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Summary

Background. Burkholderia cepaciacomplex (Bcc) are well knowior their abilty to
produce antifungal agentslowever the majority of past studies have screened only a
limited number of isolates, which were not taxonomically well characterized. In addition,
while the activity of Bcc bacteria against plant pathogenic fungal species has been
characterized, very few studies have examined the interaction between Bcc and
saprotropht wood decay basidiomycete species. The overall aim of this study was to begin
to the characterization of the interactions of Bcc and oerkholderiawith the model
ascomycet€andida albicansand woodland basidiomycete fungi

Methods. The study madesg of a large collection (397 isolates) of taxonomically well
identified Burkholderiaspecies. A systematic scraap of the antifungal activity of this
collection was made againgE. albicans and various wood decay basidiomycetes:
Bjerkandera adustalrametes versicolgrHypholoma fasciculareResinicium bicololand
Phanerochaete velutingA wide range of media ere evaluated foBurkholderiagrowth,
antifungal metabolite production and the ability to suppbe mycelial growth of
basidiomycetes. An agaverlay assay was used to examine the-@amdidal activity of
Burkholderia isolates, while a novel overlay assay was developed using homogenised
mycelial material for the basidiomycete species. Novel and existitrgction techniques
were evaluated fotheir ability to partially purify activeBurkholderia metabolites.The
purification and identification of the actiigurkholderiaantibiotics wereperformed using

both preparativehin layer chromatography (TLC) and liquid chromatography combined
with massspectrometry (LEMS). A novel TLGbioautography assay was also developed

to reveal the presence of actBarkholderiametabolites in the antimicrobial extracts. The
minimum inhibitory concentration (MIC) of the sejmirified Burkholderia antifungals
wasalso determined. The natural diversityBdrkholderiaand other bacteria associated
with different rhizosphere environments was evaluated by cultivating isolates from local
maize crops and examining a collection Bfirkholderia isolates obtained from the
rainforest in Sabah, Malaysia. The genetic basis for the secretion of antifungal agénts by
ambifaria was examined using transposon mutagenesis and screening for the mutants
which had lost their anttandidal activity. Additional transposon mutants that lost

their antibacterial activity and had been obtained in a previous screen were also examined
for alterations in antifungal activity. Finally, thBurkholderia genome database and
bioinformatic techniques were used to genetically characterize thetants and other
genetic loci that had been previously implicated in antibiotic production.

Results. The majority ofBurkholderiaisolates possessed the same antagonistic activity
towards C. albicansas they did towarddB. adusta Of the 397 isolates amined,
antifungal activity was the greatest in the followiBgrkholderiaspeciesB. ambifarig B.
cepacia B. cenocepaciaand B. contaminansinterestingly, no antifungal activity was
observed forB. multivorans (27 isolates) andB. stabilis (18 isolats) under the



experimental conditions tested. The type of medium used to study the interaction between
Burkholderiaandthe fungi considerably effected antifungal activity, with the most suitable
media for studying antagonistic activity being Sabouraud agaran acidic minimal salts
medium (BSM; pH 6) supplemented with 0.4% glycerol. Of the 397 isolates screened,
47.85% were anticandidal (190 isolates; 89.47% of these were Bcc species and 10.53%
were otherBurkholderia specie} while 48.10% were active amst B. adusta(191
isolates; 93.19% of these were Bcc species and 6.81% were Btinkholderig.
Extraction usingAmberlite XAD16 resin binding followed by elution with methanol was

an excellent means to isolate actiBairkholderia antifungals Fractioration of these
extracts using Bca gel TLC and ethyhcetatanethanol:water (20:1:0.5) ake elution
solvent was optimal fothe separation oflte majorityof the active metabolitesA TLC-
bioautography assay was developed in this current study aslimipaey screening
technique to detect anmicrobial components of nov@urkholderiaextracts. The assay

was very useful for detecting amttandidal and antbacterial compounds and was adapted

for use for the first time with basidiomycetes. Antifun@airkholderiaisolates produced
between 1 and l@ntifungal metabolites. éveral antifungal agents were identified as
enacyloxin, pyrrolrrin, bactobolin and quinolinesNovel compounds and novel
bactobolin derivatives were also present. Borambifaria strain AMMD a number of
chromosomal loci were found to be involved in the production of antifungal metabolites.
Quorum sensing was essential for the expression of antifungal activity as transposon
mutations in the Cepl synthasacoding gene prevented theodynthesis of allB.
ambifaria antrcandidal compound®3. ambifariaAMMD extracts containing enacyloxin

lla also produced an inhibitory effect at low concentration ag&nsbli, B. multivorans

andA. baumannii

Conclusions. Burkholderia are potentiall a very large reservoir of known and novel
antimicrobial agents, especially with nearly 50% of isolates screened exhibiting antifungal
activity. Antimicrobial compounds such as enacyloxin Ila were discovered for the first
time to be produced bBurkholder and novel extraction and bioassay methoids ant
fungals weredeveloped in this study. Overall, we now have the tools to considerably
advance the isolation and characterization of antifuBgatholderiametabolites.
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CHAPTER ONE

GENERAL INTRODUCTION AND AIMS



General introduction

The search for novel microbial metabolites has been motivated by the need for new
antibiotics to combat microbial multidrugsstance to current antimicrobial agents.
Microorganisms are an important source of potentially useful metabolites. Up to now,
bacterial species of the gen8treptomycesand fungal species of the geniaenicillium

have mainly been investigated and usedtlar isolation of antibioticsBurkholderiaare

soil bacteria able to use a wide range of organic compounds and produce a wide range of
potent antimicrobial agentg§Parke & GurianSherman, 2001 Vial, et al, 2008
Mahenthiralingamet al, 2011). Nearly all of Burkholderia antibiotics characterised to

date have been identified froB. cepaciasolates which have not been characterized at the
species level in terms of theB. cepacia complex (Bcc) taxonomic group
(Mahenthiralingam et al, 2008. Further no studies have looked at the antimicrobial
activity within large collections of taxonomicaltjefined Bcc isolatesBurkholderia
should be investigated in more detail as producers of antimicrobial nietaband

potentially developed as new sources of clinically useful antibiotics.

1.1 Interaction between bacteria and fungi
Bacteria and fungi are evolutionlgr very distinct microorganisms. However, they often

live in close contact with each other, regulashare common substrates, and their spatial
proximity in many environments has led to either synergistic or antagonistic interactions
between themThe biosynthesiof natural products by microorgams is affected by
biotic and #&iotic factors. Each mioorganism has the ability to produce particular

metabolites through distinctive mechanisms. In the natural environment the growth



substrates andonditions may vary considerabnd alter the metabolites secreted by
microorganisms. In the laboratory, thengponents of synthetic media and different factors
such as pH, temperature and incubation period have been shown to alter antibiotic
biosynthesis in many producer straii€adir, et al, 200§. For detag#d chemical
characterization and commercial productionisit necessary to optimize the antibiotic
production conditiongDuffy & Defago, 1999 Raaijmakerset al, 2002 Kadir, et al,

2008. Understanding these production conditions in the laboratory will also provide
means to explore what antimicrobialess are produced in nature by known biological

control organisms such &sirkholderia

The interaction between bacteria and fuegpecially pathogenic speciéss beestudied

by many researcher®r long time but limited attentionhas beergiven to interactiors
between wood decay basidiomycetes and bacfEnere are many d8. cepaciacomplex
(Bcc) strainsknownto beantimicrobial producerand suggestedis biepesticidegParke

& GurianSherman, 2001 Bcc strains designated as type Wisconsin and proposed-as bio
pesticides were submitted to US\EronmentalProtectionAgency(EPA) for registration

in the late 1988 Many Bcc biepesticides were registerbéétween 1992 and 1996. Later,
polyphasic taonomic studies and genetianalysis demonstrated cleaelatiorships
between Bcc bigesticidal and clinical strainghese results led to considéon of the
hazards of continued use of Bcc as-pasticices ard (EPA) cancelled registration and

prohibitedthe useof Bcc bio-pesticidegParke & GurianSherman, 2001

The interaction between bacteria and wood decaydioasycetes rangefrom highly

competitive to mutulistic. Antagonistic interactions can be mediated via volatile or



diffusible antibiotics or following contac(Boddy, 2000. Many fungi acidify culture
media during growth by production of organic aqiEstrson & Mclennan, 194&spejo &
Agosin, 199}, and this might be expected to be inhibitory to bacteria even in the absence
of other antibiotics(Tsuneda & Thorn, 1995 Attack of bacteria by wood decay
basidiomycetes and their use as a source of nutrisnés wellkknown phenomenon
(Tsuneda & Thorn, 199%Isas et al, 2007. The most aggressive bacterial attackers are

often the fast growing wabdecay basidiomyceté¥suneda & Thorn, 1995

Currently, the control of phytopathogenic furdgpends heavily on the use of synthetic
chemicals as primary control agents in agriculture. However, the interest in biological
control has steadily increased for a number of reasons such as theofcobemical
fungicides, concerns over their environnanimpact, public worry about the hazards
associated with these chemicals, safety problems and developfmesistance by certain

plant pathogen@Neller, 1988 Whipps, 2001Elsas et al, 2007%.

1.2 Burkholderia

Burkholderiaspecieswere originally recognized gshytopathogenic bacteria which cause

sour skinrot of onion bulbgBurkholder, 1950 Burkholderiaar e b pr ot eobact
negative, mostly motile, aerobic, morphologically straight or slightly curved bacilli (1 to 5

um in length and 0.5 to 1.0 pum in width). They do not form spores and their optimal
growth tempeature ranges between 20°C and 37°C. They are able to utilize a variety of
simple and complex carbohydrates including alcohols, amino @¢aftsis et al, 2003

and even hydrocarbon fue(®'Sullivan & Mahenthiralingam, 2005s carbon sources.

The genusBurkholderiacontains more than 40 diffare species, which inhabit a large



array of ecological niches. They exist in soil, wap#ant rhizosphere, endophytically and

are associated with fun@fParke & Guian-Sherman, 2001

1.2.1 Burkholderia cepaciacomplex
Burkholderia cepaciacomplex (Bcc) isa group of closely related specieBhese species

share a high degree of 16S rRNA gene (98 to 100%)eAdgene (94 to 95%) sequence
similarity (Vermis et al, 2003. They all also hold unusually complex and plastic gersome
that consist of two or more chromosomal replicons which harbour multiple insertion

sequencefMahenthiralingam & Vandamme, 2005

Bcc wererecognised as opportunistic human pathogbaiteria responsible for a variety
of infections, but only in individuals with an underlying vulnerability. Bcc bacteria are
very problematic in cystic fibrosis (CF) patients becaudbaif native resistance tawide
range of antimicrobial agents atiwir ability to spread from patient to patiefitablan et

al., 1985. Also within the genuBurkholderiais B. mallei,the causative agent of glanders
in horses, mules and donkeys, @dpseudomalleithe causativagentof melioidosis, an
infectious disease of humans and aninralsopical area¢Berriatuag et al, 2001 Coenye

& Vandamme, 200

1.2.2 The diversity of Burkholderia
Bcc are ecologically versatile bacteria able to metabolise a wide range of carbon

compounds. They are also one of the dominant bacterial groups foutie plant
rhizosphere. Bcc bacteria have alseeb isolated from diseased plants, such as onion

(Burkholder, 1950Saddler, 199% ryegrasqNijhuis, et al, 1993, maize(Dalmastrj et



al., 1999, pea(King & Parke, 199§ cotton(Hallmann et al, 1999, coffee(Estrada et

al., 200)), swgarcane(Bramer et al, 200) and papay#Kadir, et al, 2008.

Microbial rhizosphere community structure and density may be affected by biotic factors
(eg. other microorganisms and their metabglisesd animaland plant populatios) and
abiotic factors (eg. temperature, water content or pH). The diversity of the culturable
Burkholderia communities in rhizosphere sois affected by several factorBi Cello, et

al., (1997 suggested that the diversity and densityhefB. cepaciacommunity associated
with maizeroot depended on ght growth stage and root exudat&almastrj et al,
(21999 found that the type of the soil was the main factor which affected the diversity of

the B. cepacigoopulation associated with maireots

Burkholderiaspecies have also been shown to occur in symbiosis with fungi.eYaia
(2006) described the presence of a bacterium belonging to Bcc associated with Brazilin
white-rot fungusPleurotussp.  Lim et al (2003) characterized and proposed Bie
sordidicolaKCTC' 12081 and KCTC 12082 as a mbspecies whicivasassociated with
fungus Pleurotus sordid, collected from the plantQuercus acutissiumand Prunus

serrulata

Bacteria are often found attached to fungal hyphae, sporewitnid fruiting bodies. A
range of species includingseudomonasBacillus Paenibacillusand Burkholderiahave
already been found to have a connection with fi{atgas et al, 2007. The fungusmay
provide both nuients and colonization sites for the bacteaia the bacteria mayalso

attack and use fungi for their own nutrition, or they may produce antibtbét inhibit or



kill fungi (Highley & Dashek, 1998

Nearly all species within the Bcc have been isolated from lbénclinical and
environmetal isolates however, isolates within the Cardiff collection (> 1600 isolates of
Burkholderiaspecies) have an interesting distributidviahenthiralingan, et al, 2009.
Environmental isolates were not detectable witheB. cenocepacih t £t D and onl
environmental isolates &. multivorans, B. cenocepaciat tB. doJosa and B. stabilis

were present in the collectiofMahenthirdingam et al, 200§. All 16 isolates ofB.
cenocepacid t £t C wer e envi r on me nB.arbifariasBo pymotireas . Mo
unclassifiedspecies groups BCC5 and BC®@6ore than 89% of isolates were from natural
environmentgMahenthiralingamet al, 200§. Although such collections of bacteria help

with understanding the diversity of environments tBatrkholderia bactera can be
cultivated from, further studies based on prospective collection of isolates or cultivation

independent analyses are needed to fully explore sources of these bacteria in nature.

1.3 Fungi

Fungi play a major role in the function and dynamics of gst@sns.Fungalmycorhiza

with plant root are crucial for host nutrient acquisition. Fungi are the main agents of
decomposition and hence of nutrient releadSengi may also cause serious economic
problems in agriculture. Several important plant and hurmahogenic fungi such as
Fusarium RhizoctoniaCryptococcusandCandidaspphave been used as target organisms
screened for the discovery of new antifungal substances. In this study, ten representatives
of wood decay basidiomycetes a@idalbicanswere usd as target fungal species in order

to screen for antifungal biosynthesis Byrkholderiabacteria



The Basidiomycota comprises a large phylum containing about 22,000 known species.
Somebasidiomycetes are facultative parasites, for exarpillaria sp causes root rot.
Smuts and rusts are obligate parasites causing plant diseaseausatdamage worth
millions of pounds yearlySaprotrophic basidiomycetes are the major agents of wood
decomposition in forest soils and form about 60% of living micrabi@mmnass(Boddy, et

al., 200§. Wood rots are categorized either as white ,rbtewn rotsor soft rots White

rots attack anddestroys all compounds of wood including ligningcellulose and
hemicellulose Brown rots attack and destroy cellulcssed hemicellulose but not lignin

Soft rot opeate a more local scale, and cause different patterns of decay, and again do not
utilize lignin (Highley & Dashek, 1998 Basidiomycetes are known sources for the
production of a large number of secondary metabolites. For example they produce a wide
range of potent extracellular enzymes such as lignin peroxidgygexal oxidase and

laccasgBoddy, 2000, and are &b able to produce antibioti¢de Boer et al, 2009.

Chemically synthesised or petrochemical induskeyivedwood preservates have been
banned in several countries because of both health concerns and environmental issues.
Thus, there is an urgent need for new approaches to preserving wood and preventing
fungal wood decayHighley & Dashek, 1998 Secondary metabolites produced by
microorganisms ithe field of biocontrol, especiallfrom B. cepaciacomplex (Bcc) have

shown promising activity as arftingal agent¢Rousk et al, 2008.

C. albicansbelongs to Ascomycota and the family Saccharomycetaceae. It is commonly
found as part of the normal microflora on the skin and orifices of humans. It is the major

opportunistic fungal pathogen causing potdiytidatal disease in immunosuppressed



human hostgPfaller & Diekema, 2007 Since C. albicansisa very @ommoncause of
fungal infectionan humans, it has been a major target species for the discovery of new

antifungals.

1.4 Biological control
Biological control agents (BCAs) are those microorganisms which can be used to reduce

pathogens or to decrease damegesed by ther(Elsas et al, 2007). This is of increasing
importance because of the cost of pesticides, legislation against their use, and increasing
immunity to themBiological control of soilborne pathogens has been studied for over 85
years.Bacterial biocontrol agents improve plant development by suppressing pathogens
(Weller, 1988. Biocontrol may also provide control of diseases ttainotbe controlled

by other approachd€ook, 1993.

Microbes that can grow in the rhizosphere afeen used adiocontrol agents. Many
different bacterial genera and species have lstéedied. Many studies haveedBacillus,
Pseudomoas, Agrobacterium Streptomyces Alcaigenes Enterobacter Erwinia,
Xanthomonasand Burkholderia as biocontrol agent¢Barea et al, 2005. Pathogen
suppression by antagonistic microorganisms occurs via different mechanisms such as
parasitism, competition for sites of colonization, carbon, nitrogen and iron sources, and
inhibition of the pathogen by antimicrobial agerf&hipps, 2001 Barea et al, 2003,
secretion of bacteriocing-ravel, 1988 and volatile organic compound€artwright et

al., 1995 Wheatley, 2002 Several microorganisms attack pathogens by excreting cell
wall hydrolysis enzymes such as chitis e . ,8-glucabase. Fridlendeat al. (1993)

showed thatB. cepaciap r o d u-t,®ghicarfase that can destr&hizoctoniasolani,



Slerotiumrolfsii andPythium ultimuncell walls

1.4.1 Fungi asbiological control agents
There are a range of differenpes of interactiorbetween fungi and bacteyiancluding

mutualism parasitism, competition or predatio’Among the fungi many speciehave
antagonistic properties and have been applied in biocostroh asTrichodermaspecies.
Trichodermaspp have benwidely researched arfthve potentiain controlof wood decay

by fungi. Some fungisuch asPleurotus ostreatusand Agaricus brunnescenattack
bacteria such a®seudomonasnd Agrobacterium,lysing them by secreting specific
enzymes andusing them as aource of nutrientsThe white rot fungi Hypholoma
fasciculareand Resinicium bicolohave bactericidal and bacteriostatic properties, which
may involve in the production of toxic compound@~olman et al, 200§. Such
interactions may give the fungi a considerable advantage in obtaining nutrients in different

environmentgElsas et al, 2007.

Ejechi (1998) studied the interaction between fameciesof wood decay fungi,
Gloeophyllum sepiarium, Gloeophyllusp., Pleurotus sp. and Trametessp, and two
ureolytic bacteriaBacillussp. andProteussp, on artificial media and woodThe biomass
of wood decay fungi was clearly reduced in a madcontainng ureg as a result of
bacterial activity. In contrast, the biomass of wood decay fungi was not dffegtthe
presence of urelytic bacteria nonurea containing medid.he bacteria produdevolatiles

which reduced the growth of woatkcay fungi
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Murray and Woodward (2003) investigated the effects of bacteria, isolated from stumps of
Sitka sprucepn the abiliy of wood decay fungiHeterobasidion annosuniHypholoma
fasciculare Resinicium bicolor, Melanotus proteus, Sistotrema brinkmaremigd S.
sanguinolentumto grow and cause wood decay. Inoculawwapd with these bacterie0d

after inoculaibn with H. annosunresulted in a highly significardecrease in weightThe
interaction between different fungi and these bacteria on agar and broth media fluctuated
depending on the medium typBacterial isolaterad a greatest inhibitory effect dh
annosumwhen grown orsporulation agar and yeast dextrose peptone @gapared with

corn meal agar and NLM ligdimedium

Folmanet al (2008) studied the effect of two white rot funigi,fasciculareandR. bicolor

on community composition and the number of bacteria colonigirgle beech wood.
Their results suggested that the white rot fungi reduced the number of bacterig occup
beech wood and the composition tbe bacterial community was alsaltered Bacteria
belonging to 18 families were detected in wood samghessoilbeneath colonized wood

and fungal mycelium Burkholderiacae were dominant in theun-colonized and
basidiomycetecolonized beech wooXanthomonasaceawere also prevalent species in

un-colonized beech wood and kh fascicularecolonized beech wood

1.4.2 Burkholderia asbiological control agents
Bcc strains designated as typePsamiosmanasns i n

cepaci wer e r e g-pesticides ie dnitea Statdméh abtained EPA approval in
the late 1980s. Available data at that time indicateddiidital and environmentatrains

had several differenphenotypic properties. Several Bcc Hpiesticides were registered
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between 1992 and 199Bolyphasictaxonomic stdies and genetic markeleger revealed
no key differences between Bcc {pesticidal and clinical strains. These results led to
consideation ofthe hazards of continued use of Bcc aspgesticikesand EPA cancelled
registration and prohibited use Bcdodpesticices (Parke & GuriarSherman, 2001
Sequencdased typing methods such as multilocus sequence tgipimgnstrated that Bcc
strains from environmental andinical sources may be clongyenetically identical

(Baldwin, et al, 2008.

Despite the current moratorium on thegistrationof Bcc biopesticide strainseveral
studies have showthat they arehighly potent biocontrol species. Heungens and Parke
(2000) studied biocontrol activity d. cepaciastrain AMMDR1 against two Oomycete
pathogens of peaPythium aphanidermatunand Aphanomyces euteicheAMMDR1
exhbited strong biocontrol activity against both tifese fungus like species, and in
particular protected pea and sweet corn seeds Rytimumdampingoff disease Li et al
(2002) illustratedan aggressive effect oB. ambifaria isolate BCF againsPythium
ultimum that caused cucumber and soybean dampfhglisease, and reported broad
gpectrum antifungal activityggainstP. ultimum, R. solani, P. capsiandF. oxysporum
ChulHoonet al (2034) showed a strong inhibitory effect oBa ambifariaisolate against
both Erysiphe gramiis and Puccinia reconditethe causative agents of barley powdery

mildew and wheat leaf rust, respectively

1.4.2.1 Burkholderia antimicrobial agents
Antimicrobial agents are a chemically heterogeneous group of organic, low molecular

weight compounds produced Ilogicroorganisms thatat low concentrationsinhibit the

12



growth or metabolic activity of othenicroorganismgDuffy, et al, 2003. Antimicrobial
agents play an important part in the diseaggpeession by bacteria and fungveller,

1988. Various antibiotics have been isolated froothbfungal and bacterial species.

There are many Bcc species that produce metabolites with antifungal activity (Table 1.1).
These include pyrrolnitrifCartwright et al, 1999, altericidins(Kirinuki, et al, 1977,
cepacin A and cepacin BParker et al, 1989, pseudoanes and cepacidines A and B
(Meyers et al, 1987, pseudandHomma et al, 1989, phenazing(Cartwright et al,

1995, cepaciamides A anB (Jiag et al, 1996, quinolinone(Moon, et al, 1999, lipo-
peptides and AFBC11 (Kang et al, 1998, and CF66(Quan et al, 200§. Examples of

well characterize®cc antibiotics are described Trable 1.1.

14211 Pyrrolnitrin
Pyrrolnitrin (Figure 1.1) is a chlorireontaining phenylpyrrole derivative, with strong
antifungal activity that is produced by Gram negative bac{&oper & Gross, 200y It
was first discovered ia Pgeudomonasepaciaa st rain t hat was subs
as the Bcc specidd. pyrrocinia(Vandammeet al, 2003. Other Gram negative bacteria
are also known for their ability to produce pyrrolnit(érima, et al, 1964 Cartwright et
al., 1995 and it has now been found to be produced by several Bcc sp8clamidt et

al., 2009.
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Table 1.1 List of known Bcc isolates with their reported antifungal agents and susceptible fungi

Antimicrobial agents

Bcc strain

Susceptible fungi ( tested against)

Author

Quinoline

P. cepaciastrain PCII

Moonet al 1996

AFC-BC11 (Lipo B. cepaciasolateBC11 R. solani Kanget al 1998
peptides)
Altericidins Kirinuki et al 1977

Cepaciamids A and

Cepacin A an®

P. cepacia

Alternaria kikuchiana

Jiaoet al. 1996

Parkeret al 1984

Colletorichum lindemuthianupniR. solanj A. alternate,

Quanet al 2006

CF66l B. cepaciastrain CF66 Bipolanis sorokiniana, Curvularia lunatand

Monochaetia hirta

C. albicansandF. solani Li et al 2007 20@8
Phenazine B. cepaciastrain 5.5B R. solani Cartwrightet al 1995
Pseudane Hommaet al 1988
Pseudoanes B. cepaciastrain RB425 Pyricular oryza R. solaniandVerticillium dahliae Meyerset al 1987; Leeet al

1994

Pyrrolnitrin . cepaciastrain RB425 P. oryza, V. dahliaandR. solani. Arima et al. 1964

. cepaciasolate B37w

. cepaciastrain 5.5B

. cepaciaNB-I

. cepaciastrain 5.5B and
RR 212

B. cepaciasolates J2535,
LMG 1222 and ATCC 5167
B. cepaciastrain B23

WWwWwmw

Fusarium sambucinum
R. solani

Trichoderma pseudokonigii

C. gloeosporioids

Hommaet al 1989

Burkheadet al. 1994

Cartwrightet al 1995

Roitmanet al. 1990

El-Banna and Winkelmann 19¢

Kadir et al. 2008

Sultanet al. 2008
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Figurel. 1 The structure of pyrrolnitrin

Seveal studies have confirmed that pyrrolnitrin produced by Bcc has a broad spectrum
activity that includes Graspositive bacteria such &reptomycespecies. However, it is well
characterized in terms of its antifungal activity against a weghgjeof basdiomycetesand
ascomycetes, including several economically important pathaggrsusarium sambucinum,

R. solani, Botrytis cinereand Sclerotinia scleotiorum (Burkhead et al, 1994 El-Banna &
Winkelmann, 1998Ligon, et al, 2000. Homma et al, (1988) showed thaB. cepaciastrain
RB425 which was islated from a lettuce ropproduced three different kinds of antifungal
agents, pyrrolnitrin, and two derivatives of pseudane. In combination, these antibiotics gave
the strain high activity against several fungal pathogeclsding Pyricular oryza R. solani
andVerticillium dahliae. Burkhead et al, (1994) also reported that pyrrolnitrin was produced
by B. cepaciaisolate B37w which was very effective against the economically important
potao pathogen fungugusarium sambucinum El-Banna and Winkelmann (1998) extracted

pyrrolnitrin produced byB. cepaciaNB-I, which exhibited a boad spectrum of antimicrobial
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activity against 8 filamentous fungiiichoderma pseudokonigias the primary test species),

2 yeasts, 1 Gram negative and 19 Gram positive bacteria

Hwanget al (2002) compared amguantified the production of pyrrolnitrin by four different
strains ofB. cepaciaby TLC and HPLC, and showed tHat cepaciastrain 5.5B and RR 22
produced large quantities of pyrrolnitrinDe Souza and Raaijmakef2003) extracted and
identified pyrrolnitrin by TLC in severaB. cepaia isolates J2535, LMG 1222 and ATCC
51671, that were suppressive agai@steumannomycegramimis var. tritici. Kadir, et al,
(2008) extracted pyrrolnitrin and thre¢her antifungal compounds produced Bycepacia
strain B23 which inhibited the growth ofColletotrichum gloeosporioids. Sultan et al,
(2008) isolated pyrrolnitrin and two novel oxidized derivatives fildntepaciaK73, which

inhibited the growth oR. solani.

1.421.2 Bactobolin
Bactobolin Figure 1.2)is a highly polar compound with strong antimicrobial and amhior
activity, and is structurally related to actinobolin producedStseptomycegriseoviridis
(Seyedsayamdost, et al., 201Bactobolin was first isolated froldsseudomonaBMG13-A7
(Kondo, et al, 1979, and later isolated from th&urkholderia species, such as.

thailandensi€£264 and. pseudomallei(Seyedsayamdoset al, 2010Q.
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Figurel. 2 The structure of Bactobolin A

1.4.2.1.3 Quinolines
Quinolines(HMQ) (Figure 1.3)are strong antimicrobials that also act as iron chelators and
signalling molecules; they are produced by many bacteria incliREegdomonas aeruginosa
and severaBurkholderia species(Vial, et al, 200§. Moon, et al, (1996) isolated three
quinolines metabolites 3{methyl2-pentyt4-quinolinone, 2heptyt3-methyt4-quinolinone
and 3methyl2-nonyt4-quinolinone(HAQs and HMAQS))f r ofn. fic e PG@llc HMOQS

inhibited the growth oPhytophthora capsicithe caual agent of red pepper bligfiMoon, et
al., 1999.

I—Zz=

Figurel. 3 The structure of 4-hydroxyl-3- methyl-2-alkyl-quinoline
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1.5 The production of Burkholderia antimicrobial agents
The production of antimicrobial agents, which are often secondary metabolites, is dependent

on the primary metabolites that an@guced by the catabolism of carbon, nitrogen and other
important nutrients utilized by the microorganisms. These primary metabolites are considered
to be precursors and suppliers of building blocks for secondary metabolism through different
pathways. Muiple reports have demonstrated that the production of antibmtmsrslate in

the stationary phasas a result oexposire to extreme conditionsputrient deficiency or
feedback phenomen&Martin & Demain, 1980 Roitman et al, 1990 El-Banna &

Winkelmann, 1998

Various media h&e been used to grow beeria and fungi in biological control studies.
Microorganisms growing on different media can produce different metabolites and show
different growthpatterns(Jayaswal et al, 199Q Sfalanga et al, 1999 Hwang et al, 2003.

The production and activity of antimicrobial agents fluctuates and is a e1sitave process

that needs special conditions to actually have an effect on a target organism. These conditions
are different and vary from organism to organifimeisinger & Margraff, 1979 Duffy &

Defago, 1999Sfalanga et al, 1999 Raaijmakerset al, 2002 Baeg et al, 2007 Li, et al,

2007).

The production of secondary metabolites, which exhibit antimicrobial activity by Bcc isolates,
is contolled by several factors such as media comositpH and temperaturéEl-Banna &
Winkelmann, 1998 Carbon, nitrogen and phosphate are the major requirementshd

growth and metabolic activities of microorganisms. Carbon source greatly influences
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microbial £condary metabolite productiofhe production of antimicrobial agentsuch as
pyrrolnitrin, by Bccwas affected by changing the source of carbon, wittaeced production
occurring after growth on glycer¢Roitman et al, 1999 El-Banna & Winkelmann, 1998

Bae et al, 2007.

Nitrogen is one of the major requirements because neededfor the synthesis of cell
components and functional proteins. It is wealbwn that the different kinds of nitrogen
soure greatly influence microbial secondary metabolite production. Nitrogenous compounds
may influence the biosynthesis of antibiotics directly at the level of secondary metabolism,
either through their availability as substrates for antibiotic biosynthesithrough the
modulation of biosynthesis and activities of the enzyri@és. biosynthesis of many different

types of antibiotics is also regulated by phospliAtearonowitz, 1980 Inorganicphosphate
controls the synthesis of a large number of antibiotics that belong to different classes such as
macrolides, tetracyclines and aminoglycosid®dartin & Demain, 1980 Martin, 2004.
However, high concentrations of inoagic phosphate can repress th®synthesisof
antibiotics (Kishimoto, et al, 1996. The pH of growth media also exerts an effect on the
production of antimicrobial agents. The pH may change the ionizing state pofrtant
essential molecules such as proteins and enzymes. The production of antimicrobial agents is
dependent on multiple enzyme catalysed reactions. Theretdris one of the most important
physical factors affecting antimicrobial production and agtivih generalpH ranging from

6.0- 8.0 wasoptimal for antibiotic productioby Burkholderiabacteria(Roitman et al, 199Q

El-Banna & Winkelmann, 199&., et al, 2007%.
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1.6 Extraction, purification and identification of antimicrobial
agents

Microbial secondary metabolites are chemical compounds with lolcmar masses that are
often formed during the stationary phase in response to the limitation changes in the growth
conditions (Ruiz-Lozano & Bonfante, 2000 These metabolites may oragn not exhibit
antimicrobial activity. Many studies demonstrated various methods of extraction,
characterization and identification of antimicrobial agents produced by Bcc and other

Burkholderiabacteria.

1.6.1 The extraction of antimicrobial agents
After the detection of antimicrobial activity in a pure culturtye extraction of active

compounds is the next important step if the structure and specific activity of the antimicrobial
agents are to be characterized in detail. The development of suitable sasgdeaion
techniques is needed to provide high quality, active and pure natural products in sufficient
guantities. Several studies have used various methods of extraction and identification to
characterize antimicrobial agents produced Bwrkholderia Antifungal Burkholderia
compounds have been extracted frBorkholderia metabolitesusing extraction techniques
such as maceratiofiollowed by liquid partitionin a wide range of different solvents with
different polarities and concentrations. Solvents aagimethano(Moon, et al, 1996 Kadir,

et al, 2009, acetondRoitman et al, 199Q Burkhead et al, 1995 El-Banna & Winkelmann,

1998, chloroform(Homma et al, 1989 and a mixture of chloroform and methaiidiag et

al., 1996 have been used to extract actiderkholderiametabolites.
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Another successful method for the extraction of antibiotics from microbial cyltwigsh
reduces the reliance on solvent extratctis to use adsorption onto neutral resins such as
Amberlite. For example, Amberlite XAR6 has been shown to be a very efficient means to
purify erythromycin from solutioiiRibero & Ribeiro, 2003. These resin extraction protocols
were recently applied by Mahenthiralingaet al, (2011) to purify the polyketide enacyloxin
from B. ambifariaAMMD, however, the wider exploration of utility of the resin adsorption

methods in extietion of Burkholderiaantibiotics remains to be carried out.

1.6.2 Purification of antimicrobial agents
Chromatography is a very commonly used technique in chemistry for separation,

characterization and identification of compounds, firstly introduced by tlssi&u botanist
Micharl Iswett. There are manyypesof chromatography witlThin Layer Chromatography

(TLC) being or of the simplest, most rapid and economical of the procedures available. TLC
separations take place in the thin sorbent layer such as gdicalumina or ion exchange
resins which are supported on a glass, metal or plastic plate. Each extracted component is
subjected to the same total separation time, but different migration distances occur based on
the nature of the chemical componentseden TLC chemical profiles can be visualized,
depending on the nature of the compounds, in either normal day light, UV light (254 and 365

nm), or located using a stain procedure with iodine/other chemical spray reagents.

The degree of TLC fractionation plends on the nature of the chemical mixture under

investigation, the type of adsorption layer and the power (polarity) of the npitzikee(Fritz
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& Schenk, 198). The retention (retardation) factorf{Rs commonly usedo describe the
specific chromatographic fractionations observed in a given TLC profile. Thal&e is the

ratio of the distanethe solvent travels to the distanttee compound travels, with the center of
each spot taken as the point from which the measureofiehe migration in relation to the
solvent front $ made. R values and other characteristics such as the colour oboltes

make it possible to qualitatively study the nature of complex chemical mixtures; it is ideal as a
simple method to examine microbial secondary metabolite mixtures. TLC can be further
expanded to measure the bioactivity of secondary metabolites @&xample the fractionated
compounds are overlaid with a soft agar containing an indicatoroonganism or cell
suspensionA microbial bioassay was developed in this current project to study the diversity

of antifungal agentpresent irBurkholderiasecondary metabolitgqghapter 4)

1.6.3 Identification of antimicrobial agents
A number of methods can be used to characterise the active antimicrobial compounds

including liquidliquid chromatography (LC), mass spectrometry (MS), infrared spectrometry
(IR), ultra-violet (UV) absorption and nuclear magnetic resonance (NMR). A combination of
LC-MS can be used to study muttbmponent mixtures and detect specific compounds within
them. This method can be used to help identify known classes of compounds by mass wh
searching for novel bioactive compounds. Molecular weight and UV absorbance data of
bioactive natural products in MS databases allow rapid identification of compounds. MS is
also used in conjunction with NMR spectroscopy to determine the molecularldoofiu

compounds. These data can then be compared to a database of compounds that have already
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been identified. NMR ighe ultimately method used to confirm the structural identity of a

compoundPetr, 2008

1.7 Antimicrobial activity test ing
There are several diffemeé methods which can be use to investigate the efficacy of novel

antimicrobials against susceptible microorganisms; these are often based on diffusion or
dilution concepts. Diffusion methods include agar well diffusion assays, agar disk diffusion
assays at bioautography assays, while dilution methods include agar dilution assay and broth
dilution assay. The diffusion assay has been widely used to test biological extracts for
antimicrobial activity. It is considered as a preliminary test used to deterh@nefficacy of
biologically active compoundsagainst susceptible microorganisms. The broth dilution assay
can also provide useful information and define valuwsgh as the Minimum Inhibitory
Concentration (MIC) in terms of microbial growth suppression.I®is the lowest
concentration of an antimicrobial the&ininhibit the visible growth of testing microorganism

and is an important measure of the potency of new antimicrobial afleorian, 2009.
Bioautography assays were udedthe first time by Goodal and Levi (1946) in their study of
penicillin. Bioautography conducted TLC is a very helpful assay for testing active biological

extracts for their antimicrobial effec{Rios et al, 1988.

1.8 The genetic basis oBurkholderia antifungal agents
The emergence of drug resistance among microorganisms is a major challenge of humankind.

There is an urgent need to deygland discover new antibiotics to treat microbial infections.
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In addition to using classical inhibition assays and chemical analysis to characterise
antimicrobial agents, in the last few decades considerable research into the genetics of
antibiotic prodution has been carried out. The first bacterial gengrablished in 1995was

for Haemophilusinfluenzag and we now have over 2000 complete bacterial genomes and
multiple draft genomes available for analysis (www.genomesonline.org). Currently, the
complee genomes of 20 strains d@urkholderia from different species and ecological
categories can be examined online at tBarkholderia Genomes Database (BGD;

www.burkholderia.com Genomic information available on tpeblicly accessible databases

such as Genbank or BGBan be investigated to increase our understanding of the genes

responsible for biosynthesis of metabolites with antimicrobial activity.

One of the most powerful approaches used to identify the @mofimicrobialencoded genes

is to introduce mutations into the bacterial genome and screen for mutants which have lost
specific biological functions. Mutation of genes using transposons is a patrticularly useful
approach to characterize gene function iactbria (SteinigerWhite, et al, 2009.
Transposition is a recombination process in which transposable elemgtisas Mu, Tn3,

Tn5 or Tnl0, move from one site on a genome t@& site on the same genome, or move
from a mobile element such as plasmid into a completely new genome. The movement of
transposons in this way can cause genetic rearrangements such as deletions, inversions or
duplication of DNA sequences, as well as thation of the genes within which they insert

and sometimes activation of genes adjacent to the site of inségtieimigerWhite, et al,

2004). Transposon mutants lacking tability to produce antimicrobial agentsvesbeen used

to investigate the role of antibiotics in the biocontrol of microorgan($iresvel, 1983
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There are multiple bioinformatitools available that can aid the identification of known
secondary metabolite genes within genomes. In addition, such genome mining may also lead
to the discovery of novel antibiotics withiBurkholdera genomes such aB. ambifaria
AMMD. Artemis is a genome sequence Vvisualisation and analysis tool developed by

Rutherfordet al, (2000)(http://www.sanger.ac.uk/resources/software/artgmidie software

allows, on one screen, the viewing of the sequence of an entire genome in a graphical format;
additional tools such ase Artemis Comparison Tool (ACT) also enable the display of pair
wise comparisons between two or more genof@asver et al, 2005. Genome annotation is

the identification of putative functional roles for genes encoded within a DNA sequence

(Lukashin & Borodwesky, 1998. The BGD www.burkholderia.com provides similar

features to Artemis but allowBurkholderiagenomes to be viewed and compared over the
web. Hencethis tool can allow the comparison Bf ambifaria AMMD to all the additional
Burkholderiagenomes available. It is a very powerful tool with which to identify the presence

of orthologous genes Burkholderiagenomes.

