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Abstract

Antarctica is known for its pristine environments.variety of unsuitable environmental
conditions were once thought to render the continastiitable for susitaing life. However,
metagenomic data have revealed a wealth peEcies diversityin a range of biotopes
Hypolithons, photosynthetic communities which live under translucent rocks in climatically
extreme environments, are an important input source for both carbon (C) and nitrogen (N) in
this hyperarid desert environnteMicrobial contribution to biogeochemical cycling resulting

in fixation of both C and N remains poorly understood. Moreover, there is a reported close
interplay between both cycles, with nitrogen being reported to be a limiting factor in carbon

assimilaion.

In this study the diversity of C and N fixing organisms was investigated by usiraplbhe
andnifH genes as phylogenetic and functional markdigh Molecular weight ratagenomic

DNA and RNAwas extracted from hypolithons. PCR amplification was carried out using
cbbL (800 bp for redlike, 1,100 bp for greetike) andnifH (360 bp) gene specific primers.
Resultant PCR products were used to construct libraries which were screened for correct
sized inserts. Restriction Fragment Length Polymorphism (RFLP) was usedréplidate

clones prior to sequencing. Phylogenetic positions from both clone libraries were established
by aligning nucleotide sequences and constructing similarity trees usingubtériag

methods.

BLASTN results indicated the presence of previously uncultured organisms which contain
cbbL and nifH genes. BLAST results were characterized by low percentages of maximum
identity (typically <95%), a potential indicator of novel tax@equences from respective
libraries clustered with cyanobacteria sucliNastog ScytonemaandTolypothrixa n d, -Ub



a n dProteobacteria such aszotobacter Agrobacterium and MesorhizobiunGenerally
sequence results indicate a largely homogenousigb#ominated by specific taxa. Each
group may contain potential keystone species, essential for both biogeochemical cycling in

oligotrophic environment.
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Chapter 1: Literature Review

1.1 Antarctica

When men first landed on Antarcticatime beginning of the fgcentury, the overwhelming
motivating factor for humampresence on the continent and in the surrounding seas could be
summarized primarily as a search for knowledge and a quest for economic-igaire 1)
(Committeeon Antarctic Policy and Sciencst al, 1993) Antarctica as a place has at all
times been full of surprises. In the eighteenth century, Captain James Cook anticipated the
discovery of a land of forests and pastures ready for migration; insteadcoeeded an
enormous iceovered and apparently useless contin@@bommittee on Principles of
Environmental Stewardship for the Exploration and Studyswbglacial Environments &
National Research Council, 2007)et, in spite of this, each year an increasing number of
explorers and researchers flock to the continent enchanteds bseamless beauty and

mystery.

Antarctica as a continent is very isolated, with the closest landmass being more than a
thousand kilometres away (Figure 1) By human standards, Antarctica is the most
inhospitable of the continen{®nofri et al, 2004) As the southernmost continent, Antarctica
offers some of the most extreme recorded environmentalittens on Earth (Figurg) (Fell

et al, 2006)

The contirent has been intensely studied. There are a range of reasons why researchers from
various disciplines have sought to use the continent for their studies. Antarctica has the
cleanest air on earth, allowing for air quality monitoring with a reliable basefmarctica

is the darkest place on Earth, which makes it ideal for astronomical research. The relatively



simple environment has been used as an analog for space environments and planetary
extremegAnderseret al, 1990) For microbial ecologist Antarctica offers the opportunity to
probe a range of quésms, owing in part, to the relative simplicity of its various

environments.

ANTARCTICA

Pensacola Mountains Vestfold itk (

Py (including Ace Lake
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Figure 1: Map of continental Antarctica indicating key research site{Cowan & Ah Tow, 2004)

1.1.1Antarctic Dry Valleys

An estimated 98% of the 14.4 milliilometressquare (krf) of the continent is ice covered.
This leaves a mer2% of icefree regions. The Dry Valleys of Eastern Antarctica, which
make up part of the iekee regions, have some of the most extreme enviroranent

conditions on earth (Figurg) (Convey, 1997; Cowan & Ah Tow, 2004)he cumulative
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effect of these climatic factors has resulted in an environment whiemfsvourablefor
supporting life(Boyd & Boyd, 1963) Antarctica has, for a long time been considered to be a
life-less continent ofack and ice(Weisburd, 1986) However suitable niches have been

found and life does exist.

Low
Temperatures
Steep physical
and chemical !'O_W ,
sradients precipitation
Katabatic s
winds Low humidity
High salt Low organic
content matter content

Figure 2: Potentially significant drivers for microbial diversity in Antarctic Dry Valley biotopes.

Several studies have characterized a group of invertebrates inhabiting the harsh Dry Valleys
(Doranet al, 2002; Stevens & Hogg, 2002; Treomisal, 1999) Conversely, other studies
have reported an abundanckpookaryotes in these biotopé€owanet al, 2002) much

higher than previously reported.



1.1.2 Climate

The average annual temperatures in the Dry Valleys range-181@ to -20°C (Ascaso &
Wierzchos, 2002; WyniVilliams, 1988) with wide fluctuations in summer temperatures.
Summer air temperatures can range fr@#C to 3C or higher(de la Torreet al, 2003)

The severity of low temperatures is varied depending on specific locations on the continent.
This is due, in part, to approrate distances frotte ocean, anchoving from one latitudinal
position to the next. Consequently, East Antarctica is colder than West Antarctica, due to its
higher latitudinal elevation and proximity to the ocean. The Antarctic Peninsula has the most
modeate climate; higher temperatures occur in January along the coast and average slightly

below freezing.

There are considerable differences in ground temperatures and air temperatures. In summer,
the mean ground temperatures reach highs % ,2hile airtemperatures averagé@(de la

Torre et al, 2003) There are constant fluctuations in surface ground temperatures, which
arise as a consequence of prolonged direct sunlight or cloud cover. In summer, temperatures

may change by as much as@5n minutes due toloud cover(de la Torreet al, 2003)

Climate studies carried out on Antarctica have reported varying continental trends. Doran and
colleagues reported continental cooling through a 14 year Antarctic Dry Valley
meteorological record over3b year period tengrature compilatiofDoranet al, 2002) An

opposing view by Jacka and colleagues reported a net continental w#diadkg & Budd,

1998) A more recent study, which looked at meteorological trends over a 50 year period,
found that tempeatures vary throughout the continefiturner et al, 2005) A Arapi (
warmingo is reported over the Antarctic Pen

inconsisten{Turneret al, 2005) This finding suggests that temperature increases may be a
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threat in Antarctic environments. This would be consistent with reports that The Dry Valleys
are among the most threatened environments dh dae to climate changé€owan & Ah

Tow, 2004; Doraret al, 2002)

1.1.3Biotopes

Biotopes are areas of uniformity in environmental conditions and distribution of animal and
plant life. The Dry Valley biotopes include both aquatic terdestrial ecosysten{Eigure 3)

The aquatic ecosystem consists of glaciers, streams and lakes (both freshwater and saline).
The terrestrial ecosystem consists of exposed soils, which range from barren mineral soils
with little water content to moist soils with higher moisture con{€@dwan & Ah Tow,

2004) Initial studies on the Dry Valleys have focused on aquaticystems and the
understanding of terrestrial ecosystems is relatively p8onwy & Stevens, 2007; Cowan

& Ah Tow, 2004)

Dry Valley soils have been described as the most barren soils found in-fieeicegions.

These soils are highly concentrated in salts such as sodium, calcium, magnesium, chloride,
sulphate and nitrat@Horowitz & Hubbard, 1972)This creates a steep concentration gradient
which may create an impediment for microbial gro@owan & Ah Tow, 2004; Moorhead

et al, 1999) Thearid soils also contain low concentrations of organic material (<0.1% of dry
soil weight) which may further impede the growth of microbial communit@&smeron,

1971) This is in contrast to rock associated communities such as those inhabited by
cosmoliths which ften support microbial organic material visible to the naked(®\etody

et al, 2001)



The warmer Antarctic peninsula terrestrial biotopes are populated by lower plants, small
invertebrates andnicroorganismgConvey & Stevens, 200.7Microorganisms belonging to
various genera such a#\chromobacter Arthrobacter Bacillus Corynebacterium
Flavobacterium Micrococcus Planococcus PseudomonasStreptomycesand Nocardia

have previosly beenisolated fromthe more extreme Dry Valley soil8islabieet al, 2006;

Babalolaet al, 2009; Pearcet al, 2009; Smithet al, 2006)

The ground surface in the Dry Valleys is comprised of dry peastathat supports a surface
terrain characterized by sandstone, quartz and granitic (Bdisting et al, 2009) Rock
(lithic) associated communities are important in terrestrial ground surface ecosystems.

