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ABSTRACT

Lake Magadi is the southernmost lake in the Kenya\Rilley, lying in a catchment
of faulted volcanic rocks, north east of Lake Eyasike Magadi is a saline, alkaline
lake, approximately 100 square kilometers in stz ties in a graben. Soda lakes
harbor diverse groups of microorganisms that haxeldped mechanisms to thrive at
different temperature ranges according to theiinogdt growth requirements. The
objectives of this study were to isolate, charaot¢eand identify fungi from Lake
Magadi, a soda Lake of the Kenyan Rift Valley ahdnt screen the isolates for the
production of useful metabolites. Samples fromléke were isolated on malt extract
agar, potato dextrose agar and Sabourand dextgasensedia at pH 10, 3C. Thirty
isolates were isolated, characterized using cujtuséochemical and molecular
approaches, and screened for production of extre@ekenzymes as well as potential
for production of bioactive metabolites. The fumgew at pH ranging from 5 — 10,
temperature range of 25 — 35 and sodium chloride range of 5- 30 %.

All the thirty isolates produced different extrdokdr enzymes such as amylases,
lipases, proteases and esterases. Antimicrobiaysstone to determine the isolates
range ofin vitro activity against test organism§taphylococcus aureufNCTC
10788), Escherichia coli(NCTC 10418),Pseudomonas aerugino$ATCC 27853),
Bacillus subtilis (ATCC 55732), and fungi;Candida albicans(ATCC 90028)
exhibited a range of inhibitory effects. Isolate 18Iproduced coloured pigments into

the media.
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Analysis of partial sequences using Blast showatl about 60% of the isolates were
affiliated to microorganisms belonging to the geResmicillium and Aspergillus.7%
and 10% belonged to the genBslyzellusand Fusarium respectively while 7%
affiliated to the genubleurosporaand 16% clustered closely with uncultured fungus
The DNA sequences of LM3 showed identity of 95 #ilsirity with the previously
known sequences in the GenBank database. Thes# repskbsent a novel species of
organisms within the lake’'s ecosystem. Isolates EMdhd LM17 showed DNA
sequence identity of 89 % and 82% respectively@ndd represent novel genera of

organisms.
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CHAPTER ONE

1.0INTRODUCTION

1.1 Background information

Researchers all over the world are spending mubbulaand time searching for
microorganisms with new abilities. Consideratiomo€roorganisms which grow well
in alkaline media, alkaliphilic microorganisms, hastiated a new aspect of
microbiology. The microorganisms are widely distitdd on the earth and they were
found to produce new products (Horikoshi, 1991)ir&xe alkaline environments
include naturally occurring soda lakes, desertds smd artificial industrial-derived
waters. Lake Magadi in Kenya and the Wadi Natrukgypt, are probably the most
stable highly alkaline environments on Earth, watltonsistent pH of 10.5 to 12.0
depending on the site (Mesbat al, 2007). In these habitats, environmental
conditions such as pH, temperature and salinitceotrations are extremely high or
low (Horikoshi, 1991). The soda lake environmente a&haracterized by high
concentrations of sodium carbonate {8i@;) (usually as NgCOs;.10H,O or
NaCO;.NaHCQ.2H,0). The carbonate provides buffering capacity ®ldke waters
(Grantet al, 1990). It has been proposed that the formatfoall@linity in the soda
lake environment requires a combination of geogcabhtopographical and climatic
conditions: firstly, the presence of geological ditions which favour the formation of
alkaline drainage waters; secondly, suitable togolgy which restricts surface
outflow from the drainage basin; and thirdly, climaconditions conducive to

evaporative concentration (Behr and Rohricht, 2000)
1



Soda lakes are also very productive presumably @maequence of relatively high
surface temperatures (30-45 °C), high light intéesiand unlimited reserves of HGO
for photosynthesisThis high productivity (Melack, 1983), is the dng force behind
all biological processes occurring in soda lakesé3et al.,1998). Major contributors
to primary production are the autophototrophic ojeacteria, mostly represented by
the planktonicSpirulina spp Cyanospira, Choococcuasnd SynechococcugGrantet
al., 1990; Mwatha and Grant, 199&rant, 2006) may also be present, but their
importance is probably minor in comparison w&pirulina spp (Joneset al., 1998).
Cyanobacteria are not only responsible for primprgduction, but also for the
fixation of Nitrogenand the production of O However, it is still uncertain which
organisms in soda lakes are responsible for Nitrdigation, sinceSpirulina spp is
not capable of doing that. A molecular study madelLake Magadi (Baumgarte,
2003) showed the domination of cyanobacteria amibreg planktonic prokaryotic
community, mostly represented by members of thera@ihroococcalesThis order
belongs to a new group based on physiological chenatics (Garcia-Pichedt al.,
1998), theHalothececluster, which can stand extreme high salinitydibons and
probably is the most important primary producerypersaline lakes. These lakes
support large standing crops of a diverse rangaiofo-organisms that undoubtedly

proliferatein situ (Grant, 1992; 1993).

Although soda lakes have a worldwide distributithrey are mainly confined to (sub)
tropical latitudes in continental interiors or rahadow zones (Jones and Grant,

1999).0wing to their hostile nature they are oftemote from the main centers of
2



human activity and perhaps for this reason theyehasen little studied. The best
studied regions are the lakes and solonchaks atémeral Asian (Siberia) steppes and
the Rift Valley of Eastern Africa (Baumgarte 20@antet al., 2004). The lakes of
East African valleys have revealed a typical anedpminance of dense blooms of
Cyanobacteria in less saline alkaline Lakes. Trel@gminant filamentous species are
Spirulina platensis, Spirulina maximand Cyanospira(Anabaenopsis(Melack and
Kilham, 1974; Tindallet al, 1984; Florenzanet al, 1985) and unicellular species
Chorococcus spp., SynechococcusaSynechocystibave also been found, and in
some cases they may be the dominant primary prosl{Geantet al.,1990; Mwatha

and Grant, 1993Grant, 2006).

Microbes have been found thriving in many otheralitie environments as well,
including the slag dumps of the Lake Calumet regiosoutheast Chicago, Octopus
Spring in Yellowstone National Park, and the Eafican Rift Desert. One of the
most striking features of many alkaline, salineeklks the coloration of the waters
(Grantet al, 1990). Depending on a variety of conditionstexlato water chemistry,
dense populations of micro-organisms may colourlakes green, orange, purple or
claret. In many cases it has been possible to stiaw this overt indication of
microbiological activity is due to blooms of spécitlgae, cyanobacteria, eubacteria
or archaebacteria (Tindall, 1998). Many organissmdaited from alkaline and highly
saline environments such as soda lakes also relgjginesalinity, which is achieved by
adding NaCl to the isolation medium (Vargat al., 2005). Many of the

microorganisms so far characterized from soda lakee relatives in salt lakes except
3



that they are all alkaliphilic or at least highlkali-tolerant (Jonesgt al, 1994). There
is a distinct difference in microbial community cposition between the hypersaline,
alkaline lakes such as parts of Lake Magadi witinia approaching saturation or
higher, compared with the more dilute lakes lik&kita (Zavarzin 1999, Gramtt al.,

2004).

Hypersaline environments are found in a wide vwriet aquatic and terrestrial
ecosystems. They are inhabited by halotolerant aorganisms but also halophilic
microorganisms ranging from moderate halophile$ \migher growth rates in media
containing between 0.5M and 2.5M NaCl to extremiegtales with higher growth

rates in media containing over 2.5M NaCl (Ventetaal, 1998). Moderate and
extreme halophiles have been isolated not only fiompersaline ecosystems (salt
lakes, marine salterns and saline soils) but alsm falkaline ecosystems (alkaline
lakes). The most widely studied ecosystems arétieat Salt Lake (Utah, USA), the
Dead Sea (Israel), the alkaline brines of Wadi iat(Egypt) and Lake Magadi
(Kenya) (Orenet al., 1977; 1993; 2002). It is noteworthy that low ta@onc

biodiversity is observed in all these saline envinents (Kamekura, 1998), most

probably due to the highly salt concentrations measin these environments.

Alkaliphiles isolated in soda lakes have been amalyand used for their various
alkali-tolerant enzymes in many industrial procest#ones, 1998). Because these
enzymes have the ability to function at high levadpH, they are particularly useful

in processes that require these extreme conditibmsse alkaliphiles are thought to



have significant economic potential because thpacmlized enzymes are already
“used in detergent compositions and in leather itpnand are foreseen to find
applications in the food, waste treatment and leextidustries; additionally, (they) are
potentially useful for biotransformations, espdgialn the synthesis of pure
enantiomers” (Jones, 1998). Specific examples cif &mzymes are proteases (used as
detergent additives), starch-degrading enzymesjulasés (laundry detergent
additive), and pectinases (used to improve prodoctf paper as well as waste
treatment) (Bordenstein and Sarah, 2008). Anothgportant application is the
industrial  production of cyclodextrin by alkaline yatomaltodextrin
glucanotransferase. This enzyme has reduced tltigtion cost and paved the way
for cyclodextrin use in large quantities in foodfguchemicals, and pharmaceuticals
(Menuelet al., 2006). This project intended to isolate, charamteand identify fungi
from Lake Magadi, Kenya and targeted screeningisbkates for the production of
valuable enzymes and secondary metabolites sudmnt@siotics with antagonistic

effect against other organisms.

1.2 Statement of the problem

One potentially optimistic approach to slowing tbes of biological resources is to
explore and characterize these resources in oodeudtainably use them. Producing
immediate revenue and recognizing their value ag lterm biological resources

might protect them from destruction (Red&d al, 1993). The loss of biological

resources might be slowed if the economic valuehoke resources were realized

through an increased knowledge about its immediseéulness to humanity.
5



It was generally assumed that microbial life in camtrated sea water was composed
only of algae, protozoa, archaea and bacteria ahtlungi (Brock, 1979; Ventosa and
Nieto, 1995). However fungi have subsequently beescribed in moderately saline
environments, such as salt marshes (Newell, 13@fijje soil (Guirauckt al., 1995)
and sea water (Kohlmeyer, 1991), but were consitrde unable to grow in highly

saline waters.

The highest diversity of fungi currently known muhd in tropical regions, mainly in
tropical forests (Hawksworth, 1991). However, mdapgi can adapt to extreme
environmental conditions of water activity, tempgara, pH and salinity (Griffith,
1994). Most of the fungi that can be found in exieeenvironments belong to the
imperfect stage of the Ascomycota, which have beported in mangroves, saline
soils, marine sediments, seawater, salt marshessand dunes (Moubashet al.,
1990; Kohlmeyer and Volkmann-Kohlmeyer, 1991; Domst al, 1993; Guiraunet
al., 1995; Newell 1996; Hydet al., 2000). It was only recently that fungi were
isolated from hypersaline environments; their fumtunder these extreme conditions
is still unclear (Gunde-Cimermaet al., 2004). Most of the studies of fungi in
hypersaline environments have been performed intheor latitudes, in the
Mediterranean area and the Dead Sea (Buobiak., 1998; Kis-Papeet al., 2003;
Gunde-Cimermaret al., 2004). Butinaret al., 2005) described fungi isolated from
several natural and man-made hypersaline envirotsm@cluding those found in

France, Namibia, Portugal, Slovenia, Spain and Daran Republic.



Gunde-Cimermaret al., (2004) reported that fungi belonging to thermaticeaecan
populate salterns with extreme NaCl concentratins to 320 psu). In addition,
meristemic black yeasts an@ladosporium sp were identified among the most
common species identified along with various spefiem the generAspergillusand
Penicillium in this environment. It was thought that the oceoce of fungi in
hypersaline environments was due to random eveatsecd by airborne spores;

therefore, the fungi were believed to have no gpeecological function.

The fungi from the extreme environment have a gpsdéntial to produce natural
antimicrobials and enzymes. The importance of thercarganisms in enzyme
production is due to high production capacity, loest and susceptibility to genetic
manipulation. Actually, the enzymes of microbialgor have high biotechnological
interest such as in the processing of foods, matwiag of detergents, textiles,
pharmaceutical products, medical therapy and ineouwhr biology (Pilnik and

Rombouts, 1985; Falch, 1991; Retoal.,1998).