Genomics is a faggrowing field and provides a major resource for screening and
identification d gene(s)and pathways that might have potential role in solving many
worldwide biological problemsBioinformatics is a good todior identification of known
secondary metabolite gene homologs. This may lead to the discovery of novel amd) existi

antifungal antibiotics
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Aims
Secondary metabolites produced by biocontrol microorganisms, especially from Bcc bacteria,
show considerable potential as antimicrobial agehte overall aim of the current work
was to screen, isolate, characterise anddentify Burkholderia antifungal agents,
investigating their natural diversity and activity on both ascomyceteand basidiomycete

fungi. A broad range of research covering the following objectives was carried out:

Obijective 1: Screening ofBurkholderia isdatesfor the antifungal
production.
A large collection of accurately identifidBurkholderiaisolatesheld by Mahenthiralingam

group at CardiffUniversity was screened for the production of antifungal agents. A general
hypot hesi s f oml Bt ¢depasiacomplex kbacteria @are ¢apable of producing
ant i f un g(@haptea ). &he bbgectives were to
1 Evaluatea range of growth media for their ability to support bacterial growth, and
allow the production of antimicrobial metabolites.
1 Systematicdly screen a collection dBurkholderia cepaciacomplex species for the
production of antifungal metabolites.
1 Examinethe secretion of antifungal metabolitesByrkholderiaspecies outside tHg.
cepaciacomplex and compare thigith a range of nofBurkholderia species.
1 Developan overlayinhibition assay suitable for screening antifungal activity against

filamentous basidiomycetes.
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Objective 2 Analysis of the chemistry of antifungal substances
secreted byBurkholderia.

A range of different chemical meitls were used to purify and explore the chemistry of

Burkholderiaantibiotics.The gener al hypot he Buwkboldériabactetiahi s ¢
produce more than one antimicrobial compound and -Blo@utography can be used to
examineBurkholderiaantimicrobial diversity Chapter 4) The objectives were to
1 Investigatethe nature ofBurkholderia secreted products by development of rapid
extraction methods.
1 Optimize conditions of thin layer chromatography to enhance fractionation and
visualizationof Burkholderiaactive metabolites.
1 Optimizethe bioautography assay to detect active agents in each extract.
1 Studythe diversity of antimicrobial agents withBurkholderia
1 Purify, isolate and identify Burkholderia active metabolites using TLC, liquid
chromatography and mass spectroscopy.
1 Determine the minimal inhibitory concentrations of crude and semrfied
Burkholderiaactive metabolites.
Objective 3: Optimization of antibiotic production in antifungal
Burkholderia isolates.
The components of synttie media and different factors such as pH, temperature and
incubation period were investigatedvith enhancementof antimicrobial production by
Burkholderiaas the overallaimA gener al hypothesis was 06che
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influence anticandidal production and activity oBurkholderig,6(Chapter 5) and the
specificobjectives were to
1 Examine the effects of six different factors: carbon, nitrogen, phosphate, pH,
incubation time and temperature on the activity of -eatididal agents of
Burkholderia
1 Create an optimal medium to increase ao&indidal activity of Burkholderia

metabolite.

Objective 4 The natural diversity of antifungal producing
bacteria associated with different rhizosphere environments.
This was investigated with a culeadependent approach using selective media to enrich for

antibiotic producing bacteria and molecular methods to identify these bacteria. A general
hypot hesi s f orarhizhspherbacterglasalates bre camalkle ofiproducing one
ormoreantii n g a |l , &Chaptart)amd the specifiobjectives were to

1 Isolateantifungal producing bacteria from differetiizosphere environments.

1 Identifythe antifungal producing bacterial species using 16SrRNA.

1 Extractantifungal agents synthesised by diffiet isolates.

1 Studythe presence and diversity afitifungal agentén antifungal producing bacteria

using a developed TL-Gioautography assay.
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Objective 5 Identification of the genetic basis for the secretion of
antifungal agents byBurkholderia.
This research examined the genetics behind the production offuagl agents by

Burkholderia using molecular genetics techniques such as transposon mutagenesis and
genome sequence anal ysimutatioMand lmomermaits arfalysgso t h e
canpredict the genes involved in antimicrobial secretiorBbgmbifaria A MM D §Ghapter

7). The specificobjectives were to

1 Identify the genes responsible for the production of antimicrobial agen®. in

ambifariaAMMD by transposon mutagenesis.

1 Detectionthe presence or absence of am@tndidal agents in isolated transposon

mutants using antimicrobial extraction followed by Fb@©autography assay.

1 Use bioinformative analysis to characterise orthologs Bof ambifaria secondary
metabolites genes (upregulatedring growth on glycerol) in otheBurkholderia
genomes.

1 Characterise the kinetics and physiologyBafrkholderia metabolite secretion over

time.
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CHAPTER TWO

GENERAL MATERIALS AND METHODS
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Materials and Methods

2.1 Microbial growth media
The media useth current studyTable 2.1) were basal salts minimal growth media (BSM)

with glycerol as a carbon source (BSB), Tryptone Soya broth/ agar (TSA/TSB), Potato
dextrose agar (PDA), Sabouraud agar (SA), 2% Malt agar (MA)leMHinton agar (MHA);
Muller Hinton broth (MHB), Isosensitest agar (ISOA), soft Isosensitest agar (SISEA
below), Casein meat agar (CAMgnd Peptone Lactose agar (PLAAI premixed media,
individual nutrient components and agar were obtained fromidOkd unless indicated
otherwise. BSM-G was composed of (§f: K;HPO,.3H,0, 4.25; NaHPO,.H,0, 1.0; NHCI,

2; nitrilotri acetic acid (GHgNO), 0.1; MgSQ.7H,0; 0.2, FeS@Q7H,0, 0.012; MnSQH.0,
0.003; ZnSQ.7H,0, 0.003; CoS@7H,0, 0.001; 0.05% Cas amiraxids; 0.05% yeast extract
and 0.4% glycerol as a carbon soufegm). To make solid BSMG media, 1591 of purified
agar was added.he carbon source in BSM was altered as desciiBedtion 2.7.1for the
experiments to examine the induction of antimoimal biosynthesis. 2% Malt agar medium
(MA) consisted of (gl): malt, 20 and purified agar, 15. Soft Isosensitest agar medium
(SISOA) was prepared by addition of purified agar Ib(@Ps), to standard Isosensitest broth
prepared t o t bkope. @aseinunieat agaru(CAM) vdas prapared by combining
(gI™) pancreatic digest of caseB0; meat extract, 5:0and purified agaf.5. Peptone Lactose
agar (PLA) was prepared by mixing tyINeo Peptone, 1Q.actose 10 and purified agar 15.

All mediawere prepared with sterile polished water atetilised by autoclaving at 12T for

15 minutes.
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Table 2.1 Formulation of growth media used in this study

Medium (supplies) Abbreviation Carbon source Protein source pH (25 C)
Basal salts media BSM Glycerol Amino acids 7.0+ 0.2
Tryptone Soya broth/agar (Oxoid) | TSA &TSB Unidentified Peptone 7.0+ 0.2
Potato dextrose agar (Oxoid) PDA Starch & Unknown 5.6+ 0.2
glucose

Sabouraud broth/agar (Oxoid) SB & SA Dextrose Peptones 5.6+ 0.2
2% Malt agar MA Starch Unknown 5.6+ 0.2
Muller Hinton agar/ broth (Oxoid) MHA Starch Beef & Casein 7.0£0.2
Isosensitest agar / broth (Oxoid) ISO& ISOB Starch & Peptones, 7.0£0.2

glucose Casein & amino

acids

Casein meat agar CAM Unidentified Casein & meat 5.6+ 0.2
Peptone Lactose agar PLA Lactose Peptone 6.0+ 0.2
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2.2 Microorganisms storage and maintenance

2.2.1 Bacteria
A total of 421 bacterial isolate897 Burkholderiaisolates;Table 2.2) from a variety of

sources including cystifibrosis infection (designated as CF), various clinical infections
(designated as Ne@F) and the environment (designated as ENV; these included plant
pathogenic, soil, and isolates from various environmental sources including industrial
contamination) wre obtained from the Cardiff University collectioMghenthiralingamet

al.,, 2008. Reference and type strains were obtained from the Belgia®Or@ioated

Collections of Microoganisms (LMG BCCM) littp//bccm.belspo.be/about/Img.phiEontrol

strains included: Staphylococcus aureugNCTC12981), B. multivorans (ATCC17616;
BCCO0011), E. coli (NCTC12241), Pseudomonasaeruginosa (NCTC12903), and other
multidrug resistance bacter$aaureuskEagles,S. aureusEMRSA15 S aureusMRSA Mu50,
B. cenocepaciaLMG16656) [BCC0665] P. putida (LMG 2257) P. fluorescens(LMG
1794), Stenotrophomonas maltophifaMG 958"), Acinetobacter baumannjDXA-23) and

Enterococcus faecal@@TCC 51299.

Bacterial isolates (auspension of fresh plate or liquid growth) were storedB@¢fC in vials
containing TSB medium with 8% (vol/vol)-aihethyl sulphoxide (DSMO). To revive isolates,

vials were removed from th&0°C freezer, the bacterial stock surface swabbed with a sterile
cotton swab while deep frozen, immediately plated onto a fresh TSA plate and streaked out to

single colonies by a sterile loop. Plates were incubated at 30°C or 37°C as appropriate for the
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Table 2.2 List of Burkholderia isolates and other bacteria used in this study

Burkholderia species No. of tested Habitat

isolates CF? | NonCF® | ENV®
B. cepaciacomplex (339 isolates)
B. ambifaria 101 6 (1 Controf) - 95 (1 Control)
B. cenocepacia 61 27 (8 Control) 9 (4 Control) 21
B. cepacia 30 11 (1 Control) 4 (1 Control) 15 (4 Control)
B. multivorans 27 14 (3 Control) 4 (1 Control) 6 (1 Control)
B. vietnamiensis 18 5 (1 Control) 3 10 (3 Control)
B. stabilis 18 S 5 6
B. pyrrocinia 16 2 - 14 (2 Control)
B. anthina 14 5 (2 Control) - 9 (4 Control)
B. lata 11 1 - 9 (1 Control)
Bce novel groups Bcc 6 10 1 - 9
B. dolosa 8 8 ) )
B. contaminans 6 4 (1 Control) - 2
Bcc novel groups Bec 5 5 1 1 3
B. arboris 3 1 (1 Control) - 2
Bcc novel groups Bec 4 3 1 (1 Contol) - 2
B. lateens 2 2 (1 Control) - -
B. seminalis 2 1 - 1
Bcc novel groups Bec Ke 2 - - 2 (1 Control)
B. diffusa 1 - - 1 (1 Control)
Bcc novel groups Bcc 8 1 1 - -
Burkholderia species not Bcc (58 isolates)
B. gladioli 12 9 - 3
B. fungorum 3 3 - -
B. terricola 1 - - 1 (1 Control)
B. kururiensis 1 - - 1(1 Control)
B. mimosarum 1 - - 1 (1 Control)
B. oklahomensisMG23618 1 - - 1 (1 Control)
B. phenazinium 1 - - 1 (1 Control)
B. phenoliruptrix 1 - - 1 (1 Control)
B. phymatum 1 - - 1 (1 Control)
B. phytofirmans 1 - - 1 (1 Control)
B. plantarii 1 - - 1 (1 Control)
B. sacchari 1 - - 1 (1 Control)
B. xenovorans 1 - - 1 (1 Control)
B. glathei 1 - - 1 (1 Control)
B. glumae 1 - - 1 (1 Control)
B. graminis 1 - - 1 (1 Control)
B. hospital 1 - - 1 (1 Control)
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Table 2 Continued

B. andropogonis 1 - - 1 (1 Control)
B. caledonica 1 - - 1 (1 Control)
B. caryophlli 1 - - 1 (1 Control)
B. phenaziniumi 1 - - 1 (1 Control)
B. tropica 1 - - 1 (1 Control)
B. tuberum 1 - - 1 (1Control)
B. caribensis 1 - - 1 (1 Control)
Unidentified not Bcc 18 14 - 4
Comments

Other G* and G bacteria (24)

S. aureuNCTC12981

Antibiotic reference strain

Multidrug resistance strain

S. aureugkagles

S aureuEMRSA1LS Multidrug resistancestrain
S aureudRSA Mus0 Multidrug resistance strain
B. multivoransATCC17210

B. cenocepaciaMG16656 Multidrug resistance strain
P. aeruginosaNCTC12903 Antibiotic reference strain
P fluorescens Multidrug resistance strain
P. putidaLMG 2257

P. stutzeri

Pand.Apista

Pand. pnomenus2isolates

R. mannitolytica

E. coliNCTC12241

Antibiotic reference strain

A. baumannii

Multidrug resistance strain

A. xylosoxidans

E. faecalis

S. maltophilia

2. |solates from the natural eneirment.

®: Isolates from cystic fibroses patient.
¢ Clinical isolates not from cystic fibroses patient.
4 Fully identified isolates from the LMG BCCM (http://bccm.belspo.be/about/Img.php).

G": Grampositive bacteria.
G': Gramnegative bacteria.

Contol: Reference and type strains (LM&TCC orNCTC strains)
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microorganisms until suitable confluent growth had been obtaiRed.inoculation of

liquid growth media and setigar overlays an inoculum suspension of fresh growth for
eachstrain was prepareds follows: A few colonies of a freshly grown bacteria were
inoculated aseptically into with 3 ml of a TSB medium (contained with a 15 ml tube) and
incubated horizontally with shaking (New Brunswick; at 150 rpm) at 37°C for 6 to 8 h. The
liquid culture wa then diluted to an optical density (OD) of 1 at 600 nm (corresponding to

an approximate viable count of 1®16olony forming units per micfu mi™). Different
amounts of these standard suspensions were then used to inoculate starter cultures or soft

agas to reach the desired viable cell density appropriate for the assays described below.

2.2.2 Fungi
Candida albicansSc 5314(Table 2.3)was used as a reference strain to rapidly test the

activity of antifungal agents produced [Burkholderia isolates. Pure utures were
maintained in cryogenic storage vials containing 1.5 ml TSB medium supplemented with
8% DMSO as described above.Q\ albicansinoculum culture was prepared as follows:
one colony of freshly grown bacteriaells was mixed with 9 ml of a stéided TSB
medium (contained with a 50 ml tube) and incubated horizontally with shaking (150 rpm)
at 37°C for 24 h; the culture was then diluted to an optical density of 0.35 at 530 nm using
spectrophotometer, 8% DMSO added and stored as 1 ml aliquots echitthbe thawed

and used as standard inocula corresponding to a viability of approximately 4°7cfu10

ml ™2,



Table 2.3 Wood decay basidiomycetes and ascomycete referenselatesused as an
indication of Burkholderia antifungal activity.

Fungal isolates Isolate code | Characteristics

Basidiomycete isolates

Hypholoma fasciculare HFGTWV2 Late coloniser, forms mycelial cords

Hypholoma fasciculare HFDD2 Late coloniser, forms mycelial cords

Resinicium bicolor Rbm6A Late coloniser, forms mycelial cords

Resinicium bicolor Rb1 Late coloniser, forms mycelial cords

Phanerochaete velutina PV29 Late coloniser, forms mycelial cords

Phallus impudicus PIJHYA Late coloniser, forms mycelial cords

Stereum gausapatum Sal Primary coloniser

Bjerkandera adusta BK1 Secondary coloniser

Trametes versicolor D2 Secondary coloniser

Heterobasidion annosum SP313 Tree root pathogen and butt rot
Ascomycete isolate

Candida albicans Sc 5314 Yeast, control strain
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Ten represatative species of coffibtrming wood decayasidiomycetes fungi (Table 2.3)
were provided by Prof. L. Boddy, Bioscience, Cardiff University. These fungi were used in
this study to detect the activity of antifungal agents produceglubgholderiaisolates.A

fungal inoculum was aseptically transferred to a tube containing slant of 2% MA medium
and allowed to grow for 5 d at 20°C, the stock cultures were then stored at 4°C. For revival,
the slant culture was removed from the 4°C refrigerator and a smabrpadfifungal

mycelium transferred with a sterile needle to a fresh 2% MA plate and incubated at 20°C.

2.3 Sampling and isolation of Bcc and other bacteria
from natural environments
Soil samples were collected from mixed deciduous woodland inCied Beddick

Tintern U.K (coordinates 51.7106962.681351)in August 2009. Maize rhizosphere and
soil samples were collected with permission from fields around Bridgend, Wales, UK
(coordinates 51.513833,645841) in July 2010. To remove unwanted materials, such as

wood litter and big stones, samples were sieved (1.50 and 0.50 mm).

Bacteria were cultivated from soil samples by adding 0.1 g of sieved sédQql of
BSM-G media supplemented with cycloheximide (100 g &ndpolymyxin (400pug I
(designated aBSM-CP), and gently homogenised by hand with a plunger that fitted the
1.5 ml microtube in which the sample was placed. After heavy debris had been allowed to
settle out, 20Qul of soil homogenate was added to 2 ml of BEM in a 14 mknaptop

tube and ioubated horizontally (shaking at 150 rpm) a®Gfor 24h, then 20@ of each
culture were transferred to a sterile mitatre containing 16 DMSO (8%) and stored at

-8C°C until use.To isolate bacteria from the maize rhizosphere, maize roots were
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asepically removed from each plant by cutting about 0.5 to 1 cm portion with a sterilized

blade and placing them in a microtube.

Each root section was then washed twice by gentle vortex mixing with sterilized distilled
water (1 ml) to remove any loosely adingrsoil particles. The washed root sections were
placed in 70Qul of BSM-CP and gently homogenised with a plunger. After allowing the
heavy debris to settle out, 2Q0 of the root homogenate was added to 2 ml of BSRI
contained in a 14 ml snap top tuéaed incubated horizontally with shaking (150 rpm) at
30°C for 24 h. After growth, 200l of each culture were transferred to a sterile mtcitwe,

DMSO added to 8%, and stored-&f°C until use.

The soil and root homogenate cultures were screened farienatbial phenotypes against

a wide range of microorganisms as follows. B&\plates were inoculated in the center
with 5 pl of each culture and incubated aP@@or 3 d. The microbiagrowth was killed by
exposing thelates to chloroform vapour for 2rbin by placing each plate, agar face down
on a wire mesh approximately 0.5 cm from chloroform within in a Pyrex dish. After
chloroform vapour Killing, the plates were transferred to a laminar flow cabinet for 10
minutes to remove residual chloroform byaperation.Then, plates were overlaid with
molten SISOA (4%C) seeded with approximately 1 x °1@fu mI* with a specific
antimicrobial susceptibility testing micrmrganism C. albicans, B. multivoransor S.
aureus. 2, 3, 5triphenyltetrazolium chloridéTTC) was added to a final concentration of
0.02% to the overlay agar as a metabolic stain to detect growth of the test organisms and
aid visualisation of antibiotic inhibition zones. Soil or root homogenate cultures which

showed antimicrobial activity ithe above assays were plated to single colonies to enable
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purification of each antimicrobial producing microorganism. Single colonies were then
retested for antimicrobial activity using the overlay assay; pure positive isolates were
identified using 16S rRA gene sequence analysis (see section 2.8.2) and stoi@@Git

until use.

2.4 ldentification of isolated bacteria

2.4.1 Isolation of genomic DNA
Overnight cultures oBurkholderiaand other bacteria used in the study were grown in

TSB (3 ml cultures) to statm@ary phase (18 to 48 h dependent on the strain). Bacterial cells
were harvested by centrifugation and thessuspended in 100 ul TE buffer (10 mM TFris

Cl pH 8; 10 mM EDTA, pH 8). The suspension was added to a 2 ml s&apwnicro
centrifuge tube containgn approximately 500 ul of 0.1 mm zirconium beads (Biospec
products inc., Bartlesville) and 500 pl lysis buffer (50 mM Ti@&d, pH 8; 70 mM EDTA,

pH 8; 1% sodium dodecyl sulphate; 0.5 mg'pronase). Bacterial cell lysis was achieved
by a 10 sec pulse anbeaebeater machin€Biospec ProduciBartlesville Okla) and the
lysate then incubated for 1 h at 37°C to allow protein digestion. The lysate was centrifuged
briefly to reduce bubble00 pl of saturated ammoniwvasadded to precipitate protein
mater, and the lysatevaspulsed for 5 sec on the behdater machine. Chloroform (600

ul) was added to the lysate and mixed by a 5 sec pulse on thelszddr, a high speed
centrifugation was then used to remove proteins and polysaccharides. Approximately

ul of the cleaned lysate was transferred to a ster®’IHLD 1.5 ml microtube containing

1 ml of 100% ice cold ethanol. After mixing, the tube wastrifugedfor 7 min to collect

the precipitated genomic DNA. The DNA pellet was washed with 50F {d0% ethanol

and subjected to aadditional centrifugation stefp repellet the DNA. After removal of
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all the ethanol the DNA pellet was dried under vacuum for 10 min and dissolvedliawTE
EDTA buffer (10 mM TrisCl, pH 8; 0.1 mM EDTA, pH8) containinBNase A at 0.5 ug
ml ml*. After incubation at 37°Gor 1 h to degrade any RNA remaining, the genomic

DNA was stored frozen &t20°C until use.

To examine the quality and roughly estimate the quantity of the isolated DNA, 10 ul was
loaded onto a 1.25% agpse gel (Bioline Ltd, London, UK) made with FTBerateEDTA

(TBE) buffer. The molten agarose was supplemented with Safe View dye (NBS
Biologicals, Huntingdon; 2.5 pl Save View per 100 pl agarose gel) to enable the DNA to
be subsequently vizualised undd¥ illumination. A DNA size ladder (10 pl of 1 kb
molecular ladder; Newengland Biolabs UK.) was also loaded and then, electrophoresis
performed at 100 volts for about 30 min in 1 x TBE buffer containing Safe View dye (2.5

ul per 100 ml TBE). Then the agme gel was viewed under UV light at 245 nm and
images were taken using a gel documentation camera (Syngene Gene Snap, Cambridge

UK).

2.4.2 Bacterial 16SrRNA gene amplification and sequence
analysis
Pure bacterial cultures isolated from maize or forest sale wdentified using 16S rRNA

gene sequence analysis. Primers 27F ABA GTT TGA TC TGG CTC AG-3') and
1492R (5 GGT TAC CTT GTT ACG ACT T-3') were used to amplify 16S rRNA gene as
follows: The total volume of each reaction was 25 ul and containedol140 ng of
genomic DNA (2 ul of the concentrated stock solutions that had been didurtfedd), 13.8
ul sterile nuclease free B, 2.5 ul 10 x Coralload buffer, 5 pul 5 x-Qolution, 0.5 ul10

mM dNTPs, 0.5 pl of each primer (4 pmoltifinal concentréion) and 0.2 pl (1 unit) Taq
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DNA polymerase (Qiagen Ltd., Carwley, UK). PCR was carried out in a DNA Engine
Dyad Thermal cycler gradient block (MJ Research, Boston, MA) for 2.5 h with the thermal
cycle as described in Table 2.4. PCR products were eedlubly agarose gel
electrophoresis as described above except that 1.5% agarose was used. Pure 16S rRNA
gene products were sequenced using primers 27F and 1492R with the Applied Biosystems
Big Dye Terminator ready reaction mix version 3.1 followed by arglgsi an Applied
Biosystems ABIPrism 3100 automated sequenc&he identity of each isolate was
determined by submitting the resultant 16S rRNA gene sequence to the Basic Local

Alignment Search Tool (BLAST) at the National Centre for Biotechnological imdbdion

(NCBI; http://www.ncbi.nlm .nih.goy/and searching for the closest matches.

Table 2.4 PCR cycles for 16S rRNA gene amplification

Step Temp. C° Time N° cycles
1. Initial DNA denaturation 95 00.02.00 1
2. DNA denaturation 94 00.00.30
- - 35
3. Primer annealing 52 00.00.30
4. Primer extension 72 00.01.30
5. Indefinite hold 72 00.05.00 1
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2.5 Antimicrobial testing

2.5.1 Screening ofantimicrobial activity using agar overlay
assy
To test the ability oBurkholderiaisolates to produce antimicrobial agents, a 3 pl drop of

eachBurkholderiafrozen inoculum culture (approximately 1 x®1€fu ml™*) was spotted

onto the centre of two different media (SA or B&J and incubated at 309Gr 3 d. The
bacterial growth was chloroform vapour killed as described above (section 2.3) and an
overlay agar assay was used as a rapid technique to detectBunidtolderiaisolates

were antimicrobial producers (Figure 2.1). To prepare overlay m&déaml of molten
SISOA (45°C) was aseptically seeded with the susceptibility testing orga@isatisicans

(500 pl of stock to give approximately 1 x®1€fu mi™* of SISOA), orS. aureug500 plof

stock to give approximately 1 x 16fu mI™* of SISOA), orB. multivoran(100 pl of stock

to give approximately 2 x f0cfu ml* of SISOA). The growth indicator2,3,5
triphenyltetrazolium chloride was also added to the SISOA to a final concentration of
0.02%, to aid visualisation of any resultant zones of eclgaApproximately 15 ml of the
overlay culture was poured onto the surface of éaatikholderiacolony. After allowing

the soft agar to set at room temperature, the plates were incubated at 37°C for 18 h. The
antimicrobial activity was revealed by the pese of a zone of clearing, where the
susceptibility testing microorganism failed to grow. The diameter of the zone of inhibition
was measured (mm) and all assays completed in triplicate to allow estimation of the mean

and standard error of the mean (SEM).
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Inhibition zone

B. ambifariaBCF

Figure 2.1 C. albicansoverlay setup to detect anticandidal agents produced byB.
ambifaria BCF.

Bacterial suspensions was spotted onto the center of-B8SNate and incubated 80 C for 3 days. The
Burkholderia strain was killed by exposing to chloroformapourthen the plate was overlaid with Soft
Isosensitest agar seeded wiEh albicans After incubation at 37T for 24 h, the anttandidal activity of

strain BCF is clearly vible as a clear zone on the red background of Candida cells which have grown and
reduced the tetrazolium chloride metabolic indicator.
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2.5.2 Screening of anttbasidiomycete agents
To test the ability oBurkholderiaisolates to produce arbbasidiomycets agents, two

different methods were used: the contact antagonism assaydenelapediasidiomycete

overlay assay.

2.5.2.1 Contact antagonism assay
The agar contact antagonism assay was used to detect the antagonistic ability of

Burkholderiaisolates againsthe model cordorming wood decay funguBjerkandera
adustaBK1 (BK1). A 3 ul drop of eactBurkholderiainoculum (see section 2.5.1) was
spotted onto one of foyoints on the SA plates as shown in Figure 2.2. The plates were
incubated at 30°C for 48 h @llow secretion of secondary metabolitesBiyrkholderig

then the plates were inoculated with a 5 mm agar plug of BK1 grown for 7 d on malt agar
plates. Control plates of BK1 were also prepared. The plates were incubated for 7 d at 25°C
to allow interacton between BK1 an8urkholderiametabolites. The results were scored

by comparison to BK1 control plates, noting whether there had been the following
Burkholderiaeffect on growth of the fungal hyphae: mhibition (-), weak inhibition (+,

0.1 cm to 0.5 m antagonism of BK1 growth), mediumhibition (++, 0.5 cm to 1 cm
antagonism of BK1 growth) or strong inhibition (+++, 1 cm to 2 cm antagonism of BK1

growth).

2.5.2.2 Basidiomycete agamverlay assay
Due to the filamentous nature of fungi it is difficult to abtaeparated cells which can be

used to evaly inoculate basidiomycetes tmnmedia; the following methods involving
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(A) (B)

Fungal isolate

Bacterial isolates

Figure 2.2 Interaction set-up of Burkholderia isolates andBjerkandera adustaBK1
using contact antagonism assay.

(A) Burkholderiaisolates were inoculated, 2 cm from the edge of the SA plate. After incubatiorCafo8@
days, the plate was centrally inoculated with a 5 mm agar plig aflista BK1 and incubated for 7 d at

25 C. The results were measured by comparison to a B. adusta control plate withButldmjderia (B)
The resulting amB. adusta BKlactivity is shown forB. ambifaria AMMD, BCF, Kc311 andB.

vietnamiensigwl13.
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mechanical shearing of fungal mycelia to produce an even viable suspension for
inoculation into an overlay agar was developed. Wood decay basidiomy{Tat#g2.2)

were grown by inoculating 5 mm agar plugs for 7 d at 2&47Q% MA plates Superficial
growth of fungal mycelia of each species was colledtedh the agar surfacasing a
sterile blade. Approximately, 250 mg of each mycelium scraped and homogenized in a 2
ml tube, containing 1 ml of sterilized 2% MB aB@0 mg of 0.25 mnsterilisedzirconium

beads (Biospec products inc., Bartlesvilleying beadbeater machindor 30 sec at 25

rpm. Aliquots of this homogenised mycelial inoculum were kep2@fC until use. Fungal
inocula wererevived by re-culturing fragmented mycelial suspensions in 25 2% MB

in 250 ml conical flask, and inculbag at 25°C for 2 d at 150 rpm. Then 3 ml of
fragmented myceliaduspension was mixed with 25 ml of 2% MA and overlaid on the top
Burkholderiaantibiotic production screen plates as described above (sectiojy platés

were then incubated at 25°C for 4 days to allow basidiomycete grohd. anti
basidiomycetectivity of Burkholderiaisolates was determined by measuring the diameter

(mm) of the mycelial clearing zone.

2.5.3 Determination of antimicrobial activity using broth
microdilution method

To determine the minimal inhibitory concentrations (MIC) of crude and-penfied
Burkholderiaantimicrobial extracts the following was carried ¢8asset al, 2011) The
antimicrobial extracts were maintained in methia however, to avoid issues with the
inhibitory effect of the methanol solvent, the extracts were dried using a ritary
evaporatorthe dry weight of the materialasdetermined and then dissolved in sterilized
Muller Hinton broth (MHB). A 96well plastic micreplate (Sterilin, UK) was then used

for the microdilution assay as follows. The total volume of culture in each well was 200 pl.

47



Serial dilutions of the antimicrobial extracts were performed in the test set of wells by
mixing of 50 pl of MHB with 50 pl of the antimicrobial in MHB; control wells without
antibiotic just contained 100 pl of MHB. The susceptibility testing microorganisms (100 pl
in MHB; diluted from a fresh overnight culture that was standardized by optical density to
1.0 at 600 nmyvere then added to each well to give a final inoculum of 15cAOml™.

Then, 96well plates were incubated with shaking (150 rpm) at 37°C for 24 h. Microbial
growth was quantified by measuring optical density at 600 nm using an automatic plate
reader.The MIC value was identified as the lowest concentration of the antimicrobial
extract which reduced the optical density to 80% of that of the control cultures; all MIC

values were confirmed using triplicate wells.

2.6 Selection of suitable media for both gravth and
antifungal production
The growth of ten wood decay fungi (Table 2.3) was examined on seven different selected

media (SA, PDA, MA, BSMG, TSA, ISOA and MHA; Table 2.1). Each agar plate was
inoculated at the centre by placing a 5 mm fungal colonagt plug (from a 7 day
culture grown on 2% MA) upside down in the centre of the plate. The plates were
incubated at 25°C and the radial extension (mm) was measured at 3, 5, 7, 9 and 11 d,

extension rate was determined by linear regression.

Four Bcc isolées,B. ambifariaAMMD, BCF & Kc311 andB. vietnamiensidw13 known
to produce antimicrobial agents were also tested for production e¢amtidal agents on
the same media used to evaluate optimal growth of the wood decay fungi (SA, PDA, MA,

BSM-G, CMA and MHA; Table 2.1). An antimicrobial production and overlay assay was
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performed on each growth medium essentially as described in section 2.5.1. Briefly, a 3 pl
drop of each isolate inoculum was spotted onto the centre or laterals of each agar plate and
incubated at 30°C for 3 d, bacteria were killed by exposure opldtes to chloroform
vapour. After chloroform killing followed by aeration of the plates in a laminar flow
cabinet, each plate was overlaid with eit@eralbicans S. aureusor B. multivorars and
incubated at 37°C for 18 h. The production of-amigrobial agents was determinbyg the

presence of a clearing zone surroundtmgBurkholderiacolony.

2.7 Effects of different factors on anticandidal activity of
Burkholderia

2.7.1 Effects of carbon, ntrogen, phosphate and
temperature
To study the effect of carbon sources at different concentrations ecaadidal activity

of Burkholderig the following carbon sources were evaluated in BSM at different
concentrations (0, 10, 20, 40, 60 & 80 mM): glse, glycerol, arabinose, fructose,
galactose, sucrose, lactose, maltose, ribose, succinate and starch. Stock solutions of each
carbon source were made and sterilised by autoclaving; this was then added aseptically to

autoclaved, molten BSM agar made withany carbon source.

To determine the optimal conditions for actindidal activity ofBurkholderig seven
different nitrogen sources were tested: beef extract {3géast extract (0.5 ¢, peptone
(2 g™, urea (2 g1, ammonium sulphate (98y '), ammonium chloride (2 g*) and
potassium nitrate (3.47 g')l Three phosphate sourceslibasic potassium phosphate
sodium phosphate and calciyghosphateat 1, 10, 40 and 80 mM were compared. HEPES

(CgH18N204S) at 20 mM was used as buffer sauatto maintain culture pH at 7.20. Seven
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growth temperatures (10, 15, 20, 25, 30, 35 andC}@nd four points of incubation (24,

72, 120 and 168 h) were evaluated.

To test all the growth parameter variables a standard antimicrobial production amy over|
assay was performed (section 2.5.1), except that after growth of the Bcc isolates, the cells
wereharvested by centrifugaticand resuspended in 3 ml of sterilised distilled water, prior

to inoculation of each plate.

2.7.2 Effects of pH on growth rate and production of anti-
candidal agents
To evaluate the effect of different pH of BS®and ISOB media oanticandidal activity

of Burkholderiaand growth ofB. adustaand C. albicans the pH of the media was
adjusted using 0.1 HCI or 0.1M NaOH as requiredot produce the following range 3.5,
4.0,4.5,5.0,5.5, 6.0, 6.5, 7.0, 7.5 and 8.0. TSA, SA agar, TSB and SA broth (all at pH 7)
were used as control media. For each test a 3 ul drBparhbifaria AMMD, BCF, JW13

and B. viethnamiensiKc311 was spotted omtthe centre of each BSK plates and
incubated at 30°C for 3 d. The effect of pH was evaluated usthglbicansagar overlay
assay as described in section 2.3 Xontrol overlay withC. albicanswas performed on

all pH adjusted media to ensure thewth of this test organism was unaffected.

To examine the effect of pH on the secretiomBofkholderiaantifungal active metabolites

on the biosidiomyceteB. adustaBK1, its extension rate on BSK medium was
determined at a range pH (pH 3.8.00). E&h agar plate was inoculated at the centre with

a 5 mm BK1 colonized agar plug (as described in section 2.6) and the plates incubated in

the dark at 25°C. The mycelial radius was measured (mm) after 1, 2, 3, 4, 5 and 6 d.
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An automated microbial growth amyakr, the Bioscreen C Microbiological Growth
analyser (Lab systems, Finlangas used to monitor effects of different ptdnge 3.5 8)

on growth ability ofC. albicansin a microwell growth assay. ISOBnedium (100 pl at
different pH) andLOOm of C. abicansinoculum (1 x 18 cfu ml * in ISOB)was added to
each well of the 10@vell Bioscreen plate. Plates were incubated Bioscreen C
bioanalyzemat 37 C, shaking 10 sec before the optical density was saneptagy 5min for

up to 24 h, usingvide rangeof fluorescence readeo|ftical density between 4280 nm)

The mean of Seplicates was determined for each cultivation pH and plotted as a growth

curve using Excel.

2.7.3 Time course of production and activity of anticandidal
agentsby B. ambifaria AMMD

Changes inbacterial growth, culture pH and awcfndidal production over timeere
studied using BSM5 broth medium supplemented with glycerol (4. IThe pH was
adjusted to pH 6 before autoclaving, and confirmed as the same after autoclaving. Each
250 m flask contained 100 ml of BSN6 medium plus 50 of B. ambifariaAMMD as a
standardised inoculuniApproximately 5 x10° cfu ml*). The flasks were incubated
statically and in shaker incubator at 30°C. At 6,261,38, 50, 74, 98, 122, 146 ahd0 h
mean bacterialgrowth (turbidity, using spectrophotometer at 630 nm) was determined
from 3 replicates. Also, at each time point antimicrobial compounds wéracesd and
these activities werdetermined as follows. The d¢tarial culture was centrifugeidr 10

min and the pH of the culture wadetermined by measuring the cleared supernatant.
Bacterial secondary metabolites were then extracted from the supernatanKABih§

resin as described below (see section 2.9.2).Blhembifariaextracts were run onlIC
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plates and overlaid witlC. albicansto detect theiB. ambifariaantifungal profile over
time (section 2.10). BSMG medium (without a bacterial inoculum) was used (6, 26 and 74

h time point) alongside the treatments as a control.

2.8 Transposon mutagenes

2.8.1 ScreeningB. ambifaria AMMD Tn5 transposon mutant
bank

A bank of 2500B. ambifaria AMMD miniTn5-Km2 transposon mutants was created
(Mahenthiralingam et al, 2011) and screened for mutants which lack -eandidal
activity as follows. BSMG plates cortining the antibiotic kanamycin (50 pg Mlwere
spotted with AMMD mutants over an eight point grid using a sterile toothpick; they were
then incubated for 72 h at ®D. The bacterial growth was killed using chloroform and
overlaid with soft Isosensitesigar seeded witlE. albicansas described in section 2.5.1.
The plates were incubated for Bdat 3PC and mutants which demonstrated alteration in
their ability to produce antiandidal agents noted. Individual mutants of interest were
replated from the aster bank of mutants that had been stored frozen -aeBlate
cultures. Each mutant was retested twice to confirm stability of theircantiidal
phenotype. Stable mutants were stored as TSB cultures supplemented with 8% DMSO at

80°C until use.