Studies have shown that lithic comnities contribute to the existing organic pools through

primary productior(Moorheadet al, 1999)

Figure 3: Aerial photograph of the Wright Valley, Antarctica. A range of biotopes can be observed from

the photograph (Photo courtesy of Don Cowan).



1.2 Hypolithons

Microorganisms are able to adapt when faced with extreme environmental conditions.
Hyperarid deserts, bothot and cold, offer examples of adaptation in microbial(Ffeinting

et al, 2009) In these environments, microorganisms (called hymliare forced to grow at

the bottom of translucent rocks as a way of avoiding renmental extremes (Figu)
(Cowan & Ah Tow, 2004; WarreRhodeset al, 2006) Hypolithons repesent unique

Ami bi ot opes o wh er eofehvirdhrmentalbxtremese s despit e

In the Antarctic, the ability ofhypolithons to tolerate extreme aridness may be an important
trait that has allowed them to survive in conditions with low moisffarrerRhodeset al,

2006) A recent study has reported that the overlying rock of a hypolithon may provide a
thermal buffer to hypolith§Khan, 2008) This is important in hyperarid deserts where water

is a limiting factor for microbial growth.

The quartz rock enabldght to penetrate to the underside. The degree of light penetration
has been shown to be sufficient to allow photosynthéSisckell & Stokes, 2004)
Additionally, the translucent rock surface of the hypolithons provides a suitable habitat by

trapping moisture essential for photosynth€Siswan & Ah Tow, 2004)



Figure 4: Translucent quartz rock with classic underside colonization by hypolithic communities (Photo

courtesy of Don Cowan).

In oligotrophic deserts such as the Dry Valleys, hypolithons are potentially a significant
source for carbon and nitrogen, through photo@ophy. A study by Cockell and Stokes
determined that the annual primary production of hypoliths on Devon Island (in the Arctic)
was approximately similar to that estimated for primary production of plants, lichens and
bryophytes. Using the uptake aidiolabelledsodium bicarbonate, this study estimated a
productivity of 0.8 + 0.3 g ify™in the Arctic, while a previous study estimated productivity

of bryophytes at 1.0 = 0.4g on Devon Islgidiss & Gold, 1994) Assuming an analogous
relationshipbetween the Arctic and Antarctic, an assumption may be made that hypoliths

play an important role in primary production, although this is subject to further investigation.



In view that these communities represent significant players in primary protycawi
understanding of the complement of functional genes in the community would shed valuable
insight on biogeochemical cycling in Antarctic soil biotopes. It has been recently shown that
these communities are homogenous in compositfwinting et al., 2009) The relative
simplicity of hypolithic communities could offer a suitable platform for assessing

biogeochemical cycling.

1.3 Global and Regional Carbon Ecology

It is generally believed that there is a continued general increaselavéhef anthropogenic

carbon dioxide (Cg) on t he e a r(Tahtdesal, 20071 o sepehexyalsecontinue

to steadily increase, with a predicted consequence being potential warming of the earth. It
has been specu&t that living organisms and specific biological macromolecules evolved to
catalyze the energy which is required to chemically convert inorganic carbon to reduced
organic carbor(Tabitaet al, 2008a) Plants, both terrestrial and marine, and specialized
microbes developed the ability to remove and assimilate considerably large amounts of CO
from the atmosphere and consequently form the necessary organic carbon skeleton required

to sustain the biosphe(€abitaet al, 2007)

Average global surface temperatures have increased B¢ Bi8ce the late nineteenth
century, with 11 of the 12 warmest days ever recorded having occurred sinc@R©@5
2007) The average temperature on earth is projected to increase bys B during the
Twenty First Century(IPCC, 2001) Various models projecting climate change have
predicted that polar regions will kibit the most dramatic effects of continental warming

(Doranet al, 2002)



Global increases in temperature have been largely attributed tolgrase gases (GHGS)

such as methane, ozone, nitrous oxide, andboadoxide. Anthropogenic activities such as

the burning of fossil fuels, and deforestation have been ascribed as additional potential causes

of increasing temperaturéal, 2008) The levels of CQ a principal GHG, have increased

in concentration by 12% in the earthoés at mo
with both the industrial revolution and a period of significant increase in popu(@@QC,

2007) Al t hough manos as s umetwammd may appearc ont r
significant, it accounts for only-8% (2.8 Pg per year out of a 52.8 Pg per year total) of the

total biological contributions to atmospheric carbon dioXi®C, 2001; Kinget al, 2006;

United Nations, 2009)

The biological removal of carbon dioxide from the atmosphere occurs principallygthr
carbon fixation by plants, eukaryotic algae and phatal autotrophic prokaryotes. Microbial
decomposition accounts for 86% of all carbon dioxide produced, distantly followed by
animal carbon dioxide production at 1Q%ing et al, 2006) It follows, therefore, that in

order to better understand the global carbon cycle, it is important to understand the microbial

contribution(Shivelyet al, 2001)

1.4 Biological Carbon Cycle

An important biogeochemical cycle which is central for primary production in almost all
ecosystems is the carbon cyc(8hively et al, 1986) CO, fixation is the major
biogeochemical process in the carbon cyEigure 5) The largest source of organic carbon,
by far, is from the lithospheréShively et al, 2003) It is thus important to convert
atmospheric C@into a usable forn(Bliss & Gold, 1994) The resulting C is crucial for
primary production in the entire ecosysté8elesiet al, 2007; Zakhiaet al, 2008) This
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process is particularly important harsh Antarctic habitats were soils lack nutri¢Blgss &

Gold, 1994)
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Figure 5: The cbhL gene as a marker for CQ fixation is involved in the first rate limiting step in the CBB

cycle.

In oligotrophic Dry Valley soil, specialized microorganisms are anticipated to play a key role
in the assimilation of atmospheric carbon. These specialized microorganisms have the
capability to eliminate sigficant amounts of C®from the atmosphere through different
enzymatic schemgdabitaet al, 2007) There are at least four major metabolic pathways in
which microorganisms fix carbon as a source for growth. These are thetivedu
tricarboxylic acid cycle, the Woebjugdahl acetyl coenzyme A pathway, the
hydroxypropionate pathway and the CaldansomBassham (CBB) reductive pentose
phosphate pathwayabitaet al,, 2007)
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1.4.1 The CalvinBensorBassham (CBB) Cycle

The predominant cycle in terrestrial carbon cycling is the Calvin Benson Bassham (CBB)
cycle (Figure6). The CBB cycle involves a series of reactions, which include processes of
fixation, reduction and regeneration of the £&0ceptor. The resultant reaction results in the
enediol form of the sugar bisphosphate ribulose -bjsphosphate (RuBP) accepting a
molecule of CQ. This reaction is catalyzed by the enzyme ribulosebisphosphate

carboxylase/oxygenase, catalyzing the primary td@tion reactionTabitaet al, 2008b)