1.3 Justification

The earth's biological diversity is disappearingaat ever increasing rate (Wilson,
1988). The documentation of this loss has beendopsmarily on large organisms,
such as mammals and vascular plants; however, rmedexists of an increasing
decline in the diversity of the less conspicuougaarsms such as the fungi including
lichenized fungi, and bryophytes (Arnolds, 1988 4889; Richardson, 1990; Pittam,

1991; Lizon, 1993). These poorly known but specigseups of organisms may
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actually be more vital to long term ecosystem salvithan the well-known

macrofauna and flora.

Fungi have a worldwide distribution, and grow imvi@le range of habitats, including
extreme environments such as deserts or areasigtirsalt concentrations (Vaupotic
et al, 2008)or ionizing radiation (Dadachowet al., 2007),as well as in deep sea
sediments. Fungi have been isolated from salineslak the world such as the Dead

Sea (Buchalet al.,2000).

Historical interest in soda lake microbiology hasused primarily on the isolation
and characterization of individual microorganismsithw potential industrial
applications (Horikoshi, 1999), although anaerobic strains with hypothesized
ecological roles have also been described (Zh#inal., 1996; Zhilinaet al., 1997,
Moseret al, 2001). Recent surveys of soda environments atelielevated microbial
phylogenetic diversity, including: the Wadi Natrlake system in Egypt (Mesbadt

al., 2007), soda lakes in the Kenyan-Tanzanian Rifléya{Reeset al, 2004), soda
lakes in Inner Mongolia in China (Mgt al.,2004), saline, meromictic Lake Kaiike in
Japan (Koizumiet al., 2004), saline Qinghai Lake, China (Doeg al., 2006), and

athalassohaline Lake Chaka, China (Jiahgl.,2006).

Extensive studies on bacterial isolation, charazagon and identification have been
carried out in the Kenyan soda lakes. Kenyan saklesl have revealed a typical and
predominance of dense blooms Glyanobacteriain less saline alkaline lakes

(Mwirichia et al., 2010). Studies on the low saline lakes of the KenRift Valley
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such as Bogoria, Crater Lake Sonachi, ElementeidaNakuru revealed the presence
of diverse populations of aerobic sulfur oxidizingpacteria of genera
Thioalkalimicrobium and Thioalkolivibrio (Sorokin et al, 2001). Anaerobic
alkalithermophiles from Lake Bogoria includelrhermosyntropha lipolytica
(Svetlitshnyiet al., 1996),Anaerobranca gottschalk{iProwe and Antranikian, 2001)
and other strains not yet described. SevBadlillus strains such as M8 C22, M8-C11
(FJ 764771), M14-C16 (FJ 764778), M4-C7 (FJ 764,78H)0-C8 (FJ 764774), M14-
C6 (FJ 764777), M1-C6 (FJ 764768), M8-C14 (FJ 7@3,/M9-C3 (FJ 764773) and
M10-C17 (FJ 764775) were isolated from Lake ElmisatéMwirichia, 2009;
Mwirichia et al., 2009). A Eukaryotic micro-alga was isolated frorake Magadi
water samples; that was identified, by morphologg, Chlorella minutissima
(Gerasimenkoeet al., 1999). Information on isolation and charactermatof fungi
from the Kenyan soda lakes is very scanty. It istfiis reasons that the goal of this
study was to isolate, characterize and identifygidrom Lake Magadi, identify the
enzymes produced by the fungi and the screen toni@nobial metabolites that could
be of commercial importance hence improving indaktand pharmaceutical
applications as well as other sectors where they b® of use. This study will
contribute to the taxonomy and biodiversity of fuagd moreover support fungal
biodiversity research. Data generated from thisassh will also provide information
for researchers to understand the Lake Magadi'srabial ecology and

biotechnological benefits.



1.4 Hypothesis
Lake Magadi, a soda Lake in the Kenyan Rift valleybors novel and previously

uncultured micro-organisms with biotechnologicalguial.

1.5 Objectives

1.5.1 General objective

1. To isolate and characterize fungi from Lake Mhga soda lake of the Kenyan Rift

Valley.

1.5.2 Specific objectives

1. To isolate fungi from Lake Magadi
2. To characterize and identify the fungal isolates

3. To screen the isolates for useful secondaryboétas
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CHAPTER TWO
2.0. LITERATURE REVIEW

2.1 Microbial diversity and ecology of the Soda Laés in Kenya

Kenya's Rift Valley Soda Lakes are Bogoria, NakuElmenteita and Magadi. They
are all saline and alkaline and similar in scaleké.Bogoria National Reserve covers
an area of 107 kfwhile Lake Nakuru and Lake Elmenteita have surtaeas 40k

and 20km respectively.

Wildlife and microbial diversity are analogous argsnall these lakes (Gierlowski-
Kordeschet al, 2004). Williams, (2002) described these lakesvay important
natural assets with considerable aesthetic, clijtac@nomic, recreational, scientific,
conservation and ecological values for mankind.eLdagadi is the most studied of
the alkaline East African soda lakes. The alkaliake niche limits diversity in
microbial life due to high pH and high salinity &oand Nielson, 1999). Microbes
living in this niche must have modified proteomesarder to survive in such an
environment. The specificity for microbial life this niche has attracted researchers to

study how microbial life exists in this environment

The Kenya soda lakes remain as fragile ecosystemntaldow water level through
evaporation, pollution through human activitiestie catchment’s areas, domestic

effluent and industrial waste. This could mean riierobial diversity in the lakes is
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changing due to human activities, which may be ltieguto loss of certain species

(Kimunya, 2007; UNESCO, 2007).

2.2 Microbial diversity and ecology of the Soda Laés in the world

The most widely studied ecosystems are the Grdat Ske (Utah, USA), the Dead
Sea (Israel), the alkaline brines of Wadi Natrugyi), and Lake Magadi (Kenya)
(Oren, 2002). It is noteworthy that low taxonomiodiversity is observed in all these
saline environments (Kamekura, 1998) most probathe to the highly salt

concentrations measured in these environments.

Fungi are ubiquitous in most ecosystems where tisenally colonize a diverse range
of substrates. The highest diversity of fungi isirfd in tropical regions, mainly in
tropical forests (Hawksworth, 1991). In Puerto Ritsmgal studies have concentrated
on forest and coastal ecosystems (Acevedo, 1987280d; Lodgeet al., 2002;
Cantrell et al., 2004; Nieves-Rivera, 2005). However, many fungn Gdapt to
extreme environmental conditions of water, tempgegatpH and salinity (Griffith,
1994). Most of the fungi that can be found in exteeenvironments belong to the
imperfect stage of the Ascomycota, which have heported in mangroves, saline
soils, marine sediments, sea water, salt marsimessand dunes (Moubasher al.,
1990; Kohlmeyer and Volkmann-Kohlmeyer, 1991; Domstal., 1993; Guiraucket
al., 1995; Newell 1996; Hyde and Pointing 2000). Bseafungi were only recently

isolated fromhypersaline environments, their function in thesgeseconditions is
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still unclear (Gunde-Cimermaet al, 2004). Mosif the studies of fungi in extreme
salt conditions have been performed in the nortlheitudes, in the region of Russia
and the Dead Sea (Buchadb al., 1998; Kis-Papcet al., 2001 and 2003; Gunde-
Cimermanet al., 2004). Butinaret al., (2005a and b) described fungi isolated from
several natural and man-made hypersaline envirotsm@cluding those found in

France, Namibia, Portugal, Slovenia, Spain and Daran Republic.

Reports on presence of filamentous fungi in theehs@line waters of the Dead Sea
(340 g L-1 total dissolved salts), survival of thepores and mycelia in this hostile
environment have invoked great interest (Bucletlal, 1998; Kis-Papet al, 2003).
Further, a gene responsible for High Osmolarityc@igl (HOG) response pathway
from one such Dead Sea-fungtsrotium herbariorumhas been identified for stress
tolerance to freezing and thawing (&hal, 2005). This has further led to production
of a recombinant yeaSlaccharomyces cerevisiaentaining the gene HOG (Norbeck
et al., 1996). The genetically transformed yeast proveditbstand high salinity and
also extreme heat and cold. However, high saltdolee is governed by several genes
and this might be the first step towards genetgireering of salt-tolerant agriculture

crops (Turk and Plemenitas, 2002).

A diverse fungal fauna was recently discovered mvirenments with salinities
ranging between 15-32 %, where it was so far assuiha bacteria only were able to
grow. These fungi were first isolated in hypersalimaters of Secovlje salterns in

Slovenia (Gunde-Cimermaat al., 2000), and subsequently in the salterns of La
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Trinitat (Ebro Delta, Catalonia, Spain) and Bonm#8anta Pola, Valencian
Community, Spain), with the occurrence of the saominant species. The majority
of species isolated belonged to melanized merigterand yeast-like fungi, and a few

different genera of filamentous fungi were alsmiifeed (Méjanelleet al.,2001).

Among the isolated halotolerant and halophilic nbjota, dematiaceous
Ascomycetales of the following genera were founidortaea Phaeotheca
Trimmatostroma, Aureobasidium, Alternarend Cladosporium(Zalar et al, 1999).
Five melanized species were isolated from La Tatngalterns (Spain) and further
enriched in cultures, as well & cerevisiagJean-Luc Legras, 2007) a pertinent

reference foAscomycetes

A study of coastal mycology in Puerto Rico was perfed by Nieves-Rivera, (2005)
including many aspects of fungi in marine environtseAlso, a study of arenicolous
filamentous fungi in the Mayaguez Bay shoreline wasformed by Ruiz-Suarez,
(2004) who reported the presence Abpergillus, Cladosporium, Dreschlera,
Fusarium, Geotricum, Penicillium, Trichoderma, Mucand Rhizopus The genus

Aspergillusrepresented 80 % of total fungal abundance. Hea daggested that

salinity concentration may regulate the abundarfidengi in the shoreline.

Salt marshes, a moderate salt environment, ardh@nbabitat for halotolerant fungi
(Abdel-Hafezet al., 1978). Fungi have an important role in the decasitmm of salt
marsh grasses. Halophytes from salt marshes inpEBuwmere examined for the

presence of mycorrhizal fungi (Hildebrarelt al., 2001). Large quantities of spores
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were found in saline soil; 80 % of them were idieedi asGlomus geosporumnAlso,
they have found that several plants from the saltsim were mycorrhizal. Another
study suggests that these fungi confer salt toteran plants based on the occurrence
of G. geosporumandG. caledoniumspores in salt marshes (Landwettral., 2002).
This suggestion was supported later by Carvalhal.e€2004). They indicated that
fungi in salt marsh plants may have the potentiatdnfer salt tolerance to them and
may influence the distribution of this vegetatidinis study was made in a salt marsh
from Portugal and showed that fungal adaptatiamis of the possible reasons for the

existence of mycorrhizal fungi in salt marshes (@#roet al.,2004).

The first record for flamentous fungi in Dead $gaBuchaloet al.,(1998) reported a
novel speciesGymnascella marismortiAscomycota). This fungus was shown to be
an obligate halophile that grows optimally in agarof 10-30 % of Dead Sea water.
Moreover, they isolatetllocladium chlamydosporurand Peniciliumwestlingii with
salt tolerance in the range of 3 to 15 % NaCl af@6In another studyAspergillus
versicolor, Chaetomium globosum, Eurotium herbariorum, E. alodtemi and E.
rubrum were isolated from Dead Sea waters and togetheh @ymnascella
marismortuiwere tested for survival of spores and mycelia Ead Sea water for
prolonged time (Kis-Papet al.,2001 and 2003a). After the first record of furlgis-
Papo et al. (2003b) performed a study of genomierdity of A. versicolorand their
results suggested that genomic diversity was pe$jticorrelated with stress. The
speciesTrichosporon mucoide®Rhodotorula laryngesa Candida glabrataike strain

and aCandida atmosphaerichke strain were also isolated from these waters.
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Candida glabrata was not known for their halotolerance (Butinetr al., 2005b).
Candidaatmosphaericavas found associated with another extreme envirohntlee
deep-sea hydrothermal systems of the Mid-Atlantit E5adanho and Sampaio,

2005).