2.8.2 Random amplified polymorphic DNA protocol (RAPD-
PCR)

A RAPD-PCR fingerprinting protocol was performed as described by Mahenthiralingam
et al, (1996) to test whether each of the above transposon mutants was a derivBtive of

ambifaria AMMD and not a contamant that may have appeared during screening of the
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mutant bank. The volume of each PCR was 25 pl and contained: 2 pl of genomic DNA
(approximately 10 to 40 ng), 10.3 pl sterile nuclease fre®,F2.5 ul 10X Coralload
buffer, 5 pl 5X QSolution, 1.5 MgG, 0.5 pl 10 mM dNTPs, 4 pl primer 270 {FGC

GCG CGG G-3', 10 pmol pr*) or primer 272 (5'AGC GGG CCA A-3', 10 pmol ui)

and Tag DNA polymerase (Qiagen Ltd., Carwley, UK). The PCR was carried out in 0.5 ml
HI-YIELD micro tubes using a Flexigeneettmal cycler (Techne Ltd., Newcastle, UK) as
described in Table 2.5. 12 pl RAPBCR products of each sample were loaded to 2 % gel
electrophoresis agarose gel, then run alongside 10 pl of 1 kb molecular ladder in 1X TBE
buffer at 80 volts for 3 h. fle gelwasthenstained with Save view (SYBR safe DNA gel
stain, Invitrogen, Eugene, Oregon, USA), and visualised under UV light and images were

taken using Gene Snap system.

2.8.3 Sequencing of Tn5 transposon mutant using PCR to
detect transposon insertion site

PCR bllowed by DNA sequence analysis was used to determine the transposon insertion
site in B. ambifaria AMMD genome as describedy O6 S u | leti al, 2007 DNA
adjacent to the Tn5 insertion was amplified using a-$tep of PCR reaction protocol
(PCR1 and BR2) and 4 different primers: PCR1: Primer 1. T'T TTA CAC TGA ATG

TTC CG3', Primer 2b: 5’GGC CAC GCG TCG ACT AGTCAN NNN NNN NNN ACG

CC-3', PCR2: Primer3: 5'CGG ATT ACA GCC GGA TCC CC&' and Primer 4: &'

GGC CAC GCG TCG ACT AGT Ae3'.

PCR 1 (including primers & 2b) amplified the end of the transposon and adjacent
chromosomal DNA to give sequences of variable lengths due to the random priming of

primer 2b at genomic sites flanking the trarsgmo The volimeof PCR1reaction was 20
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pl containing 1l genomic DNA (10 to 40 ng), 2.9 pl sterile nuclease freg® H2 pl 10X
buffer, 4 pl 5X Q solution, 1.2 pl MgCI2, 0.4 pul 10 mM dNTPs mixture, 1 pl primer 1 (20
pmol pr'), 1 pl primer 2b (20 pmol [f) and 0.2ul Tag DNA polymerase. PCR was
carried out in 0.2 ml nostick microtubes using a DNA Engine Dyad Thermal cycler

gradient block (MJ Research, Boston, MA) as described in Table 2.6.

Table 2.5 PCR cycles for RAPBPCR.

Step Temp. C° Time (min.) N° cycles
1. DNA denaturation 94 5

2. Primer annealing 36 5 )

3. Primer extension 72 5

4. DNA denaturation 94 1

30

5. Primer annealing 36 1

6. Primer extension 72 2

7. Final extension 72 6 1

8. Indefinite hold 4 0 0

Table 2.6 PCR cycles for PCRI of transposon mutant mapping

Step Temp. C° Time N° cycles
1. Initial DNA denaturation 95 00.05.00 1

2. DNA denaturation 94 00.00.30

3. Primer annealing 30 00.00.35 8

4. Primer extension 72 00.00.5

5. Initial DNA denaturation 95 00.05.00 1

6. DNA denaturation 94 00.00.30

7. Primer annealing 30 00.00.35 30

8. Primer extension 72 00.00.45

9. Indefinite hold 4 0 0
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Products of PCR1 were further amplified using primers 3 and 4 in round PGRbas.

The volume of the PCRreaction was 50 ul containing:5 pl PCR1 final product, 5 pl

10X PCR buffer, 10 ul 5X Qsolution, 3 ul MgC4, 0.4 ul 10 mM dNTPs mixture, 2.5 ul
primer 3 (20 pmol 1), 2.5 pl primer 4 (20 pmol ) and 0.5 pl Tag DNApolymerase

(all PCR reagents from Qiagen Ltd. Carwley, UK). PCR processes were carried out in 0.2
ml nonstick micretubes using a DNA Engine Dyad Thermal cycler gradient block (MJ
Research, Boston, MA) as described in Table 2.7. PCR2 products weredpusiiey
QIAquick PCR Purification Kit (Qiagen Ltd), then 10 pl of purified PCR2 products were
loaded in 2% agarose gel supplemented with safe view dye (2.5 pl / 100 ul gel) and run
alongside 10 pl Kb molecular ladder. Gel electrophoresis was run ato#8 in 1X TBE

buffer containing save view dye (2.5 pl / 100 ml TBE) then the gelwgamlised under

UV light and images were takarsing Gene Snap system. PCR2 products (<13 fy pl
and primer 3 (1.6 pmol {f) were sequenced, and the identities offiué genes that were
disrupted by transposon insertion wédentified using theéB. ambifariaAMMD genome

(http://www.Burkholderia.cotnandBLASTN tool.

Table 2.7 PCR cycles for PCRII of transposonmutant mapping

Step Temp. C° Time N° cycles
1. Initial DNA denaturatn 95 00.02.00 1

2. DNA denaturation 94 00.00.30

30

3. Primer annealing 42 00.00.35

4. Primer extension 72 00.00.45

5. Final extension 72 00.05.00 1

6. Indefinite hold 4 0 0
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2.9 Extraction of antimicrobial agents, storage and
maintenance
Antimicrobial agents of Bcc bacteria were extracted in two different wagsberlite

XAD16 resin extractiormnd direct extractian

2.9.1 Maceration (Direct) extraction
Burkholderiaisolates were inoculated as strips of culture across the agar plates using a

sterile cotton swab (1 to 3 strips per plategn incubated at 30C for 72 h atfe bacterial
growth was cut and removed from each plaseng a clean scalpel blad€he remaining

agar was frozen at80°C and then placed in a freeze dryer for 72 h until the agar had
completely dried into thin films. The dried agar was ground to fine particles using a coffee
grinder. The agar particles were then extracted in 80% methanol (HPLC gtadg) 8 g

agar per 45 ml 80% MeOH; extractions were performed in 50 ml conical tubes and were
left mixing on a rocking platform at room temperature (approximately 20 + 2°C) for 3 h.
After extraction the tubes were centrifuged for 10 mihe supernatarwasremoved and

the extractvasconcentrated using a rotary evapordgiuchi, Flawil, Switzerlandat 30°C

until the volume of the extract reduced approximately 10 times. Concentrated extracts were

stored into micreubes at20°Cuntil use

2.9.2 Resin extraction
Amberlite, a neutral crodgsked polystyrene resin that adsorbs erythromycin from

solution (Ribeiro& Ribeiro, 2003) was also used as a means to purify secreted antibiotics
from agar and broth cultures 8furkholderiaas follows: strips oBurkholderia growth
were inoculated onto each plate (3 to 5 strips across the agar) and left to grow for the

desired length of time at a specific growth temperature (see rds8lfisfor conditions
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tested). A total of 12 plates were used for standard extracfienextract the antifungal
components from the agar, the bacterial growth was removed by swapping with a spatula
and the remaining treated with chloroform vapour. The agar was then cut into 0.5 cm
blocks using a clean scalpel blade and placed into ali@ajeer. For every 100 g agar, 500

ml polished water was added and the mixture was stirred for 1 h at room temperature. The
mixture was then filtered to remove agar blocks and Amberlite XAD16 resin was added to
the aqueous extract (5 g /100ml) and stirfed 2 h at room temperature to allow
antibiotics to bind to the resin. The resin was then allowed to settle out and the supernatant
discarded; the resin was rinsed with 1 | of polished water. A resin column was prepared by
inserting a loose glass wool plugo the bottom of a glass column (60 mm long x 25 mm
diameter) and the resin slurry was poured into the column; compressed air was used to
remove water residues from the resin supernatant mixture. To elutButkbolderia
metabolites from resin, 100% thanol was used (3ml methanol/1g of resin). The extracts
were concentrated by evaporation of the methanol using a rotary evaporator machine at
30°C until dry; after weighing of the dried extracts, they were dissolved in methanol

(normally at concentratioof 10 mg mf') and stored in micrbubes at20°C until use.

To extractBurkholderiaantibiotics from liquid cultures, the Amberlite resin procedure was
modified as follows. Liquid cultures (normally 100 ml) were inoculated and incubated
under different gowth condtions as requiredAfter growth, the bacteria were removed by
centrifugation (EReckmanCouterecentrifuge Sorvall Avanti JE). The Amberlite resin was

then added to the cleared supernatant and processed to extract the antimicrobials exactly as

described above for the agar plate cultures.
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2.10 Thin layer chromatography andbioautography assay

2.10.1Thin layer chromatography
Thin layer chromatography (TLC) was carried out to fractionate compound(s) in

Burkholderia secondary metabolite extracts;b@mautogrphy assaywas developed to
detect any bioactive compods in this mixtureTwo different types of TLC plate were
used:20 x 20 cm precoated 25 um Silica Gel 60 plates (Sigma, catalogue no. 5715;
Merck) and 20 x 20 cm preoated 25 um Silica Gel 60lateswith fluorescent indicator

UV 254 (Sigma, catalogue no. 5715; Merck); bpiate types were activated hgating at
100°C for 60 min. 5 pl oBurkholderiaextracts (10 mg rit) were spotted onto the TLC
plates 2 cm from the base across a horizontal lpeesahd at least 2 cm apart; a maximum

of 8 extracts were evaluated on any 20 cm plate and replicate plates were frequently set up
to enable bioactivity testing with multiple test species. Different solvents (single and
mixture solvents with different poliies) were tested to generate the best possible
fractionation profile of Bcsecondary metabolite$he plates were developedrtically in

a glass chromatography tank containing 200 ml of solvent until the solvent front reached

the top of the TLC plate cm from top edge.

Several visualisation techniques were used to morieveloped TLC plates The
developed TLC plates were allowénl dry and freeing of solvent. The first visualisation
technique was iodination. lodination was carried out by placicigieal developed TLC

plate in a chamber containing iodine crystals for few minutes, which led to oxidization of
the substances making their presence visible. The second visualisation technique used a
different chemical solution0.1% Anisaldehydésulfuric aid, 0.2% Ninhydrin, 0.5%
Vanillin-Phosphoric acidpr 25% sulphuric acidl. In this method the dried developed TLC

plates were sprayed with a freshly prepared solution for 15 min then placed in a 100°C
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oven for 30 min to 1 h, in contact with the substaressualisation solution exhibited a
coloured spots of extract constituents. The third visualisation techniquéJisestliation

at two different wave lengths (254 and63@m); normal andfluorescentTLC plates were
visualized under UV light by placing ¢hsilica gel side in front of the UV source, which
provided a rapid and straightforward screen to identify the majority of compoRunoks.
pyrrolnitrin antibiotic (3Chloro-4-[3-chloro-2-nitrophenyl}pyrrole; Sigma, P8861) was
used as a positive referencempound against new active compounds. Extracts of growth
media (BSMG media and SA extracts) incubated withBurkholderiaisolates were used

as a negative controls. The distances travelled by visualized or active compounds relative
to the solvent frontwere determined as a retention time)(RDeveloped plates were

photographed using a digital camera (Sony BSE).

2.10.2Bioautography
To reveal the presence of bioactBarkholderiasecondary metabolites, the following test

organisms were overlaid onto the.d plates: Gramnegative bacteriaH, coli NCTC
12241, B. multivorans ATCC17210, B. cenocepaciaLMG16656, P. aeruginosa
NCTC12903 P. putidaLMG 2257, P. fluorescens, S. maltophilia, A. baumaramiid E.
faecalig, Grampositive bacterigStaphylococcus aeus NCTC12981, other multidrug
resistanceS. aureusEkEagles,S. aureusEMRSA15 and S. aureusMRSA Mub50), an
ascomycete fungusC( albican$ and basidiomycessfungi (H. fasciculare P. impudicus

B. adustaS. gausapatund. versicolor R. bicolorandP. \eluting). Burkholderiaextracts
were applied to 20 x 20 cm TLC plates (0.25 mm siliciglate) as described above and
fractionated in a glass chromatography tank containing 200 ml of ethyl aoettitanod

water (EtOAeMeOH- H20; 20:1:0.5). One set of T0_plates was developed chemically or
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photographed under UV for use as the reference chromatogram; the remaining replicate

plates were set aside for the bioassay work as follows.

The TLC plate was placed into a sterile 24 x 24 cm square Bioassay (8&rds, UK).

The test organisnOandidaand all bacteripwas inoculated into molten SISO agar (cooled

to 45C) with 2,3,5triphenyltetrazolium chlorid¢ TTC) added to 0.02% to assist with
visualisationof microbial growth. After mixing, the molten agaas/poured (75 ml/ plate)
carefully over the TLC plate starting in the centre and then moving evenly across the entire
plate. After solidification, the TL&ioautographic plate was incubated for 3 h at room
temperature to allow metabolites in the TLC pladediffuse into the agar; the bioassay
plate was then incubated for 24 h at @%o allow microbial growth. Clear zones on the

red background of microbial growth revealed the presence of antimicrobial compounds.
Growth inhibition areas were compared witte tR of the related spots on the reference

TLC plate and all plates were photographed under white light using a digital camera.

In the case of thbasidiomycete overlay assay, the developed TLC plate was overlaid with
soft SA agar (0.75% agar) seededmitie fragmented mycelia of each fungus (see section
2.5.2.2)andthe plates werthenincubated at 2@C for 4 d. To help visualize fungal growth
the plates were covered with 2 ml of 2% TTC. Apdisidiomycete activity was detected as

a clear zone on thed background of basidiomyceateg/celia growth.

2.11 Purification of active metabolitesof Burkholderia
To increase the purity oBurkholderia extracts available for further biological and

chemical analysis, a wide range of separation techniques including figqctionation,
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silica gel preparative thin layer chromatography and silica gel column chromatography
were used. Active fractions obtained from these preparative methods were tested on the
bioassay as described above wih albicansused as the mainest organism. The

following extraction methods were used.

2.11.1Liquid -liquid fractionation
A liquid-liquid solvent partition method was used to further extract Bhekholderia

Amberlite resin mixtures. A dry crude methanol extract (approximately 2.5 @. of
ambifaria AMMD was dissolved in 50 ml of distilled water and successively partitioned
three times with a range of solvents (50 ml of solvent for each extraction). A fractionation
scheme was employed as shown in Figure Ragh fractionation involved ha-mixing of

agueous crude extract in the respective solvent followeddkirspat 25C for 15 min.

The aqueous crude extract and the various solvent fractieetby( etherfraction [DEF],
chloroformfraction[CHF], dichloromethandraction [DHF], acdéonefraction [ACF], ethyl
acetate fraction [EAF] and water fraction [WF]) were filtered through Whitman no.1 filter
paper. The fractions were dried using a rotary evaporator machinéCatT3@ dry weight
yield of each extract and its fractions was meaduefore storage a2CPC prior to further

analysis.
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Biological activity tests

Figure 2.3 Scheme for fractionation ofB. ambifariaAMMD antimicrobial extracts .
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2.11.2Preparative silica gel TLC plates
Dried extracts ofB. ambifaria AMMD, BCF, KW and Mex5 that had antimicrobial

activity were redissolved separately methanol and subjected poeparativel LC on 500,

and 150Qum Silica Gel 60 plate€Sigma, catalogue no. 5715; Merck). After inoculation of

the extracts the mixture we fractionatedwith EtOAG-MeOH-H,O (20:1:0.5). The
location (R) of active onstituents of each extract wdstected directly on a replica TLC

plate which was subsequently subjected to bioassay wit@ tladbicans The preparative

TLC plates were dividednto 7 to 16 horizontal zones depending on the number of
detectable active compounds after fractionation. Each zone was scraped off the plate and
the constituents rextracted from the silica gel using absolute MeOH. The resulting
fractions were evaporatdo dryness in rotary evaporator aP@@nd retested for activity
againstC. albicansusing agar diffusion assay on TLC plates to confirm their bioactivity

after fractionationThe semipurified extracts were kept é20°C for further analysis.

2.11.3Column chromatography
Dried B. ambifariaAMMD aqueous extract (3 g) was-dissolved in ethyl acetate and

applied to a column chromatograph (5 x 50 cm) that had been packed ivdhgsil (70

230 mesh, 40 A and previously equilibrated with ethyl acetate medhamater EtOAC-
MeOH-H,0O) 20:1:0.5v/v. The column was eluted 300 ml BfOAc-MeOH-H,0 to
produce 59 fractions (5 nflactions), then the column was eluted with 50 ml of absolute
methanol to produce 4 fractions of AMMD extract. The different fractiongnglditom the
column were concentrated by evaporation of the solvent using a rotary evaporator machine
at 30°C, and rested for activity using preoated 25 um Silica Gel 60 plates and overlaid
with C. albicansto detect active fractionsSemi pure extras were merged and kept at

120°C for further analysis
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2.12 ldentification bioactive compounds oBurkholderia

2.12.1Usingreversedphaseliquid -chromatography-mass
spectroscopy (RRLC-MS)

High performance.iquid Chromatography (LC) agled with Mass spectrontey (LC-

MS) provides highly detailed information about product ions and is one of the most rapid
sensitive methods for the detection and putative identificatiorbiofctive organic
compounds. Active Bcc fractions isolated as described above were chgnaalysed

and identified usindReversed Phadaquid chromatographynass spectroscopy (REC-

MS) that was collaboratively performed by Dr. Lijiang Song (University of Warwick,
Coventry, UR. LC performed ortrial and error challenge wareeded to optimizéhe best

conditions of extraction, fractionation and visualization.

A Dionex 3000RS with a Sigma Sulpeco Accentis Express column (C18, sizex 150
2.1mm, particle size: 2.7umyas used withthe following mobile phasesA: H,O with
0.1%formic acid B: MeOH with 0.1%formic acid(a gradient from 0 to 20 min was run
from 20% solventA to 100% solventB). The UV spectra of bioactiv8urkholderia
compounds were compared with retention times of UV spectral data library of antibiotics
and natural products to adtify matches to known compounds. To provide further
information on the structure of th8urkholderia antimicrobials, Nuclear Magnetic
Resonance (NMR) spectroscopy was performed collaboratively on theCREPS

fractions by Dr. Song using Bruker 700 MHANMR spectrometer.
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2.12.2Detection d the presence of pyrrolnitrin in
Burkholderia metabolites:a comparative study

Many of the previous studies @urkholderiasp confirmed that the key role of antifungal
activity was due to different compounds e.g. pyrtoimi Therefore, inthis study pure
pyrrolnitrin (Sigma) was included as @ositive control compound$or Burkholderiaantk
candidal metabolites. Burkheaet al (1994 and Schmidf et al (2009 recommended

different conditions to isolation and detectwirpyrrolnitrin.

B. ambifaria AMMD fraction no. 7 (R 0.98) of the silica gel preparative TLC
fractionation §ee sction4.3.4.1), B. ambifariaAMMD first (G1), third G3) and farth
(G4) fractions of silica gel column chromatograpked sction4.3.4.3, AMMD acetone
extract which was extracted by liquicktraction using acetonéast fractions osilica gel
preparative TLC fractionation of BCF, KW and M&xsee section 4.3.4.5 ul of 10 mg
ml™) and 5pg pure pyrrolnitrin (sigma) were used and ruduiplicateand compared side
by side on the same plate. The first run of these fractions and standard compound were
carried out on normal 0.25 silica gel TLC plates and chloroform] atfgtate and formic
acid 5:4:V/v as a solvent system (Burkhead al,, 1994). The second run was carried out
on florescence 0.25 silica gel TLC plates and chloroform and acetone 9Sthimi@t et

al., 2009). One set of both was visualized under UV light atrB6&nd the other set was

overlaid withC. albicans

2.13 Statistical analysis
All data were analysed using MINITAB 16 software. For examining the effect of media

type on extension rate (mm/h) of cord forming, wood decay basidiomycetes, aondlysis

covariance (General linear model) was used followed by comparisons Testeyat the
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95% confidence levelA O 0.05). To evaluate the effect of media type and media
composition on production of asmtandidal agents, one way and two way analysis of
variance (ANOVA) were used followed by comparisons (Tukey test) at the 95%
confidence level® O0.05). Unless otherige stated, data are presented with means and

standard errors of the mean.
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CHAPTER THREE

A SYSTEMATIC SCREEN OF ANTIFUNGAL
ACTIVITY OF Burkholderia cepaciacomplex AND
OTHER Burkholderia SPECIES



3.1 Introduction
BurkhoMeria speciesnhabit a large array of ecological niches and members of the genus

are known to be plant, human and animal pathodggmdkholderiaexist in soil, water and
plant rhizospheres and can be endophytically associated with(Cognye & Vandamme,

2003.

Basidiomycetes are major agents of decomposition, which may attack standing and felled
timber, stumps and other mamade wooden structures. albicans is the major
opportunistic fungal pathogen causing potentially fatal disease in immunosuppressed
human host¢Pfaller & Diekema, 200)7 In this study, ten representatives of basidiomycete

andC. albicanswere used as target fungi to screen for antifungal compounds.

The interaction between antibioproducing bacteria and fungi especially phytopathogens,
has beenstudied by many researcherfor a long time, especially in terms of the
biopesticidal uses for agriculturegnd they attach a particular significance ttoe
metabolites produced during @mactions, which have potential as antimicrobial agents
(Kadir, et al, 2008 Rousk et al, 2008 Sultan et al, 2008. To date only limited attention

has beegiven to interactions between wood decay basidiomycetes and bacteria, especially

Burkholderia

There are many Bcc strains known as antimicrobiadlypecers that have been characterized

asbhio-pesticidegParke & GurianrSherman, 2001 Nearly all of Bcc metabolites exhibited

antimicrobial activities were identdfd from éBurkholderia cepaci@isolates which have
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not been characterized at the species level in terms of the Bcc, and no studies have looked

at large collections of taxonomicaltiefined Bcc isolates.

The overall aim of this work was to perform a sysiéic screen ofBurkholderia
antifungal activity using a large collection of accurately identiBeakholderiaspecies.

This was performed using different growth media and using both an overlay assay and
direct antagonism assay to test antimicrobial $@ecreand inhibition. An initial challenge

of the work was thate bacteriafungal interaction media used should support both fungal
and bacterial growth and aid the production of antimicrobial secondary metabolites. The
type of media influences the ingation between bacteria and fungi as these organisms
differ in responses to abiotic factors, such as nutritional requirements, temperature and
hydrogen ion concentratiofidiwang et al, 2002 Murray & Woodward, 2003Li, et al,

2007, Kadir, et al, 2008. Various media formulations were therefore tested prior to the
optimal media being selected to examine the diversity offangal activity across a

collection of 421Burkholderiaisolates.

An additional challenge of the work was using watatay basidiomycet&ingi which,

unlike the ascomyceteCandida species, grow as mycelia, and thus are not as
straightforward to screen in antimicrobial assays. Their interaction Buttikholderia
species has not been extensively examined. A conventional contact antagomgm ass
applied to many filamentous fungi was used as an initial screen, however, a novel overlay
assay where homogenised mycelia were used to form an even growttbasitiemycete

was also developed.
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A gener al hypot hesial B.fcepaca babteris arec dazalple o r w a
produci ng ant.iTHespedfi@adims afghes ohapsedwere:
1 To evaluate a range of growth media for their ability to support fungal and bhkcteria
growth, and allow the production of antimicrobial metabolites.
1 To systematally screen a collection @urkholderia cepacia@omplex species for
the production of antifungal metabolites.
1 To examine the secretion of antifungal metaboliteBurkholderiaspecies outside
the complex and compare this to a range oflBarkholderiaspecies.
1 To develop an overlainhibition assay suitable for screening antifungal activity

against filamentous basidiomycetes.
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3.2 Materials and Methods

3.2.1 Growth media and microorganism storage and maintenance
The media used in theurrent expriment were as describedsection 2.1. A total of 421

bacterial isolates (section 2.1), including cystic fibrosis, clinical and environmental isolates
(plant pathogenic and soil isolates), were screened adaamstida albicansSc 5314and

B. adustaBK1. C. albicans(1 X 10° cfu mI* overlay agar) was used as a reference strain
to rapidly test the activity of antifungal agents produced byBilmkholderiaisolates. Ten
representative species of wood decay basidiomycete (Uingie 2.2)were used to dett

the activity against this class of fungi. A basidiomycete inoculum was aseptically
transferred onto a slant culture tube containing 2% MA medisndescribed irgection

2.1.

3.2.2 Selection of suitable media for growth and antifungal
metabolite production

Four Bcc isolatesH. ambifariaAMMD, B. ambifariaBCF, B. ambifariaKc311 andB.
vietnamiensis]W13 thatwereknown to produce antiandidal agents were tested for the
production of antcandidal agents on six different mediSA, PDA, MA, BSMG, CMA

ard MHA), usinga C. albicansoverlay assay as described in Section 2.4. The production
of anticandidal agents was determined by measuring the zone of inhibition in mm. To
examine the affect different mediaon basidiomycete fungi, the growth rates ofwerod
decay fungi were examined on seven different media (SA, PDA, MA,-BSNWSA,ISOA

and MHA); growth was determined at 3, 5, 7, 9 and 11 d by measuringyiitel

extension rasin millimetres (mm; see section 3.6
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3.2.3 Interactions betweenBurkholderia and fungi
After the selection of appropriate med®2.1 & 3.2.2) a total of 421bacterial isolates

(section 2.1) were screened agai@istalbicansand B. adustaBK1 usingSA and BSMG
media The interaction betweeBurkholderiaand C. albicanswas caried out using an
overlay agamssay (sction 2.51) and the results were determined by measuring the zone
of inhibition in mm.The interaction betweeBurkholderiaandB. adustawere carried out
using a contact antagonism asssaction 2.52.1) andthe results scored by comparing to
the BK1 control plates, noting whether there was: no inhibitignweak inhibition[(+);

0.1 cmto 0.5 cm oo BK1 growth], medium inhibition(f+); 0.5 cm to 1 cm of no BK1
growth or strong inhibition (+++); 1 cm to 2 cnof no BK1 growth of fungal growth by
Burkholderia Eight wood decay basidiomycetes were also tested against Bour
ambifaria: AMMD, BCF, KW and MEX5 using a bsidiomycete agaoverlay assayas

described in section 2.5.2.2

Peptone Lactose Agar mediuBL(A), which was shown to enhance the production of
antifungal agents of putativ®. multivoransisolatesin another studyDikin, et al, 2007
was also used to test &olates oB. multivoransand 18isolates oB. stabilis These two
Bcc species had totally failed to produce antifungal agents when grown on SA eGBSM

media, prompting the testing of this alternative medium.

3.2.4 Statistical analysis
All data were analysed using MINITAB 16 software. To examine the effect ofanhgue

on growth rate (mm/hdf wood decaybasidiomycetes, the results were tested statistically
using analysis of covarianc&éneral Linear Modglfollowed by comparisonsTukey

Test)at the 95% confidence leveP (00.05). To evaluate the effect of media type on the
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production of antcandidal agents, ongay analysis of variance followed by comparisons
(Tukey test) at the 95% confidence level0 . 05) wer e u s?datthe 96% i Sq
confidence level® O0.05) was used to compare the effect of BGMind SA media on

the production of antcandidal agents and to test the effect of SA medium on the
production of antifungal agents of the whole colleetand between groupAll data are

presented with means@ standard errors of the mean.
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3.3 Results

3.3.1 Selection of a suitable medium for growth and production of
anti-microbial agents

3.3.1.1 Selection of growth media for wood decay basidiomycetes

In this study, different media (Table 2.1) were usedyfomwing selected wood decay fungi
(Table 2.3) andurkholderiaisolates (Table 2). Seven different media were used to test
the growth ability of ten different wood decay fungi at 25°C. Potato Dextrose Agar (PDA)
was the optimal growth medium supportirige tgrowth of all 8 basidiomycete fungi with
growth rates ranging from 0.0 to 12.48 mih @able 3.1, Figure 3.1). Sabouraud Agar
(SA) and Malt Agar (MA 2%) also supported the growth of basidiomycetes well, with
only P. impudicusandR. bicolorfailing to grow on each respective medium (Table 3.1).
The remaining media tested showed weak growth for the wood decay basidiomycetes with
many species failing to grow (Table 3.1, Figure 3.1). In rank order, the most rapid growing
basidiomycetes werg. adusta T. versicolorandS. gausapatunwith growth rates of 14.8,

7.97 and 7.18nm d* respectively, seen on Sabouraud dégure 3.2)

The effects of different media on fungal growth were highly variab&ble 3.1,Figure
3.1).B. adustashowed the best growthte on MA, SA and PDA media (Table 3Fgure
3.2) with the mycelia reaching the edge of the Petri dishes within 7 days. In coBtrast,
adustaexhibited the weakest growth on BS® (1.37mm d*) and only grew after 3 days

of inoculation on ISA and MHAnedia. The effect of different media on fungal growth
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Table 3.1 Effects of media type on extension rate of wood decay basidiomycetes

Extension rate (mm d*(SEM)) of wood decay basidiomycete$

Sal HfFGTW Rbm6A HfDD2 Rbl BK1 Pvl PiJHT4 D2 SP313

MHA | 1.28(0.07)| 0.0(0.0) | 00(0.0) | 00(0.0) | 00(0.0) | 847(0.12)| 0.0(0.0) | 00(0.0) | 3.72(0.16) | 0.0(0.0)

ISO | 257(0.06)| 0.0(0.0) | 0.0(0.0) | 0.0(00) |00(0.0) | 818(0.15)| 0.0(0.0) | 0.0(00) | 3.72(0.14) | 0.0(0.0)

MA | 6.68(0.14)| 4.8(0.17) | 3.05(0.0) | 3.03(0.18)| 5.22 (0.09)| 15.0(0.14)| 6.05(0.13)| 0.0(0.0) | 5.03(0.14) | 4.77 (0.07)

% SA | 7.18(0.07)| 2.5(0.08) | 2.15(0.09)| 2.15(0.05) | 3.15(0.13)| 14.8(0.17)| 1.68(0.1) | 3.0(0.08) | 7.97 (0.64) | 5.7 (013)
= TSA | 1.32(0.07)| 0.0(0.0) | 00(00) | 0.0(0.0) | 00(0.0) | 637(0.32)| 0.0(00) | 0.0(0.0) | 228(01) | 0.0(0.0)
BSM_G | 0.0(0.0) | 0.0(0.0) | 00(.0) | 00(0.0) | 0.0(0.0) | 1.37(0.14)| 0.0(0.0) | 0.0(0.0) 1.88(0.4) | 0.0(0.0)
PDA | 733(02) | 3.78(0.02)| 3.85(0.04)| 3.85(0.5) | 0.0(0.0) | 12.42(08)| 9.77 (0.02)| 4.25(0.10) | 11.9(0.22) | 3.95(0.13)

& Stereum gausapatu®al, Hypholoma fascicularéHfGTW), Resinicium bicolofRbm6A), H. fasciculare(HfDD2), R. bicolor (Rb1), Bjerkandera adust{BK1),
Phanerochaete velutin@vl), Phallus impudicugPiJHT4), Trametes versicolofD2) & Heterobasidion annosuf$P313).
®Muller Hinton agar (MHA), Tryptone Soya agar (TSA), Isosensitest 0.75agar (ISOA), Basal salts media with glycer6))(B8kato dextrse agar (PDA), 2% Malt
agar (MA) & Sabouraud agar (SA).
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Figure 3.1 Effects of media type on extension rate mmH(SEM) of wood decay basidiomycetes.

The growth rate was determined for the following specBtsreum gausapain Sal, Hypholoma fasciculardHfGTW), Resinicium bicolor(Rbm), H. fasciculare
(HfDD2), R. bicolor(Rb1), Bjerkandera adust@BK1), Phanerochaete velutingevl), Phallus impudicugPiJHT4), Trametes versicolofD2) & Heterobasidion annosum
(SP313). The fitlowing media were examined: Muller Hinton Agar (MHA), Tryptone Soya Agar (TSA), Isosensitest 0.75 Agar (ISOA), Basak8@twith glycerol
(BSM-G), Potato Dextrose Agar (PDA), 2% Malt Agar (MA) and Sabouraud Agar (SA).
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Figure 3.2 Mean extension rate mm & of wood decay basidiomycete across all media.

Stereum gausapatuif®al), Hypholoma fasciculardHfGTW), Resinicium bicolor(Rbm), H. fasciculare
(HfDD2), R. bicolor (Rbl), Bjerkandera adustg§BK1), Phanerochaete velutindPv1), Phallus impudicus
(PiJHT4), Trametes versicoloi(D2) & Heterobasidion annosuniSP313). The following media were
examined: MHA, TSA, BSM5, PDA, MA and SA.Different letters above columns indicate significant
differences (ANOVA;P O atdd6e)presented as the means of three replicates with standard errors of
the means.

was highly significant® O0.00L, F = 194.26), andill tested isolates showgBigure 3.2,

3.3)a significant differenceR O  01) i @oduction of antcandidal agents.

T. versicolorshowed the faster extension on PDA and SA media (11.9 andvifrod*
respectively)and mycelia reached the edge of Petri dishes of PDA medium within 7 days.
In contrast,T. versicolorshowed the weakest growth on BSB] TSA ISA and MHA
media respectively and grew after 3 days of inoculat®rgausapaturshowed the faster
extension on PDA, SA and MA (7.33, 7.18 and 6n® d* respectively; Table 3.1). The
mycelia reached the edge of PDA Petri dishes within 9 days, andadtier seven days on

TSA and MHA. However, the fungus failed to grow BSM-G medium.

77



8
7
U —
= 6
€ 5§
g |
S 4 - -
S
2371 4 a
S2{ 7 2
w 1 - J_ J_ T a
0 1 1 1 1 J- 1 |+| 1
MHA 1ISO MA SA TSA BSM-G PDA

Figure 3.3 Effects of media type on extension rate mm H of wood decay
basidiomycetes.

Muller Hinton Agar (MHA), TryptoneSoya Agar (TSA), Isosensitest 0.75 Agar (ISOA), Basal Salts Media
with glycerol (BSMG), Potato Dextrose Agar (PDA), 2% Malt Agar (MA) and Sabouraud Agar (SA).
Different letters above columns indicate significant differences (ANQV P ODatd aré fFésented as
the means of three replicates with standard errors of the means.

The effect of different media on fungal growth (Figure 3.2) was highly signifidu@ (
0.0, F = 98.72).H. fasciculare HFDD2 and HFGTW showed similarebavioural
patterns on the same growth media, with for example the faster extension on PDA medium
(3.85 and 3.78nm d* respectively). The mycelia of both fungi covered about half of the
Petri dishes within 11 days. Bokh fasciculareisolates showed weakowth on MA and

SA media, and failed to grow on MHA, TSA, ISOA and B&vmedia.

The effect of different media on fungal growth was highly significant. Different strains of
R. bicolor (Rb1l and Rbm6A) behaved differently. Rbm6A showed faster extension on
PDA, MA and SA media (3.85, 3.05 and 2.%n d* respectively) but failed to grow on
BSM-G and other mediaP(O0.00L, F = 3.01), whereas Rb1 extended faster on MA and
SA media (5.22 and 3.18,m d* respectively) and failed to grow on MHA, 1SO, TSA,

BSM-G and PDA mediaR O 0. 005, P. velutinb@&nd H. amhgsunshowed
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similar activity, as they failed to grow on MHA, TSA, ISOA and BSB media.P.
velutinagrew well on PDA medium and the myceliwovered half of the Petri dish within
9 days (9.7/m d*; P 00.00L, F = 104.41) and also grew on MAl. annosungrew on
three different mediaSA, MA and PDA P 00.001, F = 12.50).P. impudicusfailed to
grow on most of the tested media (MHA, TSA, ISO and BSMand extended faster on

PDA (4.25mm d*; P 00.001, F = 45.97).

3.3.1.2 Selection of growth media for anticandidal production by
Burkholderia

Six different media were chosen to test the production ofcamiglidal agents from four
Bcc isolates:B. ambifaria AMMD, B. ambifaria BCF, B. ambifaria Kc311 and B.
vietnamiensis JW13. These strains are known producers of antibacterial agents
(Mahenthiralingamet al unpublished data), and production of argndidal agents was

tested using an agar overlay assay.

The effects of Burkholderia metabolites onC. albicans were different from isolate to
isolate and in additional different classes of interactiene observed. In the first class of
interaction, no inhibition o€. albicansgrowth was observe(Figure 3.4 A). In the second
class of interaction, clear grolwtinhibition occurred, withBurkholderia metabolites
stopping the growth of. albicans resulting in a visible circular inhibition zone (Figure
3.4 Q. The third class of interaction was one where there avasinclear zone (faint),
indicating either pardl inhibition of C. albicansgrowth or another form of interaction
which influenced the growth propertied the ascomycetenithe overlay agar (Figure 3.4

B). In the context of defining the prevalence of antimicrobial activity among Bcc isolates,
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(A) No inhibition

(B) Faint inhibition zone

(C) Clear inhibition zone |

Figure 3.4 The effect ofBurkholderia metabolites onC. albicans

After incubation at 37C for 24 h, the ant€andidal activity of Burkholderia vgavisible as; (A) no inhibition
zone or (B) Faint inhibition zone or (C) clear inhibition zone on the red background of Candida cells which
have grown and reduced the tetrazolium chloride metabolic indicator.
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inhibition of C. albicanswith a clear zonavas considered as a positive effect and faint

zones of clearing were considered as a negative result.

The ability of the 4 Bcc isolates to produce am@ndidal agents was not consistent and
increased or decreased under growth different condi{ibable 3.2 andFigures 3.5) All
four tested Bcdsolates failed to prodie anticandidal agents on MA of the six media
tested However, BSMG, SA and PDA medi@-igure 3.5) stimulated he four testedBcc

isolates to produce antandidal agents as follows

B. ambifaria AMMD strain (Table 3.2)produced antcandidal agents when grown on
BSM-G and SA and the zone of inhibition was 2%61.20 and21.6 + 0.88 mm
respectively. The effects of BSK and SA media on antandidal production was highly
significant @ 0 0.0, F = 151.19). AMMD did not show antiandidal activity when

grown on MA, MHA, PDA and CMA.

B. ambifariaBCF isolateqTable 3.2)showed a lack of production of aathindidal agents
against all tested microorganisms when grown on MA, SA, PDAGWA. However,
anticandidal agents were greatly enhanced when grown on8%wd MHA (59.6 + 3.28
and 39.6 £ 1.20 mm respectively) and the effect of different media orcaamtidal

production was highly significan®(O0.05, F = 308.29).