CH,0- CHZOH CHO
COOH z @ 2
700 =0 Ribulose c 0 Ribose HCOH
HCOH Rubi i 5-phosphate 5-phogphate i
(I:H o ® ubisSco HCOH kinase HcoH isomerage HCOH
rAu i ' o
‘f HCOH e LCOH e — HEOH
| w}yw | 1
3Ph e CH0-(F) CH,0-(F) CH,0-(F)
Ribulose Ribulose Ribose
1,5-bisphosphate 5-phosphate 5-phosphate
Phosphoglycerate Ribuose
kinase
3-ephmrase
Transketolase
cnzuu
Coo _® Translnstolaae z°‘®
HCOH ZOH
i Frueloso G-phoapn
H0-®) HCOH uH
1,3-Bisphosphoglycerate CH,0- ® OH
1 s-hisphoaphalase Xylulose Sadoheptulose
oH0-(F) 5-phosphate 7.phosphate
o cnzo -®
Glyceraldehyd
3-|>hoepharoy ° H HEOH Sedoheptulose
dehydrogenase HCOH bisphosphatase
OH |
Fructoss 1,6-bisphosphate CH,0-(F)
Eryll’nrcm:ate cH0-(P)
Fructose 4-phospl
CHo / 1,6-bisphosphate CH,OH 0-(F)
HCOH _ &ldolase , =0 N > O oH
CH,0-() Triose phosphate isomerase CH,0-(F) Aldolase OH
Glyceraldshyde Dihy acetone Sedoheptulose
Soaate phosphals 17-bisphosphete

Figure 6: The Calvin-BensonBassham cyclgAtomi, 2002)
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1.4.2 Ribulose 1, Sisphosphate carboxylase/oxygenase (RubisCO)

RubisCO (EC 4.1.1.39)s the most abundant protein on earth and is responsible for
catalyzing a crucial step in the fixation of carb@iabita et al, 2008a) The ability of
RubisCO to catalyze the first rate limiting step for almost all carbon fixation has made it a
focus of extensive studies looking atiearis properties such as the structure, catalytic activity

and howitbindsC& Kel | ogg & Jul i eatalp20091RUBSCO is fdundlie mg e k
most autotrophic organisms which include photosynthetic and chemolithotrophic bacteria and

archaea, to eukaryotic algae and plants.

RubisCO proteins occur in various forms in nature (sumndhrizdablel) ( Vi d eaha.,e k

2009) Three of these forms (I, I'l, and 111) at
catalyze the same reacti¢Rigure 7) Another RubisCO, form IV, is actually a homologue

and does not catalg RuBP carboxylation or oxygenation and is therefore called a RuibisCO

like protein (RLP)(Tabitaet al, 2008a) Form IV RubsCO has similarities (in terms of

structure) to the other forms, despite the fact that it is distinguished from them through its

lack of catalytic ability.

Table 1. Summary of the properties of different forms of RubisCO (Tabita ¢ al., 2008a)

RubisCO form Quaternary structure Types of organisms

I LsSs plants, algae, proteobacter
cyanobacteria

Il (L2)n proteobacteria, dinoflagellates

1T (L2)n archaea

\Y, L, proteobacteria, cyanobacteria,
archaea, algae
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Form Il RubisCO has, as yet, only been found in archaea, many of which are anaerobic
extremophiles. RubisCO serves as a means to remove RuBP, produced by isomerization of
ribose 1,5bisphosphate during purine/pyrimidine metaboli§habitaet al, 2008a) Form Il
RubisCO has been found in a group of eukaryotes and in various proteobacteria. Composed
of only large subunits it isaid to only be 30% similar in sequence to Form | large subunits.
The ability of Form Il RubisCO to discriminate @®om O, is less efficient than form |
RubisCO. It is frequently found that organisms often contain both Form | and Form Il
RubisCO. In soh cases Form Il RubisCO would be the less preferred means of acquiring
carbon, but would serve a role of allowing £ be employed as an electron acceptor
balancing the intracellular reductimxidation potential when organic carbon is oxidized

(Dubbs & Tabita, 1998)

Form 111 Form IV

Figure 7: Cartoon representative structures of different Forms of RubisC((Tabita, 1999)
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Form I, is the most abundant and most widely distributed of all the forms of Rulbi&h®a

et al, 2008a) The Form I largesubunit is encoded by either theL or thecbbL genes, with

the small subunit being encoded by theS orcbbS gene(Tabita, 1999) The distinction
betweenrbc andcbb is made on whether the genes of the operon are controlled by CbbR,
whose product controls transcription of ttig operons(Andrew et al, 2005; Dubb<t al,

2000). As such, all the genes carry the predbb to denote hie fact that they are CBB
pathway structural gengSabitaet al, 1992) RubisCO operons, which do not carry other
structural genes, such as cyanobacteria and plant operons, are ecr(tédbson & Tabita,

1997)

Form | Rubi sCO may be divided into two mai
categories. Broadg, redlike enzymes are found in napnr een al gaeiamd el |
proteobacteria, while the greéni ke enzymes are foundand byanao
Proteobacteria. In turn, these may be further divided into four subclasses which ardAermed

and IB, IC and ID, respective(pelesiet al, 2005; Tabita, 1999)

The Forml cbbL or rbcL gene has been used for phylogenetic analykaBersjo et al,

1998; Selesket al, 2005; Sinigalliancet al, 2003) Use of these genes as probes could
potentially facilitate understanding of the key role played by microorganisms in the global
and regional carbon ecology, as they are involved in nearly all processes in thecyatbon
(Selesiet al, 2005) Moreover, the role played by soil microorganisms in ¢khelogy of
carbon remains poorly understood, more so, within the context of the Arctic and Antarctic,

which are the epicenters of oO0gl obal war mingo
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1.4.3Diversity of potential CO, fixing bacteria in soll

Previous studies have reported an abundance offiRi@g bacteria in soil(Clegg, B93;
Selesiet al, 2005; Sinigalliancet al, 2003; Tolli & King, 2005; Xu & Tabita, 1996jom a

wide array of habitats. These studies have been principally based on the RubisCO large
subunit generbclL/cbbL) and deduced amino acid sequences which are ideally suited as

phylogenetic markers).

Soil is an important reseow for the terrestrial carbon cycle and act as a source or sink for
carbon compounds such as £&4d CH (Selesiet al, 2005) Soils with their associated uses

such as agriculture, are signi(&mitceaah,00ontri b
Since microorganisms are responsible for the majorityaddan fixation in soils, it would be

beneficial to fully understand the diversity of £€ixing bacteria in these habitats.

1.5 Nitrogen Fixation

The nitrogen cycle is another importanbdpeochemical cycle (Figu&®. Biological nitrogen
fixation (BNF) is a major biogeochemical process resulting in the catalysis of atmospheric
nitrogen into ammonium (equation below). The resultant ammonium is biologically available
and forms the structural basis of proteins, nucleic acids, and many other biomolecules

(Seefeldtet al, 2009)

N, +8[H] + 16 ATP ——» 2Nk H,+ 16ADP + 16 P

A minority of N, required for human use is provided through the industrial HBbsch

process, with the majority of Mixation resulting from fixation by microorganisniSeefeldt
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et al, 2009) The total amount of biologically fixeditrogen exceeds 2 X 1bg/year

(Falkowski, 1997)

The equilibrium resulting from Nfixation and the reverse process of denitrification, can
determine the et biologically available N for the biosphefZehr et al, 2003) In such a

way, N interacts with other biogeochemical cycles to control the N status of the ecosystem

nifH n

N
pinas 18 p B wioves SR
\ -1- ..-'""" RDJ"EI-,HDFE
No

m .{A
norB ) _
\ mirs, mirk
nara, napA
? Hljj
amad,

(Zehret al, 2003)

Figure 8: Nitrogen cycling and genes involved in biogeochemical N cycling. ThéH gene represents the

rate limiting step in the nitrogen cycle
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Fixation of atmospheric nitrogen is carried out by a limited, phylogenetically diverse group of
proteobacteria, green sulphur bacteria, firmicutes, spirochaetes, archaea and cyanobacteria

(Zhanget al, 2008)

1.5.1 Diazotrophs

Diazotrophs are defined as bacteria capable of fixing atmospheric nitfil@gstyate, 1998)
Diazotrophs are not limited to a specific bacterial taxonomic group, and within a single
genus, both Nixation and norN-fixing species may occufPostgate, 1998)In natural
ecosystems biological nitrogen fixation (BNF) by fiaeng, associated, and symbiotic
diazotrophs is the most important source of nitrodggermanFranket al, 2003; Russelle &

Birr, 2004)

Diazotrophs from various groups have been cultured, though growth conditions places some
constraints on the usefulness of cultdeppendent methods tagly and accurately evaluate
diversity (Postgate, 1998)t is also likely thatcertain diazotrophs are unculturable; making
culture independent approaches a more attractive option to assess d{Jersiipset al,