The Mono Lake in California, an alkaline, hypermsaliand closed basin, was the site
of a study performed by Steima al., (2003). This lake is compared with the Dead
Sea due to its high salinity. Those conditions petime mineral formation named tufa.
Steimanet al., (2003) isolated many species of the gemespergillus, Achaetomium,
Acremonium, Alternaria, Chaetomium, Cunninghamellipcladium, Embellisia,
Fusarium, Phoma, Sporothrix, Penicillium, PapulaspoGeotricum, Curvularia,
Mucor, Phialophora, Phaeoramularia, Sporormielénd ThelebolusInterestingly, in
this study they were not able to isolate fungi fravater using culture methods. They
suggested that the salinity, and most importang, piH (very alkaline), are not

favorable for fungal growth (Steimast al.,2003).

2.4 Fungi in Biotechnology

Fungal biotechnology or ‘mycotechnology’ has adwhconsiderably in the last five
decades. Terrestrial fungi are used in the prodnatf various extracellular enzymes,
organic acids, antibiotics and anti-cholesterolestatins (Pointing and Hyde, 2001).
They have been used as expression hosts as wallsasirce of new genes. With

modern molecular genetic tools, fungi have beenduaes “cell factories” for
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heterologous protein production (Pwettal, 2002) and human proteins (Bretthauer,

2003).

2.4.1 Application in Enzymology

Enzymes from extremophiles, extremoenzymes, hayea economical potential in
agricultural, chemical and pharmaceutical proces3égy are used in biological
processes by increasing specificity and catalytiividy, and are stable at extreme
incubation conditions (Chadha and Patel, 2008). iflaén industrial application of
alkaliphilic enzymes is in the detergent industigd detergent enzymes account for
approximately 30 % of total worldwide enzyme praitut. Alkaline enzymes have
been used in the hide-dehairing process, whereirtdeh# carried out at pH values

between 8 and 10.

An interesting application of alkaline protease wdeveloped by Fujiwara and
coworkers (Fukumoret al., 1985). They reported the use of an alkaline pestda
decompose the gelatinous coating of X-ray filmepfrwhich silver was recovered.
Protease B189 had a higher optimum pH and tempetatound 13.0 and 85 °C. The
enzyme was most active toward gelatin on film atJ@H Ligninolytic enzymes from
members of Basidiomycetes have a potential in séwadlustrial and biotechnological
processes within a wide variety of organic andgaoic substrate specificities (Couto
and Herrera, 2006). Such applications include #texdfication of industrial effluent
(Nilssonet al, 2006; Zhao, 2007; Hardin and Hardin, 2007), tgdsdm, textile and

petrochemical industries, bleaching and delignift@aprocesses in the paper and pulp
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industries (Archibald and Bourbonnais, 1997), remgvthe phenolic compounds
from the beer and wine in the food industry (Minustsal, 2002). In addition, their
capacity to remove xenobiotic substances and peoghatymeric products makes

them a useful tool for bioremediation purposesiiog, 2001).

Recent studies have suggested that lignin-degraalinghite-rot fungi (note: decay
caused by these species gives wood a bleachedrappepsuch aBPhanerochaete
chrysosporiumandTrametes versicolocould replace some of the chemical steps used
in paper making (Kis-Papet al., 2003b). An industrial bio-pulping/ bio-bleaching
process would eliminate the pollution problems esded with the use of chemicals.
Lignin-degrading fungi or their enzymes also hawe ability to degrade highly toxic
organic compounds such as dioxins and PCB's (plagohted biphenyls), and could
have an important role to play in the remediatidncontaminated soils and the
disposal of chemical wastes. A recent report aislicates that lignin-degrading fungi
can even degrade synthetic textile polymers suchylm previously thought to be

non-biodegradable (Degucéi al, 1997).

2.4.2 Food industry

The growth of the mouldPenicillium roquefortiin the body of blue-veined cheeses
and the surface growth of the mouldsnicillium candidum, Penicillium caseicolum
or Penicillium camemberton Camembert, Brie and related types of cheesasan

important role in the development of the charasteriflavours of these cheeses
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(Wolf, 1997). The principal fungus involveAspergillus oryzaeis now also used to

produce a range of commercially important enzymes.

A recent innovation in food technology has been dbeelopment of Quorn myco-
protein (Choiet al.,2004) from a filamentous fungus by Rank Hovis, MaDall PLC
and ICI (now Zeneca). The culture employed, astohiFusarium graminearugnwas
isolated from a field in Marlow, BuckinghamshireroBably the most thoroughly
tested food ever to appear on supermarket shedwesial sales of Quorn are now in

excess of £15 million in the UK.

2.4.3 Biological control agents

Recent concerns over the effect of pesticides enettvironment have intensified
efforts to use biological control agents rathemthaxic chemicals for the control of
pests,Butt et al.,(2001).Considerable research has been devoted to thiiiosef
using fungi to control fungal pathogens (mycofurdgs), insects (mycoinsecticides)
and weeds (mycoherbicides), a trend which will bbagced by recent developments
in the production of genetically engineered stramhdungi (Jacksonet al, 2000)

Several species of fungi have now been commerdadiyulated as mycoinsecticides.

Fungal biocontrol agents are particularly effectivken used in greenhouses where
the target pathogen is confined and where envirotshgarameters are relatively

constant (Shah and Pell, 2003).
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2.4.4 Production of metabolites

The main industrial use of fungi has been assatiatéh the production of
fermentation products, including antibiotics, enegmand a range of biochemicals.
Ethanol, citric acid, gluconic acid, itaconic acamino acids, vitamins, nucleotides
and polysaccharides provide examples of primaryabwdtes produced by fungi,
while antibiotics such as penicillin, the cephatwsps, fusidic acid and griseofulvin

are important secondary metabolifismikoshiet al, 2002).

Fungi are well known as a source of antibiotics fewv therapeutic compounds with
novel pharmacological activities have also beereltged in recent years (Jensen and
Fenical, 2000). One such example is the cyclosporins first isolatedm
Tolypocladium inflatumin 1976 as antifungal compounds and later showmogsess
immunosuppressive activity. Cyclosporin A is cuthgthe most widely used drug for

preventing rejection of human organ transplants¢B@002).

2.4.5 Soil bioremediation

The use of fungi in bioremediation of soils recegihazardous or otherwise
problematic waste is based largely on the versatileymic abilities of wood-rotting
fungi, most notablyPhanerochaete chrysosporiuiiPointing, 2001). These fungi
produce ligninases which degrade complex aromatignpers like those present in
wood. Fortunately ligninases are not specific gmil, but will degrade a wide variety
of toxicants including chlorinated biphenyls, ardimdydrocarbons and chlorinated

dibenzodioxins.
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Microorganisms including bacteria, algae, fungi gedst are found to be capable of
efficiently accumulating heavy-metal ions (Mullehal., 1989; Gadd, 2010). Fungi in
particular have demonstrated unique metal adsormi@racteristics and are easy to
cultivate (Gadd, 1987). A large number of studmsthe removal of metal ions have
been reported using strains Bénicillium, Rhizopusand Aspergillus(Kapooret al,
1999; Sayet al, 2004; Ahmadet al, 2005). White-rot fungi likePleurotusspecies
have been known for their ability to degrade lig@mon-repeating structural polymer
found in woody plant and this ability enables theardegrade xenobiotic pollutants
(Bumpus and Aust, 1987). Adenipekun and Fasidi0%20reported the ability of
Lentinus subnuduso mineralize soil contaminated with various caontcations of

crude oil.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Study site

Lake Magadi is a saline-alkaline lake in the southmart of Kenya, and is located in
the Rift Valley. The lake is located 2000 feet belsea level forming one of the
lowest points in the valley (Gierlowski-Kordesehal., 2004). Lake Magadi is. It is
approximately 2 ° S and 36 ° E of the Equatormaelavation of about 600 m above
sea level, and lies in the lowest part of the trouga naturally formed closed lake
basin. The lake covers an area of 9F lamd a depth that ranges from 1-5 m. It is one
of the smaller Rift Valley lakes. Evaporation igeinse during the dry season (3500
mm per annum), the range of temperature being leeh22 °C and 34 °Clhe Loita
Hills and the Mau Escarpment to the west shield vhbey floor from rainfall
resulting in an annual total of approximately 50énrof rainfall in the two rainy

seasons (Behr and Roéhricht, 2000).

The lake acts as a sink for seasonal streams dad@us for its cherts from sodium
silicate precursors. It has a pH of 10 and alkglimf 380 mmol ['. Mineral
composition consists mostly of trona mixed withitealand either kogarkoite or
villaumite, resulting in fluoride concentrations up 8.7 mg F The high fluoride
concentration in Lake Magadi is strongly relatedhte weathering of volcanic rocks

enriched in fluoride and alkalis which are foundtle same area as Lake Magadi.
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This has affected the local communities who hav&aoarily used the chert from
Lake Magadi as a meat tenderizer and has inadvgrtergested high levels of
fluorine (Nielson, 1999). The large presence ofid&r¢sodium sesquicarbonate) causes
the lake water to form sodium carbonate brine. Rigé basicity of sodium carbonate

makes the lake alkaline (Nielson, 1999).

A gel of Sodium-aluminium silicate as thick as hitmeters is found in Lake Magadi.
These gels are formed through the interaction oaha@line spring waters (67 °C — 82
°C with a pH of 9) and alkali trachyte flows. Algalats from the lake protect the gels
from erosion. It is believed that this gel was edoirsor for the cherts of rocks in Lake
Magadi. It is also believed that hydrous sodiumicaies and their chemical
precipitates may form bedded chert deposits inldéke as well. Cycling alkaline
levels are represented in alternating bands o€asitich and iron rich segments

(Eugster, 1968).

Lake Magadi is a popular destination for many améndue to the fact that it is
situated between Maasai Mara and Amboseli Nati®aaks, but very few animals
actually have any contact with, or live in, the daitself. However, the lake is a
popular destination for wading birds during the geason including flamingos, heron,
pelicans, and spoonbills. The birds congregatdrgass of fresh water that run into
the lake because this water brings in large amaointisverse food. There is only one
species of fish that can actually be found in #deslitself.Tilapia grahamj a type of

small tilapia, has adapted to live in the harshdaoons of the lake, and is normally

23



found in the lagoons on the lake’'s periphery. Amradance of research has been
performed on these fish, indicating that the fislvénadapted to live in temperatures
up to and possibly above 44 °C, a pH varying betwgdl (though the lake pH
naturally ranges from pH 9-11), low oxygen leveldshe water (as low as 1.1 mg/D

of water), and a salinity concentration up to 4 Reifeet al., 1974). These tilapia
have many adaptations to survive in this lake, duglto the lakes extreme conditions,

little other non-microbial life exists.
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Lake Magadi

Figure 3.1a:A Google map showing the location of Lake Magadi
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Figure 3.1k: Sampling point station Figure 3.1¢ Sampling point station 2

1 (hot springs, (48 °C)) (39.4 °C)

3.2 Sample collection

Sampling was done on “i@nd 11" March 2010 at different sites at Lake Magadi. The
pH, dissolved solids, temperature, and dissolveghex of each sampled site were
noted. Microbial mat, mud sediment, water, salg &mam were collected from the
lake at three points that differed in alkalinitydds.

Sediment, water samples, foam and microbial mate wellected from Lake Magadi
(2 °00'S and 36°13'E) in sterile bottles, preserved in dry ice drmhsported to the
Institute for Biotechnology Research LaboratoryJamo Kenyatta University of
Agriculture and Technology for analysis.

Once in the laboratory, water samples were filtettedugh 0.45um and 0.22um
membrane filters (Whatmann) and preserved at -70rhe@ collected mud, sediment,

foam and microbial mats were all preserved at €0 °
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3.3 Isolation of fungi

Fungi were isolated from the different samples ioletéh at different sampling sites of
Lake Magadi. The lake water was used to preparnereumedium. Isolation of fungi
from sediments and microbial mats was performedgusiie serial dilution technique
in combination with three selective media prepaneithe laboratory: Malt extract agar
(MEA), Sabourand dextrose agar (SDA) and Potatdrdse agar (PDA) separately
prepared with lake water. Rose Bengal was adddshetgriostatic agent (Smith and
Dowson, 1944). Antibiotics such as penicillin (108@/litre) and streptomycin (100
mg/litre) were used to inhibit bacterial growth awere added to the media after
autoclaving. The plates were inoculated with a nwsgingal cells scooped using a
cork borer of a diameter of 0.65cm and were theabated at 30°C for one to two
weeks during which the growing fungal colony wenearained and identified.
Individual colonies which grew on the plates wesenoculated on MEA, PDA, and
SDA media several times until pure colonies wertaioled. The pure colonies were

selected based on morphological characteristics.