B. ambifaria Kc311 isolates(Table 3.2)showed a lack of production of atndidal

agents when grown on MA and MHA. Greatest inhibition by Kc311 was on CMA,-BSM

G, SAand PDA (44.3 + 1.20, 40.67 £ 0.67, 37.0 £ 1.0 and 29.0 + 2.08 mm respectively)
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Table 3.2 Effects of media type on production of antiCandida albicansSc5314 agents

by four different Bcc isolates

Zone of clearing (mm) (mean = S.E.M)

Media ®
MA SA MHA BSM-G PDA CMA
AMMD 1 g0 | 216 (0.88) 0.0 29.6 (1.20) o0 >0
= |BCF 0.0 0.0 39.6 (1.20) | 59.6 (3.28) 00 00
4
)
3| Ke3ll 00 1 37,0 (1.00) 00 40.67 (.67) | 29.0 (2.08) | 44.3 (1.20)
g
JW13 0.0 8.7 (1.55) 0.0 50.0 (2.88) | 41.7 (2.02) 0.0

& 2% Malt agar (MA), Sabouraud agar (SA), Muller Hinton agar (MHA)s@aalts media with glycerol
(BSM_G), Potato dextrose agar (PDA) and Casein meat agar (CN8AambifariaAMMD, BCF & Kc311
andB. viethamiensigW13.

60
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MA SA MHA BMS-G PDA CMA

Figure 3.5 Effects of media type on production of antiCandida albicansSc 5314
agents by differentBurkholderia strains at 30°C.

2% Malt agar (MA), Sabouraud agar (SA), Muller Hinton agar (MHA), Basal salts media with glycerol
(BSM-G), Potato dextrose agar (PDA) and Casein meat agar (CBEMNfgrent letters abee columns

indicate significant datédrespresented asthemaaNso¥tiee replica@s viith 0 5
standard errors of the means.
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and the effect of different media on antifungal production was signifiéat ( 0. 00 5,

26.06).

B. viethamiensigW13 isolates did not produce ao#indidal activity when grown on MA,
MHA and CMA. Anticandidal activity was high when using BS®& PDA and SA (50.00
+2.88,41.70 + 2.02 and 8.7 £ 1.55 mm respectively) and the effect of different media on

artifungal production was highly significal®©@ 0. 001, F = 103. 73) .

3.3.2 Interaction betweenBurkholderia and fungi
Examination of antibiotic production on 6 different media by the 4 Bcc isolates known to

produce antcandidal agents had shown that B&vand SA medium were suitable media

for the produdbn of these secondary metabolites. Therefore these media were selected to
perform a systematic antifungal screen of 4Rdrkholderia isolates recovered from
clinical and environmental sourcé8ppendix A, Table A.). The collection examined
included339 isolates from thé. cepaciacomplex (representing 11 formally Bcc named
species and 4 novel groups that represent putatively novel species within the complex;
Mahenthiralingamet al, 2008),58 isolates from otheBurkholderia species (39 from
known Burkhdderia species and 18 from isolates not identified to the species level), and
24 other norBurkholderia bacteria isolates (Table 3.3). Antifungal activity against the
ascomycet€. albicansSc5314 (described as awntindidal activity) and the basidiomycete

B. adustadescribed as anbasidiomycete) was evaluated.

The raw data for antifungal activity (zone of inhibition for each isolate) is presented in
Appendix A, Table A.1 Summative data foB. cepaciacomplex, Burkholderiaspecies

and nonrBurkholderiaspecies is presented in Table 3.3. General trends in the antifungal
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activity observed were as follows. Growth of the bacteria and subsequently test for
antifungal activity was most successful on SA medium. After growth on this medium
45.5% (192) isolatesamnonstrated antiandidal and/or anthiasidiomycete activity (Table

3.3), and in 192 out of 421 cases, both activities were detected for the same isolate.
Exceptions to this trend are described individually below. SA medium was also superior at
enhancing hie production of anttandidal metabolites with 45.56% of isolates positive in
comparison toBSM-G where 33% showed a zone of inhibition (this difference was,
however, not significan® > 0.05 ChiSqg= 0.379)B. stabilisandB. multivorandfailed to
produce antifungal agents when grown on two different media: SA and ExMowever,

B. stabilis was significantly successful (1892 O 0 . 0 GShs 13.8)hiri producing

substances which suppresggmhdidagrowth on PLA medium

3.3.2.1 Interaction betweenBurkholderia and C. albicans
The interaction between the whole collection Bdirkholderiaand the reference strafd.

albicanswas carriedbut on two different media: SA and BS@l. The results showed that
the antagonistic Bcc species agaiist albicanswhen using SA medium were BccB,
cepacia, B. cenocepacandB. ambifaria(100%, 86.6%, 77.1% and 56.8% respectively).
However,B. anthinashowed a poor ability to inhibit the growth 6f albicans(7.1%).
Other specie€B. gladioli, B. glumae, B. oklahomensisdB. plantarii) alsoproduced very

antagonisti@agents (Table 3.3 and Figure 3.6

The maximum zones of inhibition were recordedhiagt C. albicansdue to diffusible

secondary metabolites Blrkholderiaisolatesvhen grown on BSM5 medium compared

with SA medium and ranged between 82.8mm and the maximum inhibitiomas
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Table 33 Comparison of antifungal activity of Burkholderia and other bacterial
species using two different media

Number and percentage of active isolatey

Number andf producing antifungal agents
No Tested isolates peri:;l::ge 0 Anti-candidal Anti-BK1
isolates BSM-G SA SA
! B. ambifaria 101 (23.9%) | 45 (44.1%) | 58 (56.8%) | 69 (67.6%)
2 B. cenocepacia | 61 (14.5%) | 12 (19.6%) | 47 (77.1%) | 47 (77.1%)
3 __ | B. cepacia 30 (7.1%) 15 (50%) | 26 (86.6%) | 25 (83.3%)
o
4 é’i B. multivorans 27 (6.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
> 3 | B. stabilis 18 (4.2%) 0(0.0%) |0(0.0%) |0 (0.0%)
6 % B. viethamiensis | 18 (4.2%) 8 (44.4%) 4 (22.2%) 10 (55.5%)
(@]
! & | B. pyrrocinia 16 (3.8%) 9 (56.2%) |9 (56.2%) |7 (43.7%)
(&)
8 § B. anthina 14 (3.3%) 5(35.7%) | 1(7.1%) 1 (7.1%)
9 S | B.lata 11 (2.36%) | 4(40%) | 0(0.0%) |1 (10%)
10 é Bcc 6 10 (2.36%) | 8 (80%) 10 (100%) | 6 (60%)
11 g B. dolosa 8 (1.9%) 0(0.0%) |3 (37.5%) |4 (50%)
12 S | B. contaminans | 6 (1.4%) 3(50%) | 5(83.3%) |4 (66.6%)
13 Bcc 5 5 (1.18%) 4(80%) | 4(80%) |0 (0.0%)
14 Bcc 4 3 (0.7% 3(100%) | 2 (66.6%) | 2 (66.6%)
15 Bce ke 2 (0.47%) 1(50%) | 1(50%) |2 (100%)
Total (Bcc) 339 (100%) 117 (29.3%) 170 (50.1%) 178 (52.5%)
16 | Other Burkholderia* 58(13.7%) 22 (37.9%) | 20 (34.5%) | 13 (22.4%)
17 | Not Burkholderia’

24 (5.7%)

1 (3.5%)

2 (7.1%)

1 (3.5%)

Total (All 1-17)

421 (100%)

140 (33%)

192 (45.5%)

192 (45.5%)

BSM-G; Basal salt medium supplemented with 0.4% glycerol, SA; Sabouraud agaB.Biljsta
* The full name oBpecieds listed in page 33 anable 2.2.
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B. cepaciacomplex

Figure 3.6 Effect of Sabouraud medium (SA) on the production of anti-C. albicans
and anti-B. adustaBK1 agents

339 isolates oB. cepaciacomplex,58 isolates of otheBurkholderiaand 24isolates of other bacteria (not
Burkholderig were tested for their antifungal activity.
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observedby B. plantarii, B. gladioli, B. phenazinumB. ambifariaand B. vietnamiensis

(82.6, 82.2, 60.6, 53.3 and 52 mm respectively).

In general, the restsl showed that SA medium appeared to be the best at enhancing anti
candidal production by most tested bacteria with no significant differences between
bacteria P > 0.05, ChiSq = 0.379). Many of the Bcc isolates, fexample, B.
cenocepacia B. cepacia B viethamiensisand B. anthina, showed highly significant
differences in their production of argandidal agents when grown on two different media:
SAand BSMG (PO 0. 0-39734.03P0 0. 0-S50=9.833RO 0. 03g=7.L£h i
andP O 0. 0-$g= 1904 riespectively)B. ambifariaalso showed nearly the same
results (56.86% and.11% respectively) with two different medi@A and BSMG (P O

0.2, ChiSg= 1.60). In contrast, certain Bcc species preferentially producedamtidal
agents when grown oBSM-G medium compared to SA mediurB. vietnamiensis
(44.4%, 22.2%)B. lata (40%, 0.0%) and. anthina(35.7%, 7.1%),R O (QChBSq =

0.379;P 00.5, ChiSqg = 0.37%ndP 00.5, ChiSq = 0.379 respectively).

3.3.2.2 Interaction betweenBurkholderia and B. adustaBK1

3.3.2.2.1 Using a contact antagonism assay
The interaction between a bacterial collection anddel wood decay basidiomyceBe

adustawas carried out on SA medium, using a contatgonism assagdction 2.5.2.1).
The effect ofBurkholderiametabolites o B. adustavaried considerably from isolate to
isolate. Three different categories of outcomes were obsedFirstly, a full inhibition of
B. adustagrowth (Figure 37 B) was definedvhen there was no growth at allBf adusta

Secondly, deadlock (Figer37 C) was defined wheBurkholderiametabolites stopped the
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A) BK1 control growth

B) Full inhibition

C) Deadlock

D) Over growth of BK1 and
fan-like structure formation

Figure 3.7 Outcomes ofBurkholderia and B. adustaBK 1 interactions.

After incubation at 25C for 7 d the results were compared Bo adustacontrol plate without any
Burkholderia (A). Anti- B. adustaactivities were shown agull inhibition (B) or deadlock (Clor ove
growth of BK1 and fadike structure formation (D).
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growth ofB. adustaand finally,overgrowth ofB. adustaon bacterial growth and faike
structure formatior{Figure 37 D) was defined when no fungal inhibition was observed.
These findings illusateda remarkable diversity of interactions betw&nkholderiaand

basidiomycetes.

45.5% of tested bacteri@l92 out of 421)were able to produce anckleaseactive
metaboliteswhich inhibited the growth oB. adusta The most aggressividurkholderia
species againsB. adusta(Table 3.3 and Figure 8. wereB. cepacia, B. cenocepaciB.
ambifaria and Bcc6 (83.3%, 77.1%, 67.6% and 60% respectivey).gladioli, B.
oklahomensigand B. plantarii produced very active antifungal agents which inhibited the
growth of B. adusta The weakest species was. anthina(7.1%). B. stabilisand B.

multivoransdid not inhibit the growth oB. adusta

Many Burkholderia isolates were able to inhibit and/or change the morphologB.of
adustaBK1 growth, here being cleavariation in mycelial colour and hyphal densities
compared to the control.For exampleB. ambifaria (Bcc0206, Bcc1080)B. cepacia
(Bcc0660, LMG 6964)B. cenocepacigBcc1014) and. gladioli (Bcc0238, Bcc0507 and

Bccl1623) were able to inhibit and diéack the growth oB. adustaFigure 3.9.

Burkholderia isolates, particularlyB. ambifaria (Bcc0193), B. terricola LMG 20594
(Bcc0193) B. fungorumLMG 16225 (Bcc0770)B. caribensisL MG 20594 (Bcc0193) and
other Burkholderiaspp (Bcc0435 and BccO66%)imulatedmycelia ofB. adustaBK1 to
producefantlike structures (Figure 3.1@&t mycelial margins compared to the control, and

other species were able to grow oBerrkholderiacolonies and cover it.
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Figure 3.8 Effect of Basal Salt Medium (BSM) and Sabouraud medium (SA) on
production of anti-C. albicansagents.

339 isolates oB. cepaciacomplex,58 isolates of otheBurkholderiaand 24 isolates of other bacteria (not
Burkholderig were tested for their antendidal activity using two different media.
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Figure 3.9 Deadlock of B. adustaBK1 growth as outcomes of the interaction with
Burkholderia isolates.

(a) B. gladioli Bcc0507, b) B. cepaciasBcc0660, LMG 6964,q) B. ambifaria Bcc1080, ¢) B. gladioli
Bccl1620, €) B. gladioli Bcc1623, ) B. ambifaria Bcc0206, ¢) B. cenocepaci®ccl1014 andH) B. gladioli
Bcc0238.
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Fan-like structure

Figure 3.10 Overgrowth and fan-like structure formation of B. adusta BK1 as
outcomes of the interaction withBurkholderia isolates.

(a) B. terricolaBcc1609, LMG20594,k) B. ambifariaBcc0193, €) B. fungorumBcc0770, LMG1625, {d)
Burkholderiasp. Bcc0435,€) B. caribensiBcc0768, LMG18531 and)(Burkholderiasp. Bcc0667.
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B. adustaBK1 grew completely over many &urkholderiaspecies on SA medium during
7 d of incubation, and its mycelia were light or derBelata LMG 22485 (Bcc0803)
metabolites produced in SA medium decreased the growgh aflustaas the mycelium
of B. adustastopped just a few micrometers fradnl a t geodth, with formation of a red
pigment (Figure 3.1). In contrast, no pigmentation wadserved wherB. lata was

exposed tmther fungi or when grown alone.

3.3.2.2.2  Using basidiomycete overlay assay
Pouring an overlay of a test microorganism onto agar where a secondary metabolite

producing microorganism has been grown forms a very simple assay téot de
antimicrobial compounds. With microorganisms that grow planktonically as single cells or
small clusters of cells, this overlay assay gives very reproducible and easy to observe
results, as seen with the a@tandidainhibition work. However, this clascal type of
overlayinhibition assay has not been easy to apply to microorganisms which grown in a
filamentous or clumping manner such as basidiomycete fungi. To develop an overlay assay
suitable for application to the filamentous basidiomycetes, fratatien of mycelia was
evaluated as a means to produce an even inoculation and then subsequent fungal growth
sufficient to observe the antifungal activity of secraBenkholderiametabolites. Aliquots

of homogenized mycelial inoculum were prepared usiffgréint size zirconium beads and
fungal inocula grown under different conditions (see section 2.5.2.2). The best growth was
observed when 0.25 mm zirconium beads were used to fragment 250 mg of fungal mycelia
inoculum which had been grown on 2 ml SA medifom2 days at 25°C under shaking

conditions Subsequente-growth of 1 ml of fragmented fungal mycelia in the 25 ml soft
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agar overlay medium was good and showed no bacterial contamination under experimental

conditions.

Figure 3.11 Production of red pigment from B. lata during interaction with B. adusta
BK1.

B. lata suspension was spotted onto SA plate and incubated@tf803 d, and then the plate was centrally
inoculated withB. adustaBK1. After incubation at 3@ for 5 d, the red pigment & lata was secreted.

Table 3.4 Zone of inhibition (mm = SEM) of B. adustaand T. versicolordue to B.
ambifaria AMMD, BCF, KW and MEX -5 diffusible metabolites using the
basdiomycetes overlay assay

AMMD BCF KW MEX-5

B. adusta 51.75+0.85 47.50+1.19 37.75+4.19 32.25+1.11
T. versicolor 59.75+0.63 58.00 +1.22 51.75+1.18 41.00+£1.35
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Five of the seven tested basidiomycetes were hard to optimize for ovenetyh grsing the
zirconium bead fragmentation ass&. fasciculare P. impudicusand R. bicolordid not

grow reproducibly using this methoB. velutinaproduced weak growth that was barely
visible. S. gausapaturproduced a scattered variable growth thas waacceptable in the
context of an even overlay assay. Howe®radustaBK1 andT. versicolorD2 showed

an even layer of good growth covering the entire surface of SA plates within 3 and 4 d,

respectively.

The ability to measure a zone of clearing gsinbasidiomyceteverlay assay enabled a
more quantitative evaluation of antifungal activity compared to the ceatd@fjonism
assay. It was also more comparable to the-aamdidal overlay assay since the
Burkholderiastrain could be left to secrete tabolites in the absence of the fungi, and
then inactivated by chloroform vapour followed by assay of the-basidiomycete
activity. The basidiomycete overlay assay was only applied to the 4 cBntamhbifaria
isolates since it had taken a while to €lep. The inhibition zone due . ambifaria
metabolites (Table 3.4 and Figure 3.tanged from 32.25 to 51.75 mm fBr adustaand

41 to 59.75 mm fofl . versicolor

Theinteraction ofB. ambifariaAMMB, BCF, KW and Mex5 againstB. adustaBK1 and

T. wversicolor D2 was carried out on SA medium. The results showed tharttagonistic
Burkholderiaspecies againd®d. adustaBK1 wereB. ambifariaAMMD and BCF (51 and
49 mm respectively). HoweveB, ambifariaMex-5 and KWshowed less ability to inhibit

thegrowth ofBK1 (40 and 32.25 mm respectivelylhe maximum zones of inhibition
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D2

¢ Un:regular growth

Regular growth

Figure 3.12 Zone of inhibition of B. adusta(BK1) and T. versicolor(D2) due to B.
ambifaria AMMD, BCF, KW and MEX -5 metabolites using the overlay assay.
Burkholderiasuspensions were spotted onto the center of SA plate and incubate@ 4138 d. The plate

was then overlaid with soft SA (1% Agar) seeded with fragmeBked or D2 inoculum After incubation at

20 C for 3 d, the antbasidiomycete activities @urkholderiaisolates were clearly visible as a clear zone of
inhibition.
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were recorded in interaction betwe& ambifaria AMMD, KW and BCF and T.
versicolor D2 on SA mediumwere 59.75, 58 an86 mm respectivelyFurthermore B.
adusta showed more regular growth after overlayingto the secretedurkholderia

secondary metaboliteaeanT. versicolor

3.4 Discussion
Burkholderia(Tagqg et al, 200§ and basidiomycetg@\'Bear, et al, 2012 are two ofthe

dominant organisms in soilnteractions between bacteria and fungi are affected by
diffusible secondary metabolites including toxins, antibiotics and other metabolites or via
bacteriafungi interference or parasitisiiPalumbg et al, 2007 Vial, et al, 2008. To

study the relationship between these organisms, growth conditions of both must be
optimized. Bacteriafungal interaction media sht maintain both fungal and bacterial
growth and support the production of secondary metabolites, especially those exhibiting
antimicrobial activities, since microorganisms growing on different media can produce
different metabolites and show differenthb&ioural growh (Hwang et al, 2002 Li, et

al., 2007 Kadir, et al, 2008. In this studythere was a need to seaffon suitable media
which allowan equal opportunity for interaction betweumrkholderiaisolates and wood

decay basidiomycetes, and thus explore newfangal agents.

The ability ofBurkholdera to use a broad spectrum of compounds as carbon sources is a
known phenomenon and many of them are well known for the production of a variety of
antifungal compoundgParke & GuriarSherman, 2001 Studies have just begun to
examine the antifungal abilty of systematically identified Bcc species, with

Mahenthiralingamet al, (2011) specifically examining the afiacterial activity of 268
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isolates. The work prested in this chapter has considerably expanded the latter study,
looking at 339 Bcc and also 58 otHeurkholderiaspecies. In addition, the antagonism
towards 10 representative wood decay basidiomycetes has been examined for the first

time.

B. cepaciacomplex and otheBurkholderiaspp hadvaried capability to produce antifungal
agentswhen grown orthe same basal media. Four known antimicrobial producing Bcc
bacteria were used to evaluate different growth medisoandesults showed that the best
mediato support production and activity of actindidal agents b. ambifaria AMMD,

BCF and Kc311 an8. multivoransJW13 were SA and BSNs. However, rich media like

TSA did not show activity. Murray and Woodward (2003) demonstrated a similar result
with unridentified environmental bacteria as they confirmed that the best media to enhance
antimicrobial production against wood decay fungi were SA and YPDA (Yeast Peptone
Dextrose Agar) mediaHowever, unlike this study they did not examine a minimal

medium likeBSM-G we have successfully used.

C. albicans has been used as a target microorganism to discover new antifungal
substances. During its interaction with 421 bacterial isolates on-83%vid SA media, the
results revealed that SA medium was superior foresing, as 45.5% of isolates produced
anticandidal agents. The enhanced production may have occurred for a number of reasons.
Firstly, this mediummay contain precursors for antandidal metabolic activity, as Ismet

et al, (2004) showed an increase in tdangal production when using peptone as a
nitrogen sourceSecondlythe anticandidal activitymight be due to the effect of thetpof

the medium(pH 6), asmanyBurkholderiaareisolated fromacidic soils(Roitman et al,
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1990. Similar enhancement of the production of antimicrobial agents at kb\Wwgs been

seen in other studigRoitman et al, 1990 El-Banna & Winkelmann, 19980verall, this

may feflect the fact thaBurkholderiabacteria are found at the highest densities in soils
which are acidic, and hence their secondary metabolism and enzymic pathways are

optimised towards this.

The production of antCandidaand antiB. adustaagents by Bcdsolates varied from one
Bcc species to another, and also within the species. The differences-fangati agent
productionreflect the considerable genetic variation seen between and Bithkholderia
species Of the basidiomycetes screeri@dadustashowed the best ability to grow on all
tested media and was therefore selected for use as an antagonistic model of wood decay
fungi. The same overall number of isolates was active agBirelustaas werealsoactive
againstC. albicans(Table 3.3) Howe\er, there were several groupsBofcepaciacomplex
suchasB. ambifarig B. viethamiensisind Bcc6 showed differential antagonism towards
either the ascomycete or basidiomycet€éhese similarities regarding the effects of
Burkholderiaisolates on botlC. albicansandon B. adustaseem to be as a result of the
ability of Burkholderiato produce many active substances with antifungal activity or due
to the presence of active compound(s) that affect the growth ofthatbicansand B.
adusta or that diffeent compounds might have the same mode of actigmet lail, (2008)
showed that the antiandidal activity of som8urkholderiametabolites was as a result of

losing the cell wall and altering the lipid and sterol contents of the cell

The most active Bcc species weBe ambifaria, B. cepaciaand B. cenocepaciahowever,

these species wesed! represented by 3Bolatesor more (Table 3.3) and hence it could not
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be ruled out that if more isolates in other spgetiad been screened greater activity would
have been seen. These Bcc species have been seen to be highly antifypngaibirs
studies(Vial, et al, 200§. Quan et al, (2006) showed thaB. cepaciaisolates produced
strong anticandidal agentandLi, et al, (2008) reported thattrong anticandidal activity

of aCF66l compound was produced By cepacialt is noteworthythat previous studies
indicated that the most actiMBurkholderia producing antifungal compounds weBe
cepaciaandB. ambifaria AMMD , however, none of these studies examined large number

of isolates

B. stabilisandB. multivoransfailed completely to producanticandidaland antiB. adusta

BK1 agents when grown on selected media SA and ESMhis might be due to the
absence othosegenes responsible for antifungal production, or due to the lack of specific
ingredients in these media which are responsible for the activation of antifungal
production. Using different media leads to the production of different metabolites and
shows different behavioural growfhlwang et al, 2002 Li, et al, 2007. B. multivorans

was unsuccessful in producingnticandidalagents when grown oneo peptone and
Lactose medium (PLA)DIKIn, etal., (2007) demonstrated that PLA medium was able to
induce antifungal production by a putatiB multivoransisolate (one isolate); this
contrasts with the data from the present study, but we have screened many more isolates
(27 isolates) than they didReflecting thatB. multivoranswas unable to produce anti

candidal agents undénetestedconditions

B. stabilissignificantly (18 %,P O 0.001 ChiSqg= 13.8)producedanticandidalagents

when grown onpeptone lactose agar (PLA) mediufhe importance ofeptonein
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enhancing the production of antifungal metabolites was previously rep@othanidf et

al., 200). Furthermore, Dikinet al, (2007) found thapeptone and lactose were important
supplements to enhance the production of antifungal metabolit& bgpaciaand B.
multivorans The effect of nutrients on antifungal production might be duédaffect of

such compounds on the production and the efficiency of particular enzymes involved in
this process or on the availability of important compounds needed to activate silent genes

responsible for antifungal production.

Interactions betweeBurkholderia species and 10 different basidiomycetes on SA agar
showed outcomes ranging from stimulation to inhibition. Sd@ueholderiaspecies on

SA medium produced secondary antifungal metabolites which diffused to the surrounding
agar and stopped or redagcthe growth of tested fungi. In gendBalambifarig B. cepacia

andB. cenocepaciahowed the strongest antagonistic activity agdanstdusta However,

other Burkholderiaisolates tended to stimulate the growth Bxfadustaby producing
stimulant metholites that were presumably used as food or by uBuntgholderiacells,

after making contact (overgrowth) as an alternative source of protein and other important
nutrients. Alternatively, the success 8f adustamight be as a result of defence

mechanisma induced before direct contact.

The current result®f Burkholderia, particularly B. cepaciacomplex (45% antifungal
producers in Bcc collectiormjave provided a starting point for further experiments after the
current study, to explore the ecology Birkholderia and as an initial source for
comparisons. It may also answasome essential questions about: the production

conditions; the diversity of antifungal agents withBn cepaciacomplex, especially the
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large collection oB. ambifariaand todetermire the nature othese antifungal agents and

the genetic basis of genes responsible for antifungal production.

Additional to antimicrobial activity oBurkholderig other effects were seen for example,
red pigmeniproductionand mycelial morphological chgas.Red pigment produced #.

lata 383 was only observed durinipe interaction againgB. adusta.This might be due to

the effect ofB. adustametabolites which interfere witB. lata metabolism and reflect a
highly speciesspecific interaction, or mighbe due to the quorum sensing (QS) effect. QS
regulated the pigmentation and production of many other important metabolites, as

Schmidtet al, 2009 confirmed that the pigmentatiorBnlata383 was Q&ontrolled.

The fragmentation of mycelia @krtain basidiomycetes wamund to bea useful method

to provide good growth that covered tRetri dishes in a short time (8 compared with

the period of growt using the antagonism assayd}7 This provided a regular distribution

of fungal growth to detrmine the zone of inhibition due to diffusible bacterial metabolites.
In general, the species which grew faster using fragmentation assayB.\aelestaandT.
versicolor These species also showed high growth ability on different media (Table 3.1)
afterinoculation with a 5 mm agar plug odieh fungus that was grown ford7on malt agar
plates. However, the growth ability of basidiomycetes using the fragmentationveasay
different from species to species and that might be caused by the nature afigak fu
mycelium and thegrowth ability of each species. Alternativelthe method by which
fragmentation is achieved might lead to damaged fungal mycelia which may in turn lead to

a loss in or affect their ability to grow again.
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3.5 Conclusions
Overall the folbwing conclusions were reached:

1 BSM-G and SA were the best media of those tested to screen for the production of
antifungal agents byurkholderig with SA also highly suitable for subsequent
antagonism assays with the basidiomycete fungi.

1 B. ambifarig B. cepaciaandB. cenocepaciavere the most antagonistgurkholderia
species against bot@. albicansand B. adusta HoweverB. multivoransand B.
stabilisappear to be species with a limited ability to produce antifungal agents.

1 A basidiomycete overlay amg was developed argl adustaBK1 andT. versicolorD2
were shown to be the most suitable species to screen in this way.

1 The overall hypothesis for the chapter was rejected, in that not all Bcc species were
found to be active in the secretion of antifuhggents under the conditions
screenedHowever, the screen succeeded in identifying several poteniuagtl

Burkholderiaisolates which can now be characterized.
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CHAPTER FOUR

THE CHEMISTRAY AND ACTIVTY OF
Burkholderia ANTIMICROBIAL AGENTS
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4.1 Introduction
In comparison to bacteria such@iseptomycedBurkholderiaare relatively unexploited in

the antibiotic discovery field. By screening for antifungal activity in a large collection of
Burkholderia species and strains we have deni@ted that 45.5 % of isolates have
antimicrobial activity (Chapter 3). To further explore the diversity of the-fangal
activity within Burkholderig methods for production, extraction and chemical analysis of
the antimicrobial compounds need to bealeped and evaluated. In addition, the activity

of pure Burkholderia antibiotics on their target organism will need to be tested. New
antibiotics and their producing organisms are in great demand at the present time, and if
the characterization oBurkholceria can be brought forward they may provide a new

resource for antibiotic discovery

A profile of secondary metabolites of each organism consists of compounds produced
under special growth conditions and includes enzymes, toxins, antibiotics and other
unusual compounds. An advantage of using microorganisms to study secondary
metabolites is that they can be grown under controlled conditions in the laboratory, which
can be altered to mimic natural and-matural conditions. For comparative purposes,
microorganisms considered for chemical analysis must be grown on the same medium and
under the same conditions of incubation to control the production of secondary
metabolites. If the same antimicrobial extraction method is then applied, the metabolite
profile oktained will primarily result frommicrobialdiversity differences rather than due to

the effect of environmental conditiofSarker et al, 200§. To date no work has studied

the diversity of antcandidal compounds pdaced by a wide range 8urkholderia

After the identification of antimicrobial activity in a pure cultutde extraction of
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biologically active compounds is the next crucial step in the characterization of the
antimicrobials. The development of suitalslkmple preparation techniques with significant
advantages for the extraction and analysis of natural products plays an important role in
providing a high quality and quantity of active natural produbiany studies have
established various methods of traxtion, characterization and identification of
antimicrobial agents produced byurkholderia. Different extraction techniques:
maceration, liquid partition and adsorption (resin extraction) methods were used to extract
biologically active constituents @&urkholderiametabolites irMahenthiralingam lapand

were alsaconducted with a wide range of solvents with different polarities.

Thin layer chromatography (TLC) is a simple, rapid and economical procedure. The
extract profile can be visualized, depemgon the nature of these compounds. dégree

of the fractionation depends on the nature ofdbpoundmixtures under investigation,

the type of adsorption layer and the power (polarity) of the mobile Rraite & Schenk,

1987. The retention or retardation factor f{Ris commonly used to describe the
chromatographic structure of any TLCofile. The R value is the ratio of the distance the
solvent travels to the distance the compound travels, and the center of each spot is the point
at which the measurement is takdtf.values and other characteristics, such astheur

of metabolites miee it possible to study complex mixtures qualitatively. TLC together with
various visualization reagents offers the ability to obtain a nearly complete picture of
microbial secondary metabolite patterns. TLC combined with a bioassay is a rapid and
simple method thatwas developed in this current project to study the presence and the

diversity ofantifungal agents Burkholderiasecondary metabolites.
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A number of methods can be used to begin to clarify the structure of active compounds
including liquidliquid chromatography (LC), mass spectrometry (MS), nuclear magnetic
resonance (NMR), infrared spectrometry (IR) and ulicdet (UV) absorption. A
combination of LEMS is used to study multi component mixtures for the presence of
specific compounds. This ried can be used to help identify known classes of
compounds when searching for novel bioactive compounds. Molecular weight and UV
absorbance data of bioactive natural products in a database allows rapid identification of
compounds. These data can thencbenpared to a database of compounds that have
already been tested. NMR is ultimately the method used to confirm the structural identity

of a compoundPetr, 2008

The gener al hy p ot h e sBarkholdewabactéria praduce moaepthae r  w

one antimicrb i a | C 0 mp 0 u n-8icautograptly cdnTHe Qused to examine

Burkholderiaa nt i mi cr obi al activity. o The aims of

1 To develop extraction techniques of active metabolitd&dudikholderia

1 To optimize conditions of thin layer chromatograploy énhance fractionation and
visualizationof Burkholderiaactive metabolites.

1 To optimize the bioautography assay to detect active agents in each extract.

1 To study the diversity of antimicrobial agents witBinrkholderia

1 To purify and identifyfBurkholderia active metabolites.

1 To determination the minimal inhibitory concentrations of crude and-parified

Burkholderiaactive metabolites.



4.2 Materials and Methods

This present work was done to select the best conditions for the isolation, fracti@mation
identification ofBurkholderiacrude extracts and to determine the best conditions required

to detect the active compounds of each extract. It also enabled detection of synergistic and
antagonistic activity between compounds in each extract to shoanginyicrobial activity

effects.

4.2.1 Extraction techniques
Burkholderiaantimicrobial metabolites were extracted using three methods of extraction

(section 2.9): maceration, liquiilquid and resin extraction. These fractions were then
concentrated using atary evaporator at 30°C, and then kept2&°C until useThe ®lid-

phase extraction technique, resin extractiovges also used for the first time on
Burkholderia antifungalsin this study. Amberlite XAD16 resin, a neutral crdisked
polystyrene resinvas used to extract secreted antibiotics from agar and broth cultures of

Burkholderia(section 2.9) Extract was stored in mictabes at20°C until used.

4.2.2 Thin layer chromatography and bioautographyassay(TLC)
As described in Section.10, TLC and diffeent solvents with different polarities were

used as a mobile phase to achieve the best fractionatiBarkholderiacrude extracts.

The developed TLC plates were observed under suitable visualizing reagents and the
position of each spot was markeékhe distance from the center of the spot to the point of
the solvent front wathenmeasured and the values of retention factdy Were obtained.

A bioautography assay enattleapid screening of natural extracts for antimicrobial

activity. Many factors gection 2.10.1) were tested to detect the best conditions of
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microbial growth on TLC plates such as: the affect of residual solvents, microbial
inoculum size, préncubation and incubation conditions. The photos of developed TLC
plates after the bioassay werd&dn under normal day light using a fixed digital camera

(Sony, Cybershot, Japan).

4.2.3 Diversity of antimicrobial agents within Burkholderia
EighteenBurkholderiaisolates (Table 4.1) were chosen to investigate the diversity of anti

candidal activity witin Burkholderia The selection of a small panel Burkholderia
isolates was based on different criteria including superior activity agairetbicansand
B. adusta The diversity of antcandidal activity within thes8urkholderiaextracts was

investigded using a TL&bioautography assay.

Four BurkholderiaisolatesB. ambifaria AMMD, BCF, KW and Mex5 were chosen to
further investigate the diversity of afiasidiomycete activity withiBurkholderia.These
isolates were selected because they showedrisupactivity againstC. albicans The
diversity of active metabolites produced by thddeambifaria isolates against the
following three basidiomycetd® adusta T. versicolorandS. gausaptunwas investigated
using a TLCbioautography assagdction 210.2) and a basidiomycete agserlay assay

(section 2.5.2.2).

Six BurkholderiaisolatesB. ambifariaAMMD, BCF, KW and Mex5, B. viethamiensis
Bccl1409 andB. lata Bcc0233 were selected to investigate the diversity oflzatierial
activity against 10 ifferent species of Graipositive and Grammegative bacteria (Table

4.2).
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The TLC conditions used to separate pyrrolnitrin were adapted from previous studies as
follows in order to compare tH& ambifariaactive metabolites to this knovantifungal.
Purepyrrolnitrin and eight of partially pure extracts Bf ambifariakAMMD were included

in this comparison section 4.3.4.1). Metabolite fractions were run in duplicate and
compared side by side with pure pyrrolnitrin on the TLC plates under fixed conditions
The first run of these fractions and standard compounds were carried out on normal 0.25
silica gel TLC plates and treated with chloroform, ethyl acetate and formic acid 5:4:1 v/v
as a solvent systenBurkhead et al, 1994. The second run was carried out on
fluorescence 0.25 silica gel TLC pdat and treated with chloroform and acetone 9:1v/v
(Schmidt et al, 2009. One set of TLC plates was visualized under UV light at 1366

and the other set wasenaid withC. albicans

4.2 .4 Purification and identification of Burkholderia active

metabolites
Based on the results of the initial preliminary asgndidal screening tests using .C

bioautography assayshe crude extracts oB. ambifaria AMMD (Bcc0207) BCF
(Bcc0203), KW (Bccl256) and Mex (Bccl599)showed broad spectrums of activity
againstC. albicans B. adustaand some bacteria. The attempt to isolate pure antimicrobials
from Burkholderiametabolite extracts, three fractionation strategies were igaéstl to
separate theB. ambifaria crude extracts into constituent active fractions, liquid
fractionation gection 2.11.1), silica gel preparative thin layer chromatography (Section
2.11.2) and silica gel column chromatograpkgction 2.11.3).Burkholdera fractions

were separately applied onto silica gel TLC plai@sconfirm purity and amtandidal
activity for further analysis. These extracts were subjected to further investigation using

fractionation, isolation and identification by MS.
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The informaton obtained from MS is important for the identification of certain types of
organic compounds. Recently the advanced liquid chromatography conducted with mass
spectrometry (LEMS) has provided important information about product ions, and it is
one of themost rapid and sensitive methods for detection and identification. ABtive
ambifaria fractions of crude and seurified extracts from strains AMMD, BCF, KW

and MexX5 wer e sent to Prof. Gregory Challis

further chemnrcal analysisperformed by Dr. Lijiang Song

4.2.5 Burkholderia antimicrobial activity
Crude and senpure antimicrobial extracts @urkholderiawere dried and then dissolved

to set concentrations in Muller Hinton broth (MHB). A-@ll plastic micreplate
(Sterilin, UK) was used to perform a microdilution antimicrobial susceptibility assay
following the Clinical Laboratory and Standards Institute (CSLI) guidel{Sess et al,

201]). Serial dilutions of the antimicrobial extracts were made in the test set of wells.
Standardisedultures of the susceptibility testing microorganisms (approximately 7 x 10
cfu mr*) were then added to each well. The plates were incubated at 37°C for 24 h and the
resulting microbial growth was quantified by measuring optical density at 600 nm using a
automatic plate reader. The MIC value was identified as the lowest concentration of the
antimicrobial extract which reduced the optical density to 80% of that of the control

cultures gection 2.5.3).
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4.3 Results
4.3.1Extraction

Both maceration of growth agandsolid-phaseresin extraction were able t&olateactive
Burkholderia metabolites. However, thextraction efficiency of the Amberlite XAD6
resin followed by methanol elution proved to be the most robust method to extract the

bioactive compounds fro Burkholderia.

4.3.20ptimization of TLC and bioautography assay

The solvents producing best fractionation Bdirkholderia crude resin extracts were
methanol, ethyl acetate, acetone and chloroform respectively. To improve the fractionation
process of the cde resin extracts, these solvents were then mixed at different percentages
to achieve suitable polarity. Ethyl acetate, methanol and water (EtOHc: Mef0H:aHa
20:1:0.5 ratio was the best solvent system for separation of metabolites $Hidianed

4.2). Methanol and water (8:2) was also capable of separating metabolites, but lacked the

resolution of the EtOHc: MeOH: 4@ (Figure4.3).

Most of theBurkholderiametabolites were not visible under day light before treatments
with different chemical reagesit Longwave length (366 nm) of UV radiation and iodine
vapour (period of exposure 15 min) were the best means to visiBligéholderia

metabolites profiles on normal silica gel TLC glass plates.

Normal silica gel showed good separationBafrkholderia crude resin extracts (Figure
4.4). UV at 366 nm was easier to apply than iodine vapour development, and under UV

light each single metabolite appeared as different colour. In contrast, florescence silica gel
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N Chloroform Acetone  1:1 Ethyl acetate Methanol Water ~ 20:1:0.5

Retention factor values R f

Pyr BSM AMMD BCF KW MEX_5 Pyr BSM AMMD BCF KW MEX_5

Figure 4.1 Fractionation of Burkholderia crude resin extracts using silica gel TLC.