2004; Stewarabt al, 2004) In order to assess the diversity of diazotrophic microorganisms,

dinitrogen fixation genes have previously been used as functional mgtkaret al,, 2003)

All dinitrogen reductase genedfH, vnfH and anfH are highly conserved in structure. The

nifH gene has predominantly been the focus of cuihdependent approaches to assess

diazotroph diversityZehret al, 1997; Zehr & Wed, 2002)
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1.5.2 Nitrogerase

Nitrogenase is the primary enzyme responsible for diazotrophy (Postgate, 1998). The
heterotetramer metalloprotein dinitrogenaskb, and the homodimer metalloprotein
dinitrogenase reductase are the two proteins which form nitrogenase. The dinitragen
(Mo-Fe protein) catalyses the reduction of End the dinitrogenase reductase (Fe protein)
donates electrons of very low redox potential to dinitrogerfaague & Forchhammar,

2008) The homodimer (Fprotein)is composed of a single /& cluster bound between
identical subunits which are approximately- 3® kDa (BermanFrank et al, 2003) The
heterotetramer (Md-e- protein) is approximately 25 kDa and contains a P cluster and the M
centre (FeMo caenter) (BermanFrank et al, 2003) The secal | ed 6convent
nitrogenases contain Mo in the-Becentre bridging the subunits. The metal is replaced by V
(vanadium)ynfH) i n oOal ternativeénfHhitnogbra®$eecand

nitrogenasegéThiel, 1993; Zehet al, 2003)

The conserved nature affH provides a convenient basis for developing probes in order to
study nitrogen fixation genes in diverse organig@shr et al, 2003) Sequencing data
suggest that broad taxonomic groups including closely related species can potentially be
distinguished by comparison affH DNA and deduced amino acsequencegKirshtein et

al., 1991; Zehr & McReynolds, 1989)

An assumption is made that the presenceibimplies N fixing capability, because the
multiple genes involved in regulation and assembly occupy a large region of the genome
(Zehret al, 2003) As previously observed, nitrogenase gene expresstughsy regulated

from transcription to post translational protein modification. Transcription ohifi#DK
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operon is an appropriate marker fog-iking conditions because it is not constitutively

expressed and is regulated in response to factorsah@bcN, fixation (Zehret al, 2003)

1.5.2.1 Dinitrogenase and Dinitrogenase Reductase

Nitrogenase consists of two multi subunit proteins: dinitrogenase reductase, encoded by the
nifH gene, and dinitrogenase, encoded bynifid andnifK genes. Studies on the diversity of
nifH-containing plankton in the open ocean have revealed a diverse suite of potential
diazotrophs, including cyanobacteria and proteobacteria, as welifthssequence from
anaerobic bacteri@Churchet al, 2005) Dinitrogenaseeductase is encoded by thiéH gene

and dinitrogenase by tméfD ( U) nifiKilbd) g(Reewetsal, 2005; Zehet al, 1997)

1.5.3Major nifH gene clusters

Nitrogenase genes are clustered into four major groups, designatagsts <GV (Table 2)

(Chien & Zinder, 1996)

Table 2: Composition of major nitrogenase gene cluster&ehr et al, 2003)

Cluster Composition

I 6conventi onalnifHaMsomemdht ai ni ng

Il 6second a |l t-Mor namV icenwiding anfHnincluding

nitrogenases from certain Archaea.

1] nifH sequences from a diverse group of distantly related

anaerobes such as clostridia

\Y divergent loosely coherent group wif-like sequences dm Archaeg

and distantly related chlorophyllide reductase genes
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Most microorganisms, capable of diazotrophy, have multiple copies of the nitrogenase genes
or homologues of nitrogenase genes (Cluster 1V). For ins@lsgridium pasteurianurhas
previousy been shown to haverafH gene family sequences in Cluster Il and(Wanget

al., 1988) With some cyanobacteria also having multiple copies of nitrogenase, including a
vnfH as well as a second distingifH (Thiel, 1993) In spite of these exceptions, thiéH

gene remains the best functional marker for nitrogen fixation.

1.5.4 Diversity of potential nitrogen fixing microorganisms

Although a number of studies have been based on cultivation of diazotrophs, the majority of
nifH sequences deposited in databases are from uncultured orgéfisroretet al, 1991,

Zehret al, 2001; Zhangpt al, 2008)

nifH sequences which have been obtained frometmaronment have been remarkably
similar (> 94% identical at the amino acid lev@lehret al, 2003) In 1997, it was noted that
cyanobacterialnifH genes form cluster¢Zehr et al, 1997) Trees which have been
constructed fonifH and 16S rRNA genes based on the same lineages represented by both
genes have generated highly consistent t{&eér et al, 2003) This indicates a strong
evolutionary congruency between both genes, and therefore suggests thfd tiene may

be validly used as a phylogenetic marker.

In the Antarctic the microbial composition artestrial ecosystems has been the subject of
intensive recent stud{Babalolaet al, 2009; Rochellest al, 2009; Zeglinet al, 2009)
However, little is known about the functional interactions among organisms and the
environment(Nakatsubo & tho, 1986) especially in the context of carbon and nitrogen

fixation.
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1.6 Aims and Objectives

In understanding the complexity of the carbon and nitrogen cycles it is important to
appreciate the close interplay iartestrial systems (Figure).9For instance, nitrogen has
previously been reported to be a potentially limiting factor in carbon assimi{&adkowski,

1997; Nakatsubo & Ino, 1986)

Antarctica is uniquely suited for investigating the close matetip between these cycles (C

and N). The relative simplicity offered by its various biotopes, and the ability of
microorganisms to respond speedily to environmental changes, enable probing of these
relationshipgMelody et al, 2001) It is predicted that climate change may lead to an increase

in the colonization of new species to Antarct{Convey, 1996) This is expected to lead to
increased diversity, biomass, trophtmomplexity and habitat structureThe ensuing
competition may possibly result in a los$ current Antarctic species and communities

(Barrettet al, 2008; Convey, 1996)

This study present ss hoftodr otvheernahbdle genesniH iskdeey, aa
cbhbL) implicated in C and N cycling processes. Through the use of cuttdependent
techniques, community compositions are probed usingitheandcbbL genes as functional

markers.
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Figure 9: Feedback pathways Interaction between C and N cycle. There is a close relationship between
mineral nitrogen and atmospheric CO2 fixation through the action of plants. In Antarctic environments

microorganisms are expected to fulfill the role normally takerby plants (Thornton et al, 2009)

1.6.1 Aims

To investigatehe diversity of key anabolic genes in Antarctic hypolithic communities

1.6.2 Objectives

1 To obtain a snapshot of the total bacterial diversity through 16S reg&@DGGE

analysis.

To determine the diversity and expressiomiH genes in a hypolithic commity
(nitrogen fixation).

To determine the diversitgbbL (both redlike and greedike) genes in a hypolithic

community (carbon fixation).
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Chapter 2: Materials and Methods

This chapter details experimental protocols/reagents used during the coursestoidghisAll
reagents used were of the highest molecular biology grade and were purchased from vendors
employing standard 1ISO protocols to ensure quality confippéndix ). Unless otherwise

indicated all reagents were purchased from Sigma.

2.1 Generalprocedures for the preparation of reagents and glassware for
RNA work

All water or salt solutions (not containing Tris) used in RNA preparation were treated with
diethylpyrocarbonate (DEPC). 1ml of DEPC was added to each litre of solution to be treated.
Glassware was baked at 2@0for 5 hours to inactivate Nase. All media, buffers, and

glassware were sterilized by autoclaving at 42for 15 minutes.