3.4 Morphological characteristics of the isolates

3.4.1 Colonial morphology

Colony colour, shape, size, elevation and formhefgure cultures were observed and

noted.

27



3.4.2 Cellular morphology

Preliminary characterization by simple stainingirfgdactophenol cotton blue dye) of
each of the isolates were done and observed unlitgntanicroscope at x100 (Keast
et al., 1984). The staining technique was used to divgtgates on morphological
basis (Cappuccino and Sherman, 2002). The most coignused prior art method
and apparatus comprised of a round petri-dish wiias filled with water to a depth
partially submerged by spaced pair of toothpicksstAndard microscope slide was
placed atop the toothpicks and a block of suitabhleure nutrient medium (MEA) was
applied to the upper surface of the slide. Theucelmedium was then inoculated with
the fungi and a standard cover slip placed atoprnibeulated medium. The petri dish
was then covered with a standard petri-dish lidl after 4-7 days incubation period,
the petri-dish lid was removed and the cover slihtured fungi, agar, and microscope
slide lifted as a unit from the petri-dish and gldaipon the stage of a microscope for
examination purposes. Cell characteristics of thikuced fungi were observed after

staining with lactophenol cotton blue dye.

3.5 Physiological characterization

3.5.1 Growth at different temperature

To determine the ability of the isolates to growatied range of temperature, plates
with malt extract agar media were inoculated whth iisolates and incubated at the six
different temperature levels (25 °C, 30 °C, 354G ,°C, 45 °C and 50 °C) separately

for 7 days (Nazinat al.,2001). Two uninoculated plates for each tempeeatugre
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used as controls. Experiments were done in dupkcaositive isolates had growth

detected by measuring the diameter of the colomyilimeters and recorded.

3.5.2 Growth at different pH

The aim of this experiment was to check for theitglnf the isolated fungi to grow in
acidic, neutral and alkaline pH. Malt extract agaedia was prepared separately
according to manufacturer's instructions (Difco duatories) in conical flasks and the
pH of each set of experiments was adjusted to750),8.5 and 10.0 with a pH meter
respectively. The media was then autoclaved amubdied in petri dishes. The plates
were then inoculated with the isolates and incubate30 °C for a period of 7 days
and the diameter of the growth measured in milleretand recorded. Two

uninoculated plates were used as controls.

3.5.3 Growth on different media

The growth requirements for fungi may vary fronmastrto strain, although cultures of
the same species and genera tend to grow bestnilarsmedia. An optimal nutrient
medium should provide not simply adequate growthtbe bespossible growth in
order to allow the fungi to grow without restriatiand express all phenotypes. This
experiment was to determine the effect of mediathen cultivation of the fungal
isolates. Three types of media were used namelguabd dextrose agar (SDA), malt
extract agar (MEA) and potato dextrose agar (POAg isolates were incubated at 30

°C for a period of 7 days and the diameter of tteevth measured in millimeters.
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3.5.4 Growth at different sodium chloride concentréion

Malt extract agar was prepared in 1 litre of distilwater and supplemented with 5 %,
10 %, 20 % and 30 % sodium chloride concentrategasately. This was to determine
the ability of the isolates to grow at differentdgon chloride concentration. Three
sets of experiments for each salt concentratioth 80 plates containing the media
were inoculated with each of the obtained 30 igslaespectively for replication. This
was incubated at 30 °C then checked for growthr aftedays by measuring the

diameter of the colony in millimeters.
3.6 Biochemical characterization of the isolates

3.6.1 Screening for production of enzymes

The fungal isolates were screened for their abtbityproduce enzymes i.e. amylases,

proteases, xylanases, lipases, esterases anaseful

3.6.2 Determination of amylolytic activity

The methodology used was one described by Hanldnfaragnostakis, (1975). The
isolates were inoculated in nutrient agar (NA) wit@ % of soluble starch (&), pH

8.0. After incubation, the cultures were treatedarnodine vapours, which allowed
the visualization of clear halos around the colsnigile negative isolates indicated a

blue black colour all over the plate (Casttal.,1993).
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3.6.3. Determination of the esterase activity

The media used is described by Sierra, (1957),aiuing (g I'): peptone 10.0, NaCl
5.0, CaC} 2H,0 0.1, agar 18.0, pH 8.0. To the sterilized cultoredia, previously
sterilized Tween 80 was added in a final conceiotmadf 1 % (v/v). This medium was
inoculated with the isolates in duplicates andptesence of a precipitation of calcium

crystals around the colonies showed positive result

3.6.4 Determination of the lipolytic activity

A previously described methodology to determine dberase activity (Sierra, 1957)
was used. In this determination, Tween 80 was guted by Tween 20. This medium
was inoculated with the isolates in duplicates feplication. Positive isolates for
lipase production were indicated by a precipitat@incalcium crystals around the

colonies while the negative isolates did not hdneedrystals around the colonies.

3.6.5. Determination of the proteolytic activity

For the determination of casein hydrolysis, the imedsed was according to the
method of (Vieira, 1999). The isolates were culluen a media containing g/l
Nutrient Broth 8.0, glucose 1.0, agar 18.0, and ghewas adjusted to 8.0. After
autoclaving, 15.0 ml of skimmed milk, separatelytoalaved was added. The
microorganisms were inoculated in duplicates amibated at 30 °C and after the
growth period of 7 days, 2.0 ml of HCI 0.1 mdlWas added to the plates. Positive

isolates for protease production exhibited a zoheroteolysis as demonstrated by
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clearing zones while the negative isolates didhave the clearing zones (Cappuccino

and Sherman, 2002).

3.6.6 Determination of the cellulolytic activity

The media used contained 7.0g #&dy, 2.0g KHPQO, 0.1g MgSQ.7H,0, 1.0g
(NH,).SOy, 0.6g yeast extract, 10g microcrystalline cellal@nd 159 agar per liter
(Stamfordet al., 1998). The plates were inoculated in duplicatesréplication and
incubated at 30 °C for 7 days. For best viewingdoe clarification the plates were
stored at 50 °C for one night after the incubapeniod. The presence of a clear halo

around the fungal growth indicated positive results

3.6.7 Determination of the xylanolytic activity

The fungal isolates were screened for their abdito produce extracellular xylanases
during their growth on Czapek’s agar medium comtgrxylan as the sole carbon
source. The composition of the medium was g/l Bikdod xylan 5.0g, Peptone 5.0g,
Yeast extract 5.0g, KIPO, 1.0g, MgSQ.7H,0O 0.2g and agar 20.0g (Nakametaal.,
1993). The inoculated plates were incubated foaysdcat 30°C. The clearing zones
formed around the fungal growth were more visibleewthe plates were flooded with
0.1 % (w/v) Congo red dye. After 30 minutes of ibation, the plates were washed
with 1M NaCl. The colour around positive isolates kylanase production changed

from red to orange while the colour around the tiggasolates remained red.
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3.6.8. Screening the isolates for production of aitiotics.

Fungal isolates were grown on malt extract brotBG&EC in an incubator shaker at
100rpm for 7 days and the crude extracts used reescthe isolates for antibiotic
activity against the test organisnigseudomonas aerugino§aTCC 27853),Bacillus
subtilis (ATCC 55732),Escherichia coli(NCTC 10418),Candida albicandATCC
90028) andstaphylococcus auresICTC 10788). The test organisms were spread on
malt extract agar plates. Three sterile celluldsesdof a diameter of 0.5cm were then
dipped in each isolates crude product and placetirae points on the plates. The
plates were then incubated at 30 °C for a pericg6olirs. Isolates that tested positive
for antibiotic production were indicated by clegrimones around them while the
negative isolates were indicated by lack of thearhg® zones around them

(Cappuccino and Sherman, 2002).

3.7 Molecular characterization of the isolates

3.7.1 DNA extraction

This was done to identify the fungal isolates. Eathhe 30 isolates was grown on
malt extract agar for 7 days. Total genomic DNAtlwé isolates was extracted from
these cells in duplicate using two lysis bufferssatution A (50mM Tris pH 8.5,
50mM EDTA pH 8.0 and 25 % sucrose solution) anditsah B (10mM Tris pH 8.5,
5mM EDTA pH 8.0 and 1 % SDS). The cells were sceappsceptically using a

sterile surgical blade taking care not to pick tiredia. These were crushed separately
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in 200ul solution A using sterile mortar and pestded resuspended in 100ul of
solution A. This was followed by addition of 30ufi 20mg/l Lysozyme and 15ul of
RNase, gently mixed and incubated at’G7for two hours to lyse the cell wall. 600ul
of Solution B was then added and gently mixed byeiting the tubes severally,
followed by the addition of 10ul of Proteinase Kify/l) and the mixture incubated
at 60°C for 1 hour. Extraction followed the phenol/chifmon method (Sambroo&t

al., 1989). The presence of DNA was checked on 1 &bosg and visualized under
ultraviolet by staining with ethidium bromide. Themaining volume was stored at -

20°C. The genomic DNA was used as templates for sulesed®CR amplification.

3.7.2 PCR amplification of 18S rDNA.

Total DNA from each isolate was used as a temg@ateamplification of the 18S
rRNA genes. Nearly full-length 18S rDNA gene seqeswere PCR-amplified using
fungal primer pair Fung5f forward 5-GTAAAAGTCCTGALCCC-3' and FF390r
reverse, 5-CGATAACGA ACGAGA CCT-3'(Vainio and Hara, 2000) and
Lueders et al. (2004). Amplification was performasing Peglab primus 96 PCR
machine. Amplification was carried out in apdQnixture containing fl of PCR
buffer (x10), 3 dNTP’s (2.5mM), 1l (5 pmol) of Fung5f forward primer, pd
(5pmol) of FF390r reverse primer, il3aq polymerase, 1B of template DNA and
28.2 of water. The control contained all the above eptcthe DNA template.
Reaction mixtures were subjected to the followirgnperature cycling profiles

repeated for 36 cycles: Initial activation of thezgme at 96°C for five minutes,
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denaturation at 98C for 45 seconds, primer annealing at°@8for 45 seconds, chain
extension at 72C for 1.30 minutes and a final extension at°@2for 5 minutes.
Amplification products (fl) were separated on a 1 % agarose gel in 1x TBtrbu
and visualized under ultraviolet by staining withidium bromide (Sambroogt al,

1989).

3.7.3 Purification of PCR products

The PCR products were purified using the QIAqui€RPpurification Kit protocol
(Qiagen, Germany) according to manufacturer’'s suntons. Five volumes of buffer
PB (Qiagen, Germany) was added to 1 volume of @GR Bample and thoroughly
mixed. The QIAquick spin column was placed in a 2wllection tube; the sample
was applied to the QIAquick column to bind the DNsd then centrifuged for 60
seconds at 13000 rpm. The flow-through was dischrdad the QlAquick column
placed back into the same tubes. To wash the DMA. il buffer PE was added to the
QIAquick column and centrifuged for one minute. Ti@v-through was discarded
and the column centrifuged again for an additimred minute at 13000rpm to remove
residual ethanol from buffer PE. The Qiaquick catumas placed in a 1.5ml micro
centrifuge tube and 30 of buffer EB (10mM Tris-Cl, pH 8.5) added to eduDNA.
The tubes were then centrifuged for one minutesfiie column removed and DNA

stored at —26C for application (Sambroodt al, 1989).
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3.7.4 DNA Sequencing

Partial sequences were generated at the sequehacifity at ILRI, (BecA-ILRI Hub

Services, SegoliP).