Crude resin extracts &. ambifariaisolates, pyrrolnitrin (Pyr) and Basal salts agar (BSM) were spotted onto
TLC plates in duplicate then fractionated using ethyl acetateanotwater (20:1:0.5). One set of developed

TLC plates was visualized using UV at 366 nm (Panel N).The otherasetised for bioautography assay

the plate was overlaid with soft Isosensitest agar seededCwilbicans after incubation of plates abam
temperature for 3 h and then 24 h at@7Theanti-candidal activity of different compounds is clearly visible

as a clear zone on the red background of Candida cells which have grown and reduced the tetrazolium
chloride metabolic indicator (Panel BMMD, B. ambifariaBcc0207; BCFB. ambifariaBcc0250; KW,B.
ambifariaBccl1256; MEX5, B. ambifariaBcc1599.
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1.0,
091
0.87
0.71
067
057
0417
037
0.27
017
0.07

1.01
0.97
081
0.71
0617
051
041
0.37
0.27
0.17
0.07

Retention factor values R f

Figure 4.2 Fractionation of B. ambifaria crude resin extracts using silta gel TLC.

Crude resin extracts & B. ambifariaisolates,pyrrolnitrin (Pyr) andBasal salts agar (BSMyere spotted

onto TLC plates in duplicate then fractionated using ethyl acetateanalwater (20:1:0.5)One set of
developed TLC plates was visimdd using UV at 366 nm (Panel N).The other setswsed for
bioautography assaythe plate was overlaid with soft Isosensitest agar seeded Guithibicans, after
incubation of plates at room temperature for 3 h and then 24 h@t BYe anti-candidal ativity of different
compounds is clearly visible as a clear zone on the red backgro@ahdidacells which have grown and
reduced the tetrazolium chloride metabolic indicator (Panel T). A, Sabouraud Agar; B, Basal Salt Agar; C1,
Pyrrolnitrin; 1, B. ambfaria Bcc0207; 2,B. ambifariaBcc410; 3,B. ambifariaBcc1599; 4,B. ambifaria
Bcc0267; 5,B. ambifariaBcc0193; 6,B. ambifaria Bcc1265; 7,B. ambifariaBcc0478; 8,B. ambifaria
Bcc0203
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Figure 4.3 Fractionation of Burkholderia crude resin extracts using silica gel TLC and methanokvater (8:2).

Crude resin extracts of 1B. ambifariaand B. lata, Sabouraud agar (C1) and Basal salts agar (C2) were spotted onto TLC plates in duplicate then fractionated in
methanolwater (8:2). One set of developed TLC plates was visualized using iodine vapour (Panel N). The otagrusedvior bioautography assthe plate was

overlaid with soft Isosensitest agar seeded Withalbicans after incubation of plates abam temperature for 3 h and then 24 h atC3The anti-candidal activity of

different compounds are clearly visible as a clear zone on the red background of Candida cells which have grown arne rtethazdiam chloride metabolic indicator

(Panel T).1, B. ambifariaBcc0478; 2,B. ambifariaBcc0267; 3,B. ambifariaBcc0250; 4,B. ambifariaBcc0193; 5B. lataBcc0193; 6,B. ambifariaBcc1256; 7,B.
ambifariaBcc0410; 8B. ambifariaBcc0372; 9B. ambifariaBcc1241; 10B. ambifariaBcc1222; 11B. anbifaria Bcc0207.
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was not able to discriminate many of these metabolites using UV (FidureN1).
Furthermore, the visualising &urkholderiametabolites separated on reversed phase C18
TLC plate was also usuccessful (data not shown). The MeOH solvemwed extra
capacity to extract many active metabolites compared with the acetone solvent which only

extracted a fraction of the same compounds as MeOH.

Once the basic solvent conditions had been optimised, the microbial overlay system was
then optimisd. After development, it was found that the TLC plates needed to be aired for
at least 15 min in a laminar flow cabinet before use. The inoculum size of the
microorganisms for bioautography assay varied between the species used. The best
inoculum size ofC. albicansand grarmpositive bacteria was 5 ml of 1 x $@fu per 100

ml of overlay agar. 1 ml of 1 x 10cfu per 100 ml of overlay agar was optimal for gram
negativebacteriaB. multivorans Preincubation of overlaid TLC plates for at least 3 h at
room temperature (20 £ 2°C) improved the detection of bioactivity, prior to the 24 h
incubation at 37°C to allow the overlay organisms to grow. Many of the inhibition zones
were associated with distinct compound spots and could be detected under the U¥ light a

round areas of quenching.

4.3.3Diversity of antimicrobial agents within Burkholderia
EighteenBurkholderiaisolates were chosen to investigate the diversity ofcartdidal

activity within Burkholderia Thispanelincluded 9 isolates d8. ambifariaand anisolate
from each category oB. cepaciacomplex.B. lata (Bcc0O308) was used as a positive
control. TwoBurkholderiaisolatesB. ambifariaBcc0193 and Bcc0372 were included as

negative controls. Extracts of the-unoculated BSM and SA media were included
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N1 Fluorescent silica gel TLC plate T1

Retention factor values R f

Retention factor values R f

BCF KW Mex-5

Figure 4.4 Fractionation of Burkholderia crude resin extracts using fluorescent and
normal silica gel thin layer chromatography.

Crude resin extracts dBurkholderia were spotted ontdluorescent (N) and normal (TJLC plates in
duplicate then fractionated using ethyl acetatethanal water (20:1:0.5)0One set of developed TLC plates

was visualized using UV at 366 nm (Panel N1 & N2).The other set was used for bioautography assays (T1 &
T2), the plate was overlaid with soft Isosensitest agar seededwilbicans,after incubation of plates at

room temperature for 3 h and then 24 h aiC37 The anti-candidalactivities of different compounds are
clearly visible as a clear zone on theal hackground o€andidacells which have grown and reduced the
tetrazolium chloride metabolic indicatgkMMD, B. ambifariaBcc0207; BCFB. ambifariaBcc0250; KW,

B. ambifariaBcc1256; MEX5, B. ambifariaBcc1599.



negative controls. Pure pyrrolnitr(Sigma) and gladiolin were also included as positive

controls (Table 4.1).

4.3.3.1 Diversity of anti-candidal agents
The TLGbioautography profile obtained from control extracts made frormaculated

BSM and SA media showed no antimicrobial activity (TaBl&). Pure pyrrolnitrin
migrated to the end of the TLC solvent front withvRlue 0.97 + 0.02 and showed anti
candidal activity with an inhibition zone of 17 mmppendix B, Figure B.). From the
screening oBurkholderiaisolates for antcandidal actiutly (section 3.3.2), several isolates
produced very faint bioactivity zones in the candidal overlay; they were scored as inactive
isolates because no clear zone of inhibition was seen. Crude resin extracts were prepared
from representatives of these relativ inactive isolates to determine if the acdéindidal

agents could be extracted and act more potently. For exaBpdenbifariaBcc0193 was
previously shown to have no major inhibitory effect on candidal grogettion 3.3.2.1);

the TLGbioautography emonstrated that this isolate did produce metabolites with R

0. 42, and 0. 74 ha daffe@ onvhe candidal overigfiabld 4.1arfda i nt «

Appendix B, Figure B.L

All sixteen activeBurkholderia isolates examined were able to produce -eatdidal
agents; they produced between 1 and 7 bioactive metak@labte 4.1).A total of 12 of
the 18Burkholderiaisolates (66.6%) were able to produce active metabolitessimititar
Rf of pure pyrrolnitrin (R 0.970.02. The number and migration afttive metabolites
seen after growth on BSI& and SA mediavereroughly the same (Table 4.1), with two

major exceptions.B. cepacia Bcc0233 produced Dactive metabolites at fR 0.0,
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Table 4.1 TLC -bioautography assay of anticandidal agents produced by 18. cepaciacomplex isoates

Bcc isolates
2
3
I BSM 0.01(16) 0.13(34) - - - - 0.916(20) 3
B. ambifaria Bcc0410 SA _ 0.13(32 . - - - - - 0.90(21 2
Bambifaria Bocoa7s | :
e BSM 0.01(10) 0.14(35) 0.35(14) - 0.51(19)  0.65(30) - 0.82(10)  0.95(17) 7
B. ambifaria  Mex-5 SA 0.02(5 0.12(30 0.33(10 - 050(22)  0.62(14) - - 0.96(11 6
0
Bambifaria Bocotes | :
- BSM - - - - - - - 0.86(3f) - 0
B. ambifaria Bcc0372 SA . . . - - 0.86(2 - 0
Boambifaria kw | R ;
4
o BSM 0.01(6) 0.10(5) - 0.45(17) - 0.67(20) - 0.81(21)  0.97(8) 6
B. ambifaria AMMD SA 0.02(5 0.11(4 ; 0.42(10 - 0.64(11)  077(14) - 0.93(20 6
3
Boambfaria BoF | :
B. vietnamiensisBcc1409 giM i i ’ ’ 0-65(14) 0-73(5) 092(26) 3
1
3
. BSM 0.107(20) - - - - 0.903(14) 2
B. anthina Bcc1350 SA 0.107(15 . . . - 0.9(18 2
0
5

. BSM

B. cepaca Bcc0004 SA . ) ) 0.48 0.58 - 0.978 0
| B.cenocepaciaBecoots | 5| °
1
B . BSM - - - - - - 0.90(11) 1
. cenocepacia Bcc0165 sA ) ) ) . . ) . 0.92(7) 1
1
2
- BSM - - - 0.48(2) - - - - - 1
B. pyrrocinia  Bcc0171 SA } . . 0.49(2 0.58(2 . - - 3
1
negative control 0
0

Rf, Retention factor; values in brackets show the mean of inhibition zone in mm; f, faint effect; NT, not tested; BS&4|t Ibasdium; SA, Sabouraud medium
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0.35, 0.46, 0.75 and 0.98 when grown on B8Mdiumand produced only 1 compound
with a faint affect at R0.9 when grown on SA (Table 4.1B. cenocepaciaBcc0019
produced only one artiandidal compound when grown &5M-G medium at R 0.98
and it did not produce any activagents when grown on Skedium (Table 4.1 and

Appendix B, Figure B.1: 13A, 13B)

B. ambifariaMex-5, AMMD and BCF were the most active isolates when both the size of
the inhibition zones and the number of active -aatididal m&abolites were considered
(Table 4.2).B. ambifariaMex-5 produced at least 7 active metabolites when grown on
BSM-G medium at s 0.01, 0.14, 0.35, 0.51, 0.65, 0.82 and 0.95 with different inhibition
zones ranging from 10 mm to 35 mm. A slight differemcthe production of anttandidal
agents was observed between B&Vvand SA mediaas one of antandidal agents with

Rf 0.82 was absentC. parapsilosis showed nearly the same sensitivity against

Burkholderiametabolites a€. albicang(Table 4.1 and Apgndix B, Figure B.2)

4.3.3.2 Diversity of anti-basidiomycetes agents
As had been done with the antindidal assays, tligurkholderiacrude resin extracts were

fractionated on silica gel TLC plates using ethyl acetate, methanol and water (20:1:0.5)
prior to andysis of antibasidiomyceteactivity (Figure 4.5 B). The subsequent
bioautography testing involved using the novel fragmented mycelial overlay assay for
basidiomyceted3. adusta, T. versicolorand S. gausapatumthat had been successfully

developed previssly (section 2.5.2.2).

According to the TLGbioautography profile (Figuré.5 A andTable 2), the results
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Retention factor values R f

Panel A

Figure 45 Detection of antibasidiomycete agents ofB. ambifaria crude
resin extracts.

Crude resin extracts of 4 differeBt ambifariaisolates (AMMD, BCF, KW and ME>5) were
spotted onto TLC plates in duplicate then fractionated using ethyhtaostthanawater
(20:1:0.5). One set of developed TLC plates was visualized by UV light at 365 nm (Par
The other set was used for bioautography assay; the plate was overlaid with soft Sabour:
seeded withBjerkandera adustdBK1), Trametes uesicolor (D2), Stereum gausapatug@$sal).
After incubation of plates at 2Q for 3d,the plates covered with 2 ml 2% trigayl tetrazolium
chloride (TTC). he antibasidiomycete activity of different compounds is clearly visible a
clear zone on the recabkground of basidiomycete cells which have grown and reduced the

metabolic indicator (Panel A). Arrows indicated the location of active metabolites
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showed that alB. ambifariaisolates were able to produce ddisidiomycete metabolites
which inhibited the growth of the 3 tested funBi. ambifariaAMMD, BCF, KW and
Mex-5 produced 2 active aniti. versicolorand anti-S. gausaptunmetabolites at 8 0.02
and 0.98 (Figurd.5, panelA: D2 and Sal)B. ambifariaAMMD and Mex5 produced 3
active antiB. adustametabolites at  0.02, 0.70 and 0.98. In additid, ambifariaBCF
and KW produced 2 active afdi adustametabolites at # 0.02 and 0.98 (Figuré.5,

panel A;BK1).

4.3.3.3 Diversity of anti-bacterial agents
Pure pyrrolnitrin migrated up to the end of the TLC solvent front witivdues 0.97+

0.02, and showed arbbacterial activity against all tested bactegaceptS. maltophilia
LGM958 and A. baumannii (Table 4.2 andAppendix B; Figure B.2). All tested
Burkholderiaproduced active antibacterial metabolites withvRlues 0.97 + 0.03 which

corresponded to that of pure pyrrolnitrin (Table 4.2).

B. ambifaria AMMD, BCF, KW and Mex5 produced a wide range of active antibacterial
metabolites. They produced up to six active metabolites which exhibited greater effect
against Gram positive than Gram negative bacteria (Fiyé)e The profile of active anti
Gram posive compounds largely matched those of the-eatididal metabolites={gure

4.1) for theBurkholderiascreened.

Active metabolites oB. ambifaria AMMD (Rf 0.45 + 0.05) with yellowcolour, inhibited
all Grampositive and Granmegative bacteria tested. Wever, B. ambifaria BCF

metabolites (R0.01 + 0.01) with a brownolour were most active against Grapositive
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bacteria (Figure 4.6 fos. aureus Table 4.2), but also showed good activity agakst
fluorescens(Table 4.2 and Figure 4.6nd weaker actity on E. coli (Table 4.2 and
AppendixB, Figure B.2. Other BCF metabolites migrating at ®45 + 0.05 with a yellow
colour also showed good a@ram positive activity, and some activity agairfdt

fluorescengTable 4.2 andrigure4.6).

B. ambifaria KW Metabolites(Rf 0.41 + 0.01, 0.70 = 0.01, 84 + 0.02 and 0.99 + 0.01)
were able to inhibit the growth of. faecalisATCC51299 (Figure 4.6A) and P.
fluorescensLMG1974 (Figure4.6, D). Furthermore other KW metabolites (R0.69 *
0.02, 0.83 = 0.01 and.@® + 0.01) inhibited the growth of all Grapwositive bacteria

(Table 4.2).

In B. ambifariaMex-5 only one metabolite {R0.01 + 0.01) was able to inhibit the growth
of all tested bacteria (Figure 4a&hd Appendix B, Figure BR except GrammegativeS.
maltophilia LM G958 (Appendix B, Figure BRandA. baumanniiFigure 4.6 C) and the
metabolites detected afdR0.83 + 0.02 and 0.98 £ 0.02 inhibited the growth of all tested
bacteria exceptS. maltophilia LGM958, A. baumannii, E. coliNCTC1224 andB.

cenocepcia LMG16656 (Table 4.2Figure 4.6 and Appendix B, Figure B2

B. viethamiensiBcc1409 produced a range of antibacterial metabolites which mainly
affected the growth of the Grapositive bacteria (Table 4.2). In contraBt,lata Bcc233
metabolites (Rfs 0.02, 0.08, 0.16, 0.42, 0.53, 0.66, 0.81 and 0.99), inhibited the growth of
Grampositive S. aureusstrains, except NCTC1298Agpendix B, Figure BR However,

this extract was inactive against other gram negative bactgn@e(dix B, Figure BR
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S. aureus Eagles

E. faecalis |

AMMD BCF KW Mex-5 233 1409 Pyr Gla AMMD BCF KW Mex-5 233 1409 Pyr Gla
A. baumanni P. fluorescens

AMMD BCF KW  Mex-5 233 1409 Pyr Gla AMMD  BCF KW Mex-5 233 1409 Pyr Gla

Figure 4.6 Detection of antibacterial agents oBurkholderia crud resin extracts.

Crude resin extracts of Burkholderig pyrrolnitrin and pure gladiolin were spotted onto TLC pldtes
duplicate then fractionated using ethgetatenethanalwater (20:1:0.5). One set of developed TLC plates

was visualized using UV at 366 nm. The other set was used for bioautography assays, the plate was overlaid
with soft Isosensitest agar seeded vgthm positive bacteria, after incubation of plates at room temperature

for 3 h and then 24 h at 3Z. The anti bacterial activity of different compounds are visible as a clear zone on

the red background of gram positive bacteria cells which have growredaded the tetrazolium chloride
metabolic indicator. AMMD,B. ambifaria Bcc0207; BCF,B. ambifaria Bcc0250; KW, B. ambifaria
Bccl1256;MEX-5, B. ambifariaBcc1599; 233B. lata Bcc0233; 1409B. vietnamiensi8ccl1409; Pyr, pure
pyrrolnitrin; Gla, pure gldiolin. The overlaid bacteria were:, &. faecalis B, S. aureusEgales; CA.
baumannij D, P. fluorescens
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Table 4.2 Spectrum of inhibition of the Burkholderia crude resin extracts

Tested microorganisms

(©)
0.03

(6)/ 0.00

0.35
0.53
0.62
0.84
0.98
(7)) 0.00
0.10
0.49
0.64
0.86
0.94
1.00

C. albicans 0.36

0.40

C. parapsilosis

(3)/0.02 N
B. adusta 0.02 0.47
0.98

i 2 2) N
T. versicolor 0.02 0.02
0.98 0.98

(2 (2 N
S. gausapatum 0.02 0.02

0.98 0.98
@

0.00
0.46f

P. fluorescens 0.38

B. cenocepacia 0.39

E. coli
0.4

0.4

S. maltophilia

A. baumannii 0.4

@) 0.35

0.00

E. faecalis

0.5

(7)0.02
0.08
0.16
0.53
0.66
0.81
0.99
(7)0.02
0.08
0.42
0.53
0.66

. 0.81
1.00 . 0.99
®) (7)0.02
0.0 0.0 0.08
0.16
0.53
0.66
0.81
0.99
(3)/0.00 R

0.37

S. aureus Eagles

0.0
0.45f

®
0.0

0.45

S. aureus MRSA15

0.44

0.35

S. aureus MRSAMuS50.0 041

S. aureus NCTC12981 0.37
0.81
1.00
Results are shown f@. ambifariaAMMD ; BCF, KW and Mexb5; B. viethamiensid409;B. Taia
Bcc0233 Pyr, pyrrolnitrin; Gla, Gladiolin; N, not testedf, faint activity, Rf, retention factor

numbers between bracts () are the number of agtive metabolites were detected.




In addition to screening the aftacterial nature of the Bcc isolates, a novel pure antibiotic,
designated gladiolin, was also investigated for the first time using-bib&utography
(Figure 4.6, Gla). Gladiolin is aomel macrolide antibiotic produced by Burkholderia
gladioli Bcc 0238 and is characterization has just begun (Mahembgaat et al.,
unpublished data)Gladiolin showed broad spectrum abécterial activity against both

Grampositive and Grarmegative bateria (Figure 4.5, Table 4.2).

4.3.4Purification of Burkholderia active metabolites
The Burkholderiacrude resin extractsf secreted metabolites contained large amounts of

inactive materials, in additiorthe active antimicrobial compounds which were often
present at low concentrationslo obtan large quantities ofBurkholderia active
metabolitesthree purificationstrategies were evaluatddajuid-liquid extractions, column
chromatography andilica gel preparative TLC. After multiple attempts at purifiet

using these different methodologies, preparative TLC was judged as the most simple and
productive method to purify bioactive metabolites witHurkholderia crude resin
extracts. A preparative TLC purification scheme was developed and specificaldayapl
characterize the antiandidal components of the Amberlite XAI® Burkholderiaextracts

(crude resin extracts). Seipurified activeBurkholderiafractions were subsequently sent

to Warwick University for mass measurement and putative chemicaificiatibn.

4.3.4.1 Preparative TLC plates
Silica gel preparative TLC plates with two different thicknesses, 500 and 1500 pm, were

used to fractionatBurkholderiametabolites. The thickness of the silica gel of preparative
TLC had a clear affect on the fractidioan of crude extracts (Figure 4.7). The 1500 um

plates showed better separation than the 500 um plates. For example, the crude resin
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extracts oB. ambifariaAMMD, which contained 2 major active metabolite spots on both
plates,showedmuch greater sepaman on the 1500 um plate (Figude7). The crude resin
extracts ofB. ambifariaKW and Mex5 gave, respectively, 5 and 6 active metabolites,
well separated antiandidal metabolites on plates of 1500 pum thickness; in comparison,
these strains gave, respeety, just 3 and 4 active antandidal metabolites on plates of

500 pm which showed a reduced ability to separate active components within the same
crude extracts (Figuré.7). Additionally, the 1500 um preparative TLC plates also
possessed about foumigs the loading capacity, and larger quantities of the crude resin

extracts could be inoculated to provide better yields of the active fractions.

Once the antcandidal components of the preparative TLC fractions had been identified
using the TLCbioautagyraphy assays, replicate separations were set up where a single
strain extract was fractionated on a single TLC plate. Using thalRes observed in the
bioassays (Figurd.7), area of silica gel sorbent containing the active metabolites was
scraped andcollected. Absolute methanol was then used teexteact sempure
Burkholderiametabolites bound to silica gel; after filtration to remove the gel, the extract

was concentrated and stored2@°C for further analysis.

From the analytical and prepara&iMLC it was clear thaB. ambifariaBCF and Mex5
produced metabolites associated with highly active zones that did not migrate under the
TLC conditions applied. These spots were dark brown in colour and theiasclidal

activity was considerable (Figri4.7). Fractionation of these basal fractions was therefore
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Figure 4.7 Fractionation and purification of anti -candidal agents oBurkholderia using preparative silica gel TLC.

Crude resin extractsf @ Burkholderig were spotted o preparative TLC plates with diffent thickness 500 um and 1500 jamd developed with ethyl acetate:
methanol: water (20:1:0.5). The developed plates were then overlaid with soft Isosensitest agar se€dedbigitins After incubation of plates at room temperature for

3 h and then 24 h at 3Z. The anticandidal activity of different compounds was visible as a clear zone on the red background of Candida cells which hamel grown
reduced the tetrazolium chloride methb indicator. AMMD, B. ambifariaBcc0207; BCFB. ambifariaBcc0250; KW,B. ambifariaBcc1256; MEX5, B. ambifaria
Bcc1599; 233B. lataBcc0233 and 140%. viethamiensiBcc1409.
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attempted using different solvents with different polarities to sée¥yf tould be separated
further. Amixture of ethylacetate:methanehter (4:1:0.25) was able to fractionate these
non-migrating spots into roughly 3 different fractiongh anticandidal activity(Rfs 0.05,

0.30 and 0.65; Figure 4.8).

The separations wernot as clear as seen under previous conditions (Figure 4.7), with
active metabolites running as more of a smear, however, anigyating zone and two
inhibitions zones above this could be se&toreover, these results also confirmed that the
single inhbition zones seen in the TLC fractionation Burkholderia extracts may

sometimes be due to the presence of multiple active metabolites.

Semipure fractions ofBurkholderia crude resin extractsvere evaluated agains.
albicans using TLGBioautographyassays, to detect the activity and purity of each
fraction. The fractionation progression using 1500 um preparative TLC plates was able to
separate reasonable amounts of seane compounds for further investigations. The crude
extract ofB. ambifariaAMMD provided 3 semi pure active fractions which separated at
different Rs 0.66, 0.85 and 0.9&igure 4.9. The B. ambifariaBCF extract provided 4
semi pure active fractions that were located fat(R00, 0.20, 0.60 and 0.98 (Appendix B:
Figure B3;N1, T1). The B. ambifariaKW extract provided 5 semi pure active fractions
(Appendix B: Figure B3;N2, T2) separating R 0.00, 0.50, 0.60, 0.84 and 0.98B.
ambifaria Mex-5 extract provided 6 semi pure active fractions which were locatefsat R
0.00, 0.25, 0.500.74, 0.84 and 0.98 (Appendix Eigure B9. The activity of these

fractions was retested agaiistalbicansand the activity was confirmed.
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N1 Ethyl acetate: MeOH T1 N2 Ethyl acetate methanol water T2
(1:1) 4:1:0.25

Retention factor values R f

BCF MEX-5 BCF MEX-5 BCF Mex-5 BCF Mex-5

Figure 4.8 Fractionation and detection of anttcandidal activity of the previously non-migrating active metabolites (R 0.01) of B.
ambifaria BCF and Mex-5.

Non-migrating fractiongRf 0.01) of B. ambifariaBCF and Mex5, were spottedmto TLC plates in duplicate. One set of TLC plates was developed with ethyl acetate:
methanol(1:1) (panel N1) and the other setsadeveloped with ethyl acetate:methawater (20:1:0.5) (panel N2). The developed TLC plates were then overlaid with
soft Isosensitest agar seeded withalbicans After incubation of plates at room temperature foh &nd then 24 h at 3C, the anticandidal activity of different
compounds was visible as a clear zone on the red backgro@ahdidacells which have grown and reduced the tetrazolium chloride metabolic indicator (panel T1 and

T2). Arrows indicated thication of active serfpure metabolites.
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Figure 4.9 Profile of B. ambifariaAMMD metabolites fractionated using silica gel preparative TLC.

Semipure fractions (Fraction 1 to fidion 7) fractionated from crudeesin extract and cured resin extractBofambifariaAMMD were spottedonto TLC plates in
duplicate. One set of TLC plates was developed with ethyl acetate: methanol: water (20:1:0.5) (panel N). The otheresktidvadtiosoft Isosensitest agar seskaéth

C. albicans After incubation of plates at room temperature for 3 h and then 24 h@t i anticandidal activity of different compounds was visible as a clear zone on
the red background @andidacells which had grown and reduced the tetramolchloride metabolic indicator (panel T). Arrows indicate the location of activemami
metabolites.
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4.3.4.2 Liquid -liquid extraction
The liquidliquid method of fractionation was also evaluated for useBorambifaria

AMMD crude extracts using differenblyents with different polarities in an attempt to
purify component antimicrobials (section 2.11.1). Asgindidal activity was found in just
one fraction ofB. ambifaria AMMD extract, a yellow fraction extracted using the non
polar solvent di ethyl ethefLC-bioautography indicated that the activity of the ether
fraction was due to just one yellow compound which lay fad.B5 (data not shown). In
contrast, the results of the TH@oautography assay of AMMD crude extract revealed that
the anticandidal ativity located to at least 6 inhibition zones seen at differdat(Rable

4.2).

4.3.4.3 Column chromatography
TheB. ambifariaAMMD crude resin extract was also fractionated using silica gel column

chromatography into 4 fractions with 3 active agandidal me&bolites using ethyl acetate
:methanolvater 20:10.5 (Figure 4.10). The first active metabolite collected from the
beginning of the eluting process within the first 10 ml of solvent and depositdd@8R

was colourless under day light and black und&t at 366 nm (Figure 4.10G1). The
second active metabolite collected after 15 ml until 25 ml from the beginning of the
fractionation process and deposited &00R'3 + 0.01, was colourless under day light and
light blue under UV at 366 nm (Figure 4,182). The third active metabolite detected at
30 ml of eluted solvent and collected as a pure compound after 200 ml until 475 ml from
the beginning of the fractionatigorocess and deposited at ®54 + 0.02, was yellow

under day light and black under U¥Y 266 nm (Figure 4.10, G3).
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Figure 4.10 Profile of B. ambifaria AMMD metabolites fractionated using silica gel
column chromatography.

B. ambifariaAMMD crude resin extract was fractionated by ethytate methanol and water 205 using

silica gel chromatography column. The fractions were collected and then analysed usibpdltGgraphy

as shown. Senpure fractions (Fraction 1 to fraction 63) fractionated from cured resin extraBt of
ambifaria AMMD were spotted mto TLC plates in duplicate. One set of TLC plates was developed with
ethyl acetate: methanol: water (20:1:0.5) (panel A). The other set was overlaid with soft Isosensitest agar
seeded withC. albicans After incubation of plates at room tperature for 3 h and then 24 h at @7the
anticandidal activity of different compounds was visible as a clear zone on the red backgr@amtlio&

cells which have grown and reduced the tetrazolium chloride metabolic indicator (panel B). G1, fiest acti
semipure metabolites {R0.99); G2, second active sepiire metabolites ([R0.70); G3, third active semi

pure metabolites (R0.52); G4, forth in active serpiure metabolites; crude, crude risen extract.
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4.3.5ldentification of anti -candidal compounds produed
by B. ambifariaisolates

Semipure fractions ofB. ambifaria isolates AMMD, BCF, KW and Me% (section

2.11.2) were sent to Warwick University for characterisation and identification.

4.3.5.1 Anti-candidal compounds produced byB. ambifaria
AMMD

B. ambifariaAMMD produced 6 active fractions (Figure 4.4). The basal fractid®(®&RL)
provided 3 ions with m/z of 758.3905, 776.4010, 790.3182 with molecular formulas of
C45 H52 N5 06, C45 H52 N5 O7 and C25 H48 N11 018, respectivgyendix B;
Figure BY. It was proposed that these ions correspond to polyethylene glycol (PEG),
unknown peptides anglasticizer respectively. Fractiod which had R 0.65 provided
(Figure4.11, a) an ion with m/z = 724.2270 with molecular formulas (C33 H45 Cl 2 N Na

011). It was dedted thatheseions correspond to enacyloxin 1l a.

Fraction 3 which had R0.86 provided 3 ionsvith m/z 256.1705, 256.1693 and 256.1693
with molecular formulas C17 H22 N O, C19 H26 N O and C21 H30 N O3, respectively
(Figure4.11, b). It was deduced thahese ions correspond to a group of quinolinones: 4
hydroxyt3-methyl2-alkyl-4-quinolinone (HMAQ256), 4hydroxyt3-ethyt4-quinolinone
(HAQ-284) and one other derivative of-hgdroxyt3-methyl2-alkyl-4-quinolinone
(HMAQ-344). Fraction 4, whiclklepositel at Rf 0.98, provided ions with m/z = 301.1409
and 413.2664 and molecular formulas of C16 H22 Na O4 and C24 H38 Na 04,
respectively Figure 4.1). It was deduced that these ions correspond to different

plasticizers.
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Figure 4.11 M ass spectra oB. ambifariaAMMD fraction 3 (R f 0.65) and fraction 4 (R 0.48).

Data indicated that these fractions were dominated by (a) enacyloxin lla (724 m/z) and other putative enacyloxin isenyelirqiyl-8-methyt2-alkyl -quinoline
(HMAQ-256), 4hydroxyt3-ethytquinoline (HAQ284); and derivative of -tiydroxyl3-methyt2-alkyl-quinoline (HMAQ-344).The chemical structure shown on lift
panel (a) is enacyloxin lla, and the chemical structure shown on right panel AR kespectively.
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4.3.5.2 Anti-candidal compounds produced byB. ambifaria
BCF

B. ambifariaBCF provided 3 active fractions with amandidal activity. The BCF basal
fraction was deposited atf®.01 and provided 4 ions with m/z 454.1164, 438.1211,
383.0755 andl94.1466, with molecular formulas C19 H28 CI 2 O8, C19 H28 Cl 2 O7,
C15 H17 CI 2 N6 O2 and C20 H30 Cl 2 N3 O7, respectively (Figure 4.12). It was
proposed that these ions correspond to different bactobolins: A, B, D and a new bactobolin
containing CJ (Figure 4.12d). Fraction 2 was deposited at ®61 and provided an ion

with m/z = 724.2270 and with a molecular formula of C33 H45 Cl 2 N Na O11. It was
deduced that these ions corresponded to enacyloxin Il a. Fraction 3 was deposited at R
0.98 and providd ions with m/z = 301.1409 and 413.2664, and molecular formulas C16
H22 Na O4 and C24 H38 Na O4. It was deduced for these ions that they correspond to

different plasticizers as had been seen with the AMMD fraction 7 analysis.

4.3.5.3 Anti-candidal compounds praluced byB. ambifaria
KW and Mex-5

The crude extract dB. ambifariaKW and Mex5 provided 5 and 6 active agandidal
fractions respectively. The mass spectra of these fractions indicated the presence of at least
10 potentially novel anttandidal metabies (Appendix B Figures B7 and B8)The basal

fraction ofB. ambifariaMex-5 was deposited atfR.01 and provided many ions with m/z
383.0770, 367.0824 and 395.0780 with molecular formulas C14 H21 CI2 N2 06, C14 H21
Cl2 N2 O5 and C15 H21 CI2 N2 O6, pestively (Figure 4.13). As had been observed

with strain BCF, these were putatively identified as derivatives of bactobolin.
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Figure 4.12 Mass spectra oB. ambifaria BCF fraction 1 (Rf 0.01).

Data indicatd that this fraction is dominated by different of Bactobolins. (a) Bactobolin A; (b) Bactobolin B;
(c) Bactobolin D; and (d) new Bactobolin containing CI2. The chemical structure shown on the middle of the
panel is bactobolin A.
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Figure 4.13 Mass spectra ofB. ambifaria Mex-5 fraction 1 (Rf 0.01).

Results indicated that, fraction 1 was dominated by many of Bactobolins. (a), Bactobolin A (383.077 m/z);
(b), Bactobolin ¢ (367.08 m/z) and (c), new Bactobolin (395.078 and 397.07 m/z).
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It was proposed that these ions correspond to bactobolin A, C and a new bactobolin
containing CJ (Figure 4.13, c). The Me% bactobolins were different in mass to those
producedby strain BCF, except for the BCF bactobolin D and Mexactobolin A which
shared very similar ion mass. The results also indicated that bactobolin C was the major
bactobolin fraction detected in the M&xmetabolitesMass spectra data indicated tiBat
ambifariaKW and Mex5 produced mangompounds but database search indicated these
belong to new chemicals. Overall, the mass spectra data indicated th&. laotiifaria

KW and Mex5 produced a wide range of known bioactive metabolites such as the
bactollins as well as novel compounds with mass that did not match to those within the

database of antimicrobials examined at Warwick University.

4.3.6 Detection of pyrrolnitrin in B. ambifariaand
comparison of extraction procedures
Several previous studies @urkholderiasp have shown that pyrrolnitrin was one of the

compounds they produce that contribute to their antifungal activity (Schémat, 2009).
Therefore, in the current study pure pyrrolnitrinu@) was included as a known control for
comparison wh Burkholderiaanticandidal metabolites and incorporated into the TLC

and other purification schemes used to isolate novel metabolites.

TLC fractionation of pyrrolnitrin using the ethyl acetate: methanol: water (20:1:0.5)
solvent system results in therapound migrating with the solvent front at ¥alues of

greater than 0.95. Therefore, other solvent systems were evaluated based on those that had
been previously applied to pyrrolnitrinBgrkhead, et al, 1999. Silica gel TLC-

bioautography assay usinghlorofornmtethyl acetatdormic acid 5:4:1 v/v solvent system
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was successful for fractionation of pyrrolnitrin. The pure compound located as a single
dark spot at RO.77 (Figure 4.14, N1 pyr), produced a large clear inhibition zone (12mm)
againstC. albicans(Figure4.14, T1 pyr). In addition using fluorescence TLC plates and
chloroform:acetone (9:1) as the solvent system, pure pyrrolnitrin gave a single dark spot at
Rf 0.685 (Figure 4.14, N2 pyr) and a large (18 mm) inhibition zone (Figile T2 pyr).

Both systems were, therefore, applied to screemthmkholderiaextracts for the presence

of pyrrolnitrin-like metabolites.

Several fractions from the metabolite isolation and purification work were suspected to
contain pyrrolnitrin as one of the actiantifungal metabolites. The last fraction of
preparative TLC plates d. ambifaria AMMD crude extract, which wadepositedat R

0.98 (Table 4.2), ctocated adjacent to pure pyrrolnitrin (Figure 4.14). The first fraction of
column chromatography, thehgt acetate fraction (Figur&.10), also ran at the samé &

pure pyrrolnitrin (Figure4.14). Finally, an acetone extract from the ligliephid
extractions also showed the same results as pure pyrrolnitrin (Figure 4.14). All these
AMMD fractions also poduced the anttandidal activity characteristic of pyrrolnitrin
under both conditions of TLC fractionation (Figutd4 T1 andT2). The same separation
scheme was also applied to the last preparative TLC fractib0.@8) of B. ambifaria
Mex-5, and theasolated active compound showed the sarharid anticandidal activity as

pure pyrrolnitrin under both conditions of the preparative TLC plate. Overall, these results
demonstrated that bo ambifariaisAMMD and Mex5 produced an antifungal compound
that was most likely pyrrolnitrin, a well characterized and highly bioacBuekholderia

metabolite.
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Retention factor values R f

Figure 4.14 Characterisation of pure pyrrolnitrin and semi-purified antifungal
extracts of B. ambifaria using two different systems of TLCand solvents

The first system was normal silica gel (0.25 um) amdbroformethyl acetatdormic acid 5:4:1 viv as
solvent system (N1) and the second systes fluorescens silica gel (0.25 um) asfdoroform: acetne 9:1
v/v as solvent system (N20ne set of TLC plates was visualised using UV at 366 nm (N1 & N2) and the
other set was overlaid wit@. albicans(T1 & T2). Pyr, pure pyrrolnitrin (Sigma); B. ambifariaikAMMD
semipure fraction of preparative TLC {R0.98); 2, B. ambifaria AMMD first fraction of column
chromatography called ethyl acetate fraction; 3, acetone extract of liquid extract®naehbifariaBCF
semipure fraction of preparative TLGR{ 0.98); 5,B. ambifariaKW semipure fraction of preparative TLC
(Rf 0.98); 6,B. ambifariaMex-5 semipure fraction of preparative TLAR{ 0.98); 7,B. ambifariasAMMD
second fraction of column chromatography called the ethyl acetate: methanol (1:1) fraddioantifaria
AMMD third fraction of column chromatographylted methanol fractiorArrows indicate the location of
pure pyrrolnitrin and similar metaboliteRff of other extracts.
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4.3.7 Determination of antimicrobial activity of crude and
semi purified extracts ofBurkholderia sp

The antimicrobial activity oBurkholderiacrude and semi purified extracts were further
evaluated using broth dilution assay against a range of microorganisms. A minimal
inhibitory concentration (MIC) was calculated for ed&irkholderiaextract against each
respective susceptibilityesting organism (Tabk.3). The MICs ranged from 15.6 to 5000
Hg/ml and demonstrated a wide spectrum of activities ag@inatbicans Grampositive

and Gramnegative bacteria; extractshich wereactive on all three test groups were
considered as broaspectrum. Both the crude resin extrarctd acetone extract @.
ambifaria AMMD were active againsC. albicans Grampositive and Grarmegative
bacteria. Crude resin extractsBxfambifaria AMMD and Mex5 were more active against
Gramnegative bacteriehan the comparable acetone extracts. In partictidarcrude resin
extracts ofB. ambifariaAMMD were 20 times more potent than acetone extracts against

B. multivoransandE. coli (Table4.3andAppendixB; Figure B9.

The presumptive enacyloxin lla &. ambifaria AMMD (Fraction 2) was very active
against all tested microorganisnis: multivorans E. coli, S. aureus C. albicansand P.
aeruginosaand MIC values were 15.6, 15.6, 62.5, 125 and 25@nl™ respectively. The
active concentrations of AMMD cde resin extract were 1%{ 375, 1500, 1500 and 5000

ug ml™ respectively for the same test organisms. Bhambifaria BCF crude resin extract
was also very active against the graegativeB. multivoransandE. coli, with MIC values

were 46.8ug mit. BCF crude resin extract was more active than the equivalent extracts

from B. ambifariaAMMD for all testedorganisms excef®. aeruginosdTable4.3).
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Table 4.3 Minimum inhibitory co ncentrations of Burkholderia antimicrobial extracts

Extracts ° B. ambifaria AMMD extracts Mex_5 BCF KW B. gladioli
mi™ . . .
(ugmi) Crude resin| Acetone | Semipure | Cruderesin| Acetone | Crudersin | Crude resin| Crude resin
extracts extract | fraction (F6*) extracts extract extracts extracts extracts
Microbes ®
C. albicans 1500 > 5000 125 3000 >5000 3000 1500 46.8
S. aureus 1500 1500 62.5 1500 >5000 750 3000 750
B. multivorans | 375 1500 15.6 187.5 >5000 46.8 1500 187.5
E. coli 187.5 >5000 15.6 187.5 >5000 46.8 375 187.5
P. aeruginosa | >5000 >5000 250 <5000 >5000 >5000 >5000 >5000

MIC values are giving as pg/ml for crude and se@mie extracts oBurkholderia ambifariasAMMD, BCF, KW and Mex_5, and. gladioli BCC0238. a; The
susceptibility testing organisms wete albicans(Sc5314, Staphylococcus aureslCTC12981)B. multivorangATCC17210),Escherichia coliNCTC12241) and
Pseudomonas aeruginodCTC12903). b; The senpiure fraction F6 extracted from the AMMD extract using silica gel column chromatography had been shown to
cortain enacyloxin lla. *; Semi pure fraction Bf ambifariaAMMD crude resin extraavhich was fractionatedsing preparative silica gel TLC.
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4.4 Discussion

The TLGBioautography assay under the current experimental conditions showed that
Burkholdera produced a large variety of active secondary metabolites which exhibited a
broad spectrum of activity against Grguositive and Grarmegative bacteria, yeasts and
basidiomycetes. This result was unpredicted and couldbeoachieved using other
antimicrdial assays. We have performed an Amberlite XAD 16 resin extraction procedure
for the first time onBurkholderiaantimicrobials, using methanol as the elution solvent;
this method was selected as the best to use because of its simplicity and the entyact pu

obtained.

