje utajované skute¢nosti a je obsazena pouze v
archivovaném origindle diserta¢ni price ulozeném na Prirodovédecké fakulté Jihoceské univerziy v

Ceskych Budéjovicich.
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