3.7.5 Phylogenetic data analysis

Partial sequencing of purified PCR products wasedah ILRI, (BecA-ILRI Hub
Services, SegoliP using the reverse primer FF3BBe. CHROMAS-LITE program
(http://www.technelysium.com.as/chromas) was usedheck for the presence of
possible chimeric artifacts. Alignments were checked corrected manually where
necessary, based on conserved regions. The 18S rD&l# sequences were
compared to sequences in the public database &sisig Local Alignment Search
Tool (BLAST) in the National Center for biotechngloInformation (NCBI) website

(http://www.ncbi.nih.goy in order to determine similarity to sequencedhea Gene

bank database (Altschdt al, 1990; Shaynest al, 2003). The 18S rDNA gene
sequences with high similarities to those deterthimethe study were retrieved and
added to the alignment based on BLAST results. &sgjug alignment was done
using Mega 4 (Tamuret al, 2007).

The evolutionary history was inferred using the gidor-Joining method (Saitou and
Nei, 1987). The tree was drawn to scale, with bndangths in the same units as those
of the evolutionary distances used to infer thelgipnetic tree. The evolutionary
distances were computed using the Maximum Compbsgidihood method (Tamura

et al.,2004). Phylogenetic analyses were conducted in BME@ amuraet al,, 2007).
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CHAPTER FOUR
4.0. RESULTS

4.1 Physical characteristics at sampling site

Sampling was done on 10"1.bf February 2010 at Lake Magadi. Three study sites
were considered in the sampling process. Theses@lable 4.1)are the raw figures

of the conditions at the three sampling sites dfeLilagadi during the sampling times
(seasons).

Table 4.1: Summary of physical parameters at Lake Magadngusampling

Parameter Average

pH 9.8+0.42

Total Dissolved Solids (TDS) 2.94 £ 4.9mg/|

Temperature (T) 45.27 £6.29°C
Dissolved Oxygen (DO) 7.53 £ 8.54mg/l
Conductivity (C) 8.74 £ 10.22 ms

Sampling Stations (N) = 3; pH range = 9.49 -10.PBS = 0.02-8.6 mg/l; T =39.4 -

51.9°C; DO =2.6 - 17.4 mg/l; C = 0.04 - 20 ms.
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Table 4.2: Summary of the three sampling stations, the sartyple collected and

their codes

Sampling Sample type Code

station

1 Salt S11

Microbial mat (hot springs- 44.5 °C) S12
Microbial mat (Hot springs - biofilm 48 °C) S13
Microbial mat (Lake Surface near the hot springs) 14 S
Mud (sediment) in the lake S15
Mud (sediment) outside the lake) S16
Water S17

2 Salt S21
Foam (on the water surface) S22
Water S23
Mud (sediment) outside the lake) S24
Mud from below water column (in the lake) S25

3 Sediment (salt) S31
Water S32

4.2 |Isolation of fungi

A total of thirty (30) fungal isolates were isoldtfom the three sampling stations at
Lake Magadi. Isolates LM1, LM4, LM12, LM23, LM24M26, LM29 were isolated
from water, LM3, LM21, LM28, from microbial mat netne hot springs, LM5, LM9,
LM17, were collected from mud. LM13 was isolatednfi the salt; LM7, LM16,
LM18 and LM19 were from biofilms, and lastly LM8,M14, and LM20 from

microbial mat in the hot springs.
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Six (6) out of the thirty (30) isolates from thdisa Lake Magadi were isolated from
the second sampling station. LM10, LM11, LM22, LM3MM25 were from the foam
on the water surface and LM15 was collected frond rbalow the water columns.
Three (3) isolates LM2, LM6, LM27 were sampled froime salt at sampling station

three (3). The fungal isolates were of differeribaes, margin, elevation and form.

4.3 Morphological characterization of isolates

4.3.1 Colony Morphology

Morphological characterization was based on classicacroscopic techniques of
color, form, shape, margin and elevation of theemalonies. Most colonies were able
to grow within 4-7 days of incubation at 30 °C. Témony characteristics recorded
for the various isolates are shown dmalfle 4.3)whereas figure 4.1 to 4.3 shows the
pigmentation of isolates LM14, LM16 and LM9 respeslty on malt extract agar

media and potato dextrose agar media.
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Table 4.3:Morphological characteristics of the 30 isolatesrfrLake Magadi

Isolate  Colour Colour Margin Elevation Sample
Top Bottom
LM1 White yellow Entire Flat S17
LM2 Grey cream Entire Flat S31
LM3 Cream Brown Undulate Flat S14
LM4 Purple, green, cream Purple and cream UndulateUmbonate S17
LM5 Brown Blackish Brown Entire Raised S16
LM6 Cream Cream Entire Flat S31
LM7 Orange, cream Orange Entire Raised S13
LM8 Pinkish cream Brown Entire Flat S12
LM9 Orange Cream filamentous Flat S16
LM10 Cream and green Orange Entire Raised S22
LM11  Greenish cream Brown Undulate Crateriform S22
LM12 Green brown Entire Raised S17
LM13 Grey Black Undulate Convex S11
LM14 Green and white Yellow Entire Raised S12
LM15 Green with cream ends  cream Entire Flat S25
LM16 Green Purple Entire Convex S13
LM17  Green( slimy) Black Undulate Convex S16
LM18 Greenish brown Black Entire Flat S13
LM19  Greenish brown Black Entire Raised S13
LM20 Green and cream brown Entire Flat S12
LM21  Green and white Brown Entire Umbonate S14
LM22 Brown and cream Brown Curled Umbonate S22
LM23 Cream brown Undulate Flat S17
LM24  Green and cream Green and cream Curled Umebonat S17
LM25  White and cream White Entire Umbonate S22
LM26  White cream Entire Umbonate S17
LM27  White and green white curled Raised S31
LM28  White and black Black Entire flat S14
LM29 Cream coiled cream curled Raised S17
LM 30 Cream Brown Entire Raised S32
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The following diagrams are representatives of thés8lates observable
characteristic¢Plate 4.1a-t (i) and as viewed under a compound microscope

magnification x100Rlate 4.1a-t (ii)].

Plate 4.1a (ii): Isolate LM1-spores
arranged in a chain

Plate 4.1z (i): Isolate LM 1-white
powdery flat colony

Plate 4.1b (i): LM 2 showing round Plate 4.1b (ii): LM2 chain of spores at tip of
colonies with raised margin mycelia
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Plate 4.1c (i) LM 3 showing a Plate 4.1c (i) LM33 spores on long
powdery flat colony with circular branching mycelia.
folds

Plate 4.1d (i): A white lateral colony
of Isolate LM 4 Plate 4.1d (ii): LM4 long branching
mycelia

. ) ) Plate 4.1e (ii): LM5 showing distorted
Plate 4.1e (i): Isolate LM 5 with radial macroconidi,

folds, circular form and an entire
marair



Plate 4.1f (i): LM 6 showing a cotton Plate 4.1f (i) : Isolate LM6 showing long
white heaped color branching mycelia with spiral tips.

Plate 4.1g (i): orange, round Plate 4.1g (ii):LM9-Filamentous
margin colony of isolate LM9 intertwined mycelia with oval spores

Plate 4.1n (i): LM 10 tough, raised Plate4.1h (ii): LM 10 showing a septate
leathery white brown mycelia with hyphae with bushy spor
wrinkled margins
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Plate4.1i (i): LM 11showing a Plate 4.1i (ii): IsolateLM11 with
Crateriform elevation spores scattered in the media

Plate 4.]j (i) : LM 12 showing aseptate

Plate4.j (i): LM 12 a granular flat hyphae with a brush like terminal
colony with an entire marg

Plate 4.1k (i): LM13. The colony

forms a complex shape and secretes ) >
brown pgment intc the medii spores scattered in the media

Plate 4.1k (ii):LM13 irregular shaped



Plate 4.1 (ii): LM 14 showing a fruiting

Plate4.1l (i): LM14 showing a green body at the terminal end of a filamentous
and white raised colony with an entire mycelia
white margin

NN

Plate 4.1m (ii): LM16 Spores are oval
and disseminate from mycelia at the
terminal.

Plate 4.1m (i): wrinkled, heaped
colonies of isolate LM16 on potato
dextrose agar media

Plate 4.1n (i):IsolateLM Plate 4.1n (ii): LM19 oval spores at the
19 cottony white colonies terminal of aerial mycelia
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Plate 4.10 (i): LM 20 curled Plate 4.10 (ii):LM20 conidia
colony with a flat elevation released from conidiophores on

aseptate hyphae

Plate 4.1p (i): IsolateLM21showing a
flat, granular Texture

Plate 4.1q (i): LM 24 tough,
leathery white heaped coly

Plate 4.1p (ii):LM 21 long
mycelia with round spores

Plate 4.1q (ii): LM24 showing long
branching spiral mycelia with fruiting
body at the terminal.
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Plate 4.1r (i): Isolate LM 27 Plate4.1r (i): LM 27 spores
showina flat entire mara scattered in the media

- Plate 4.1s (ii): LM 26 Conidia are
Plate 4.1 :LM2
ae s () 6 waxy produced in a chain at the end of

aerial hyphae called conidiophores

or glabrous, flat colony

%

Plate 4.1t (i):LM 29-Circular heaped Plate4.1t (ii): LM 29 Long
granular colonies with wrinkled septate mycel
surfaces
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4.3.2 Cell morphology

Microscopic characterization was done by simplénstg (using lacto phenol cotton
blue dye) and observed under a light microscopel@0 (Keastet al., 1984). The
isolates showed reproductive spores, mycelia arghds. The hyphae were either
septate or aseptate. In some the spores or com@i@in a chain at the end of aerial
hyphae or in a sac like structure and in some ploges were formed externally on a

base or just scattered in the media.

4.4 Physiological characterization

4.4.1: Growth at different temperature

All the isolates grew at temperatures 25 °C°,GPand 35C. Growth at 40C was
observed only for the isolates LM2, LM7, LM16 ant1l7. Generally the isolates did
not show any growth at temperatures°@5and 50 °C. The optimum growth of the

isolates was observed between 30 °C — 3pTdble 4.4)
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Table 4.4:Effect of temperature on the growth of the isolates

Isolates 25°C 3C0°C 35°C 40°C
LM1 ++ +++ ++ -
LM2 +++ +++ +++ +
LM3 + + + -
LM4 + + + -
LM5 ++ +++ ++ -
LM6 ++ ++ ++ -
LM7 +++ +++ +++ +
LM8 + + +++ -
LM9 + ++ + -

LM10 + + + -

LM11 + + + -

LM12 + + + -

LM13 ++ + + -

LM14 + + + -

LM15 + +++ +++ -

LM16 + + +++ +

LM17 ++ +++ +++ +

LM18 + + + -

LM19 + + + -

LM20 +++ + + -

LM21 + ++ ++ -

LM22 + + +++ -

LM23 +++ + + -

LM24 + + + -

LM25 + + + -

LM26 + ++ ++ -

LM27 + + + -

LM28 ++ ++ + -

LM29 + + + -

LM30 + + + -

- = no growth

+ = slight growth (Ocm-0.3cm)
++ = moderate growth (0.31cm-0.6cm)
+++ = abundant growth (0.61cm-above)

4.4.2: Growth at different pH

This was to check for the ability of the fungall&ges to grow in acidic, neutral and
alkaline pH. Although the isolates were from anaéiie environment, all showed

growth at all the tested pH values including acht5 and neutral pKTable 4.5).
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Table 4.5: Effect of pH on the growth of the isolates from kaWagadi

Isolates pH 5.0 pH7.0 pH 8.5 pH 10.0
LM1 +++ +++ +++ +++
LM2 ++ ++ +++ +++
LM3 + + ++ ++
LM4 + + + +
LM5 + ++ +++ +++
LM6 ++ + ++ ++
LM7 +++ +++ +++ +++
LM8 ++ ++ + +
LM9 + + + +
LM10 + + ++ ++
LM11 + + + +
LM12 + + + +++
LM13 + + +++ +
LM14 + + ++ +++
LM15 + + ++ +
LM16 + + + +
LM17 + ++ +++ +++
LM18 +++ + ++ ++
LM19 + + + +++
LM20 + + + +
LM21 + + + +
LM22 + ++ +++ +++
LM23 + + + ++
LM24 + + + +++
LM25 + + +++ +
LM26 + + + +
LM27 ++ + ++ ++
LM28 ++ ++ ++ +
LM29 + + + ++
LM30 + ++ ++
- = no growth

+ = slight growth (Ocm-0.3cm)
++ = moderate growth (0.31cm-0.6cm)
+++ = abundant growth (0.61cm-above)

4.4.3: Growth on different media

Different isolates showed different growth in tlineee types of media used. Isolates

LM1, LM2, LM5, LM7 and LM17 recorded abundant gréwin malt extract agar,
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Sabourand dextrose agar and potato dextrose agarer@ly Malt extract agar
recorded the highest results in millimeters amdmgthree types of media used.