Several different TLC visualization methods were used in this study; UV light was the
simplest to apply and allowed multiple metabolites to be located. This corroborates the
findings of the previous work in this fieldadir, et al, 200§ recommending UVight as
a visualization method. UV light at 366 nm was the superior visualization method for
Burkholderiaresin extracts which were separated on standard silica gel TLC plates. To
obtain the best results, visualization was performed with the silica gebfitle TLC plate
face down on the source of the UV light. Under these conditions the resin extracts of
Burkholderiaproduced highly distinctive profiles &urkholderiametabolitesCare must

be taken when obtaining these photographs to avoid excespivsuee to UV radiation.

Ethyl acetatemethanol and water (EtOH:MeOHLO), with both ratios 10:1:0.5 and

20:1:0.5, was one of the best solvent systems identified to redtiwvkholderia

metabolites. Chloroform and acetone (1:1), and methanol and (8&2grwere also able to
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partition the extracts under investigation, but neither performed quite as well as the Ethyl
acetate, methanol and water mixture. This could be because the solvent system was a
mixture of three different solvents with different aolies. Ethyl acetate, methanol and
water combination had a strong ability to partition metabolites and the active anti
microbials within the crudeBurkholderia extracts that were polar and sepalar

compounds.

Two other steps in the development of THeC-bioautography assay which were found to

be critical for sucessful analysis were as followEhe fractionated TLC plates had to be
exposed for at least 15 min of aeration within a chemical fume cupboard before the agar
overlay was added. If the resalusolvents were not removed in this way they often
inhibited microbial growth in the overlay. Another critical finding was that the pre
incubation of the overlaid TLC plates for at least 3 hours at room temperature was optimal
to allow diffusion ofBurkhdderia metabolites from the silica gel into the seeded agar
layer. This prencubation allowed very clear inhibition zones to be observed for
antimicrobial agents present on the developed TLC pldteis. finding corroborates the
ideas of Rojagt al, (2008), who suggested that the pineubation of plates for up to 12 h

was necessary to achieve clear results from an antimicrobial suitability test. Consistency of
these simple steps in performing bioautography assay were important, especially if the
assay s going to be used as a preliminary screening technique to detect antimicrobial

components ofiovelBurkholderiaextracts

The TLGbioautography assay was able provide data which helped with the

interpretation of findings from the simple overlay assay used to screen for antimicrobial
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activity (see chapter 3for exampleB. ambifariaBcc0193 demonstrated no anéindidal
activity in the overlay screens and benwas selected as a negative control for the
metabolite extraction analysis; the Tigibautography assay also confirmed that this Bcc
isolate did not produce highlgictive metabolites, with onlyery a faint affect orC.
albicansseen after TLC analysid ooncentrated metabolite extracts from BccO1Pigre
4.5).B. cenocepaci®cc0019 was able to inhibit the growth@falbicanswhen grown on
SA medium but did not produce this affect when grown on BShedium. The TLE
bioautography assay was able tplain the effect of different media on anandidal
production, locating the presence of one active metabolite produc&l dBnocepacia
Bcc0019 when it was grown on SA medium (kig4.5). Ths could bebecausethis

compound was induced after growth ®A remains to be determined.

The TLGhbioautography, C-MS data and comparative analysis Bf ambifaria resin
extracts showed thaurkholderiaare potentially a very large reservoir of known and
novel antimicrobial agents, especially with those exim@iantifungal activity. Many of
these compounds were discovered for the first time in this group of bacteriaB.The
ambifaria AMMD resin extract comprised five main compounds. The following were
detected previously in oth&urkholderiasp. (1) polyetkilene glycol, (2) quinolinegroup
(4-hydroxyl-3-methyt2-alkyl-4-quinoline, 4-hydroxyt3-ethyt4-quinoline and other
HMAQ) and (3) pyrrolnitrin. Enacyloxin Il a, a known antibiotic previously found in a
Frateuria species bacterium, was identified for thestftime to be also produced I8y
ambifaria (Mahenthiralingam,et al, 2011) The presence of novel unknown peptide
antibiotics in strain AMMD also shows further antimicrobials may be discovered in this

strain.
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B. ambifariaBCF produced 4 active bands i exhibited nearly the same profile Bs
ambifaria AMMD, exceptB. ambifariaBCF produced a highly polar basal fractiorf (R
0.05) which was identified as a mixture of bactobolins: bactobolin A, B a¢itobdo, et

al., 1979 Seyedsayamdagset al, 2010 and a new bactobolin containing,CB. ambifaria

KW and Mex5 produced more than 6 active bandstaming at least 10 detectable active
compounds Most of these potent compounds could not be fully identified and were
presumed to be unknown antifungal agents. The basal fractiBnawmhbifaria Mex-5 (Rf
0.05), that was identified as a mixture of newtbéolins, was different compared with the
BCF strain. Bactobolin C was the major compound detected in3yiéxt bactobolin D

and B were not detected, while a new bactobolin was observed.

The detection of pyrrolnitrin within the resin extract8Bafrkhdderia using LC-MS failed.

This might be due to thiemited amountof pyrrolnitrin produced byBurkholderiaunder
thesegrowthand extractiortonditions Also a large amount gflasticizerwasidentified in
someextractsand this fractionated in a very dlar way to pyrrolnitrin running with the
solvent front; after this was discovered use of plastics was avoided in the extrAction.
method using pure pyrrolnitrin as a control and previous conditions for its detection by
TLC-bioautographyvas able to indiate that pyrrolnitrilike metabolites were present in
severalBurkholderia strains. Ethyl acetate, methanol and water (20:1:0.5) produced the
best overall fractionation dBurkholderiacrude extracts, however, pyrrolnitrin travelled
with the solvent systa until the top of solvent front Raround 0.9A 0.02) and hence it

was not useful to isolate this antifungal. Therefore, different solvent systems and different
TLC sorbents were used, as recommended by Burkle¢ad, (1994) andSchmidt et al,

(2009), to detect and improve the isolation of pyrrolnitrin by TLC. The findings of the



current study support the previous studies that reportedtiiiholderiawere considered
well known for their ability to produce pyrrolnitrifArima, et al, 1964 Cartwright et al,
1995. Pyrrolnitrin showed a strong effect @ albicansand basicbmycetes; it was also
acive againstGramipositive bacteria, but did not show inhibitory effect on many of the
Gramnegative bacteria. The findings were similar to the results of previous s{&dies

Banna & Winkelmann, 199& oper & Gross, 2007

One of the most interesting findings was that spumified extracts ofB. ambifaria

AMMD containing enacyloxin produced an inhibitory affexttlow concentrations (15.6

ng mi™) on Gramnegative bacteria such & coli, B. multivoransand A. baumanni.
Enacyl oxin | tB ambifawal AMME dnd BCFoimhibited C. albicans
However, this does not support the previous studies of Wataeahe, (1982, 1994) as
they reported that E n ac y-positivé and Grarmegative d I n
bacteia but could not inhibiC. albicans This might be because of the concentration that

they usedvas lower Mahenthiralingamet al (2011) found that E
concentration was active againSt albicans but that below 100 pgnl™ it was rot

significantly anticandidal.

Bactobolin isolated fronB. ambifaria BCF and Mex5 showed a strong ability to inhibit

C. albicansand other fungi belonging to basidiomycetes. However, this result has not

previousy been described.
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4.3 Conclusion

The following conclusions were reached:

|l

Extraction efficiency of the Amberlite XAR6 resin followed by methanol elution
proved to be the most robust and simplest method for extracting the bioactive
compounds at high purityom Burkholderia

TLC combined with a bioautography assay is a rapid and accurate method for
localization of antimicrobial activity on a chromatogram. It offers the ability to
obtain a profile oBurkholderiaantimicrobial secondary metabolite pattermstudy

the presence and the diversityastimicrobialagents of natural products

Ethyl acetate, methanol and water (20:1:0.5), Normal silica gel TLC plates, UV light
(366 nm) and 15 min of aeration were the best conditions to separate and visualise
Burkholderiasecondary metabolites.

The inoculum size of the microorganisms for bioautography must be specifically

adapted for use with different test organisms.

Preincubation of overlaid TLC plates for at least 3 h at room temperature was
critical for improvng the detection of bioactivity to allow an active metabolite to

diffuse.

The TLGbioautography and G®IS data showed th&urkholderiaare potentially
a very large reservoir of known and novel antimicrobial agents, especially with those
exhibiting antitingal activity. Many of these compounds were discovered for the

first time in this group of bacteria.

The B. ambifaria AMMD crude resin extract comprised five main antimicrobial
compounds. The following were detected previously in oBukholderiasp: (1)
polyethylene glycol (2) quinolies group (4hydroxyl-3-methyt2-alkyl-4-quinoline,
4-hydroxyt3-ethyt4-quinoline and other HMAQ) and (3) pyrrolnitrin.

B. ambifariaBCF produced 4 active bands which exhibited netlmdysame profile
as B. ambifaria AMMD . The following were detected: (1) quinoks group; (2)
pyrrolnitrin; and (3) Enacyloxin llaB. ambifaria BCF produced highly active
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metabolites which were identified as a mixturebattobolin A, B, D and a new
bactobolincontaining Cl.

B. ambifariaKW and Mex5 produced more than 6 active bands containing at least
10 detectable but unknown active compounds and were presumed to be unknown

antifungal agents.

B. ambifaria Mex-5 produced highly active metabolites which were identified as a
mixture of newbactobolin and were different to those obtained from the BCF strain.
Bactobolin C was thmajor compound detected in M&x but bactobolin D and B
were not detected

Pyrrolnitrin, a known antibiotic previously found Burkholderiaand Pseudomorga
was deected in 60% of testeBurkholderia, using classic comparative TLC and
pure pyrrolnitrin (Sigma). Pyrrolnitrin showed a strong effect@nalbicansand
basidiomycetes. It was also active against Gpasitive bacteria.

Novel unknown peptide antibiotics wee detected irB. ambifaria AMMD, BCF,
KW and Mexb.

Semipurified extracts ofB. ambifaria AMMD (Rf 0.60 £ 0.03) containing
enacyloxin lla produced an inhibitory affeat a low concentration (15.6 pgl™)
againste. coli, B. multivoranandA. baumannii

Bactobolin isolated fronB. ambifaria BCF and Mex5 showed a strong ability to

inhibit C. albicansand other fungi belonging to basidiomycetes.
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CHAPTER FIVE

OPTIMIZATION OF GROWTH CONDITIONS TO
IMPROVE ANTIFUNGAL ACTIVITY OF Burkholderia
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5.1 Introduction

The biosynthesisf natural products by organisms is affected by biotic and abiotic factors.
In the laboratory, the components of synthetic media and different factors such as pH,
temperature and incubation period alter antibibi@msynthesis in many producer strains.
Understanding these production comadis in the laboratory wilprovide an insight into

when antimicrobial agents are produced in nature.

Carbon, nitrogen and phosphate are the major requirements for the growtietatablic
activities of microorganisms. Nitrogen is one of the major requirements because it is
required for the synthesis of cell components and functional proteins. It #&mosiin that

the different kinds of nitrogen source greatly influence microbegdondary metabolite
production It is interesting that inorganic phosphate controls the synthesis of a large
number of antibiotics that belong to different clagdéartin, 2004. However, most of the
antibiotics wererepressedy high concentrations of inorganic phosphgféshimoto, et

al., 1996. The pH of growth media also exerts an effect on the production of antimicrobial
agentsThe pH may change the ionizing state of important vital molecules such as proteins
and enzymes. The production of antimicrobial agents is dependent on many enzyme
catalysed reactions, so pH is one of the most important physical factors affecting anti

canddal production and activity.

Previous research in our laboratory had shown Bugkholderiabacteria grew well on a
chemicallydefined minimal medium, named Basalts Medium (BSM; section 2.1The
production of antifungal agents urkholderiawas $own to occur when they were

grown on BSM with glycerol as a carbon source (Chapter 3 and 4). The objective of this
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chapter was to improve the composition of BSM to enhance antimicrobial production by
Burkholderia.Since BSM was a defined minimal salts noeal it was possible to change

the composition of its ingredients and its pH, and detect the effects of a target nutrient on
antimicrobial production A general hypothesis for this chapter wédsb ¢ h e mi c a |
physical factors can influence anticandidal production and activity of Burkholderia6,6

and the specific objectives of this chapter were:

(i To examine the effects of six different factors: carbon, nitrogen, phosphate, pH,
incubation time and temperature on the activity of-aatididal agents durkholdera.

(i) To create an optimal medium to increase -aandidal activity ofBurkholderia

metabolite.
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5.2 Materials and Methods

5.2.1Bacterial and fungal strain maintenance and revival
The well defined antifungal control strains examined in previous chadBe ambifaria

AMMD, BCF, KC311, B. viethamiensisJW13 andtwo referencefungi, C. albicans
S314 andB. adustaBK1, were used to assess physical and chemical conditions affecting
the growth and production of antifungal agents. The effect of variousrsaon the
production of antcandidal metabolites was compared to the standard Basal Salts Medium
(BSM; seesection=2.1). The maintenancend storage conditions of these isolates were as

described previouslysgctions 2.21 and 22.2).

5.2.2Effects of different growth factors on anti-candidal
activity of Burkholderia
To determine the best conditions for both fungal growth andcantdidal activity of

Burkholderia metabolites gection 2.7), different concentrations and combinations of
chemical factors suchs carbon, nitrogen and phosphate were altered in the BSM growth
medium. In addition, the three physical factors: hydrogen ion concentration, temperature
and period of incubation were also examined. The effect of hydrogen ion concentration on
the growth allities of B. adustaandC. albicanswas also examined. All experiments were

carried out at 30°C for three days unless stated, with three replicates of each treatment.

5.2.3Statistics

One and tweway analysis of variance aridle General Linear Modelere usedo test for

differences between treatments and strains.
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5.3 Results

5.3.1The effect of carbon source on antcandidal activity
of Burkholderia

5.3.1.1 Effect of carbon sources
All tested isolates showed a significant differenée@ 0 ) @ @rbduction of anti

candidal agents(Figure 5.1). Glycerol, fructose, galactose, glucose and succinate
significanty PO 0. 00 1) I n cr e BwkhoterihahtecandidaltagentsB. y o f
ambifaria Kc31lwas the strongest producer amongdédssolates (36.8 mmJowever,

there was very lovanticandidalactivity onlactose, starch and malto&.ambifariaBCF,
KC311 andB. vietnamiensigW13, showed similar responses to the carbon sources tested.
Their anticandidal activity was greatedtex growth on glycerol followed by fructose and
succinatg(Figure 5.1). However, noanticandidalactivity of B. ambifaria BCF was seen

with sucrose as a sole carbon souieyiethamiensissW13 did not produce any activity
when grown on lactose as a esobf carbon source. The agtndidal activity of B.
ambifaria AMMD was greatest when grown @uccinate, glycerol, and ribagdowever,

there was a weak affect of AMMD metabolites on candidal growth when grown on
arabinose, lactose and maltose, and theas no anticandidalactivity whenstarch was

used as a sole carbon source (Fiduf.
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Figure 5.1 Effect of 12 carbon sources on anttandidal activity of B. ambifariaAMMD, BCF, KC311 and B. viethamiensis]W13.

Error bars are not visible in some cases where values approach 0; when no error bars are shown they fall within the sizeabf Beaardpresented as the means
of three replicates with standard errors of the means.
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5.3.1.2 The effect of different con@ntrations of glycerol and
succinate on antifungal activity
All four control straindB. ambifariaAMMD, BCF, KC311 andB. viethamiensigW13 that

were tested, could grow wetin either carbon source (glycerol or succinate) with or
without supplements sudiis CASamino acids or yeast extradiSigure5.4 a, b, c, d)
However, they lost the ability to grow and produce active-@artdidal agents when the

medium was not supplemented with CAS amino acids and yeast extract.

In general, there were significantlifferences between different carbon source
concentrationsRO 0. 05) . The opt i nbigare®5awekeddimMc o nc e
and 20 mM (30.7 and 29.13 mm respectively). In terms of media supplementation for
either a glycerol or succinate carbon sou88M with CAS amino acids and complete

BSM medium with bothCAS amino acids and yeast extract produced the largest zones of
inhibition againstC. albicans(Figure5.6). Overall, poduction of anticandidal agents on

glycerol was better than usisgccinatgFigure5.2).

B. ambifaria BCF andB. vietnamiensisIW13 $iowed the greatest activity againSt
albicanswith complete BSM mediunsupplementeavith glycerol at 40 mM(63.37 and

49.7 mm respectively; Figu®2: b, d. B. ambifariaKc311 exhibited the greatest activity

with BSM supplemented with CAS amino acidsalycerol at 40 mM %1.30 mm Figure

5.2, ). B. ambifaria AMMD showed significantly P O 0 .arftiibandidal activity when
glycerol was used as a sole carbon source at 40 and 20 mM (41.3 and 40.5 mm
respectively; Figures.2, @. The optimal media comhaions were BSM supplemented

with CAS amino acids and glycerol (44.3 mm) and complete BSM medium supplemented

with glycerol (41.3 mm).
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Figure 5.2 Effect of glycerol and succinate at different concentratins (0- 60 mM) on
JW13, using BSM medium with different combinations.

Error kars are not visible in some cases where values approache®; no error bars are shown they fall

within the size of the symbol. Data are presented as the means of three replicates with standard errors of the

means.
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5.3.2The effect of nitrogen

5.3.2.1 The effect of nitrogen sources on activity of arti
candidal agents
B. ambifaria Kc311 and BCFshowed the greatest efft (44.5 and 42 mm, respectively)

againstC. albicans(Figure5.3). B. ambifariaBCF and AMMD showed similar responses
with different nitrogen sources used; the production of activecanididal agents by these
strains was greatest with yeast extract.35&8nd 27.3 mm, respectively), followed by
ammonium phosphat$2.3 and 24.67 mm, respectively). The amtndidal activity oB.
ambifaria KC311 was optimum wittammonium phosphatés5.3 mm) andammonium
chloride (51.3 mm). However, B. vietnamiensisIW13 showed the most antandidal
activity with ammonium chloride (55.3 mm) a@AS amino acids (52.67 mmHowever,
JW13 did not grow on BSM& supplemented witlsodium nitrite,potassium nitrater

ammonium nitrat@s sole nitrogen sources (Figi8).

Sodum nitrate totally suppressed the production of-eatididal agents by all tested
Burkholderia Ammonium nitrate and potassium nitrate were significaf@yO 0. 0 1)
poorer at stimulating antiandidal activity than the other nitrogen sources tested. There
was good antcandidalactivity whenammonium phosphat€AS amino acids, ammonium
chloride, peptone and yeast extract were added to the médub 44, 43.5, 43 and 41

mm respectively) However, there were no significant differentetween these nitgen

sources (Figure 8).
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Figure 5.3 Effect of different nitrogen sources on anticandidal activity of B. ambifaria AMMD, BCF, KC311 and B. viethamiensis

JW13.
Error kars are not visible in some casdsere values approach @hen no error bars are shown they fall within the size of the syihth are presented as the mean
of three replicates ith standard errors of the mean
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5.3.2.2 The effect of ammonium phosphate in different
combinations with BSM-G on arti-candidal activity of
Burkholderia

Anti-candidal activity was influenced by different combinations of BE&MFigure5.4).
The optimal combinations weemmoniumphosphate, yeast extract and C&8ino acids,
and ammonium chloride, yeast extract &MAS amino acids (43, 41.6 mm respectively).
Moreover, there were highly significant differences betwBerkholderiaisolates P O
0.001).B. ambifariaJw13 and BCF were the best in the production of activecaniidal

agents under different conditions (Figlb4).

5.3.2.3 The effect of different concentrations of yeast extract at
different pHs on anti-candidal activity

The effect of different concentrations of yeast extract at two different pHs (6 and 7) on
anticandidal activitywas assessed on BS®! medium.No significant difference in the
effect of yeast extract at different pHs was observed for the production efaaadidal
agentsP > 0.09. 2 g of yeast extract at pH 6 was timal concentration to increate
production of antcandidal agents (Figar55). B. vietnamiensisIW13 produced good
anticandidal activity at different concentrations of yeast extract: 0.5, 1.0 and"2a0 mjH

6 (53, 50.67 and 50.67 mm respectiveljhe highest anttandidal activity forB.
ambifaria AMMD was obtained by @dition of 2 gi* yeast extract at pH 6 (29.67 mnB.
ambifaria BCF showed greatest activity (51.00 mm) at 2 gkast extract at pH 7. The
maximum anticandidal activity oB. ambifariaKC311 was obtained by addition of either

1 or 2 gf* yeast extracat pH 6 (70.0 and 68.67 mm respectively). However, there were

significant differencesR 00.05) betweerBurkholderiaisolates (Figuré.5).
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Figur 54 Effect of ammonium phosphate alone and with different combinabns of BSMG on anti-candidal activity of B.
ambf aAMMD, BCF, KC311 and B. vietnamienS|s]W13
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Figure 55 Effect of yeast extract at different concentrations (g'1) and different pHs (6 and 7) in BSMG on anti-candidal activity

of B. ambifariaAMMD, BCF, KC311 and B. vietnamiensis)W13.
Whenno error bars are shown they fall within the size of the symbol. Data are presented as the means of three replicatsrdi¢hrsta of the means.
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5.3.3The effect of different phosphate sources and
concentration on the anticandidal activity of
Burkholderia

Different phosphate sources @ifferent concentrations did not significantli? & 0.05)

affect anticandidal activity of the fourBurkholderia strains. In general, lower
concentrations of phosphate (10 mM or less) gave bettecamdidal activity tan higher
concentrations (40 mM or greater). In general, sodium phosphate at 10 mM enhanced the

production of antcandidal agents for all strains (Figlwé).

The results showed that there were highly significant differenee® (.05 between
Burkholderiaisolates on anitandidal activity and the best producer viasambifaria

BCF. B. ambifariaBCF produced the greatest aocéindidal activity at 80 mM sodium
phosphate (45.00 mm), which was only slightly above that seen atMOsadium
phosphate. The activity of artandidal activity ofB. ambifariaAMMD and KC311 was

best with sodium phosphate at 10 mM, producing inhibition zones of 29.3 and 48.3 mm
respectively. Anticandidal activity ofB. vietnamiensisvas greatest with thaddition of

calcium phosphate at 80 mM, producing an inhibition zone of 45.0 mm (Fadire
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Figure 5.6 Effect of different phosphate sources at different concentrations of BSM6 on anti-candidal activity of B. ambifaria
AMMD, BCF, KC311 and B. vietnamiensisIW13.

(K); Potassium phosphate, (Na); sodium phosphate and (Ca); calcium phoSphateno error bars are shown they fall within the size of the symbol. Data are
presented as the means of threeicafgs with standard errors of the means.
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5.3.4 The effectof hydrogenion concentration (pH)

5.3.4.1 The effect of pH onC. albicansand B. adustaBK1
growth rate
Prior to testing the production of antifungal metabolites byBbeholderiastrains, the

growth of he C. albicanswas tested at a range of pHs to ensure that it would grow
normally in the overlay and hence still be able to act as a readout for antimicrobial activity.
C. albicanswasable to grow over a wide range of ptsto 8); the best growth occude

when thepH ranged from 6157.5 (Figures.7).

B. adustaBK1 was capable of growing on BSM over a wide range of pH (Figute21),

with the best growth occurring at pH 6 and 6.50 (extension rate 10.53 and 9.70 mm d
respectively). For all pHs testeithe B. adustagrowth was sufficient to allow theycelia

to cover a 90 mm Petri dish of BS® medium within 6 days. The weakest growthBof
adustawhere myceliadenseoccurred was seen at the extremes of the pH range tested, 3

and 8, respectively (Figufes).

Overall, both fungal species used to detect antifungal act®ityglbicansand B. adusta
BK1, were capable at growth over a wide range of pH, demonstrating that bioassay
detection ofBurkholderia metabolites could be assaat multiple the hydrgen ion

levels.
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Figure 5.7 Effect of pHs (3.58) of BSM-G medium onC. albicansgrowth rate.
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5.3.4.2 The effect of pH on anticandidal activity of B.
ambifaria AMMD, BCF, KC311 and B. vietnamiensis
JW13
Three Burkholderia isolates,B. ambifaria AMMD, KC311 andB. viethamiensisiwl3

preferred acidic conditions, around pH 6.0 to 6.5 wherecamtdidal activity was greatest
(Figure5.22). The acivity of Burkholderiaanticandidal agents was significantly affected
depending on initial concentrations of hydrogen ion (Figu®eP O 0 . Bod éxample,

at pH 6 the antcandidal inhibition zones were 34.33, 58.67 and 60.67 mm, respectively,
for these three strains. In contraBt ambifaria BCF maintained a high level of anti
candidal activity after growth at pH 6.5 through to pHwBile below pH 6.5 the activity of

this strain was greatly diminish¢Bigure5.9).

B. ambifariaAMMD grew and producg active anticandidal agents at all tested pHs (3.5

8), although at the acidic pH of 4.5 and below this activity was less than 50% of that seen
at the optimal pH of 6 for this strain. In contrast, no activity was sedd. flambifariaBCF

and KC311 bel pH 4.5, and. viethamiensidid not produce angandidal agents below

pH 4 (Figures.9).

5.3.5 The effect of temperature on anticandidal activity of B.
ambifaria AMMD, BCF, KC311 and B. vietnamiensis
JW13

The resultsshowed that the activity of antardidal agents steadily increased with an
increase in temperature from°@hrough to 38C, then decreased above this temperature.
There were highly significant differences in acdindidal activity between different

temperaturesR O 0. 00 1)  &BuarkholderiaisolaeeO 0. 05)51Q.Fi gur
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Figure 5.9 Effect of hydrogen ion concentration (3.588) of BSM-G on anti-candidal activity of B. ambifaria AMMD, BCF, KC311
and B. viethamiensisJW13.

When there are no error bars are shown they fall within the size of the symbol. Data are presented as the meeplichtesewith standard errof the mean
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Figure 5.10 Effect of temperatures (1640eC) on anti-candidal activity of B. ambifaria AMMD, BCF, KC311 and B. vietnamiensis

JW13.
When there are no error bars are shown they fall within the size of the symbol. Data are presented as the meansicétibsegitteptandard errors of the means.
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The anticandidal activity ofB. ambifaria AMMD and KC311 increased over time and
reached maximum activity at 25°@1.3 and 70.67 mm, respectivelyigure 5.27). B.
ambifariaBCF andB. vietnamiensidW13metabolitegeached their maximum activities a
30°C (43.3 and 73.3 mm respectivel. ambifaria AMMD , BCF, andB. vietnamiensis

JW13metabolites did not show astandidal activity at 1@C, andB. vietnamiensigW13

lost the ability to produce active antandidal agents above 4D (Figure 510).

5.3.5 The effed of time of incubation on anti-candidal activity
of B. ambifaria AMMD, BCF, KC311 and B.
vietnamiensisJW13

The activity of anticandidal agents steadily increased over time (Figur#). Typically,
168 h was the best length of time, producthg maximum antcandidal activity with

highly significant differencesR O 0. 00 1) . Mor eover, al |

S

differencesPO 0. 05) i n t he p-canddlai agentsamndiffemtftimes oft i v e

incubation Anti-candidal activity after growth on BSI@ medium was demonstrated by

all four tested strains ithin 24 h(Figure5.11). The anticandidal activity oB. ambifaria

BCF and B. vietnamiensis]IW13 metabolitesncreased over time and achieved the

maximum by 120 h of incubation (46.0 and 80.0 mm respectively). HowRvambifaria

AMMD and KC311reachedhe maximum capacity of activity at 168 h of incubation (46.0

and 80.0 mm respectively)
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Figure 511 Effect of time of incubation (24168 h) on anticandidal activity of B. ambifaria AMMD, BCF, KC311 and B.

vietnamiensisJW13.
When there are no error bars are shown they fall within the size of the symbol. Data are presented as the meansicétibsegitteptandard errors of the means.
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5.3.6 The effect of different formulae ofbasal salts medium
(BSM) on anti-candidal activity of B. ambifaria AMMD
metabolites

The main purpose of the investigations described above was to enable the best media
combinations and conditions to be selected for optimized production etaamtidal

activity in the Burkholdera strains. Using thelataof current study combinations of 12
different media were tested d ambifaria AMMD, all using glycerol as the carbon
source (Figuré.12). Medium composition influenced the activity of anéindidal agents
produced byB. ambifaia AMMD (P 00.00L). The BSM4.6 mediuniBSM supplemented

with ammonium phosphate at 0.037 M and 0.05 g yeast extract as nitrogen sources and 20
mM HEPES to maintain the pH at 6) was superior in supporting the production -of anti
candidal agents (38.67 mm). The nexstbmedium was BSM5.6 (BSM supplemented with
ammonium phosphate at 0.08"™ and 0.05 g yeast exct as nitrogen source and 0.02

mM phosphate buffer to maintain the pH at 6). The third best medius B&MO0.6
(normal BSM with 0.02 il phosphate buffer to maiin the pH at 6; 36.33 mm). For
these three antiandidal activity promoting media there were no significant differences in
the zones of inhibition observed. The BSM2.7 (BSM supplemented with 2 g yeast extract
as nitrogen source artd02 mM HEPES to mairatin the pH at 7) showed the lowest anti

candidal activity (24.67 mm) compared with all the other treatments (FaglL2e
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Figure 5.12 Effect of different formulae of BSM medium on anticandidal activity of B. ambifaria AMMD.

BSMO0.6, Normal BSM with 0.020 mM phosphate buffer to maintain the pH BS60.7, Normal BSM with phosphate buffer to maintain the pH &8SM1.6, BSM
supplemented with 2 g yeast extract as nitrogen source and 0.020 mM phosphate m&fetaio the pH at @SM1.7,BSM supplemented with 2 g yeast extract as
nitrogen source and 0.020 mM phosphate buffer to maintain the pHB&IV2.6, BSM supplemented with 2 g yeast extract as nitrogen source and 20 mM HEPES to
maintain the pH at 8SM2.7,BSM supplemented with 2 g yeast extract as nitrogen source and 20 mM HEPES to maintain theB@NI&t&;BSM supplemented

with 2 g yeast extract as nitrogen source and 0.025 mM of sodium phosphate to maintain theBS5M&.%,BSM supplemented ith 2 g yeast extract as nitrogen

source and 0.025 mM of sodium phosphate to maintain the pHB&M4.6, BSM supplemented with ammonium phosphate at 0.037 mM and 0.05 g yeast as nitrogen
source and 20 mM HEPES to maintain the pH &%V4.7, BSM supplerented with ammonium phosphate at 0.037 mM and 0.05 g yeast as nitrogen source and 20
mM HEPES to maintain the pH at BSM5.6, BSM supplemented with ammonium phosphate at 0.037 mM and 0.05g yeast as nitrogen source and 0.020 mM
phosphate buffer to maintathe pH at 6BSM5.7, BSM supplemented with ammonium phosphate at 0.037 mM and 0.05 g yeast as nitrogen source and 0.020 mM
phosphate buffer to maintain the pH at 7. The sketter above bars indicates no significant difference (ANON 4;0.05).
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5.4 Discusson

The presentstudy set out with the aim of assessing the importance of nutrients, including
carbon, nitrogen and phosphate, as well as physical factors such as hydrogen ion
concentration (pH) and temperature on the production and activBuddholdeia antk
candidal metabolites. The production of antimicrobial metabolites is known to be
influenced by media components and culture conditions, such as carbon, niptdgerd
temperature, each of which may vary from organism to organism in terms oafioste
optimal conditiongIwai & Omura, 1982 Culture conditions such as carbon, nitrogen and
hydrogen ion concentration were found to affect the production of antifungal metabolites
by Burkholderia(Kadir, et al, 200§. El-Banna and Winkelmann (199&}ported that by
varying the conditions under whicB. cepaciais grown, the activity of the pyrrolnitrin

antibiotic could be changed.

The current study found that the production of -aatdidal substances &. ambifaria

AMMD, BCF and KC311 and. viethamiensidW13 were sbngly influenced by several
chemical and physical factors. The effect of different carbon sources: glucose, glycerol,
arabinose, fructose, galactose, sucrose, lactose, maltose, ribose, succinate and starch on the
anticandidal activity oBurkholderiametabolites, were examined. The production of-anti
candidal agents @. ambifariaAMMD, BCF and KC311 and. vietnamiensidW13 were

acutely changed by the carbon source. The carbon source required for maximal anti

candidal activity was different amomurkholderia strains.
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Glycerol strongly enhanced the anéindidal activity of strains BCF, AMMD and KC311,;
whereas succinate and glycerol increased thecandidal activity of AMMD. This
finding was consistent with that found by-Bhnna and Winkelmann(1998), and
Bhattacharyyat al (1998), who found glyceratassuperior for antifungal production by
B. cepacia NB-1 and Streptomyces hygroscopicu®; s respectively. In contrast, the
maximum anticandidal activity ofB. viethamiensigW13 was adbved aftergrowth on

galactose

Arabinose, maltose and starch repressed thecantidal activity of AMMD. Moreover,
Lactose stopped the am@andidal activity of JW13 and AMMD. These findings suggest
that each strain preferred a specific source of carborottupe active anttandidal agents.

BSM medium without a carbon source showed minimale@amdidal activity for all tested
isolates. AMMD, BCF and JW13 were not able to grow on BSM medium without a carbon
source,CAS amino acids and yeast extract. They evable to grow and produce anti
candidal agents on BSM medium without a carbon source but supplemented with at least
one organic nitrogen soursech as CA&mino acids, peptone or yeast extract, where both
nitrogen and carbon were providethis finding was expected and reflects the ability of
these isolates to use organic nitrogen resources as a source of energy instead of carbon
compounds. This finding was similar to results obtained by Gebteal (2008), who
reported that bacterial isolates belommginto Bacillus Corynebacterium and
Cellulosimicrobiumwere able to grow and produce antimicrobial agents with no carbon

source



One unanticipated finding was thEC311 was able to grow and produce aandidal
agents on BSM medium wvmibut a carbon source or nitrogen source. Hgeseed with

Duffy and Défago (1999), who found thBt fluorescensvas able to grow and produce
antibiotics and other metabolites even in the absence of a carbon sdhiseould be due

to two reasons: firt, the agar used in this study was a bacteriological grade which is
quite pure, but might contain contaminating materials having enough nutrients to support
minimal growth sufficient for some production of metabolites. The second resdgbhbe
thatKc311 was able to use dead cells of Kc3ddculum as a nutrierib support minimal

growth and prduction of anticandidal agents

A significant correlationwas foundbetweenanticandidal activity andconcentrations of
carbon sourceslThe anticandidal activity inceased when the concentration of succinate
and glycerol increased up to 20 mM and 40 mM respectively. However, above these
concentrations the activity decreased. Gupta and Kulkarni (2002) tested the effect of
different concentrations of sugar (2, 5 and 7.%% the production of antifungal agents of
Thermomonosporap MTCC 3340 and they fourtiat 2 % of glucose was the optimum

coneentration for the maximum yield

Dikin et al. (2007) reported that the quantity of lactose affected the production of
antifungal substances 8f cepaciaandB. multivorans This could be due to the feedback
effect on the host cells, which might enhance carbon metabotidraansequently lead to
the fast accumulation of the carbdBurkholderiaisolates had different capabilities to

produce antcandidal substances in the same medium. The varied capability of each strain
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to hydrolyze and utilise different carbon sources megend on activengymatic systems

of each strain

Nitrogen is oe of the key requirements for the growth and synthesis of cell component
and functional proteins, and greatly influences microbial growth. Nitrogenous compounds
may influence the biosynthesis of antibiotics at the level of secondary metabolism, as
substrags for antibiotic biosynthesis, or through modulation of biosynthesis and activity of
the enzymesAharanowitz, (180) reported that amino acids can serve as a carbon source
in the absence of any other carbon source in a defined mediuoth inorganic and
organicnitrogenwere tested in this study, and they both exhibited a significant effect on
the anticandidal activity In comparison with inorganicitrogensources, manicnitrogen
(yeast extract, urea, peptone aDAS amino acids) gave relatively higher aoéindidal
activity. This corroborates the findings of Vahéial, (2004) and Saurav and Kannabiran
(2010)who reported that organic nitrogen improved the potida of antifungal agents by
actinomycetesyeast extractCAS amino acids andmmonium phosphatgere selected as

anitrogensources for the optimized artandidal production medium that was developed

The combmation betweernyeast extractCAS amino acids ancdammonium phosphate
improvedanticandidal activity above the level obtained these nitrogen sources alone or in
other combinations that did not include all three. The stimulatory effect of complex
nitrogen surces such as yeast extraCAS amino acids and peptone, on production and
activity of anticandidal agents might be due to the presence of the amino acids, peptides,

vitamins, numerous trace elements in these complex organic mixtures. Such supplementary
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compounds might exhibit a stimulatory effect or act as inducers of enzymatic systems

which are responsible for asgandidal production and activity.