2.2 Media

The following media were used;

i) Luria -Bertai agar (LB) ((Sambrook & Russell, 2001)values in g/L)

Yeast extract 10049
Tryptone 50¢9
NacCl 10.0g
Agar 1509

The pH was adjusted to 7 and before autoclaving and the medasnsupplemented with

100 mg/ml of ampicillin and 100 mM Mgghéfter cooling to less than 55 °C.
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i) LB agar Medium (Luria -Bertani Media) ((Sambrook & Russell, 2001)

values in g/L)

Tryptone 10.0g
Yeast extract 50¢g
NacCl 1009
Agar 15.04¢g

The pH was adjusted to 7 with 5 N NaOH, made up to 1L.

iii) SOB agar (LB) (Sambrook & Russell, 2001)values in g/L)

Tryptone 20.0¢g
Yeast extract 05¢
NacCl 0.50¢g
250 mM KClI 187¢g
Agar 1509

The pH was adjusted to 7 before autoclaving and the medium was supplemignt&d0

mg/ml of ampicillin and 100 mM MgCI2 after cooling to less than 55 °C.
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iv) SOC Media((Sambrook & Russell, 200L)values in g/L)

Tryptone 2009
Yeast extract 50¢g
NacCl 05¢g
250 mM KCI 10.0 ml

The pH was adjusted to 7 before autoclaving; the medium was cooled t§G- &l the
following filter sterilized and added aseptically, 5 ml of 2 M Mgé&id 20 ml of 1M glucose,;

the media was made up to 1L.

V) TGY Media ((Sambrook & Russell, 2001)values in g/L)

Tryptone 5009
Glucose 109
KoHPO, 109

The pH was adjusted bbefore autoclaving; the media was made up to 1L.

Vi) ATCC medium ((Sambrook & Russell, 2001)values in g/L)

KH,PO4 0.2¢9
KHPO, 0.8g
MgSO,. 7H,0 029
CaSQ.2H,0O 019
FeCk 2.0 mg
NaeM00O4.2H,0 Trace
Yeast extract 05¢
Sucrose 20.0¢g

The pH was adjusted bbefore autoclaving; the media was made up to 1L.
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2.3 Environmental Sample collection

Samples were collected in sterile plastic bags by Prof. Don Cowan from Antarctic
hypolithons during December to January of 2008/9. Samples meant for RNA extractions
were stored in RNA a t e Saifples were immediately placed on-he andstored at80°C

until further use.

2.4 DNA/RNA Extractions

2.4.1 Modified Miller Protocol

In order to extract DNA from hypolithic soils a protocol first described by Miller and
colleagueqMiller et al, 1999)was modified as follows. Aliquots of soil samples (0.5 g)
were thawed and mixed with 0.5 g of quartz sand in a 2 ml scapwSigma 2887). 300

el of sodium phosphate (100 mM, pH 8.0) and
8.0], 100 g/l SDS) were added, and the tube was inverted to mix. After the additionsof 300

of chloroform/isoamyl alcohol (24/1, v/v) the mixture wagtexed at maximum level for 2

min, and the cell debris was pelleted by centrifugation (15,000 x g, 5 min). To the supernatant
ammonium acetate (7M) was added to a final concentration of 2.5 M. The tube was
subsequently shaken by hand to mix, followedckwtrifugation (15,000 x g, 10 min). The
DNA was precipitated from the supernatant by addition of 0.6 volumes of isopropanol,
incubation at room temperature for 15 min. The DNA was pelleted by centrifugation (15,000
X g, 10 min) and washed with 1 ml of 708thanol. The DNA was then air dried and

di ssolved in 50 ¢l of T& (10 mM Tris, 1 mM E
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2.4.2 DNA extraction from bacterial cultures

Bacterial culture was grown over night in liquid media. Bacterial suspension was centrifuged
for 5 min at 4500 xg to pellet the bacteria. The pellet wassuspended in finl of extraction

buffer G0 mM NacCl, 50 mM TrisHCI, pH 7.6, 50 mM EDTA and 5% SDS [pH 8.0]) and
transferred to a 2 ml microcentrifuge tube containing@% g of glass beads (0.1 mm
diameter) andortexed for 2 min. 300 bf phenol and chloroform/isoamyl alcon@b:24:1,

v/v) were added before vortexing for a further 20 seconds. After centrifugation at 14,000 x g
for 3 min the upper agueous phase was transferred to a new 2 ml tubeeatrdd¢ed with

500¢ lof chloroform. DNA was precipitated with 0.1 volume of 3M sodium acetate solution
and 0.7 volumes of isopropanol. DNA was precipitated by centrifugation at 14,000 x g for 30
min at 16C. The supernatant was discarded by aspirating theojsapol. The pellet was
washed with 70% ethanol and the DNA waspedleted by centrifugation for 5 min. After
removing the ethanol the pellet was allowed to air dry at room temperature for 5 min and

eluted inTE (10 mM Tris, 1 mM EDTA, pH).

2.4.3 RNAextraction using MoBio Soil RNA kit

The protocol was followed as specified by manufacturer with minor modifications. To a 15
ml Bead Tube, 2 g of soil, 2.5 ml of Bead Solution and 0.25 ml of Solution SR1 was added
before vortexing the solution to mix. 80ml of Solution SR2 was added before vortexing for

a further 5 min at maximum speed. 3.5 ml of phenol: chloroform: isoamyl alcohol (25:24:1,
pH8.0) was then added before vortexing until the disappearance of the biphasic layer. The 15
ml Bead Tube was therortexed at maximum speed for a further 10 min. Centrifugation at
6000 x g for 10 min (at°€) was applied. The resulting supernatant was carefully transferred
to a new bead tube. 1,5 ml of Solution SR3 was added to the 15 ml Bead Tube containing

aqueus phase prior to vortexing at maximum speed. After incubating the Bead TUBe at 4
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for 10 min, the mixture was centrifuged at 6,000 x g for 10 min 9@}.4 The supernatant

was then transferred to a new 15 ml Bead Tube with 5 ml of Solution SR4 delieg) laefore
incubation at20°C for 30 minutes. Centrifugation at 6000 x g for 30 min was applied at
10°C. The supernatant was decanted and the 15 ml Bead Tube was inverted and placed on a
paper towel for 5 min. 1 ml of Solution SR5 was added beforgyl@plied to the provided

RNA Capture Column. The column was then washed with Solution SR5. Solution SR6 was
applied to the column and collected in a new tube. Eluted RNA was transferred to a 2.2 ml
collection tube and 1 ml of Solution SR4 was addedreedentrifuging the mix for 15 min at

13,000 x g at room temperature to pellet the RNA. The supernatant was decanted and the 2.2
ml collection tube was air dried. The RNA pellet was theugpended in 50 ml of Solution

SRY7.

2.4.4 Modified DNA/RNA protocol using CTAB lysis buffer

The protocol was modified by Katherine Koyne from one previously desc@biffith and
colleagues(Griffiths et al, 2000). Soil samples stored in RN&ter® were thawed, and
mixed well. 1 ml of soils was then added to 2 ml secey tube and centrifuged at 4000
rpm, 3 min at room temperature. The RBit&r® was removed before mixing soil with 1 ml

of DEPGtreated PBS. Centrifugation was performed as above before removing@PB8l

of CTAB Buffer (100 mM TrisHCI [pH8.0], 1.4 M NaCl 20 mM EDTA [pH8.0], 2 % [w/V]
CTAB, 1 % [w/v] polyvinylpyrollidone) was added to ioeld beads (0.5 g each of 0.1 mm
glass and 0.5 mm zirconia/silica) and 0.5 g of wet soil. The mixture wéexgd before
addi ng aner@ptoetbahol. Wortexing was done in 3 X 30 sec pulses. 0.8 ml of
chloroform:isoamylalcohol (24:1) was added before vortexing and rocking at room
temperature for 15 min. Centrifugation (15 mifiC¥% was applied at 15,00m before

transferring the supernatant to a new tube and adding 1 volume of chloroform: isoamyl
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alcohol (24:1) and vortexing well. The mixture was centrifuged again as previously
described, before adding 0.5 volume of NaCl and 1 volume isopropanol. [Tiiersevas
incubated at80°C overnight. Nucleic acids were pelleted by centrifugation (15,000 rpm for
15 min at 4C). The resulting pellet was washed with 70% ethanol, and dried on a paper

towel. Nucleic acids were resuspended in 20 ul of RNase fresr.wat

2.4.4 Purification using Polyvinylpolyprrrolodone (PVPP) minicolumns

PVPP spin mincolumns were assembled using a P20 tip (end of tip cut) placed inside a 0.6
ml PCR tube (with end and lid cut) enclosed in a 1.5 ml tube (lid detached). A solution of
50% PVPP in TE was deposited inside the filter tip with 50 pl DNA. Columns were

centrifuged for 20 min at 3.3 rpm, DNA was collected from the base of the tubes and the

process was repeated until a clear DNA solution was recovered (typically twice).