Table 4.6:Effect of media on the growth of the isolates

Isolates MEA PDA SDA
LM1 +++ +++ +++
LM2 +++ +++ +++
LM3 ++ ++ +
LM4 + + +
LM5 +++ +++ +++
LM6 ++ ++ +
LM7 +++ +++ +++
LM8 ++ + +++
LM9 ++ + +
LM10 + + +
LM11 ++ + +
LM12 ++ + ++
LM13 ++ + ++
LM14 +++ + +
LM15 + + +
LM16 ++ + +
LM17 +++ +++ +++
LM18 ++ ++ +
LM19 +++ + ++
LM20 ++ + +
LM21 + + ++
LM22 + + ++
LM23 ++ + +
LM24 ++ + ++
LM25 + + +
LM26 + + ++
LM27 +++ ++ +
LM28 ++ + ++
LM29 ++ + +
LM30 ++ + +
- = no growth

+ = slight growth (Ocm-0.3cm)
++ = moderate growth (0.31cm-0.6cm)
+++ = abundant growth (0.61cm-above)
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4.4.4: Growth at different sodium chloride concentation

All the 30 isolates were able to grow in varyinghcentrations of sodium chloride.
Growth improved with decrease in salt concentrafrom 30 % up to 5 % sodium
chloride. The highest growth was recorded at 5 &uso chloride followed by 10 %

then 20 % and gradually decreased towards 30&%bl¢ 4.7)

Table 4.7:Effect of sodium chloride concentration on the gitowf the isolates

Isolates 5% 10 % 20 % 30 %
LM1 + + + +
LM2 +++ +++ + +
LM3 ++ ++ + +
LM4 + + + +
LM5 + + + +
LM6 + + + +
LM7 +++ ++ + +
LM8 ++ ++ + +
LM9 ++ ++ + +
LM10 + ++ + +
LM11 + ++ + +
LM12 +++ ++ + +
LM13 + + + +
LM14 ++ ++ + +
LM15 ++ ++ + +
LM16 + + + +
LM17 ++ + + +
LM18 + + + +
LM19 + + + +
LM20 +++ ++ + +
LmM21 ++ ++ + +
LM22 ++ ++ + +
LM23 ++ ++ + +
LM24 ++ ++ + +
LM25 + ++ + +
LM26 +++ ++ + +
Lm27 ++ ++ + +
LM28 ++ + + +
LM29 + + + +
LM30 + + + +
- = no growth

+ = slight growth (Ocm-0.3cm)
++ = moderate growth (0.31cm-0.6cm)
+++ = abundant growth (0.61cm-above)
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4.5: Biochemical characterization of the isolates

4.5.1 Screening for production of enzymes

All the isolates apart from isolates LM2, LM5, LMBVI7 and LM9, were positive for
amylase test. Only isolates LM2 and LM7 gave negatesults for esterase test. Ten
(10) isolates out of the 30 isolates tested negdtv lipolytic activity while 6 isolates
gave negative results for protease test. Isolatd$, LM4, LM7, LM9 and LM30
were negative for xylanases while the rest of #wates were positive. All the 30

isolates tested negative for the production ofutatles enzymérable 4.8).

i

Figure 4.5¢ Isolate LM27 Figure 4.5L: Isolate LM2 showing
showing positive results for positive  results  for  xylan
starch utilization utilization

r’
i

Figure 4.5¢ Isolate LM9 Figure 4.5d: Isolate LM6 showing

showing production  of precipitates of calcium salts around
protease enzyme 53 the colony




Table 4.8:Biochemical characterization of the 30 isolatesiflcake Magadi

Isolates

Amylases

Esterases

Lipases

proteases

Xylanases

LM1

LM2

LM3

LM4

LM5

LM6

LM7

LM8

LM9

LM10
LM11
LM12
LM13
LM14
LM15
LM16
LM17
LM18
LM19
LM20
LM21
LM22
LM23
LM24
LM25
LM26
LM27
LM28
LM29
LM30
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4.5.2 Screening the isolates for production of aritiotics

Isolates LM1, LM13, LM19, LM25 and LM30 showed ibiftbry activity against the
two test organisms;Pceudomonas aeruginosand Staphylococcus aurelsisolates
LM13, LM26, LM28, LM30, showed inhibitory activityagainst the test organisms
Escherichia coliand Bacillus subtilis All the isolates tested negative for activity
againstCandida albicangTable 4.9).This shows that some of the isolated fungi had

the ability to produce useful antimicrobial metatss that could be used against

bacterial microorganisms.

Plate 4.5e: Antagonistic activity of Plate 4.5f: Antagonistic activity of LM
LM 25 on Pseudomonas aeruginasa 28 on Escherichia coli The zone of
The zone of inhibition around the inhibition around the paper disc shows
paper disc shows antagonistic effect antagonistic effect
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Table 4.9: Selected isolates that showed inhibition zonesratdhem with antibiotic
activity against test organisms

Isolate/Test E. P. S. C. B.
organism coli  aeruginosa aureus albicans subtilis
LM1 - + + - +
LM3 - + + - -
LM4 - - + - +
LM13 + + + - +
LM17 + - + - +
LM 25 - + + - -
LM28 + - - - +

LM30

+
+
1
+

4.6 Molecular characterization of the isolates

4.6.1 DNA extraction and PCR amplification of 18sRNA gene from isolates

Genomic DNA was extracted from all the 30 isolaté®m the PCR amplification a

product of approximately 1800 base pairs was gaseshown oifrigure 4.6abelow.

Figure 4.6a A 1% agarose gel showing PCR amplification of 1BSIA of the
isolatesLM1-LM 27 visualized after ethidium bromide staigi
C =Control
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4.6.2 Phylogenetic analysis of sequences

Sequenced PCR amplicons of the thirty (30) isolatekake Magadi were used in
phylogenetic analysis. The BLAST search resultsv&abthat all the isolates belong to
the fungal domain and were clustered within two lghyBasidiomycota and
AscomycotgTable 4.10).Basidiomycota together with the Ascomycota, cosgthe
subkingdom Dikarya (often referred to as the "highengi") within the Kingdom
Fungi. Isolates LM2, LM13, LM15, LM16, LM18, LM2%,M26, and LM29 clustered
closely with members of the gend®enicillliuny Eupenicillium with a score of
between 98 % and 100 % similari(fable 4.10) Among these wer@enicillium
janthinellum, Eupenicillium sp Penicillium decumbensEupenicillium limosum,
Penicillium charlesij Penicillium sacculum, Penicillium glabruand Penicillium sp.

(Figure 4.6d).

Seven of the isolates from Lake Magadi namely LMKI8, LM10, LM20, LM21,
LM22 and LM27 were closely clustered with membefstlee genusAspergillus
(Table 4.10)with a score of between 99 % and 100 %. This oetbAspergillus
versicolor, Aspergillus oryzae Aspergillus parasiticus, Aspergillus fumigatus
Aspergillus nomius, Aspergillus ochraceusspergillus silvaticusand Aspergillus

sparsugFigure 4.6d).

The phylogenetic tree constructed showed the pleyletic position of each isolate
(Figure 4.6b).However, isolate LM3 had sequence similarity of8%nd these could

represent novel species, while isolates LM12 andlEMad sequence similarities of
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89 % and 82 % respectively, could represent nogakrp and are highlighted in red

(Table 4.10)

10%6{ Penicillium/Eupenicilliumcluster (8 isolates)

75 Aspergillus clustef9 isolates)

Acremoniur strictun (HM216184
Uncultured eukaryote (HM030910)
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INeurospori crassa(FJ610444)
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89 |LM28
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62 Fusarium sp18014 (EU710826)
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10% Pachykytospora papyracégahen 265(AY336754
LM1
71 LM11

61
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Figure 4.6L: Phylogenetic relationships of 26 isolates from #tigly and the closest

relatives from BLAST analysis.
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Figure 4.6c:Penicillium/Eupenicilliumsub

59

169326)

tree



Aspergillus cellulolyticu&’-94 (AB474750)
Aspergillus silvaticuf\LI 234 (AF548067)
41/ Lm4

Aspergillus ustu®94102 (GQ856237)
54

LM24

AphanoascL cinnabarinusCBS 267.72 (AY526483

___| Aspergillus oryzaSEMCC-3.248 (HM064501)
LM10

Aspergillus terreusHDJZ-ZWM-18 (GU227345)

w
W

Aspergillus parasiticublNFRI1153 (D63699)

Aspergillus fumigatus§S160 (FJ840490)

LM21
] Aspergillus flavipe ATCC24487 (AB008400)
LM20
Aspergillus sparsubAM 13904 (AB002066)
LM27

] Aspergillus versicoloHDJZ-ZWM-16 (GU227343)
Aspergillus flavipe ATCC24487 (AB008400)

LM8

LM22

Aspergillus nomiudlFRI1214 (AB00840:

LM14

Aspergillus terreugDQ173743)

—
0.0002
Figure 4.6d: Aspergillussub tree
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Table 4.10:Blast results of isolates from Lake Magadi andrthkise relatives.

Sample ID Station | BP Acc No. Next neighbour in BLAST % ldentity
LM1 EU888830 | Pycnoporus spSYBC-L1 99%
S17 545
LM2 S13 542 | AB293968| Penicillium janthinellunstrain: F-13 99%
LM3 Sl 53¢ | AY973269 | Acremonium cellulolytict Y-94 95%
LM4 AF548069 99%
S17 552 Aspergillus versicolostrain UPSC 1532
LM5 HM216184 | Acremonium stricturstrain DS1bioAY4a 100%
S16 513
LM6 AY856952 | Helicoon richonisstrain CBS 282.54 98%
S13 722
LM7 FJ610444 | Neurospora crassa 99%
Si1: 59¢
LM8 Aspergillus oryzastrain SEMCC-3.248 100%
S12 542 HM064501
LM9 Volutella colletotrichoides
S16 539 | AJ301962 99%
LM10 Aspergillus parasiticus
S2z 54 | D6369¢ 99%
LM11 AY771600 | Polyozellus multipleisolate AFTOL-ID 677 98%
S22 54¢
LM12 EU888830 | Pycnoporus spSYBC-L1
S17 553 89%
LM13 GQ253349 | Eupenicillium spB14
S11 54¢ 99%
LM14 AB002071 | Petromyces alliaceus 98%
S1z 552
LM15 Penicillium decumbenstrain ML-017
S25 542 FJ458446 100%
LM16 Eupenicillium limosunisolate AFTOL-ID 2014
S13 553 EF411061 100%
LM17 Teratosphaeria mexicargtrain CBS 110502
S1€ 748 | GU21460:« 82%
LM18 FJ430768 | Penicillium charlesiistrain CCF3797 98%
S13 542
LM19 S1: 53¢ | HM21618< | Acremonium sicturr strain DS1bioAY4 99%
LM20 FJ840490 | Aspergillus fumigatustrain FS160
S12 533 99%
LM21 AB008404 | Aspergillus nomius 99%
S14 539
LM22 AF548065 | Aspergillus ochraceustrain UPSC 1983 99%
S22 544
LM23 EU710826 | Fusarium sp18014 99%
S17 518
LM24 AF548067 | Aspergillus silvaticustrain ALl 234
S17 529 99%
LM25 AB027410 | Penicillium sacculum
S22 525 99%
LM26 S1i 53¢ | FJ71769 Penicillium glabrun 99%
LM27 AB002066 | Aspergillus sparsus 99%
S31 525
LM28 AF141950 | Fusarium merismoides 98%
S14 528
LM29 S17 539 | EU827607| Penicillium sp.CPCC 480465 100%
FJ613599 | Fusarium spMBS1 100%
LM30 S3z 52€
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CHAPTER FIVE

5.0. DISCUSSION, CONCLUSIONSAND RECOMMENDATIONS

5.1 DISCUSSION

The aim of this study was to isolate, characteapel identify fungi from Lake
Magadi, identify the enzymes produced by the fuargl then screen for antimicrobial
metabolites. The study will contribute to the ursd@nding of fungal diversity and
their possible role in Soda Lakes. There is albggh probability of discovering novel

enzymes and antimicrobial agents.