The pH value has a marked effect on the production ofcantlidal agents. The current
study found thtthe maximum activity of anttandidal agents byurkholderia was
achieved when the initial pH was adjusted to 6 in BSM medium. The finding was
consistent with ChiA-Woenget al, (1998) who found that pyrrolnitrin increased below
pH 6. Quanet al, (20M) andLi et al, (2007) reported that the production and activity of
CF661 fromB. cepaciawas influenced by the level of pH and the best production and
activity was at pH 6. Moreover, different studies reported Bwkholderiatend to be
found at highst numbers in acidic soils. Therefore, it was not unexpected to see the
optimal active antcandidal metabolite production at acidic pf@almastrj et al, 2003

Ramette et al, 2005, Li, et al, 2007.

Bacterial growth and production of effective metabolites were dependent on temperature
and how temperataraffects the activity of enzymeBhe growth ofBurkholderiaand the
synthesis of anttandidal agents need a series of enzyme catalysed reactions which are
affected by temperature. However, lower and higher temperatures can reduce the activity
of the enymes, reduce the growth rates and hence production rate of metabolites. The
optimum temperature for maximuranticandidal production and activity of tested
Burkholderialay in the range of 15 to 25 °®. vietnamiensidW13 lostthe ability to
produce actie anticandidal agents at 40; this could be becausemperate temperatures

are suitable for growth of such bacteria and consequently for the activity of enzymes

responsible for anttandidal biosynthesis and activityhis corroborates the findings of
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previous studies in this fieldQuanet al (2009)reported that the most suitable temperature
of the production of CF66I fromB. cepaciawas 25°C. At this temperature activity of

CF66I increased rapidly and was greater than at other temperatures used.

It is well knownthat Burkholderiacan grow and utilise a variety of organic compounds
under different physical conditions through different metabolic pathy@isain et al,

2006. However, it is very useful to identify the optimal medium, temperature and pH
preferences ofBurkholderia to produce active antiandidal agents. The regulatory
mechanism of the production of astindidal agents iBurkholderiais poorlyunderstood.

The interpretation of the results obtained herein was complicated because of the potential
for overlapping affects with the different factors tested. In addition to gene activation
/repression by the growth conditions, the growth substrasésdtenay also enter different
metabolic pathways which lead to intermediate compounds needed to produce the

antifungal metabolites.

The main purpose of this work was to select the best medium composition and conditions
to improve the activity of anttardidal agents ofB. ambifaria AMMD. The media
optimization studies revealed that different media compositions and culture conditions
have significant impacts on the activity of acéindidal agents, and the most interesting
finding was thaBurkholderiaexhbited promising activity on the culture med&sM4.6,

BSM5.6 and BSM0.6 and the common effective factor for all these media was the pH of 6.
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5.5 Conclusions

1 The production of anttandidal agents frofd. ambifariaAMMB, BCF and Kc311 and
B. vietnamiensidW13 were reported for the first time.

1 Glycerol and succinate at lower concentrations were the carbon sources that resulted in
largest activity of artcandidal agents durkholderia.

1 Hydrogen ion concentration (pH) was also one of the most importanttigrow
conditions. It influence®urkholderiaanticandidal antibiotic production with pH
6.0 being optimal. pH also effected the growth of the basidiomycete with-BSM
at pH 6.0 being one of the best growth mediaBfoadustaBK1.

1 Increased anttandidalactivity occurred with the addition cimmonium phosphate,
CAS amino acids, ammonium chloride, peptone or yeast extract as a sole nitrogen
source.

1 Sodium nitrate totally suppressed Hwtivity of anticandidal agents durkholderia

1 Lower concentration®f phosphate (10 mM) increased the activity of -aamdidal

agents more than higher concentrations.
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CHAPTER SIX

ISOLATION AND IDENTIFIC ATION OF BACTERIA
THAT PRODUCE ANTIFUNGAL COMPOUNDS
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6.1 Introduction

A variety of microbes can be fodngrowing in rhizosphere habitats. Sbdrne
microorganisms interact with plant roots and soil constituents at thésodointerface
(Barea et al, 2009. There are several beneficial sbdrne microorganisms in the
rhizosphere, which can improve soil quality and enhance crop production and protection.
The release of root exudst and decaying plant material provide sources of nutrients for
the soil microorganisms as growth substrates; the root surface also forms a structural
platform on which roetissociated microbiotdevelops (Werner, 1998} he Burkholderia

are a large groupof Gramnegative bacteria present in both natural and clinical
environments.B. cepacia compleare opportunistic human pathogens responsible for lung
infections in cystic fibrosis patients and various infectionsinnmunecompromised
patients (Mahenthiralingam & Vandamme, 2005Moreover, they are present in the
rhizosphere of many crggants, particularly maizgDi Cello, et al, 1997 Bevivino, et al,

2005 Dalmastrj et al, 20079, rice plantgEstradaet al, 200), woodlandgRichardsonet

al., 2002 and agricultural and urban sofMiiller, et al, 2002.

Previous work has shown th& cepaciacomplex bacteria produce a wide range of
antimicrobial substances (Chapter 3 and 4). A successful screening approach using a
classical overlay assay to detect antimicrobial activity was developed (Chapter 2) and
optimized in terms of substrate and physgdal parameters (Chapter 5) to enhance
secondary metabolite production. In addition, FThiGautography has been developed as a
rapid and useful means to fractionate and puBfyrkholderia antibiotic compounds

(Chapters 4 and 5). Using these optimizedrapghes, a range of soil and rhizosphere
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habitats were screened for the presence of antibiotic producing bacteria. A general

hypot hesi s

producing one or more antifungalagents The specific ai ms

T

To isolate antifungal producing bacteria from different soil ah@zosphere
environments, with a view to isolate antifun@airkholderiaspecies.

Identify the antifungal producing bacteria usingXBNA gene segence

Extract antifungal agents synthesised by these producing isolates.

Study the presence and diversity afitifungal agentsn antifungal producing
bacteria using TL&ioautography assay.

To examine other neB. cepaciacomplex such adBurkholderia gladioli as

antifungal producing species.
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6.2 Materials and Methods

6.2.1 Sample collection

Multiple environmental samples were examined as follows:
Soil samples were collected from mixed deciduous woodland irfCtezl Beddick
Tintern UK (coordinates 51.7106902.681351). A total of 10 soil samples were
examinedBacteria were cultivated from soil samples by adding of sieved sBbi-
G medium supplemented with cycloheximide, and polymxin, and gently homogenised,
and incubated horizontg at 3°C for 24h, then 201l of each culture were transferred

to a sterile micretube containing DMSO and stored until use.

Maize rhizosphere and soil samples were collected from Hargrove Farm, Bridgend,
Wales, UK (coordinates 51.515398646903), wth permission from the land owner.

A total of 14 soil samples were examinetio isolate bacteria from the maize
rhizosphere, maize roots were aseptically removed pP00the root homogenate was
added to 2 ml of BSM5 medium and then incubated atGdor 24 h. After growth,
200l of each culture was transferred to a sterile mtatme, DMSO was then added to

8%, and it was then stored-&0°C until use.

Bacteria associated with rhizospheretiipical rainforestplants were obtained from

multiple sites at the Danau Girang Field Centre, Sabah, Malaysia (coordinates
5.414000, 118.037317; all samples were obtained by E. Mahenthiralingam, Cardiff
University). A total of 96, 1 cm root samples were aseptically cut from a range of

plants growing on theainforestfloor and homogenised (using a disposable micro tube
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pestld in 1 ml of BSMG (pH 5.5) containing 0.1 mg thbf cycloheximide to prevent
fungal growth. The samples were shipped to the UK immediately and the growth of
bacteria allowedo proceedduring this period (8 days). Upon arrival in Cardiff, DMSO
was added to a final concentration of 8% v/v and the samples sto@@Gtprior to
screening. Antcandidal activity of these mixed rhizosphere cultures t@stedusing
growth on BSMG followed by werlaying withC. albicans pure cultures of the anti
candidalbacteria within these mixtures were then obtained by plating to single colonies

and rescreening the isolates (performed by Ewa Karpinska, Cardiff University).

Four isolates ofB. gladioli from cystic fibrosis (CF) patients were obtained from the
Cardiff University Collection (Mahenthiralinganet al, 2011) and included in this

study since they had shown evidence of antifungal activity in previous work.

6.2.2 Antifungal activity of bacterial isolates
The soil, root and CF isolates were screened for antifungal phenotypes &yailstans

using an agar overlay assag¢tion 2.51), and againdB. adustausing an agar antagonism
assay gection 2.52). Active isolates which showed antifungal adyivin the above assays
were plated to obtain single colonies to enable purification of each antifungal producing
microorganism. Single colonies were then retested for antagonistic activity using the

overlay assay.

6.2.3 Identification of isolated bacteria
Antifungal producers were putatively identified to the species level using 16S rRNA gen

sequence analysis (section 2.All pure isolates were stored é8C°C until use.All of



isolated antifungal producing bacteria were subjected to qualitative analysis TUSTA

bioautography assagdction 2.10).
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6.3 Results

6.3.1 Isolation of antifungal producing bacteria

In total, 120 samples of rhizosphere soil and plant root samples were collected from
different locations and screened for antifungalhetsti This resulted in the isolation of 84
pure bacterial isolates, of which 16dhenticandidal activity in an initial precreen using

the overlay assay. These 16 environmental isolates were combined \Bitlglddioli

strains isolated from CF patieraad subjected to detailed antimicrobial activity analysis.

All 20 isolates inhibied growth ofC. albicans with different inhibition zones ranging
from 9 to 60 mm (Table 6.1). The maximum inhibitiwascausedy B. gladioli (Bcc1671
and Bccl1668) and. cepaciaBcc1640(60.0, 40.0 and 33.5 mm respective(ypble 6.1).
All four isolates ofB. gladioli obtained from CF infection demonstrated both-aatididal

and antibasidiomycete activityigure 6.1andTable 6.).

The effect ofbacterial metaboliteson B. adustavaried considerably. Three different
classes of outcomes were observed between the baatetB. adusta(as described in
chapter 3)Firstly, a full inhibition ofB. adustagrowth (Figure 3.4 A) was definedshen
there was no growth at all &. adusta Secondly, deadlock (Figure 3.4 B) was defined
when the bacterialmetabolites stopped the growth Bf adustaand finally B. adusta

sometimes overgrowth the bacteffiagure 3.4 C).
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Table 61 Antifungal activity of active bacterial species isolated from different environments

1 |BCC1630 10TC1 B. ambifaria o ENV 29 + (0.0 01 - - - - - - - -
2 |BCC1631 10TC2 B. cenocepacia -E % ENV 11.5 - [0.0]0.12| - - - - - 0.7 - -
3 |BCC1632  |45TC1 B. cenocepacia g’ﬁ 3 |ENV 15 + 10.0/0.12 | - - - - - |07 | - -
4 |BCC1635 7TPMX2 Burkholderia sp. -(%s o c_%’ ENV 8.5 - - 1012 | - - - - - - - -
5 |BCC1638 5PMX3 B. ambifaria 3 ‘qc'; = |[ENV 51 - - - - - - - - - - 10.92
6 |BCC1640 10PMX2 B. cepacia SO ENV 335 - - - - - - - - 0.7 - -
7 |BCC1641 10PMX3 B. cenocepacia o ENV 9 + - - - - - - - - - 10.92
8 |BCC1667 64952 B. gladioli CF 25 + [0.0| - |0.28 - - 1056 | - - - -
9 |Bcciees  [5567 B. gladioli Cardiff UK |cF 40 | ++ [00/012] - |037| - |05 | - Jo71]o075] -
10 |[BCC1671 COL 1090 |B. gladioli CF 60 + 10.0/0.13|0.23 - - - - - 1075 -
11 |BCC1672 Manchester |[B. gladioli Manchester|CF 30 + - 1012 | - |[037|049| - - 0.7, - 10.99
UK 0.76
12 |ESH736 Chep.1.cord |Bacillus sp.* Coed ENV 26 ++ [(0.0(0.12 | - - - - - 1074 - -
13 [ESH737  |Chep.2.soil |Bacillus altitudinis* Beddick, {ENy 22 00/011| - | - | - [ - Joes| - | - | -
Tintern U.K -
14 |ESH738 S2.3 Bacillus pumilus * o . ENV 11 + - - - - - - - - - -
15 |ESH739 S2.5 Paenibacillus polymyxa * 33 ENV 14 | ++ | - 010 - - - - - - |08 0098
16 |ESH740 R3.2 Bacillus licheniformis * §§ ENV 12 + | - 010 - - - - - - - -
17 |ESH741 S4.4 Bacillus altitudinis * - -g‘ % ENV 16 + - - - - - - - - - -
18 |ESH742 S4.7 Bacillus safensis * E §, ENV 15 - 00| - - - - - - - - -
19 |[ESH743 R6.6 Bacillus subtilis * 'cE'ts & ENV 11.5 - - - - - - - - - - -
20 |[ESH744 R7.7 Bacillus sonorensis * ENV 12 + - - - - - - - - - -

CA, C. albicans BK1, B. adusta CF, cystic fibrosisENV, environmentgl* Nearest relative by 16S rRNA sequence analysis.




Figure 6.1 The autcomes (inhibition, deadlock and overgrowth) of the interaction
betweenB. adustaBK1 and active bacterial isolates

1630 8. ambifaria, BCC1630), 1631 K. cenocepacidBccl631), 1632 K. cenocepacidBccl632), 1635
(Burkholderia sp. Bccl635), 1638 B( ambfaria Bccl638), 1640 K. cepacia Bcc1640), 1641 R.

cenocepacidccl64l), 1667R. gladioli Bcc1667), 1668R. gladioli Bcc1668), 1671R. gladioli Bcc1671),
1672 . gladioli Bcc1672), S23Racillus pumilusESH738), S25 Paenibacillus polymyx&SH739), B2

(Bacillus licheniformiseSH740), R44 Bacillus altitudinisESH741), S47Racillus safensi€ESH742), R66
(Bacillus subtilisESH743), R77 Bacillus sonorensi€€SH744), SOIL Bacillus altitudinis ESH737) ,
CORD @BacillusspESH736).
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These findigs illustratea remarkable diversity of interactions betweeacteriaand
basidiomycete55% of tested bacteria were able to produceral@seactive metabolites
which inhibited the growth oB. adusta The most aggressivgurkholderiaisolate against
B. adusta(Table 6.1 and Figure 6.1) wd& gladioli Bcc1668. Isolate®f B. gladioli
Bccl1667, isolate ESH739 and ESH7Bfduced very active antifungal agents which
inhibited the growth oB. adusta Theweakest isolates weicc1630, Bcc1631, Bccl@3
Bccl641, Beel6Z, Beec1672 ESH739 and ESH740solatesBcc1635, Becc16383cc1640,
ESH742 and ESH74&ere unsuccessful tohibiting the growth oB. adustaThe results
showed that many isolates were able to change the morpholdgy axfustagrowth, as
therewas clear variation in mycelial colour and hyphal dgnsompared to the control.
For exampleBcc1635, Bccl64@nd ESH737solatesstimulatedmycelia ofB. adustato
produce farlike structures at mycelial margins compared to the control, and othgespe
were able to grow ovaBurkholderiacolonies and cover iB. adustagrew completely over

ESH742isolate(Figure 6.1)

The bacterial soil and rhizosphere isolates are listed in Table 6.1 with their classification
based on the nearest match to thédS rRNA genes. Seven antifungal isolates were
obtained from the Malaysian rainforest rhizospheres, and six were members of the
Burkholderiacepaciacomplex as followsB. ambifaria (2 isolates),B. cenocepacia3
isolates) andB. cepacia(l isolate) (Table6.1). The remaining rainforest isolate was a
member of the genuBurkholderiabut could not be identifiedtthe species level based on
16SrRNA gene analysis (Bcc1635, Table 6.1). In contrastBumdkholderiaspecies were
isolated from the maize rhizosptes in Bridgend, Wale4JK. Bacillus and Paenibacillus

species isolates comprised the antifungal producers obtained. Four isolates were obtained
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from loose soil around maize roots and included isolates putatively idérftifien their

16S rRNA sequencessaBacillus sp (ESH738, ESH739, ESH741 and ESH74Phree

other isolates ESH740, ESH743 and ESH744 were recovered from the maize root
homogenates (as more tightly adhered rhizosphere bacteria) and were putatively identified
as Bacillus sp. (Table 6.1). Twoantifungal producer isolate€£SH736 and ESH737
(isolated from loose sojl)were obtained from the forest rhizosphere of deciduous
woodland inTintern, UK and identified from their 16S rRNA gene sequenceBasllus

sp (Table 6.1).

6.3.2 Diversity of anti-candidal agents
Isolation of antifungal metabolites using resin extraction followed by TLC analysis was

performed for all 20 anitandidal isolates. The TL-Bioautography profiles demonstrated
that 16 out of 20 isolates produced extractable metabolites whteimed their anti
candidal activity (Table 6.1 and Figure 6.2). Resin crude extracts obtained from all 11
Burkholderiaisolates and Bacillusisolates showed artiandidal activity. In contrast, the
resin crude extracts of the remainind4cillus isolaes (ESH738, ESH741, ESH743 and

ESH744) failed teexhibit anticandidal activity on TLC plates.

The B. gladioli isolatesproduced the greatest diversity of metabolites as well as the most
potent antifungal compoundB. gladioli Bcc1668 that produced40 mm inhibition zone
againstC. albicans (Table 6.} had a TLCGbioautography with 6 activanticandidal
metabolites at different f/& 0.0, 0.12, 0.37, 0.5, 0.71 and 0.75 (Figure @2)gladioli
Bccl672 produced a 30 mm inhibition zone and the -bidautographyshowed 6 active

metabolites at differentf® 0.12, 0.37, 0.49, 0.70, 0.67 and 0.99
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Figure 6.2 TLC-bioautography assay of anticandidal metabdites secreted by
bacteria isolatedfrom different environments.

1 (B. ambifaria,BCC1630), 2 B. cenocepaci®ccl631), 3B. cenocepaci®ccl632), 4 Burkholderiasp.
Bccl1635), 5 B. ambifariaBcc1638), 6 B. cepaciaBcc1640), 7 B. cenocepaci®ccl641), 8 B. ambifaria
ESH736), 9 Bacillus altitudinisESH7¥) , 10 B. gladiol Bccl1667), 11 B. gladioli Bcc1668), 12 B.
gladioli Bcc1671), 13 Bacillus pumilusESH738), 14 (B. gladioli Bcc1672), 15 Paenibacillus polymyxa
ESH739), 16 Bacillus licheniformisESH740), 17 Bacillus altitudinis ESH741), 18 Bacillus safensis
ESH742), 19Bacillus subtilisESH743), 20Bacillus sonorensiESH744).
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B. gladioli Bcc1671 produced a 60 mm inhibition zone and the -bBidautography
showed 4 active metabolites at differents;R0.0, 0.13, 0.23 and 0.78. ambifaria
Bccl163d produced a 29 mm inhibition zone and the ThiGautography showed 2 active

metabolites at 8 0.0 and 0.10 (Table 6.1 and Figure 6.2).

Bacillus isolates showed different results using the TRiGautography assay. ESH737
produced a 22 mm inhibition zomgainstC. albicansand the TLGbioautography showed
3 active antcandidal metabolites at different€0.0, 0.11 and 0.68 (Figure 6.ESH739
produced a 14 mm inhibition zone and the ThiGautography showed 3 active anti
candidal metabolites atf®01, 0.8 and 0.89 (Figure 6.2). The TLBioautography assay
was not able to detect the active metabolites of the other 4 antifBagalus isolates

(Table 6.1 and Figure 6.1).
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6.4 Discussion

Screening a variety of soil and rhizospherdases for antifungal activity revealed that
Bacilluswas the only genus of antifungal bacteria isolated from Bridgend UK maize fields.
Other studies of microbial communities colonising maize rhizospheres all over the world
have found thatBurkholderia is one of the most common bacterial species present
(Dalmastrj et al, 1999 Estrada et al, 2002 Dalmastrj et al, 2007. This unexpected
finding might be due to the following: firstly, the main aim of this work was to isolate the
antifungal producers. To achieve this, B&vmedium was used becauseatltbeen found

to enhance the antimicrobial activity whilst screerifwgkholderiaspecies (Chapter 3 and

5). The previous maize rhizosphere studies had used a-sségoiive medium,
Pseudomonas cepacezelaic acid tryptamine (PCAT), which was formulatedetrich
Burkholderiaspecies. Another reason couldthatthe maizesamples in this study weee
different variety to the latter studies. Finally, the reason for the laBudholderiacould

also be because maize was only introduced and cultivated fast years ago in this area

of the UKand the natural soils here may contdacillusas the dominant bacterial genus.

In general the attempts to extract antifungal agents fsmfatedbacteria using the resin
methodworked but wasunsuccessful in ésaction the antifungal agents frord0% of
isolates. The reasons for unsuccessful extracthight be due to the nature of the
antifungal agents, to the solvent and the type of resin used in this study. Previous studies
in this field corroborated, as théyund that one of the basic parameters that influenced the
extraction of active compounds was the solMghikhdey et al, 2008. Different resns

have different abilities in extraofy antimicrobial agefs) (Ribeiro & Ribeiro, 2003

19¢



Different types of resin have been tested for extngantimicrobial metabolites fira B.
viethamensisand it was found that the neutral resin of XADvas able to extract anti
candidal metabolites when XAD6 failed on an active isolate (Mahenthiralingam group
2011 unpublished data). This could be due to the nature of different achabdatites,

with the antifungal

Oneout of 14 of rhizosphere isolates lost their antifungal activity after isolation as a pure
culture.This could be because tife synergisticeffects of certain metabolites which might
activate such productioriThis wa consistent with Cairet al, (2003) who found that

mixture of rhizosphere bacteria became inactive after isolation of pure isolates

6.5 Conclusions
1 The mostfrequertly isolated genera frorilargrove Farm, Bridgend, Wales, UK.,

maize rhizosphere an@oed Beddick Tintern UK., deciduous woodland eve
BacillusandPaenbacillus.

1 Mixed microbialculture may lose their antifungal activity after isolation as a pure
culture

1 The resin method was successful in extoactof the antifungal agents from
BacillusandBurkholderiaspecies isolated from the rhizosphere.

1 B. gladioli are an interesting source of antifungal metaboli@sde resin extract

comprisedat leasfive mainantimicrobial compounds.



CHAPTER SEVEN

GENETIC ANALYSIS OF ANTIMICROBIAL
AGENTS PRODUCED BY B. ambifariaAMMD
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7.1 Introduction
Burkholderiaambifaria AMMD (also known as Bcc0207; LMG 1918pwas selected for

genetic analysis of antimicdoal activity becausehis isolate has a fully sequenced
genome. Currently, the complete genome of 20 strainBuokholderia from different
species and ecological categories has been sequenced.Blinkiselderiasequences can

be examined online at thBurkholderia Genomes Database (BGmww.burkholderia.

com). The B. ambifaria AMMD genome is very large (genome size of 7.57 Mb), has a
high GC content (66.8%), is composed of 3 replicons, and contains a large number of
insertion sequenceB. ambifariaiAMMD wasoriginally isolated from the pea rhizosphere

and isthe representative durkholderiaspecieswith biocontrol potential againstrange

of microorganismgCoenye, et al, 200]). In the current study it was also shown tBat
ambifaria AMMD has activity againstGrampositive and negative bacteri@, albicans

and range of basidiomycetes (Chapter 3).

Genomic information available on the publicly accessiblaltges such as Genbank or
BGD can be investigated to increase our understanding of the genes responsible for
biosynthesis of metabolites with antimicrobial activity. The expressioB. Gmbifaria

AMMD genes induced duringtationary phasgrowth on glycenl was recently mapped by
microarray analysi$Mahenthiralingamet al, 201). This growth condition is known to
induce antimicrobial activity of strain AMMD (see Chapter 3 and 5) and therefore it was
not surprising to see th& putative secondary metabolite gene clusters were significantly
up-regulated. In the current study, using a TFhiBautography assaymore than 6
secondary metabolites with antimicrobial activity were detected and identified (Chapter 5).
Correlation of hese active antimicrobial compounds to specific biosynthetic loci will

considerably advance our knowledge of antibiotic productioBurikholderia
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One of the most powerful approaches used to identify the function of micestmated
genes is to introduceutations into the bacterial genome and screen for mutants which
have lost specific biological functions. Transposition is a recombination process in which
transposable elementsuch as Mu, Tn3, Tn5 or Tn10, move from one site on a genome to
a new site o the same genome, or move from a mobile element such as plasmid into a
completely new genomileckner, 198). The movement of transposons in this way can
cause genetic rearrangements such as deletions, inversions or duplication of DNA
sequences, as well as inactivation of the genes within which tiseytiand sometimes
activation of genes adjacent to the site of insertiBteinigerWhite, et al, 20049.
Transposon mutants lacking the ability to produce certain antimicraieaits have been
used to demonstrate the role of antibiotics in the biocontrol functions mediated by

microorganisms such &#&seudomona@-ravel, 1988Raaijmakerset al, 2003.

There are multiple bioinformatics tools available that can aid the identification of known
secondary metabolite genes within genomes such as that ambifaria AMMD. In
addition such genome mining may also lead to the discovery of novel antibiotics within
Burkholderia genomes. Artemis is a genome sequence visualisation and analysis tool
developed by Rutherforaget al (2000) (http://www.sanger.ac.uk /resources/software/
artemis/) The software allows, on one screen, the viewing of the sequence of an entire
genome in a graphical format; additional toadsich as the Artemis Comparison Tool
(ACT), also enable the display of pailise comparisons between two or more genomes
(Berriman & Rutherford, 2003 Genome annotation is the identification of putative
functional roles for genes encoded within a DNA sequdhcé&ashin & Borodwosky,

1998. The BGD (vww.burkholderia.comprovides similar features to Artemis but allows
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Burkholderiagenomes to be viewed and compared over the web. Hémsetool can
allow the comparison d8. ambifaria AMMD to all the additionaBurkholderiagenomes
available. It is a very powerful tool with which to identify the presence of orthologous

genes irBurkholderiagenomes.

A gener al hypot hesis for this <chapter W &
genamic analysis can identify and predict tBeambifaria AMMD genes involved in its
antifungal activity. o606 The specific aims ¢
1 To identify the gene(s) responsible for the production of-@atdidal agents by
transposon mutagenesisBfambifariaAMMD.
1 To characterise previously identifiegl. ambifaria AMMD mutants with altered
anit-B. multivoransactivity using resirbased metabolite extraction followed by
TLC-bioautography assay.
1 To bioinformatically analyse the glycermiduced upreguated B. ambifaria
AMMD gene clustes observed by Mahenthiralingaret al, (2011) and search for
the presence of orthologs within othgrkholderiagenomes.
1 To use the knowledge from the above genetic analysis in combination with
conventional phenotyp assays to characterise the kinet&sambifaria AMMD

metabolites secretion
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7.2 Materials and Methods

7.2.1 ScreeningB. ambifaria AMMD transposon mutants
A bank of 2500B. ambifaria AMMD mini-Tn5-Km2 transposon mutants that had been

previously createdMahenthiralingamet al, 2011 was screened for mutants that lacked
anticandidal activity (see section 2.8.1lindividual mutants with altered argandidal
activity were replated from the master mutant bank and retested (fwaceonfirm the
stability of their anticandidal negative phenotype; individual mutants were then stoied at
80°C for further characterization. In addition, a selection of 7 mutants with altered activity
against the bacterium@. multivorans (Mahenthirahgamet al, 2011) were investigated
using resinextraction of metabolites from 8ay plate cultures, followed by TL-C
bioautography assay (section 2.10). The range of bioactive compounds secreted By these
ambifaria mutants, in comparison to the wilggpe AMMD parent, was compared using

bothC. albicansandB. multivoransTLC overlay (see section 2.10).

7.2.2 Detection of Tn5 insertion site
To detect the transposon insertion site for eBchambifaria AMMD mutant that had

altered activity againsC. albicans B. ambifaria AMMD mutants were grown in TSB
containing Kanamycin(Km; 50ug/ml) at 37C for 24h. DNA was extracted from each
mutant culture using a mechanical shearing, tmsater based, extraction protocol
(Mahenthiralingam et al, 1996). Random Amplied Polymorphic DNA (RAPD;
Mahenthiralingamet al, 1996) PCR fingerprinting was performeas describeth section
2.8.2 to confirm that each transposon mutant was a derivatitze ambifariaAMMD and

not a contaminant isolated during the screening pdeCR was used to amplify DNA
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adjacent to the transposon insertion sites and then this DNA was sequenced as described

elsewherédManoil & Beckwith, 198% section 2.8.3

Briefly, the DNA adjacent to th@n5 insertion was amplified using a tvetep PCR
reaction protocol (step PCR1 and step PCR2) and 4 different primers. PCR 1 amplified the
end of the transposon and adjacent chromosomah DN give sequences of variable
lengths due to the random priming of primer 2b at genomic sites flanking the transposon
(Figure 7.1). Products of PCR1 were further amplified using PCR2. PCR2 products were
sequenced using primer PCR 3, on an ABI automatglencer (Cardiff University
Molecular Biology unit, DNA Sequencing Core). The amplified short sequences adjacent
to the transposon insertions were matched toBheambifaria AMMD genome using

BLASTN similarity search available at the BGD.

7.2.3 The Time course of production of anticandidal agents

Changes irbacterial growthculturepH and antcandidalagents oB. ambifariaAMMD

over timewere studied using BSM5 broth medium at pH6. Multiple 250 ml flasks
containing 100 ml of BSM5 medium and inoculatedith approximately 1 x 10cfu of B.
ambifaria AMMD were set up. The flasks were incubated either statically or with shaking
at 30°C The initial pH of the growth medium before autoclaving was adjusted t6.pH
However, it was noted to move to pH 5.92afhutoclaving. During growth, the pH of the
AMMD culture was not controlled by extensive buffering, with just a minimal phosphate
buffer system used in the BSM growth medium. At specific time pointspaleterial
growth as measured by turbidity at 630 mvas determined (the mean of 3 replicate

readingwas determined). At given time pasithe antimicrobial compoundsere extracted
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\Primer 4
\ Primer 2b Piimer 3 Frimer 1
TRANSPOSON CHROMOSOME

Primers 1 & 3: Target transposon
Primer 2: Anneals randomly to chromosome with conserved tail
Primer 4: Targets conserved tail of primer 2

|
PCR PRODUCTS |

\4
\ Multiple PCR products of varying
¢ length depending on annealing site of
F random primer 2b on chromosome
I —
I
* Primer 3

Sequence in one direction with Primer 3

Figure 7.1 PCR Schematic for sequencing transposon insertion site.

This PCRdetermins the site of the transposon insertion in the bacterial genome. Chromosomal DNA
adjacent to the Tn5 insertion is amplified using a-st&p PCR reaction procedure shown in diegram
above. Primer Sequences: Primeb Mt tta cac tga tga atg ttc e§ ;0Primer 2b5 -§gc cac gcg tcg aetgt

acn nnn nnn nnn acg €8 6 ; P r5idrogg ratt aBa, gcc gga tee cedy;d6Primer 4,5 ® ggc cac geg tecg act

agt ac.
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from one set of cultures usingAD16 resin as described in section 2.9.2. The bivacti
metabolites were then separated using TLC and located Wittabvicansoverlay(section

2.10).

7.2.4 Bioinformatics analysis
The whole genome sequenceBofambifariaAMMD was obtained from thBurkholderia

Genome Databasétfp://www.burkholderia.con)/ Artemis was used to further visualise

and annotate thB. ambifariasAMMD genome.Information onBurkholderiaantimicrobial

agents was collected from previous literature #mel current study. This information
consisted of the name, chemical structure, nucleotide sequence of the biosynthetic gene(s)
or the amino acid sequence(s) of the encoded proteins. The biosynthetic genes for the
following known Burkholderia antibiotics were examined: pyrrolnitrigSchmid{ et al,

2009, quinolinone(Vial, et al, 2008, enacyloxin (Mahenthitemgamet al, 2011) and the
Afc-lipopeptide (Kang et al, 1998. The genes or proteins were searched against the
AMMD genome using the BLASTN or BLASTP softwareBGD. Located gene clusters

were then marked onto thi& ambifariaAMMD genome using the Artemis software and
Navigator tool to match up amino acid or nucleic acid sequence data. The GC content of
the DNA was also visualised using the Artemis softwarderAfocation and further
annotation, screen shots of the Artemis or BGD plots of the AMMD antibiotic loci were

made to allow their presentation as figures.
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7.3 Results

7.3.1 TLC -bioautography analysis ofB. ambifaria AMMD mutants
lacking activity against B. multivorans
Two of the AMMD mutants, 5.2.7 and 9.7.2, were negative for activity against both C

albicansandB. multivorang(Figures 7.2 and 7.3). Three of the AMMD mutants, 9.11.5,
10.11.3 and 21.7.2, showed negative-8ntmultivoransactivity (Figure 73) but retained

their anticandidal phenotype in the overlay assay (Figure 7.2). Mutant 5.3.7 had reduced
antiB. multvoransactivity (Figure 7.3) and normal antandidal activity (Figure 7.2).
Mutant 11.8.2, a mutant which demonstrated both early appssaeand enhancement of its
antiB. multivoransactivity (Mahenthiralinganet al 2011; Figure 7.3), possessed normal

activity againstC. albicans(Figure 7.2).

The genetic basis for each transposon mutation andliterved antimicrobial phenotype

of ead mutant is summarised in Table 7.1. Mutants 5.7.2 and 9.7.2 had the same negative
phenotype against bot@. albicansand B. multivorans sequence analysis of their In
insertions demonstrated that they were both Cepl mutants, the autoinducer synthase
involved in quorum sensing l§. ambifaria The resin metabolite extracts from both Cepl
mutants contained no asgandidal (Figure 7.2) or anB. multivorans metabolites
demonstrating that all these antibiotics are dependent on an active quorum sensimg syst

for their biosynthesis.

Mutants 9.11.5, 10.11.3 and 21.7.2 were only able to produce ormaadtdal compound

detectable by TLébioautography (R = 0.73; Figure 7.2) and completely lacked

enacyloxin (R= 0.5; Figure 7.3), the polyketide compouwmcyloxinactive against
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Figure 7.2 Analysis of anticandidal activity of B. ambifaria AMMD mutants unable to
inhibit C. albicans
Overlay assay (panel a) demonstrated-eatididal activity. TLCbiocautography ssay (panel b) confirmed

the presences and absences of-eantididal agents in secondary metabolite® oambifariaAMMD wild
type and 7 AMMD mutantArrows indicated antcandidal activity
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Figure 7.3 Analysis of arti-B. multivorans activity of B. ambifaria AMMD mutants
unable to inhibit B. multivorans

Overlay assay (panel a) demonstrated-dati multivoransactivity. TLC-bioautography assay (panel b)
confirmed the presences and absences of Bnthultivoransagents in secondary metabolitesBxfambifaria
AMMD wild type and other 7 AMMD mutantg\rrows indicated artiB. multivoransactivity.
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B. multivorans(Mahenthiralingamet al, 2011). Mutants 9.11.5 and 21.7.2 both contained
transposon insertions polyketide synthase (PKS) encoding genes within the enacyloxin
biosynthetic cluster (Mahenthiralinganet al, 2011); mutant 10.11.3 contained an
insertion in a gene of hypothetical function which was also linked to enacyloxin production
(Mahenthiralingamet al, 2011). The presence of the one a@ndidal compound offR

0.73 in these mutants suggested they retained the capacity to produce the quinolinone

antifungal compound which separated as this fraction (chapter 4).

Mutant 5.3.7 contained a transpagasertion in a glycosyltransferase encoding gene; TLC
analysis demonstrated that 5.3@d a similar anticandidal compound profiléo B.
ambifaria AMMD wild type (Figure 7.2), but produced a larger enacylelide fraction

(Rf = 0.52; Figure 7.3) despitits slightly weaker anB. multivoransphenotype in
standard overlay assays. Mutant 11.8.2 contained an insertion in a cation diffuser family
transporter gene and produced the normal range otantiidal (Figure 7.2) and aBi

multivorans(Figure 73) compounds by TLC bioassay.

7.3.2 TLC -bioautography and genetic analysis oB. ambifaria
AMMD mutants lacking activity against C. albicans

The mutant bank created by Mahenthiralingagh al, (2011 had been screened for
alterations in antB. multivoransadivity using an overlay with this test organism. To fully
explore the antimicrobial phenotype Bf ambifaria AMMD, its antifungal activity was
further investigated by screening the same transposon mutant bank for defects in the
production of ati-candidalagents. Out of 2500@solates the anttandidal activity of
individual AMMD mutants variedand many of them showed ustable activity against

C. albicans On the first screen of the mutant baBB mutants with negative or reduced
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actvity were identifed and selected for further analysis. After each of these mutants were
re-screened individually for antiandidal activity 17 mutantswere stably altereth antt
candidal activityand 6 reverted to wild type activity. A total of 9 out of 17 stable mutants
were successfullysubjected to DNA sequence analysis of their transposon insertions
(Table 7.1). All9 mutant sequencesatched an insertion point on the AMMD genome

(Table 7.1).

The genetic basis for each transposon mutation and their observed amishjgh@notype
of each mutant is summarised in Table 7.1. Mutant 11, Whigh encoded for an amino
acid Nacetyltransferase enzymaas putatively involved in polyketide biosynthesis.
Mutant 11.10.8 contained transposon insertionsaigene of hypotheta function

(Bamb6146) which was linked to AfcA locus (Bamb_66453).