2.5 Bacterial Strains

Two Proteobacteris t r ai ns were sourced from the Unit et
Agricultural Research Service Culture Collectidkzotobacter vinelandi(B-14641) and

Azospirillum brasilens€B-14647) were grown as instructed.
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2.6 Polymerase Chain Reaction

PCR amplifications were performed in 0.2 ml #walled tubes using a thermocycler
equipped with a heated lid (e.g., PCR Sprint Temperature Cycling System, THghaial,
Ashford, GB). A standard 50 pl reaction contained RGR buffer (10 X being 200M Tris

pH 8.8, 100mM KCI, 100mM (NH4),SOs, 20mM MgSQs, 1% (w/v) Triton X-100), 0.2mM

each of dATP, dCTP, dGTP and dTTP, QM of each primer, an appropriate amounfaf

DNA polymerase, and 25y of metagenomic DNA as temage. For DNA amplifications

from whole cells, small amounts of freshly grown colonies were transferred to the reaction
tubes using a 10 pl pipette. The primers used as well as the cycling conditions applied are

given in Table3.
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Table 3: Primer combinations, cycling conditions and specificity of primers used in this study.

Primer Set Sequence (5'to 3) Amplification Cycle Specificity Reference
341FGC CCTACGGGAGGCAGCAG 94°C/4 min Most bacteria (Muyzeret al, 1993)
534R ATTACCGCGGCTGCTGG 20x (94°C/45 s 65°C /45 s - 72°C/60s) #

o ifH Polyet al, 2001
PolF TGC GAY CCS AAR GCB GAC TC 98°C/30 sec nitH gene (Polyeta )
PolR ATS GCC ATC ATY TCR CCG GA 30x (98°C/10 s 67°C/15 s 72°C/45s)*
CbbLRF AAG GAY GAC GAG AAC ATC 94°C/4 min cbhL gene "red like" form
cbbLRR TCG GTC GGS GTG TAG TTG AA 30x (94°C/45 s 60°C/45 s 72°C/60s)# (Selesiet al, 2005)
cbbLGF GGC AAC GTG TTC GGS TTC AA 94°C/4 min (Selesiet al, 2005)

o o o cbbL gene "greedike" form

cbbLGR TTG ATC TCT TTC CAC GTT TCC 20x (94°C/45 s 65°C /45 s- 72°C/60s)# 9 9
M13 For CCCAGTCACGACGTTGTAAAACG 94°C/10 min Cloning vector pGEI\(?fT Easy
M13 Rev AGCGGATAACAATTTCACACAGG 35x (94°C/30 § 64°C/30 s 72°C/[var]) #

pJET1.2 forward

pJET1.2 reverse

CGACTCACTATAGGGAGAGCGGC

AAGAACATCGATTTTCCATGGCAG

94°C/10 min

35x (94°C/30 § 64°C/30 s 72°C/[var]) #

Clone Jet PCR Cloning Kit

pJET Cloning Kit

* PhusionTaqpolymerase used # IMBM labaq
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2.7 Analytical procedures

Spectrophotometry and agarose gel electrophoresis were used to quantify and verify both
DNA and RNA in this study. Reference DNA fragments were developed from PCR
amplification of either known 16S rRNA genes or from the digestion of DNA Rath

restricton enzyme. In some cases commercial markers from Fermentas were used.

2.7.1 Agarose gel electrophoresis

Nucleic acid fragments were separated by agarose gel electrophoresis. Total genomic
DNA fragments and PCR amplicons were separated in 2%%6 agarosegels, prepared

in 0.5 X TAE buffer(Sambrook & Russell, 2001t hi di um br omi de ( O.
added to the agarose gels during preparaboriife staining and visualization. Samples
were prepared by mixing with 6x concentrated loading buffer (20% (v/v) glycerol and 5
mg/ml bromophenol). Electrophoresis was performed in 0.5x TAE buffer at 100 V. DNA
bands were sized according to their migmatio the gel as compared to DNA molecular
weight markers (e.g., DNA cut witRstl restriction enzyme). Gels were visualized via
ultraviolet (UV) light illumination and photographed with a digital imaging system

(Alphalmager 2000, Alpha Innotech, San LeandtA).

2.7.2 Fluorometry (QubiteE)

The fluorometer was used to measure the concentration of obtained DNA/RNA
extractions following the protocol as outlined by the manufacturer. All reagents to be

used were incubated at room temperature before use. r&repaof assay tubes was
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carried out as indicated in Tabfe A Quanti TE Wor king Solution wa:
dilutingtheQuanti TE reagent -ATEOPufheQuan20Oul of Wo

was setup for each sample and standard.

Table 4: Preparation of assay tubes was carried out as follows

Standard User Sample

Volume of  Working
190 pl 180-199 pl
Solution

Volume of Standard to add 10 pl -

Volume of DNA to add - 1-20 pl

Total Volume in each Assa
200 pl 200 pl
tube

All tubes were vortexed for-2 sec and incubated at room temperature for 2 min. The

tubes were then read in a QubitE fluorometer

2.7.3 Spectrophotometry

The DNA/RNA concentrations (calculated as OD260 nm xn§0¢ | ) and purity
OD260 nm/0OD280 nm) were measured using the NanoDrop®-10D0 U\-Vis
Spectrophotometer (NanoDrop Technologies, USA). The solvent used for DNA elution

was the reference sample for the determination of the DNA spaltttometric

parameters.
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2.8 Gel Extraction andPurification

PCR fragments were separated on TAE agarose gels by electrophoresis in 0.8% as
described above (secti@b5.1).Using a sterile scalpel, bands were excised from the gel
and placed in 1.5 ml tubes. Gel extraction and purification was perfamddtailed by

the manufacturer.

2.9 Denaturing Gradient Gel Electrophoresis (DGGE)

DGGE plates were cleaned thoroughly with methanol then twice with ethanol to remove

al |l traces of gr ease -DGGEprodectsdapmoximdielyypQ0 2 0 ¢ |
ng DNA) were separated by DGGE as described by MugndicolleguegMuyzeret al,

1993) Ureaformamide (Fluka) gel denaturing gradients were developed using the Bio

Rad Gradientormer (Bio-Rad, Hercules, USA). 0.5% (w/v) APS and 0.02% (v/v)

TEMED were added to the acrylamide: bisacrylamide (37.5:1(w/w)) solutions, as
catalsts for gel polymerization prior to gradient development. Universal bacterial DNA

was separated on 3% ureaformamide gradients (A 100% uréamamide solution

contains 7M urea and 40% (v/v) formamide). DGGE was performed using tkiealio
Electrophorsis apparatus on 16.5mm x 16.5mm x 1mm thick 9% (w/v) polyacrylamide

gels, at 100V for and 60 °C for 16 h in 1 X TAE buffer). After electrophoresis, the gels
were stained using 0.5¢qg/ ml ethidium bromi d:
X TAE for 30 min before visualizing and capturing the image using the Alphaimager

3400 Imaging System UV transilluminator (Alphalnnotech CorporationTM San Leandro,

CA).
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2.10 Construction of Clone libraries

2.10.1 Preparation ofEscherichia coli(E. coli) competent cel

Electrocompetent GeneHodgy coli cells were prepared by inoculating a single freshly
streaked colony in 20 ml SOB media and cultured overnight®t &ith agitation at 250
rom. 2 ml of the overnight culture was inoculated into a 250 ml sterile flasicelis
were grown at 3TC with shaking (250 rpm) for 354 h to an Olgyonmof 0.6. Cells were
kept on ice and harvested by centrifugation at 4000g for 10 mifiCatThe cells were
then resuspend in a volume of igmld sterile water equal to the angl culture volume,

and then harvested as before. The supernatant was discarded and the cells were re
suspended in iceold sterile 10% glycerol and then centrifuged for 15 min at 4000g.
After decanting the supernatant, cells wersuspended in iceold sterile 15% glycerol,

2% sorbitol using a volume of 2ml per L initial culture. Cells were harvested by
centrifugation at 4000g for 10 min alGand then resuspended in a volume of iceld
sterile 15% glycerol, 2% sorbitol equal to that of the cellepebOul volumes of cells
were then aliquoted into clean 0.5ml eppendorf tubes. Ethar@l’& was used to snap

freeze the cells. Cells were storedsd’C.
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2.10.2Ligation of PCR products

Ligation reactions were performed using the following kits;

() PromegapGEMTE Easy

Ligations were carried outusingQEM T Easy according to manuf a
Ligations were carried out in 10 pl volumes. To each tube 5 pl of Rapid ligation buffer

was mixed with 1 ul of pPGEMT E Easy Vv e c txperiment tufed ploBPCR e

product was added to the reaction mixture with 1 pl of ligase being added.