Characterization of the isolates was based on notwgltal features, physiological
and biochemical properties and molecular analysigig 18S rDNA gene (Cappa and
Cocconcelli, 2001; Henrgt al.,2000). The molecular analysis is an important tool
fungal taxonomy (Turenne, 1999; Hereyal., 2000; P&ericovaet al.,2001; Zhacet
al., 2001; Cappa and Cocconcelli, 2001), becausebased in the study of important
genes which are conserved during evolution. Momdickl characteristics indicated
that the isolates belonged to the domain fungi. iShkates exhibited different colours
like green with a white ring, orange and white. I@alF morphology showed long,
branching filamentous structures of the fungusechllyphae (Madigast al., 2005).

In most fungi, hyphae are the main mode of vegetagrowth. A hypha consists of
one or more cells surrounded by a tubular cell wadime isolates had their hyphae

partitioned by septa while others did not.
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Microorganisms are now known to thrive over a broagge of physical extremes in
temperature. The isolates grew within temperatumege of 28C — 40C. The
optimum growth was recorded between 30 °G3solates LM2, LM6, LM7, LM16
and LM17 showed slight growth at 40 °C. However, growth was recorded at
temperatures above 40 °C. In natural ecologicalesys, temperature is one of the
most important factors that determine the occueeat fungi, and influences its
growth and metabolism (Theodorou, 1971). Usualingf cannot grow well at some
extreme temperatures (Bt al., 1989). In some regions, the fruiting bodies occur,
when the ground temperature ranges in 25-30 °GedBas the laboratory experiment
result, the optimum temperature for the growthsolates studied was 25-40 °C. This
indicated that the highest richness of fungi speamay occur when the temperature
consisted with the optimum temperature. On thereont if the temperature is too

high or too low, the formation of fruiting bodiesiMbe influenced.

Life also occupies an equally broad range of dslinihe isolates grew well in the
presence of sodium chloride (lake condition) andewable to tolerate concentrations
up to 20 %. The optimum growth was recorded whethuso chloride concentration
was between 5 % - 10 %lowever, the isolates showed poor growth in medth w
high salt concentration. Growth reduced with inshe@ salt concentratiofiTable
4.7). Growth of the isolates in culture medium at déf®@ sodium chloride levels
(varying between 0 % and 30 %) indicated tolerancgalinity and an adaptability of
these isolates to adverse growth conditions. 8aitigy halophiles live in salt plains,

salt marshes (moderate salt environments), evaporgionds at salt works, and
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natural salt lakes (e.g. the Dead Sea, Israel lem@teat Salt Lake Utah). Recently it
has been shown that fungi are not only able toagusbut also to propagate at
different environmental extremes such as hypersatliaters (Gunde-Cimerma al.,
2000), dry rock surfaces (Steflinger, 1998) andaocdepths (Lopez-Garciet al.,
2001). Fungi can tolerate higher salinities thandhe of sea water. Pitt and Hocking,
(1977), examined the growth of xerophilic fungispergillus ochraceoy#\spergillus
flavus Chrysosporium fastidiumEurotium chevalieti Xeromyces bisporusand
Wallemia selji in the presence of glycerol, sodium chloride ajldcose/fructose
mixture. Salt marshes, a moderate salt environmen¢, another habitat for
halotolerant fungi (Abdel-Hafeet al., 1978). Fungi have an important role in the

decomposition of salt marsh grasses.

In nature, microorganisms have been shown to ocoeyly the entire range of pH.
Physiochemical characterization of the isolatesaglibthat the highest growth was
observed at pH 1MHowever, the isolates were able to grow at pH 5ctvlsuggests
that they are tolerant to acidic conditions (Maaeand Siqueira, 200q)lable 4.5).
This growth at pH range of 5 to10 is consistenhvah earlier study by Horikoshi,
(1998) which showed that a low to high pH rangesaf to 9.0, favours growth of

alkaliphiles and that a pH range 9.0 to 10 mayesas/their selective optimum pH.

Enzymes from extremophiles, extremoenzymes, hayea economical potential in
agricultural, chemical and pharmaceutical proces3égy are used in biological
processes by increasing specificity and catalytitividy, and are stable at extreme
incubation conditions (Chadha and Patel, 2008). opfalic enzymes, while
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performing identical enzymatic functions as thein+halophilic counterparts, have
been shown to exhibit different properties suchaasequirement for high salt
concentrations, increased activity and variablebitya (Mevarech et al., 2000).

Usually, halophilic enzymes are not only able taldeith high ionic strength in their

environment but also able to maintain their functamd structure (Dyret al.,1995).

Screening the isolates for useful secondary metaboshowed that they have the
ability to produce enzymes and antibiotics. Thetyhi30) isolates from Lake Magadi
produced various extracellular enzymes such asamm®y| lipases, proteases, esterases
and xylanases. This is a characteristic that aonfireir role in the decomposition of
organic matter in the habitats (Crawford, 1988;d€ieet al, 2000). Studies have
shown that during vegetative growth and subsequparulation, a variety of
proteases are produced (Priest, 1977), indicaliaig tole in decomposition of organic
matter in nature. Of the 30 isolates screened im study, 25 isolates hydrolyzed
starch and skim milk. Twenty eight (28) and ninat€&9) out of the thirty (30)
isolates were able to utilize Tween 80 and TweemeBpectively. Besides starch and
skim milk hydrolysis, twenty four (24) of the stedi isolates hydrolyzed xylan. All

the 30 Isolates were non — cellulolyticaple 4.8.

The hydrolysis of the various substrates was aication of the ability in the various
isolates to produce amylases, lipases, proteastmases and xylanases that are of
industrial importance. The enzymes of microbialgmrihave high biotechnological
interest such as in the processing of foods, matwiag of detergents, textiles,
pharmaceutical products, medical therapy and ineowar biology (Pilnik and
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Rombouts, 1985; Falch, 1991; Reioal.,1998).An interesting application of alkaline
protease was developed by Fujiwara and coworkerkufRori et al., 1985). They

reported the use of an alkaline protease to decsenfiee gelatinous coating of X-ray
films, from which silver was recovered. Proteas@®had a higher optimum pH and
temperature, around 13.0 and 85 °C. The enzymenvess active toward gelatin on

film at pH 10.

Fungi are well known as a source of antibiotics betently, new therapeutic
compounds with novel pharmacological activities éndeen developed. One such
example is the cyclosporin first isolated froholypocladium inflatumin 1976 as
antifungal compounds and later shown to possessiimosuppressive activitfL.eung
et al, 2006). Cyclosporin A is currently the most widelsed drug for preventing
rejection of human organ transplants (note: 20 sydater the sexual stage ot

inflatumwas found to b€ordyceps subsessilislodgeet al.,1996).

In a research study carried out in Turkey, micraoigms isolated from the alkaline
saline Lake Acigol were screened for their actiagainst other micro-organisms. The
preliminary results indicated that alkaline-sallake isolates exhibited antimicrobial
activity against Bacillus subtilis, Staphylococcus aureus, Microaeccluteus,

Mycobacterium smegmatiandCandida albicangEltem and Ucar, 1998).

In this study, isolates were studied for the prdiducof antimicrobial compounds.
The ability of individual isolates to inhibit theayth of Gram-positive and Gram-
negative test organisms was tested. The isolatewesh antagonistic activity that

differed from one isolate to another. This coulddoe to the expected different modes
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of action and activity of the individual biochenmliczonstituents of the respective

isolates (Macet al.,2006).

The selected isolates showed antagonistic actagfginst test organisms amere
found to have antibiotic activity againsEscherichia coli, Bacillus subtilis,
Pseudomonas aeruginosand Staphylococcus aureu3welve (12) of the studied
isolates had inhibitory effects dtaphylococcus aurey3able 4.9) IsolateLM3, a
probable novel species that clustered wAttremonium cellulolyticu¥-94 at 95 %
similarity inhibited growth ofStaphylococcus aurewend Pseudomonas aeruginosa
but had no inhibition againg. coli and Bacillus subtilis.This was consistent with
earlier studies that have shown that most of the antidsoéire active against Gram-
positive micro organisms, although there are exeeptEltem and Ucar, 1998). Ten
(10) of the studied isolates showed antagonistiecefagainst the Gram negative
Escherichia coliwhile nine (9) of the studied isolates had antagfimeffect against
Pseudomonas aeruginas&ight (8) of the studied isolates had antagamisffect
againstBacillus subtilis Isolate LM17, a probable novel genus that clestewith
Teratosphaeria mexicanstrain CBS 110502 at 82 % similarityhibited growth of
both gram positiveStaphylococcus aureusnd Gram negativ&.coli. None of the

isolates had antagonistic activity against tesgfu@andida albicangTable 4.9).

Isolate LM13 that clustered closely wittupenicillium sp B14 at 99 % similarity
produced dark brown pigments into the media. Thas an indication that the isolate
could have an ability to produce diverse secondatabolitesSpecies of the fungus,

Eupenicillium spp are capable of producing many natural productschwinave
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potential bioactivity. The endophytic speciedwifpenicillium isolated from the forest
tree Glochidion ferdinandi was found to produce four polyketides: phomoxin,
phomoxin B, phomoxin C and eupenoxide (Daws al.,, 2005). Previously,
phenopyrrozin had been isolated frétanicillium sp. FO-2047 (Shionet al., 1995).

In 2006, p-hydroxyphenopyrrozin and phenopyrrozad been elucidated from the

marine funguhromocleista sphy Park et al. (2006).

Filamentous fungi are attractive organisms for pamion of useful protein and
biological active secondary metabolites. These ifupgbduce high levels of
polysaccharide-degrading enzymes and are frequersthd for the production of
industrial enzymes. Fungi have high secretion dgpaad are effective hosts for the
production of foreign proteins (Tsukagoséi al, 2001). Amylases have varied
industrial applications and are classified @4-4-glucanase and-1-6-glucanase
according to specific glucosidic bond cleavagebiewing industry, the products of
starch obtained after enzymatic hydrolysis are usaed nutrients in microbial
fermentation (Stewart and Russel, 1978) for ethgmotluction (Matsumotet al,
1982). The major markets for amylases are food stighs for the preparation of
sweeteners and syrups (Nigam and Singh, 1995).nDuwsblid-state fermentation
Penicillium restrictumproduced amylase, lipase and protease on basalumedali
industrial waste of babassu oil (Paletaal, 2006). A high maltose producing amylase
was secreted frorRenicillium expansunDoyle et al, 1989) and increased secretion
of xylanase and pectinase was observed when grawylan and pectin as respective
carbon sources (Kimurat al, 2002). The pigments produced Bgnicillium (PP-V

and PP-R) andMonascus (monascorubrine and monascuscorubramine) were
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structurally similar (Ogihara and Oishi, 2002). bstatins or monacolins produced by
Penicillium, Monascus Aspergillus and Rhizopus (Endo et al, 1979) inhibits
cholesterol biosynthesis by binding to catalytite 9f HMG-CoA reductase a key
enzyme in cholesterol biosynthesis (Albert, 1993 acavenged DPPH radicals
(Aniya et al, 1999; Dhaleet al, 2007a and b). Penicillenols secretedPapicillium
sp showed biological activity against HL-60 cell lines (Liet al, 2008). The
production of pigment and amylase Benicillum sp NIOM-02 indicated its

importance in food, pharmaceutical and nutraceuinctustries (Parekbt al, 2000).

Isolate LM7 clustered closely witNeurospora crass@-J610444) and scored 99 %
similarity. Neurospora crass@s Ascomycetes, the red bread mold. Like all furtgyi
reproduces by spores. It is particularly well suiiter genetic studies over the past 60
years because it can be grown quickly on simplauciimedium. It spends most of its
life cycle in the haploid condition so any recessmutations will show up in its
phenotype (Galagan, J.E, 2003). It is importarthan elucidation of molecular events
involved in circadian rhythms, epigenetics and geilencing, cell polarity, cell
fusion, development, as well as many aspects df melogy and biochemistry.
Because its characteristics make it ideal for sifienresearch, Neurosporais

considered a model organism (Davis 2000; DavisRer#tins 2002).