7.3.3 The time course of production of anticandidal agents
To gain an insight into the kinetics and physiologyBofambifaria AMMD metabolite

secretion, the production of arg&ndidal ompounds, cell density and pH were monitored
over 170 hours of growth in BSI@ liquid medium static culture (Figure 7.4). The pH
increased slightly from 5.92 to 5.98 in the early stage of the fermentation up to 14 h, then
decreased to 5.2 at 78 h; for thst 4 days of culture the pH then increased to 5.56 by the
end of the 170 lof test period. The optical density of growth culture increased over time,
reaching a maximum at approximately 98 h, but then decreased for the remaining culture

period.
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Table 7.1 Characteristics of B. ambifaria AMMD transposon

mutants

AMMD Anti -candidal Anti-B. multivorans Characteristics of AMMD mutants
and Activity activity
mutants | Overlay TLC Overlay assay TLC Location of
assay bioassay (Rf) bioassay Rf) transposatnts Gene name Putative function
No. (Chromosome No)
AMMD + (6) 0.0, 0.08, 0.33 + (1) 0.47 -
(wild type) 0.5,0.72 & 0.98
Transposon mutants with alteredB. multivoransactivity isolated by Mahenthiralingam et al. 2011
5.37 + (2) 0.5&0.73 + (reduced activity) | (1) 0.5 1 Bamb_2222 | Glycosyltransferase, group 1
57.2 - - - - 2 Bamb_4118 | Autoinducer synthase, Cepl
9.7.2 - - - - 2 Bamb_4118 | Autoinducer synthase, Cepl
9.11.5 + (1) 0.73 - - 3 Bamb_5919 | transAT modular PKS
10.11.3 + (1)0.73 - - 2 Bamb_5367 | Hypothetical protein
11.8.2 + (2)0.5&0.73 + (1)0.53 2 Bamb_5056 | Cation diffusion facilitator family transporter
21.7.2 + (1)0.73 - - 2 Bamb_5422 | cis-AT modular PKS
Transposon mutants with altered anticandidal activity isolated in this study
11.10.8 - ND ND ND 3 Bamb_6146 | Hypothetical gene
11.12.3 - ND ND ND 3 Bamb_5771 | Acetyl-CoA acetyltransferases
11.12.6 - ND ND ND 1 Bamb_2193 | Amino-acid N-acetyltransferase
13.1.4 - ND ND ND 1 Bamb_2465 | Major facilitator syperfamily MFS_1
13.5.1 - ND ND ND 2 Bamb_3978 | Intergenic inserton betweem glucesethanoicholine oxidoreductase
and a cytochrome C, class | protein encoding gene
17.11.6 - ND ND ND 1 Bamb_1389 | GTP-binding protein Typ A
18.1.2 - ND ND ND 2 Bamb_5342 | Hypothetical protein
18.7.6 - ND ND ND 2 Bamb_5047 | Peptidase C26
10.10.8 - ND ND ND 1 Bamb_1541 | Ton B-dependent siderophore receptor
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Figure 7.4 Time course ofB. ambifaria AMMD culture tracking optical density, pH
and secomlary metabolites secretion.

B. ambifariaAMMD liquid cultures (100 ml) were grown statically for different lengths of time. The pH and
culture optical density were measured. Replicates were harvested after various time periods of incubation and
subjectedo extraction of metabolites as following: The growth mediwas centrifugethen the supernatant

was used to extract bacterial secondary metabolites using Amberlite XAD16 resin. The resin was eluted with
methanol to extract the artandidal components.yBcorrelating the active fractions seen in the TLC
bioautography to the MS data, the appearance of the following compounds are indicated on the time course:
polyethylene glycokPG), 4hydroxy3-methyt2-a | Kyl qui nol i ne ( HQ) , enacyl ox
derivative (EYU) and unidentified compounds (UN). The mean (x SEM) is shown for each parameter
measured.
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The dry weight yield of resin extractable metabolitesaased gradually up to 38 h (787

mg ), andthen after 62 tincreased rapidly to a maximum vyield of 1619 nigfigure

7.4). Using the TLCGbioautography assay at least five active-aatididal metabolites of

the B. ambifariaAMMD were detected (Figuré.5). The first active anttandidal agents

were produced 6 h after inoculationf(®10Q Figure 7.5 B); from correlatiowith the MS

data these metabolites were probably polyethylene glycol (PEG) and unknown peptides

(see chapter 4).

After this, fractons corresponding to an unknown compountiqR5) and quinolia (Rf

0.72 + 0.02) were detected after 50 h. A fraction corresponding to EnacyloxinfiIDeb(R

+ 0.02) appeared after 122 h and another putative enacyloxin isofr@B8fRt 0.02) after

146 h (Figure 7.5). There was no sign of pyrrolnitrin production under these liquid growth
conditions. Extraction and TLGioautography of the umoculated growth medium left
under the same conditions did not demonstrate the presence of argaratitial
metaolites, demonstrating that the activities observed were due to metabolites produced as

a result oB. ambifariagrowth (Figure 7.5).

7.3.4 Bioinformatics analysis ofB. ambifariagenome
The TLGBioautography assay had detected more than six secondary metabatin

antimicrobial activity (chapter 4 and 5) in tBe ambifariaAMMD resin extracts from
plate grown bacteria. The amwandidal compounds were identified as pyrrolnitrin,
guinolinone and enacyloxin using L@S (chapter 4). Bioinformatic characterimat of

known and novel antibiotic loci within tH& ambifaria AMMD genome was therefore
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Figure 75 TLC -bioautography assay of anticandidal meabolites secreted byB.
ambifaria AMMD during time course.

B. ambifaria AMMD liquid cultures (100 ml) were grown statically for different lengths of tithg as

indicated at the bottom of each panel. Secreted metabolites were extracted, separatedruyvidu@lized

under UV light (Panel A). Extraction of growth medium without AMMD was performed as a control at three
different time points (h) as indicated. The TLC plates were overlaid @ithlbicansto reveal antifungal

activity (Panel B). All TLC plags were run simultaneously a&plicates and the retention fac{@f) scale is
indicated.Arrows indicated the dot point of production of each active metabolite.appearances of the

following compounds aréndicated on the time course: polyethylenecgly(PG), 4hydroxy3-methyt2-

al kylqguinoline (HQ), enacyloxin tt (EY2), an ena
(UN).
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performed to correlate the results of the chemical analysis with the putative functional

biosynthetic capacity of thgenome.

A pyrrolnitrin gene cluster was identified B ambifariakAMMD genome on chromosome

2 (Table 7.2). The pyrrolnitrinpgn) operon length was 5800 bases and contained four
genes (Figure 7.6prnA (Bamb_4726)prnB (Bamb_4727)prnC (Bamb_4728) ad prnD
(Bamb_4729). The GC content of the operon ranged from 56.9% to 73.4% (Figure 7.7),
however, the average GC content was 65.7% and close to the average for AMMD genome
(Table 7.2). Thirteen out of the twenty genome sequeBcekholderiastrans encded

the genes homologous those in thern operon Seven strains were found to contain the
whole pyrrolnitrin operon (gengsnA to prnD), while six strains containechancomplete
operon (Figure 7.8 andiable 7.3). For the seven strains with a compjate locus, 5
encoded the operon on chromosome 2 and two encoded it on chromosome 3 (Table 7.3).
Three of the genome sequenced Bcc strains had been previously tested for antifungal
activity, B. ambifariaMC-40, B. cenocepacid1C0-03 andB. lata383 and allwere active

(see chapter 3).

A 4-hydroxyt3-methyt2-alkyl-quinoline (HMAQ) gene cluster was identified within the

B. ambifariaAMMD genome on chromosome 3 (Table 7.2). The length of HMAQ gene
cluster was 11777 bases and contained 7 genes (Bamb53883-igure 7.9). Although

the GC content of the gene cluster varied from 55.2% to 76.3 %, the average GC content
across the region was still typical for strain AMMD (Table 7.2). The Bamb_5767 gene
within the cluster encoded a LuxR family tsaniptional reglator (Appendix G Figure

C.1) indicating that the cluster was most likely regulated by quorum sensing. The absence
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Table 72 Characterisation of B. ambfaria AMMD genes responsible for synthesis of antiicrobial agents

Cluster name Characteristics
Chromosome Number Gene name Cluster Average GC No. putative LuxR
No. of genes length | content (%; AMMD orthologs gene
(Kb) average = 66.%)
Quinolines 7 Bamb_ 5763 Bamb 5769 | 11777 66.4 5 -
3
Enacyloxin 33 Bamb_ 5910 Bamb_5943 | 84284 71.5 9 +
AfcA lipopeptide 26 Bamb_ 6128 Bamb_6153 | 24238 70.6 13 -
Unknown B 15 Bamb_ 6468 Bamb 6482 | 55082 67.1 5 +
Pyrrolnitrin 4 Bamb_4726 Bamb_4729 | 5800 65.7 13 -
2
Unknown A 21 Bamb 3597 Bamb_3617 | 23444 67 4 -
1 No genes responsible for synthesis of antimicrobial agents detected
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Figure 7.6 The pyrrolnitrin operon of B. ambifariaAMMD .

The amino acid and nucleotide sequences of pyrrolnitrin were searched agaBstathbifaria AMMD
genome using the BLASTN or BLASTP software. The located gene cluster was then marked @to the
ambifaria AMMD genome (Bamb4726 to Bamb 4729) and navigator tool to match up amino acid or
nucleic acid sequence data. Pyrrolnitrin operon games\(prnB, prnC andprnD), the functional annotation
and products of genes are also shown. ddleur indicated the subcellular localization classes as shown in
the key.
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Figure 7.7 Antimicrobial biosynthesis loci encoded on chromasome 2 oB. ambifaria AMMD.

The linear representations Bf ambifariaAMMD chromosome 2 are viewed with Artemis software. The localisation of putative antimicrobial biosynthetic genes,
pyrrolnitrin and unknown A, and their GC content are shown. The sfdhe map is shown in 1 kb increments. The potential protein coding regions-(miedr by
biological role) are depicted as boxes with arrow heads indicating the direction of transcription.
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Figure 7.8 Orthologous arrangement of pyrrolnitrin  biosynthesis genes of
Burkholderia genomes.
Pyrrolnitrin genes were identified in Zurkholderiagenomes. The top panel showgdambifaria AMMD

pyrrolnitrin  biosynthesis genes, and other six orthologous loci are shown.cdiber indicated the
subcellular localization classes as shown in the key.
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Table 73 Putative orthologsof B. ambifariaAMMD pyrrolnitrin genes in other Burkholderia genomes

Burkholderia strains

Pyrrolnitrin cluster

prnA
(7 isolates )

prnB
(7 isolates )

prnC
(12 isolates )

prnD
(13 isolates )

Chromosome
number

. ambifaria AMMD

+

+

+

. ambifariaMC40

. cenocepaciaMCO0-03

. lata383

. pseudomalleiLl106a

. pseudonallei 1710b

. pseudomalleb68

+| +| | | |+

o S I I

. malleiATCC 23344

. malleiNCTC 10229

. malleiNCTC 10247

. mallei SAVP1

. pseudomalleK96243

|| | H| | A ] | |+

W W W W W W W W W W W W W

. cenocepacia2315

S A N A A R A A i s

N[ NN N NN DN DN N W WD
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of the quinolinone antibiotics in the metabolite extracts from the two Cepl autoinducer
synthase mutants corroborates this observation. A complete HMAQ gene cluster was found
in three strains of fully sequenceBurkholderia strains B. ambifaria MC40-6, B.

pseudomalleK96243 andB. thailandensi€264; AppendixC; FigureC.2).

An enacyloxin gene cluster encoding 33 genes with a high GC content (71.5%) suggestive
of its acquisition by horizontal gene transfer was identified on chromosome 3 (Fi§ure
andTable 7.2). As with the HMAQ gene cluster, the enacyloxin cluster also encoded two
LuxR family transcriptional regulator genes, Bamb_5910 and Bamb_5911 (Appéndix
Figure C.3), indicating regulation via quorum sensing and correlatiith an absence of

the polyketide in the two Cepl autoinducer synthase mutants. Nine out of twenty genome
sequencedurkholderiastrains possessed a limited number of genes orthologous to those
within enacyloxin gene cluster (mainly single RK& genes), however, none had a
completely identical cluster Appendix C; Figure C.4). This also correlateavith an
absenceof enacyloxin activity in the genome sequenced Bcc strains previously screened

(chapter 3).

An AfcA lipopeptide gene cluster was also identified on chromosomé&e& géne cluster
was 24238 bases in length and contained 25 genes: Bamb- Ba2& 6153 Appendix
C; FigureC.5). Its average GC content was atypical BorambifariaAMMD at 70.6%,
again suggesting that it was acquired by horizontal gene transfer (Fi@uré\ complete
AfcA lipopeptide gene cluster was found in four strains of fully sequeBcekholderia
strains B. lata 833, B. cenocepacialCO-3, B. cenocepacidAU1045 andB. cenocepacia

HI2424; AppendixC; FigureC.6).
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Figure 7.9 Antimicrobial biosynthesis loci encoded on chromosome 3 &. ambifaria AMMD.

The linear representations Bf ambifariaAMMD chromosome 3 are viewed with Artemis software. The localisation of putative antimicrobial biosynthetic genes: 4
hydroxy quinolines (Quinolines), enacyloxin, AfcA lipopeptide and unknown B, and their GC content are shown. The scale of stehavapin 1 kb increments.
The potential protein coding regions (colmaded by biological role) are depicted as boxes with aheads indicating the direction of transcription.



Gene clusters for two unknown antimicrobials, A and B, were identifiedBon
ambifaria AMMD chromosome, 2 and 3, respectively (Table 7.2). The unknown A
gene cluster length was 24238 bases with an avée&yeontent of 67% (Figure 7.

and Table 7.2). It contained 21 genes (Bamb_3597 to Bamb_3617) with Bamb_3608,
Bamb_ 3611, and Bamb_3612 all predicted to encode polyketide syntheses hence
suggesting the unknown A gene cluster encoded an antimicrobial nieta@olly one
genome sequence®. ambifaria MC40-6, possessed a complete gene cluster
homologous to that of the AMMD unknown A gene locus (Figureahd Appendix €
FigureC.9). The unknown B gene cluster was 55082 bases long and encoded 14 genes:
Bamb_648 - Bamb_6482; its GC content was typicdkhe rest of the AMMD genome

at 67% (Figure 7. and Appendix CFigureC.10.
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7.4 Discussion
The purpose of this work was to identify the genes responsible for the production of the

anticandidal metabolites byB. ambifaria AMMD using transposon mutagenesis.
Thetransposon insertionsterfere directly or indirectly witlgenefunction. However, it

was difficult to explain the potential mode of action of all transposon insertion mutations.
Six mutants lacked the diby to produce active antimicrobial agents when screened for the
first time; these mutants reverted to wild type activity when individualscreened for a
second/third time. This instability of mutant phenotype agdnslbicansmay be due to

the different Tn5 insertion sites in the AMMD genome, with some less stable than others.
Another reason may have been that because -BSWas used as a screening medium
without the addition of kanamycin which is selective for the transposon used. A final
reasonfor the transposon mutant instability observed cdaddhe fact theB. ambifaria
AMMD is known to secrete at least 6 aotindidal agents (see chapters 4 and 5), and
hence single mutations may not result in a clearly negative antifungal phenotype. This
phenomenon was also reported by Cornadisal. (1992) who were working on stability,
frequency and multiplicity of transposon insertions of fluorescent Pseudomadhags

found the transposons were unstable

A TLC-bioautography assay was able to confirm the phenotype results of the overlay
assay. The locations of active antimicrobial genes capable of inactivating antimicrobial
production of 16 isolates of AMMD Tn5 mutants were detect&étle insertions

demonstrated that there were many genes involved in AMMD antimicrobial production

and these were located on all chromosomes (1, 2 and 3) within its genome. Half of the
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mutations altering antimicrobial production in the current study oedurr chromosome

two, 31.25%were in chronosome one and I8% targeted chromosome three.

The TLGbioautography assay results showed that Tn5 mutants 5.2.7 and 9.7.2 lacked all
antimicrobial activity against bot@. albicansandB. multivorans Moreover the results of

the sequencing showed that the Tn5 insertion in both mutants occurred in the same site, a
gene encoding the AMMD Cepl homologue. Cepl is responsible for the synthesis of QS
molecules, Noctanoythomoserine lactone (HSL) derivatives whichyrzave different

carbon side chain lengths (C6 and-E8L have been observed B1 ambifariaAMMD;

Vial et al., 2008). The lack of antimicrobial activity in the Cepl mutants suggests that QS
controls the biosynthesis of all antimicrobial agentBofambiiria AMMD. Different

studies reported that many antimicrobial metabolites like bactobolin (Seyedsayandost
al., 2010), pyrrolnitrinlkKeum et al, 2009 Schmidt et al, 2009 and the quinolinegVial,

et al, 2008 are controlled by QS molecules.

The 5.3.7 and 11.8.2 rtants were able to produce two compounds<R.55+0.02 and
0.70+0.02) which were identified as enacyloxin and quinolines respectively (see section
4.42). Here, the Tnb transposon was flanked in two different locations in the AMMD
genome Bamb_2222 and Bab 5056 respectively, which were responsible for the
synthesis of glycosyltransferase group 1 and a cation diffusion facilitator family transporter
respectively. Glycosyltransferase group 1 encoded for an aacidoN-acetyltransferase
enzyme which is a nidx enzyme that catalyzes the synthesis d@lutamate to Nacetyt
L-glutamate in the presence of AceGbA. Bamb_2222 and Bamb_5056 were not a part

of gene clusters responsible for the synthesis of enacyloxin and quinolines. These results
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suggest thathese genes might be indirectly involved time production process by
producing precursors or activators including such metabolites. In mutants 9.11.5 and
10.11.3 one compound with a@ndidal activity was produced (R 0.70 £ 002) and
identified as quioline (section 4.42). The Tn5 transposon insertion in 9.11.5 wmas
Bamb_5919, a gene encoding a tr&1S modular PKS thatwas part of polyketide

biosynthesis pathway for the production of enacyloxin (Mahenthiralingaat, 2011).

During the time cowse ofB. ambifaria AMMD fermentation, pH, bacterial growth and
anticandidal activity were monitored over timéhe determination of the exact time of
production of antcandidal agents bBurkholderiaunder shaking conditions was difficult,
because activanticandidal compounds were produced and detected together at early time
points such as 12 h of growth. The reason for this was not clear but it seems possible that
these results were due to the early activation of the genes that were responsible for the
production of such compounds. The very rapid rate of growth occurring with good aeration
also meant that the cultures reached high cell density rapidly. It is well known that many
secondary metabolites are produced during ther latisges of microbial gmwth. In
addition the high cell density would mean that QS was active, which was to play an

integral role in antimicrobial production from the isolation of the two Cepl mutants.

Under static conditions it was possible to detect the time point of thegiionl of several
anticandidal metabolited.ittle variation in pH was recorded, and duriBgirkholderia
growth the culture remained within the acidic pH range.expectedthe rate of anti
candidal metabolite production correlated with the growth faBe ambifariaisAMMD and

was the highest in the lattationary phaseThe resin extract of the culture supernatant
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inhibited C. albicansand other microorganisms, showing that the antimicrobial metabolites
were extracellular. Lysis and extraction of thetabelites present withiBurkholderia
cells demonstrated that very little antimicrobial activity resided within the bacteria (data

not shown).

Genomics provides a powerful tool to detect and predict genes responsible of antimicrobial
production among a we range of microorganisms. The results of a transcriptomic
microarray study oB. ambifariaAMMD found that six gene clusters encoding putative
bioactive metabolites were highly upregulated when the bacterium was grown oiGBSM
(Mahenthiralingamet al, 2011) These results correlate with the findings from the TLC
bioassays which separated at least 6-@ntdidal metabolites. Three of these metabolites
were identified as enacyloxin, pyrrolnitrin and the quinolines (chapter 4), and upregulated
gene clustrs encoding the biosynthesis of these compounds were clearly located within the
AMMD genome. The remaining 3 compounds, the AfcA lipopeptide taradunknown
metabolites were not chemicallgentified in this study but their gene clusters were

characteried (Figure 7.10)

GC content varies in different organisnasidis one of the important parameters in helping
understand the evolutionary relationships between bacteria species; closely related
bacterial species have an average GC content which doeargajreatly between isolates

of that species. HenégeGC content varies considerably within a region of genomic DNA,

it is a hallmark of genes that may have come from a different bacterial species and is
foreign to the encoding genome. The aver&jeanbifaria AMMD GC content was

66.8%. The GC content of pyrrolnitrin, unknown A and quinolines were within this
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Figure 7.10 Distribution of the antimicrobial biosynthetic genes onB. ambifaria AMMD chromosome two and three

The location and the size of the antimicrobial biosynthetic genes are shown.
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average species range, suggesting that these antimicrobial biosynthesis genes may be quite
ancestral inBurkholderia species such aB. ambifaria.In contrast, the GC contentf o
enacyloxin, AfcA lipopeptide and unknown B antimicrobial biosynthesis clusters was
above average for the AMMD genome, suggesting that they have originated in another

species and been acquired by horizontal gene transfer.

Pyrrolnitrin is an antibiotic prduced by a few genera of Gram negative bacteria,
Burkholderiasp (Arima, et al, 1969, Pseudomonadsp, Enterobactesp andSerratiasp
(Hammer et al, 1999. Theprn operon was distributed among multiple genome sequenced
Burkholderiaspecies (Figure 7.8)n B. anbifaria AMMD the prn was composed of four
genes with typical structure for pyrrolnitrin biosynthesis (Hamraegl, 1999). The GC
content and high frequency of the prn operon within oferkholderia (65% of the
available genomes) is indicative of tref that the prn operon might have originated as a
normal component oBurkholderiagenomes. 6 out of 13 fully sequencBdrkholderia
isolates had an incomplete set of the prn open( and prnD) and there was no
information from the literature aboutelproduction of pyrrolnitrin in these isolates. These
results suggest that: (i) that deletion or transfer of all or pagrtheperon can occur, and

(i) an incompleteprn operon lacking theornC and prnD genes is not sufficient to
synthesise pyrrolnitn. These findings are consistent with Costal (2009) who found
thatB. pseudomallek96243 missed a prn operon in comparison with the genome of other
B. pseudomallestrains, and suggested that then operon was mobileB. ambifaria
AMMD genome contains several LuxR genes which are -kedlwn controllers of

guorumsensing.
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LC-MS detected and identified severplinolinesderivatives in théB. ambifariaAMMD
extracts and all showed amtandidal activity ¢haper 4) Through the time course of the
experiment conducted with Tl-Bioautographyquinolines wergroduced first at an early
time of incubation oB. ambifariaAMMD. This finding suggests that quinolines play a
basic role in antcandidalactivity in B. ambifaria AMMD. Further studies on these potent
antimicrobial antibiotics, examining its inhibitory, toxicity affects ayahetics are needed

to see if theycan be developed into a useful antibiotic.

7.5Conclusion
The general hypothesis for this chaptexswaccepted in that transposon mutagenesis was

found to be useful in locating genes which play a part in the biosynthesis-chadidal
compounds by8. ambifariaAMMD. Additional conclusions are:

1 The TLGbioautography assay was able to confirm the ptgre results of the overlay
assay for the AMMD transposon mutants.

1 Sixteen mutants with altered antimicrobial phenotypes were identified from a total of
2500 transposon mutants screeh Eleven of the mutants were totally negative in-anti
candidal actiuly, while the others had variable antindidal activity.

1 The Tn5 insertions demonstrated that Cepl mutants were totally defective 4n anti
candidal and ard8. multivoransactivity and demonstrated that QS plays an integral part in
antibiotic production iB. ambifariaAMMD.

1 The biosynthesis of antimicrobial agents: enacyloxin, AfcA lipopeptide and quinolines
of B. ambifariasAMMD were controlled by QS molecules.

9 Static growth conditions were best to screen for detection and the time point analysis of

anttcandidal production b3. ambifariaAMMD.
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1 B. ambifariaencodes multiple genes which direct for antibiotic biosynthesis and these
may be either ancestral to the species (such as those for pyrrolnitrin production) or have
been acquired by horizontal gene 8fem (such as those encoding enacyloxin

biosynthesis).
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CHAPTER EIGHT

CONCLUSIONS AND FUTURE WORK
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Conclusions

The aim of the current work was to screen, isolate, characterise and idBankhyolderia
antifungalagents, investigating their natural diversity aaftect on both ascomycete and
basidiomycete fungi. A comprehensive survey of the activity and diversity of antifungal
agents present in a large collectionacturately identified. cepaciacomplex and dter
Burkholderiawas performed. The determination of the physiology and genetics of a small
panel of antifungaB. cepaciacomplex isolates was also undertaken. The work provided
detailed information on the range dfurkholderia antifungal metabolites anelso

developed new procedures to produce them and identify them.

8.1 Hypothesis one: AlIB. cepaciacomplex and other
Burkholderia are capable of producing antifungal
agents (Chapter 3).

The overall hypothesis was rejected, because not &urkholderia spedes were found

to be active in the secretion of antifungal agents.

To date, limited attentionhas beengiven to interactions between wood decay
basidiomycetes anBurkholderia.In addition,no studies have looked at large collections
of taxonomically weHldefined Bcc isolates. Various media formulations were tested prior
to the optimal media being selected to examine the diversity efuangial acivity across a
collection of 397Burkholderiaisolates.An additional challenge of the work was that
wood-deay basidiomycete fungiwhich grow as myceliawere used. Initial screening of

antibasidiomycete activity was performed using a conventional contact antagonism assay
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that has been applied to other filamentous fungi. However, a novel overlay assay using
homogenised mycelia to form an even growth of blasidiomycetavas also developed.

The work presented in this chapter focused on 339 Bcc and 58Rattidrolderiaspecies.

The antagonism towards 10 representative wood decay basidiomycet&s altmicans

was examined for the first time.

A total of 45% of teste@®urkholderiaisolates produakantifungal agentsThe best media

to support the production and the activity of argndidal agents bgurkholderiawere SA

and BSMG. Growth on rich media like TSAidl not result in antimicrobial activityB.
ambifaria B. cepaciaandB. cenocepaciavere the most antagonistic Bcc species against
both C. albicansand B. adusta In contrast,B. multivoransand B. stabiliswere highly

limited in their ability to producentfungal agents. A basidiomyceteserlay assay was
successfully developed fd3. adustaBK1 and T. versicolorD2, and overallB. adusta

BK1 was selected as a model basidiomycete species to enable characterization of

Burkholderiafungal interactions.

8.2 Hypothesis two: Burkholderia produce more than
one antimicrobial compound. TLC-bioautography
can be used to examindBurkholderia antimicrobial
diversity (Chapter 4).

The hypothesis was accepted becauBeirkholderia species isolates were found to be
capableof producing more than one active antifungal agentand TLC-bioautography

was a good tool to study antimicrobial diversity.
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Burkholderiaare soil bacteria that are known to produce a range of potent antimicrobial
agents, however, the extent of this atyivacross the genus and within tBe cepacia
complexwas not knownBy screening for antifungal activity in the large collection of
Burkholderiait wasdemonstrated that 45.5 % of isolates had antifungal activity (Chapter
3). Extraction and partial purdation procedures were developed; extraction on Amberlite
resin followed elution with methanohpplied for the first time to bindurkholderia
metabolitesproved to be an excellent means to obtain active antimicrobial ex{faqs.
bioautographywas sucesdully applied to examine the diversity oBurkholderia
antimicrobials in these extraciBhe number of active metabolites observed using the TLC
bioautography ranged from 1 to sixtifungal agents, with multiple Bcc strains capable of
producing 2 or mee antimicrobials. LEMS was subsequently used to successfully identify

Burkholderiaantifungal metabolites.

Amberlite XAD-16 resin followed by methanol elution proved to be the simplest method
for extracting the bioactive compounds at high purity fidankholderia TLC combined

with a bioautography assay was a rapid and accurate method for the localization of
antimicrobial activity on a chromatogram. It offered the ability to obtain a profile of
Burkholderia antimicrobial secondary metabolite patterns stoidy the presence and
diversity of antimicrobialagents ofBurkholderia The TLCGbioautography and LGS

data showed thatBurkholderia comprise a large reservoir of known and novel

antimicrobial agents, especially for those exhibiting antifungal activity

Several of the antifungal compounds discovered were described for the first time in this

group of bacteria, with a striking example being the polyketide antibiotic, enacyloxin,
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produced byB. ambifariaAMMD. B. ambifariaBCF produced 4 active compoundgth

a similar bioautography profile ®. ambifariaAMMD, except for a highly active mixture
of metabolites which were identifieds bactobolin A, B, D and a nevbactobolin
containing chlorine B. ambifaria KW and Mex5 produced more than 6 active bands
containing at least 10 detectabrit unknown active antifungal compounds by LH@S.
Pyrrolnitrin, a well knowrBurkholderiaand Pseudomonaantibiotic was detected in 60%
of tested Burkholderia using comparative TLC with a pure pyrrolnitrin standard.
Pyrrolnitrin was highly active oi€. albicansand all basidiomycetes tested. In addition to
the above, novel peptide antibiotics were detectd®l iambifariaAMMD, BCF, KW and

Mex-5.

8.3 Hypothesis three:Chemical and physical factors can
influence the anticandidal production and activity of
Burkholderia (Chapter 5).

This hypothesis was accepted with optimal carbon sources, pH, and phosphate

concentrations defined for the production of anticandidal agents byB. ambifaria.

The objective of this work was témprove the composition of BSM to enhance
antimicrobial production byBurkholderia. Since BSM was a defined minimal salts
medium it was possible to change the composition of its ingredients and its pH, and
examine the effects of target nutrients on artiohial productionThe production of arti
candidal agents dB. ambifariakAMMD was affected by both biotic and abiotic factors.

Glycerol and succinate at low concentrations were the most optimal carbon sources for
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antifungal activity The pH was also armportant growth condition, with pH 6.0 being
optimal for the secretion of antimicrobials. Lower concentrations of phosphate (10mM or
below) also improved the production of aaéindidal agents more than higher
concentrations. Finally, sodium nitrate togyakuppressed thactivity of anticandidal

agents oBurkholderia.

8.4 Hypothesis four: All rhizosphere bacterial isolates
are capable of producing one or more antifungal
agents (Chapter 6).

The overall hypothesis was rejected, because not adlolated rhizosphere bacteria

were found to be active in the secretion of antifungal agents

The components of synthetic media and different factors such as pH, temperature and
incubation period alted antibiotic biosynthesis in the modBlurkholderia strains. The

aim of this work was to use this knowledge of antibiotic production conditions to isolate
and examine the natural diversity of antifungal producing bacteria associated with different
rhizosphere environments. Enrichment with selective media and bactenmifichtion

using the 16S rRNA gene were ugeddentify the isolated bacteria.

The most common antibiotjgroducinggeneraisolated from the maize rhizosphere and
deciduous woodland sample in this study weBacillus and Paenbacillus. One
rhizospherebacterial mixture lost itantifungal activity after isolation a& pure culture

The resin method was also successful in extracting the antifungal agents from the active

Bacillusisolates However, in contrast to the hypothesis, not alldakurablerhizosphere



bacteria produced antifungal agents. In particular, the absence of cultivBtakimlderia
isolatesfrom the maize rhizosphere samples was very different to that observed in other

studies of this crop plant.

8.5 Hypothesis five: Can mutants and hoinformatics
tools predict B. ambifaria AMMD antimicrobial
activity and genes (Chapter7).

The general hypothesis was accepted, with a combination of transposon mutation and
bioinformatic analysis proving very useful in the characterization of genes inveed in

the antifungal activity of Burkholderia.

The main goal of this chapter was to identify the genetic basis for secretion of antifungal
agents byBurkholderiaand also characterize genes involved in antibiotic production from
the availableBurkholdera genome sequences. Transposon mutagenesis was used to
identify genes involved in the artandidal activity of B. ambifaria AMMD. The
transposon insertions demonstrated that there were multiple genes in the AMMD genome
which controlled antimicrobial pradttion. Of the mutastcharacteried, 50% occurred in

chromosome two3125% located to chromosome 1 and 18o/A6cated to chromosome 3.

The detection of the time point of the production of -gamdidal metabolites oB.
ambifaria AMMD under static condions was essential. Seimirified extracts ofB.
ambifariaAMMD (Rf 0.60 = 0.03) containing enacyloxin lla produced an inhibitory affect

at a low concentration (15.6 pug/ml) agaifst coli, B. multivoransand A. baumannii.
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Bactobolin isolated frorB. ambfaria BCF and Mex5 showed a strong ability to inhilt.

albicansand other fungi belonging to basidiomycetes.

Bioinformatic analysis was a useful tool for characterizing antimicrobial biosynthesis
genes that werapregulatedn B. ambifariaAMMD under gowth conditions optimal for
antibiotic production. Several of these genes and gene clusters were highly conserved
among otherBurkholderia species. The average GC contentBof ambifaria AMMD
genome was 66.7% and two of the gene clusters responsiblgiforcaobial biosynthesis,

the enacyloxin and AfcA lipopeptide clusters, were found to be higher in GC content
suggesting they were originally fromf@areign microorganismTIhe B. ambifariaAMMD
genome contained several LUxR genes were potentially respoihsi regulation by
guorumsensing molecules. Correlating to this finding, the production of enacyloxin,
pyrrolnitrin, and the quinolines was nates inB. ambifariaAMMD Cepl AHL synthase

mutant by TLCbioautography analysis.

Future work

Based on tb achievements of the current study a number of future research projects are

suggested which include:

1 Semipurified extracts oB. ambifariaAMMD produced an inhibitory affect at a
low concentration again&. coli, B. multivoransandA. baumannii Furthe studies
on this potent antGramnegative antibiotic mixture are worthwhile, to further

purify the mktures of enacyloxins, quinoks and unknown antimicrobials present.
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The inhibitory spectrum, toxicity affects and mode of action of these agents will
need to be characterised if any of them can be developed into a useful antibiotic.
Further purification and identification of novel antibiotics detecteB.iambifaria

KW and Mex5 is alsoworthwhile

One rhizosphere bacterial isolate mixtlost its antfungal activity after isolation

into pureculture The investigation of this phenomenon could be useful.

Using bioinformatics it was possible to observe that multiple genome sequenced
Burkholderia strains encoeld genes for antimicrobial biosynthesis. Taes
promising findings should be investigated using the optimal growth conditions and
chemistry developed in this study to express and characterize the antibiotics
encoded.

The isolation, characterisation and identification of Burkholderia antifungal
mefabolites linked to the inhibition of wood decay basidiomycetes should be
undertakento explain their specific mode of action.

Determination of whether there is a synergistic or antagonistic affect between the
multiple antimicrobial metabolites produced bingle Burkholderia isolates is
worthwhile. This could also be expanded to see if mixing diffeEuntkholderia
isolates results in the expression of novel antimicrobial metabolites.

Overall, this studyhas shown that just under half of alBurkholderia epacia
complex species isolates screened produced significant antifungal activity. This
suggests they are potent sowoénovel antimicrobials, with other species such as
Burkholderiagladioli also being shown as capable of producing novel antibiotics.
Future detailed characterization of these bioactive secondary metabolites should be

carried out.
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Table A.1 Theantifungal activityof the Mahenthiralingam labacterial collection.

Anti-
Anti -Candidaactivity Bjerkandera
(inhibition zone mm) (BK1)
No. | Esh's No. | Comments Source | |dentification activity
SA BSM-G LPA SA
medium  medium medium medium
1 BCC1079 MDIII-T-209 ENV B. ambifaria 12 0 n -
2 BCC1089 MVP-C1-33 ENV B. ambifaria 0 0;0 n -
3 BCC1088 MDIII-T-474(s) ENV B. ambifaria 11 0 n +
4 BCC1087 MDIII-T-425(s) ENV B. ambifaria 13 0 n +
5 BCC1086 MDIII-T-401(s) ENV B. ambifaria 10 0 n -
6 BCC1085 MDIII-T-477 ENV B. ambifaria 5 0 n +
7 BCC1084 MDIII-T-281 ENV B. ambifaria 0 0 n +
8 BCC1083 MDIII-T-50 ENV B. ambifaria 0 0 n +
9 BCC1080 MDIII-T-2 ENV B. ambifaria 0 0 n -
10 BCC1078 MDIII-T-211 ENV B. ambifaria 24.6 8 (faint) n +
11 BCC1077 MDIII-P-554(s) ENV B. ambifaria 13 0 n +
12 | BCC1076 MDIII-P-549(s) ENV B. ambifaria 10 0 n +
13 BCC1075 MDIII-P-516(s) ENV B. ambifaria 11 0 n ++
14 BCC1074 MDIII-P-481(s) ENV B. ambifaria 10 0 n +
15 BCC1073 MDIII-P-431 ENV B. ambifaria 10 0 n +
16 BCC1072 MDIII-P-170 ENV B. ambifaria 10 0 n +
17 BCC1070 MDIII-Bt-80 ENV B. ambifaria 10 0 n +
18 BCC1081 MDIII-T-8 ENV B. ambifaria 13 0 n -
19 BCC1098 MVP-C1-95 ENV B. ambifaria 0 34.5 n +
20 BCC1213 MC80-27 ENV B. ambifaria 0 0;0 n -
21 BCC1212 MC40-6 ENV B. ambifaria 0 0;0 n ++
22 BCC0410 MVP/C1 64 ENV B. ambifaria 11 36 n -
23 BCC0411 MCI 13 ENV B. ambifaria 10 0 n +++
24 BCC1164 CEP1232 ENV B. ambifaria 5 12.5 n +
25 BCC1107 MVP-C2-79 ENV B. ambifaria 0 35.5 n +
26 BCC1105 MVP-C2-73 ENV B. ambifaria 0 0;0 n +
27 BCC1103 MVP-C2-44 ENV B. ambifaria 0 34.5 n ++
28 BCC1090 MVP-C1-40 ENV B. ambifaria 0 0 n +
29 BCC1099 MVP-C2-4 ENV B. ambifaria 5 10.5 n +
30 BCC1069 MDIII-Bt-62 ENV B. ambifaria 11 0 n +
31 BCC1096 MVP-C1-87 ENV B. ambifaria 7 0 n +
32 BCC1095 MVP-C1-80 ENV B. ambifaria 0 36 n +
33 BCC1093 MVP-C1-55 ENV B. ambifaria 6 38 n +
34 BCC1092 MVP-C1-53 ENV B. ambifaria 12 0; 32 n -
(faint)
35 BCC1216 MW20-13 ENV B. ambifaria 8 0; 34 n ++
(faint)
36 BCC1064 MDIII-B-306 ENV B. ambifaria 0 0 n +
37 BCC1218 MW 80-16 ENV B. ambifaria 0 53 n -
38 BCC1214 MAS80-5 ENV B. ambifaria 19.6 17 (faint) n -
39 BCC1100 MVP-C2-25 ENV B. ambifaria 0 37.5 n +
40 FC0623 HI 2345 (382) ENV B. ambifaria 18 26 n +
41 BCC1066 MDIII-B-399 ENV B. ambifaria 18.6 14.5 n +
(faint)
42 FC0767 R-0698 ENV B. ambifaria 0 0 n +
43 FC0766 R-0697 ENV B. ambifaria 0 0 n -
44 FC0669 BCF/HG1-A; ENV B. ambifaria 0 39.5 n -
LMG-P 24640
45 FC0662 ATCC 53266 ENV B. ambifaria 0 0 n +
LMG 17828;
46 FC0661 ATCC 51671 ENV B. ambifaria 0 0 n +
47 FC0646 BP023 ENV B. ambifaria 0 0 n -
48 BCC0481 HI-2433 ENV B. ambifaria 9.6 10 n -
49 FC0625 M54, HI 2347, R-  ENV B. ambifaria 18 25.5 n ++
5142
50 BCC0480 HI-2427 ENV B. ambifaria 0 20.5 n ++
51 BCC0588 AMMD ENV B. ambifaria 9 21.5 n +
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