(if) Clone Jet PCR Cloning

Forbluntend PCR products generated from proofre:
Tag), ligation was performed using Clone B&R Cloning Kit. A ligation was set up as

per manufacturerdés instructions. Ligations
PCR products were used in a 3:1 ration with pJET 1.2 blunt cloeicigprs(50 ng/ul).A

lethal gene, incorporated intbet pJET vector, is disrupted by ligation of a DNA insert

into the cloning site. As a result, only cells with recombinant plasmids can propagate

thereby eliminating the need for blue/white selection.

2.10.3 Transformation of competen€. coli Gene Hogg stain

The electrecompetent Gen Hogg.coli cells were transformed with purified DNA. An
Eppendor f tube containing 50 ¢l 0-80°Cel ectr oc¢
storage and allowed to thaw on ice. 2¢l 0

added to the thawed cells and gently mixed. The mixture was incubated on ice for ~ 1
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min then pipetted into a piehilled 0.1 cm sterile electroporation cuvette (Biad).

El ectroporation was performed under the foll
the BioRad Gene Pulser machine. Immediately following electroporation, 1 ml SOB

broth was added to the cuvette, the cells transferred to a 15 ml Falcon tube and incubated

at 37AC for 1 h with agitati oergar flak®d ¢ | of
suppe ment ed with ampicillin (10®aleg(/30 )gg/lnPlT)C
Recombinant transformants were selected by blue/white colour selection based on

insertional inactivation of thiacZ gene for transformations done uspi@EM T-EasyE .

2.11Screening of clone libraries

2.11.1 Colony PCR

Blue colonies were picked from overnight culture plates using sterile toothpicks and
swirled in 50 ul TE buffer. 2 ul was directly used as a template for PCR. PCR reaction
consisted of 5 pl of 10X buffer, 4 @f 25 mM MgC}, 5 ul of 5um of each primer either

M13 orpJET (Tabl®) , 5 Ol of 1 mMagbdlymBrése ((MBMI latFagOl o f
and 2 pl of the resuspended colony in a final volume of 50 ul. Amplification was in an
automated thermal cycler (Thermoylbhid system) with the cycling parameters
performed specific for each primer combination as detailed in Baflke products were
separated by agarose gel electrophoresis (section 2.5.1) and cleaned using the method

described in section 2.6 before sequiegc
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2.11.2 Plasmid DNA extraction

Pl asmid extraction was perfor med using the
manufacturer6s instruction with minor modi f
added to 1.5 ml microcentrifuge tubes. 100 ul of [A)sis Buffer was added and mixed

by inverting the tube 5 times. 350 pl of cold neutralization buffer was added and mixed
thoroughly within 2 min. Centrifugation was applied at 13,000 x g for 4 minutes before
transferring supernatant to the Zy8ag i n Eoluimn. The column was placed in the

Collection Tube and centrifuged for 20 seconds. 200 ul of &&dsh Buffer was added

to the column and centrifuged for 20 sec.
added to the column and centrifuged for 30 sece ddlumn was transferred to a clean

1.5 ml microcentrifuge tube with 25 Ol of Zy
the column matrix. A final centrifugation for 20 sec at 11,000 X g followed to elute

plasmid DNA.

2.11.3 Restriction Fragment Lengh Polymorphism (RFLP)

2.11.3.1 Analysis of RFLP patterns

RFLP analysis of PCR amplicons was done i n
of DNA, 1 U of restriction endonuclease (Fermentas) and theppate 10x buffer. The
reactions were incubatealernight at 37°C, then the restrictiorgéests were separated
using agarose gel electrophoresis (2.5% gels). The appropriateti@steiczymes were

selected using WatCut, an-tine tool available orttp://watcut.uwaterloo.ca/
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2.12 Sequencing and Sequence analysis

2.12.1 Sequencing reactions

Sequencing of plasmid DNA was carried out at the University of Stellenbosch.
Sequencing reactions were performed using either M13F or pJETF oligonucleotide
primers, forpGEM T Eas¥ or pJET vector respectively. Sequencing was conducted
using the Hitachi 3730xI DNA Analyzer (Applied Biosystems) using the Big Dye

Terminator v3.1 system that is based on the Sanger method.

2.12.2 Sequence Analysis and Construction of phylegetic trees

Chroma$ was used for editing sequences. Edited sequences were aligned usijtBio
with MEGA 4(Tamura et al., 200eing used to construct phylogenetic trees. The trees
were constructed based on the MaximG@omposite Likelihood method and substitution
model using Neighboudoining. The test of phylogeny was used based on 1000
bootstraps of replication and a puairse deletion of gaps. Substitutions included
transitions and transversions, with the pattenmorg lineages being assumed to be
homogeneougFelsenstein, 1985; Saitou N & Nei M, 1987; Tamataal, 2007) The
amplified DNA sequences were identified through homology searches using BLAST

against the NCBI nonedundant database.

40



Chapter 3: Diazotrophic diversity and expression

In an Antarctic hypolithon

3.1 Introduction

Soi l mi croorgani sms probably represent t he
diversity, and play an important role in nutrient biogeochemical cy¢keggeauet al,

2007a) In the Antarctic, environmental conditions impose extreme pressures for the
proliferation of diverse microbial communiti€8Vynn-Williams, 1989) It is not well

known how these conditions affect microbial communities and, in particular, nutrient

cycling which is primarily driven bguch communities in Antarctica.

Nitrogen cycling in terrestrial ecosystems is an important biogeochemical cycle but
remains poorly understood in most extreme environments. However, available evidence
suggests that nitrogen is the main growth limitingtda in both high altitude and high
latitude ecosystem@lataloniet al, 2000; Shaw & John, 2001Jhis implies that small
changes in the nitrogen cycle, as predicted in climate change models, may result in
disproportionately large shifts in the dynamics of the ecosys{Barmardet al, 2006)
However, no study focusing on specific microbial communities implicated in nitrogen

fixation exists.

Nitrogen fixation isthe rate limiting step in the nitrogen cycle. Terrestrial diazotrophs are
the main input source of nitrogen in primgmsoducing ecosysten{®oly et al, 2001) In
oligotrophic Antarctic biotopes, hypoliths are expected to be a significant source of

nitrogen.
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All organisms capable of nitrogen fixation carry thtH gene and it ishus considered to
be an appropriate proxy for investigating organisms potentially capable of nitrogen

fixation (Wanget al, 1988; Zehet al, 2001; Zhanget al, 2008)

Recent studies focused on diazotrophic diversity in terrestrial systems have employed
cultureindependent approaches. These approaches present a more inclusive depiction of
the diazotrophic communitfPoly et al, 2001) Techniques such as R&loning(Zehret

al., 2001) PCRdenaturing gradient gel electrophoresis (DG@E)elhoet al, 2009)or
PCRrestriction fragment length polymorphism (RFLPply et al, 2000)have all been
employed to show the diversity of soil diazotrophs potentially capable of nitrogen

fixation in various environments.