Isolate LM5 and LM19 clustered closely withcremonium strictumstrain
DS1bioAY4a (HM216184) with a similarity of 99 9A. strictumis a filamentous,
cosmopolitan fungus commonly isolated from plartirde soil and water (Domsakt

al., 1980). This is in line with the study as isolatd5 was isolated from mud and
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isolate LM19 from microbial mat. Thé. strictum taxon is genetically diverse
(Novicki et al.,2003). It is one of the keratinophilic fungi andlermatophyte (Ali-
Shtayeh et al., 2002), a pathogen causing opportunistic infectiois
immunocompromised patients (Schell and Perfecto1®¢arriset al.,2000), and is a
pathogen of maize (Tagret al, 2002) and button mushroom (Kaeg al., 2002).
Meanwhile, it is also important in industry. Theotoansformation of hydrocortisone
(Faramarziet al., 2002), the production of a novel glucooligosactteonxidase (Lin
et al., 1991) and Xenovulene A, a novel GABA-benzodiazepiaceptor- binding
compound (Ainsworttet al., 1995), degradation of thiocyanate (Hyoetkal., 2002)
and hydroxylation of progesterone (Faramaitzal., 2003), byA. strictumhave been
reported. Also Cephalosporin C (CPC) is a major precursor of segmthetic
cephalosporin antibiotics, which is naturally prodd in a secondary metabolite form

in Acremoniursp (Velascoet al.,2001).

Isolates LM2, LM13, LM15, LM16, LM18, LM25, LM26, rl LM29 clustered
closely with members of the genBsnicillliunVEupenicilliumwith a score of between
98 % and 100 % similaritgTable 4.10) The species includ@enicillium janthinellum
strain: F-13, Eupenicillum sp B14, Penicillium decumbensstrain ML-017,
Eupenicillium limosunisolate AFTOL-ID 201&enicillium charlesiistrain CCF3797,
Penicillium sacculum, Penicillium glabrurand Penicillium sp. CPCC 480465.
Gunde-Cimermaet al. (2004 and 2005b), carried out several ssudrethe isolation
and characterization of fungi isolated from sakein Slovenia. They observed a
surprisingly rich diversity of fungi. The fungi moequently observed were species

of the generaAspergillus Penicillium with teleomorphic stages an@allemig
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Scupolariopsisand Alternaria. An exhaustive study carried out by Buchalo et al.
(2000) permitted the taxonomic characterizatiofilamentous fungi isolated from the
Dead Sea. They included 26 species representiniifféBent genera of Zygomycotina
(Absidia glaucy Ascomycotina (most representative were specfedgpergillus
Chaetomium Cladosporium Penicillium and Eurotium as well as a new species of
the genusGymnascelladesignatedsymnascella marismortuiand mitosporic fungi

(four species belonging to the genfi@emoniumStachybotrysndUlocladium).

Seven out of the thirty (30) isolates from Lake lbdignamely LM4, LM8, LM10,
LM20, LM21, LM22 and LM27 were closely clusteredtvimembers of the genus
Aspergillus(Table 4.10)with a score of between 99 % and 100 %. This ohedi
Aspergillus versicolorstrain UPSC 1532Aspergillus oryzaestrain SEMCC-3.248,
Aspergillus parasiticus, Aspergillus fumigatssrain FS160,Aspergillus nomius,
Aspergillus ochraceustrain UPSC 1983Aspergillus silvaticusstrain ALI 234 and
Aspergillus sparsus.M4 and LM24 were isolated from water, LM10 and L&2om
foam on the water surface, LM20 and LM8 were igglairom microbial mat at the
hot springs, while LM21 was from microbial mat néae hot springs and LM27 was
isolated from the salt. According to studies doge(Bitt, 1979; Christenseat al,
2000; Kilich, 2002; Asan, 2004), the species Adpergillus, Penicilliumand
Paecilomyces Bainesre among the most abundant and widely distribotetofungi

in nature. In another studpspergillus versicolgrChaetomium globosum, Eurotium
herbariorum, E. amstelodamand E. rubrumwere isolated from Dead Sea waters and
together withGymnascellanarismortuiwere tested for survival of spores and mycelia

in Dead Sea water for prolonged time (Kis-Papal.,2001 and 2003a). After the first
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record of fungi, Kis-Papo et al. (2003b) perforneedtudy of genomic diversity of
Aspergillus versicolorand their results suggested that genomic diversigs
positively correlated with stress. Traditional femmations could take several months
but this has been reduced to 2-3 days in a modimt.pThe principal fungus
involved, Aspergillus oryzaeis now also used to produce a range of comméycial

important enzymes.

LM 11 clustered closely withPolyozellus multiplexsolate AFTOL-ID 677 with a
score of 98 %. The gen&®lyozelluss monotypic and belongs to tfidelephoraceae
family, also known as leathery earth fans. Thisugeonly contains a single species,
called thePolyozellus multiplexalso known as the clustered blue chanterelleg blu
chanterelle, or the black chanterelle. It is arbkedspecies that has been harvested for
commercial purposes. According to research conduot2003,Polyozellus multiplex
contains the bioactive compound polyozellin, shawrhave various physiological
properties, including suppressive effects on stémeancer (Lee and Nishikawa,

2003; Lullet al.,2005).

In this study, isolate LM 3 had members of varigaeseraas the nearest neighbors in
BLAST with 95 % similarity (Table 4.9) Some of these includéAcremonium,
TalaromycesPenicillium, Sagenomella, Aspergillus, Paecilomyeesl Aphanoascus
This isolate could represent novel species andldhoel further investigated on in
order to fully identify the organism. It hydrolyz&kim milk, Tween 20, Tween 80,
Xylan and Starch, indicating that it was able t@wduce extracellular proteases,

esterases, lipases, xylanases and amylases. linhéxtion activity against Gram-
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positive bacteria; hence it could have an ability produce broad spectrum

antimicrobial compounds.

Isolate LM 12 and LM 17 ha@ycnoporus spand Teratosphaeria mexicanstrain
CBS 110502, as their nearest neighbors in BLASTh W@ % and 82 % similarity
respectively(Table 4.9) Isolate LM12 hydrolyzed Skim milk, Tween 20, Twieg0,
Xylan and Starch. Isolate LM17 hydrolyzed Tween 8FJan and Starch. This
indicated that the isolates were able to produdeaeallular proteases, esterases,
lipases, xylanases and amylases. The isolatesrmloition activity against Gram-
positive and Gram negative test organisms; hene& #ibility to produce broad
spectrum antimicrobial compounds. This isolatedctoepresent novel genera within

the lake’s ecosystem and requires further research.

The BLAST search results showed that all the issldtelong to the fungal domain
and were clustered within two phyRasidiomycota and Ascomycota. Basidiomycota
together with the Ascomycota, comprise the subkingdikarya (often referred to as
the "higher fungi") within the Kingdom Fungi. Theséomycota are the largest
phylum of Fungi, with over 64,000 species while iBesnycota contains about
30,000 described species, which is 37 % of therttest species of true Fungi (Kigk
al., 2001). Basidiomycetes constitute the most conspisugroup of fungi in the
environment and comprise very different ecologg@ups such as white rot, brown
rot, and leaf litter fungi. Some of them are ediatel/or medicinal fungi; some have
important biotechnological and environmental amslans (Songulashviliet al.,
2007).
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5.2. CONCLUSIONS

The study has demonstrated that L. Magadi harbddksliphilic fungal
species. Thirty isolates were obtained, charaadrand identified.

The isolated fungi grow well at pH ranging from 3.6, temperature range of
25 — 35 °C, and NaCl range of 0- 30 %. The abarelitions are therefore to
be adopted if the isolates are to be exploitedstraally.

The study has also demonstrated that, Alkalipfilitgi from L. Magadi are a
potential source ofxtracellular enzymethat includdipase, amylase, esterase
and proteases at alkaline pH.

The isolates showed antimicrobial activity agai@am positive and Gram
negative test bacteria.

Molecular characterization of isolates indicateat thll of them belong to the
fungal domain and clustered within two phyl&asidiomycota and
Ascomycota. Basidiomycota together with the Ascootgccomprise the sub-
Kingdom Dikarya (often referred to as the "highendi") within the Kingdom

Fungi.

One (1) isolate, LM3 showed identity of 95 % simthawith the previously
known sequences in the GenBank database. Thesseapra novel species

within the lake ecosystem.

Two (2) isolates, LM12 and LM17 showed identity 8 % and 82 %
similarity respectively, representing novel genefrarganisms within the lake

ecosystem.
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5.3. RECOMMENDATIONS

» Extensive research on the specific secondary migieboeleased by these
microorganisms is of great importance

* More research is required to design studies thaltdvocompare the
diversity of fungi in different seasons of the ysach as the rainy and dry
seasons of the year.

» Further analysis of fungi is necessary for totalrelsterization and
identification of more alkaliphilic strains from ka Magadi.

* The novel organisms need to be further confirmedbthods such as fatty

acid analyses and DNA-DNA hybridization.

» Different protocols should be designed so as tmathe isolation of more

diverse genera.

» Extensive research on the specific enzymes andhimntibial compounds
produced by these microorganisms is of great inapag. This will help to
elucidate the structures and biochemical charatiesi of any novel

enzymes and bioactive metabolites detected.
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APPENDICES
Appendix 1: DNA Extraction Reagents
Solution 1
o 50 mM Tris pH 8.5
o 50 mM EDTA pH 8.0

0 25 % Sucrose solution

Solution 2
o 10 mM Tris pH 8.5
o 5mM EDTA pH 8.0
o 1% SDS
Lysozyme 20 mg/mi
RNase A 20 mg/mi
Proteinase K 20 mg/ml
Phenol
Chloroform
Absolute ethanol.
3 M NacCl

Isopropanol
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Appendix 2: Electrophoresis buffer Working Concentrated stock

TBE buffer 10x

Chemical Volume
Tris 108g
Boric Acid 55¢g
NaEDTA.2H,0 9.3g

Adjust the volume to 1 liter with ddi® and divide into 500ml bottles
Running conditions: use X TBE as the running buffer. Pre run the gel at 40W for 3
minutes. Load 2ul of sequencing reactions/well mglsure to low out wells with a

syringe first then Run the gel at 60W for 1.5-2temal.
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Appendix 3: EDTA 0.5 M pH 8.0

Dissolve 186.1 g of disodium ethylenediaminetetratate (EDTA.2HO Sigma
ED2SS mw 372.2) in 800 ml of dd@&. Stir vigorously and adjust the pH to 8.0 with
NaOH pellets (EDTA will not go into solution unthe pH is near 8.0, so add some of
the pellets before trying to adjust the pH. Brithtpia final volume of 1000 ml. Divide

into 100 ml aliquots and autoclave.
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Appendix 4: Ethidium Bromide 10 x

Dissolve 1.0 g of EtBr in a final volume of 100 mtH,O. Wrap the bottle in

aluminum foil and stir several hours to get a sakition. Store at 4 °C.

To make the 1x stock used to stain gels take 10frthe 10x stock and bring to a
final volume of 100 ml using ddi®. Wrap bottle in aluminum foil and store at room

temperature.
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Appendix 5: Proteinase K

To 1 ml of ddHO add 20 mg of Proteinase K (Promega # 52066). gikiss a 20mg/

ml stock.
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Appendix 6: SDS 10 %
Dissolve 100 g of electrophoresis-grade SDS in ®0@dH,O. Heat the solution to

dissolve. Bring to a final volume of 1000 ml usitdiH,O. Do not autoclave.
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Appendix 7: TE pH 7.4 or pH 8.0

Chemical Volume
1M Tris pH 8.0 2 ml
0.5 M EDTA pH 8.0 400 pl

Bring it to a final volume of 100 ml using ddB and autoclave.
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Appendix 8: Tris1MpH 7.4
Dissolve 121.1 g of Tris base in 800 ml of d@Hand adjust the pH to 7.4 with

concentrated HCL. Bring the final volume to 1000wth ddHO. Divide into 100 ml

bottles and autoclave.
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