In this study, a culturendependent approach was used tterapt to elucidate the
diversity and gene expression of microorganisms potentially capable of nitrogen fixation
in a hypolithic community. This is the first such study conducted in hyperarid Antarctic
hypolithic communities. The structure of hypolithi@gotrophs was investigated through
PCRRFLP and sequencing was employed to establish the phylogenetic identity of these

organisms.
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3.2 DNA and RNA Extraction

In order to investigate the diversity and expression of functional genes in soil it is
importart to extract both DNA and RNA. Extraction protocols require optimization when
applied to different soil typeBurgmannet al, 2003; Milleret al, 1999) This becomes
increasingly important when attempting to obtain high quality DNA and intact RNA.
Recovery of high yield DNA and RNA is crucial in order to ensure adequate accuracy in
the representation of diversitMliller et al, 1999) Protocols which incorporate bead
beating (physical lysis) are assumed to introduce less as compared bias ag@¢dmpar
chemical lysis methods since high concentrations of nucleic acids are recgueneet

al., 2006) The nucleic acid extraction protocols used in this chapter all include bead
beating coupled with chemical cell lysis. Samples from hypolithic soil;tramslucent
rock, and open soil were used. Names and descriptions oflesamape attached

(Appendix 3.

3.2.1 Simultaneous Extraction using CTAB lysis buffer

Soil previously stored iRNAlater®solution was used. High molecular weight DNA and
RNA was obtained using the protocol described in Chapter 2. However, the amount of
RNA recovered was veipw (Figure10) using 1g of soil. The initial amount of soil used

for extraction was increased in an attempt to improve the final yield of RNA. However,
these trials produced degraded DNA which was deemed to be unsuitable for downstream

metagenomic analis(Figurell, using 3g of soil).
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DNA

23S

1000 bp 16S

Figure 10: Simultaneous extractions of DNA and RNA from hypolith samples(Miers Valley
Hypolith ; (MVH)). Lane 1: RNA Marker (Fermentas) Lane 2: MVH 3A, Lane 3: MVH4A. 23S and

16S rRNA genebands are only faintly visible. Electrophoresis on 1% agarose gel); Lane 4: Blank

3109bp
2008bp
1596bp

1298bp
968bp

854bp
648bp

23 S TRNA
16 S rRNA

Figure 11: Simultaneous DNA/RNA extraction samplesLane 1: Marker (IMBM marker), Lane 3:
MVH 3A, Lane 5: MVH 4A, Lane 7: MVH 11A, Lane 9: MVH 12A (1% agarose gel electrophoresis).

Lanes 2, 4, 6, and 8: Blank.
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3.2.3 MoBio Soil RNA kit

While the MoBio RNA kit resulted in good vyields of total RNA, DNA was alse co
extracted using this kit (Figuré2). The quality of RNA extracted was suitable for
downstrean applications since both the 23S rRi§éneand 16S rRNAgenebands were
intact. In an extraction giving good quality yield, there is an approximate 2:1 ratio
between the 23S rRNA band and the 16S rRNA band (as indicated by UV excitation on
electrophoresjsbased on visual inspection). There is evidence of degraded total RNA on
the gel, although this is to be expected since soil contains both-liaimg dead

organisms (Personal communication Katharine Coyne, University of Delaware).

DNA

23S
16S

1517bp

Figure 12: Electrophoresis of RNA extracted using the MoBio kitLane 1; 100 bp Marker
(Fermentas). Lane 3: MVH 11A. Both 23S and 16S bands are clearly visible. Degraded RNA is visible

at the bottom of the gel.
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3.3 Expression ohifH genes

3.3.1DNase treatment of simultaneous extractions

In order to obtain a profile of microorganisms actively expressingithegene, mRNA

free from contaminating DNA is required. Digestion with DNase | was carried out as
described in Chapter 2 (Figut&). Howeve, the control 16S rRNA gene PCR (using the
E9F and U1510R primer combination) designed to test for the presence of contaminating
DNA was positive. Three successive DNase | treatments were carried out, but
amplification was consistently observed in thetomiireactions which were carried out at
different concentrations of the DNastreated sample (Figure)LANo amplification was

observed in the negative control (no template).

11501bp
5077bp

4749bp
4507bp
2838bp

2556bp

2443bp 23S rRNA
2140bp

1988bp 16S rRNA

1700bp
1159bp
1093bp

Figure 13: 4 DNAse treatment of Simultaneous extrats (DNA and RNA).

Arrows indicate position of 23S rRNAgeneand 16S rRNAgeneb a n d s . Lane 1: o Pst Mar Kk
2: left blank; Lane 3: DNA/RNA after 1 DNase | treatment, Lane 4: Lane 4 DNA/RNA after 3

treatments with DNase | (Electrophoresis on 1.5% agas®e gel).
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During each successive DNAse treatment, large quantities of RNA as determined by
guantification using €bit fluorometry analysis (data not shown) were lost and only small

amounts of RNA were visible on the gel electrophoresis (FitBre

<—— ~1500 bp

Figure 14: 16S rRNA genePCR amplification from DNAse treatedtotal nucleic acidextracts
indicating amplification at various concentrations.Lane 1: Marker (IMBM Marker), Lane 2 to Lane
6: different concentrations of template RNA(ranging from 10 ng/ul to 50 ng/ul). Amplification was
most efficient with 30 ng/ul of template. Lane 7: Negative control (No template) (1% agarose gel

electrophoresis).

RNA was not visible on the gel after the third DNase treatment suggesting that the
residual level of RNA was below the UVethidium bromide detection limit

(approximately less than 1ng/ul). The quantity of total RNA remaining was too low for
successful RIPCR amplification, and a decision was taken not to continue with attempts

to obtainnifH gene expression profiles.
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In order to investigate nitrogen cycling gene expression high quality total RNA is

required. Previous studiesere alsounsuccessfuin obtainng DNA-free RNA from

oligotrophic hyperarid soils of the Dry Valleys (Personanomunication Don Cowan,

University of the Western Cape). The low environmental temperatures and low biomass

may be barriers leading to low RNA levels. The methods used in this study require
optimization for these soils. Moreover, the ability to obtain-degraded RNA was

hampered by storage of soil samples for prolonged period80%E. Any attempt to
recover wusable RNA would require fAfreshly s
may have been compromised by the large salt pellets which wengtreatedwith the

RNA. The salts are possibly from the RM#£er® solution. In future, samples intended

for RNA analysis should be stored in preser:’
designed specifically for soil RNA preservation. Moreover, extractions Idhoel

attempted in the minimum prescribed period.

3.4 Diversity ofnifH genes

3.4.1 RNase treatment of simultaneous extractions

Simultaneous DNA/RNA extracts were subjected to RNAse treatment before
downstream metagenomic analysis was carried out. DB& from contaminating RNA
was obtained and used for further analysis (Fidi)e The DNA extracted was of good
quality and high molecular weight, approximately 11501bp. No evidence of RNA
contamination was visible on the gel, nor was it detected byofthetry (data not

shown).
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11501bp

Figure 15: RNAse treatment of DNA/RNA extracts to remove RNA

L a n e -P&t Marker, Lane 2: MVH 11A, Lane 3: MVH 12A (1% agarose gel).

3.4.2 PCRamplification of the 16S rRNA genewith DGGE primers

PCRwas carried out as described in Chapter 2, section 2.6. 16S rRNA gene PCR, using the
universal bacterial DGGE primers 341F@Ad 534Rwvas successful for hypolithic samples,
yielding an approximate 200 bp PCR product (FiglBe Amplification products werghen

analysed using DGGE (section 3.4.3).
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Figure 16: PCR amplification of bacterial 16S rRNA geneusing primers 341 FGC and 534R on 1%
agarose gelLane 1: Biolabs 1kb Marker, Lane 2: Blank; Lane 3:E. coli Positive Control, Lane 4-6:

Various hypolith soil samples. Lane 7: Negative control

3.4.3 DGGE

DGGE analysis was used to obtain an overview of the bacterial diversity in hgpglith
open soil and notranslucent rock subsoil samplé-igure 17). It was seen that all
sampes contained significant bacterial diversity (with each band representing at least one
microorganism). Many of the observed phylotypes were common to every sample. Open
soil and norranslucent rock community soil were observed to lack certain phylotypes
(shown in red arrows) which were dominant across all amplified hypolithic communities.
Amplification of E. coli (from Taqg polymerase) was observed in all samples. This is due

to use of nativelTaq polymerase (IMBM Labrag). The corresponding sequenced band
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