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Abstract

High risks and costs are associated with infections caugeghtbiotic-resistant or-
ganisms. The continued development of antibiotic restgtam pathogenic organisms
means that in order to maintain our current standards irttheate and disease treat-
ment, new antibiotics need to be sourced. Such was the uétigal of this project.

Endophytic fungi, due to their broad diversity, unique hatsi and ease of acquisition,
have been shown to be an important source of bioactive ngitmducts, including
novel antibiotics. Thus, the effort of this project was cemitated on the isolation of
endophytic fungi associated predominantly with nativenfdaand the evaluation of
the secondary metabolites they produced.

Tissues were harvested from 61 individual plant hosts sgming 15 plant species.
Tissue segments were prepared and incubated on two diffeesia formulations. As

fungal growths became apparent, they were subculturedier ¢o obtain pure fungal

isolates. A total of 133 fungal cultures were progressiv@ated, covering over 100
fungal species.

Ultimately, 77 of these isolates were screened for antiobied activity against a panel
of 7 bacterial strains. Three isolates subsequently detrated repeatable antimicro-
bial action. They were identified &chizophyllum communa species oPenicillium
andSporormiella isomergand their bioactivity further evaluated.

During the course of the project, activity originally detstin theS. isomerdecame
indiscernable. Thé&enicilliumspecies demonstrated some activity, being able to in-
hibit the growth ofStaphylococcus aurewst a dilution of 1:2. It was also found to
be mildly toxic to murine fibroblast L929 cells at a dilutioactor of between 1:16
and 1:32, depending on the cytotoxicity assay used. Of tteetisolatesS. commune
possessed the highest level of activity. A 1:256 dilutidmniwted the growth of staphy-
lococci, including an MRSA strain. A 1:32 dilution was baat&lal against. coli.
However, while it demonstrated useful antimicrobial atyivts toxicity would prevent

its immediate development as such — a dilution factor of 241@he highest dilution
tested in the cytotoxicity assay, was capable of killingrd@% of L929 cells.

Further analysis of this isolate’s products may reveal iplglforoducts, with varying
levels of activity and toxicity, novel modes of action, omebstructures. Separation of
the active products could allow for further investigatipasd if combinatorial chem-
istry is utilised, their structures may be manipulated idesrto reduce the levels of



toxicity.

As long as bacteria continue to develop resistance to thigiaints we use to treat their
infections, we will need to source new antibiotics. The cumd isolation, screening
and evaluation of endophytic fungi and their secondary bwies can only be of
benefit to all higher life forms on Earth.
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Chapter 1

Introduction

1.1 Antibiotics

In 1929, the bacteriologist Alexander Fleming reporteddheervation of inhibition
of Staphylococcus aureggowth by a substance produced by a contaminating mould,
identified at the time aBenicillium rubrum Experiments conducted by Fleming indi-
cated the fungus produced a compound that was bacterioidaltain bacteria, whilst
also appearing to be non-toxic in animals. While he couldsseae application for it as
a treatment of infection in humans, Fleming suggested tmgpound, which he called
penicillin, would be most useful in the clinical isolatiohrn-penicillin-sensitive mi-
crobes from penicillin-sensitive microbes when preseatnmxed clinical culture such
as in sputum samples and nasal swabs (Fleming 1929). Smallimental treatments
were conducted on human cases using the crude penicillth bransuccessfully by
Fleming in 1929, and successfully by Dr C. G. Paine, one ahkig’s former univer-
sity students. However, these trials were never officiatiguimented (Wainwright &
Swan 1986). Chain et al. (1940) suggested the product, peadioy the mould now
identified asP. chrysogenungalso previously known aB. notatun), could be used
as a chemotherapeutic agent, especially in the potengiatrrent of gas gangrene.
In experiments conducted by Chain et al. (1940), an almo8¥%l6urvival rate was
achieved when mice infected with penicillin-susceptibigamisms were treated with a
programme of subcutaneous injections of a penicillin sofutAll the infected control
mice not treated with penicillin, died. Chain, Florey andralitam conducted the first
therapeutic trials of penicillin in humans during 1941 (K2002).

In the United States, a penicillin solution was first used 942 on a patient close
to death from a streptococcal blood infection. Within dal/se@atment with the peni-
cillin, she had virtually fully recovered (Henry 2005, Gsosan 2008). After becoming
involved in World War 11, the US government declared the prcitbn of penicillin a

priority (Henry 2005). By the fifth month of 1943, a total of @@nillion units of

penicillin had been produced (Grossman 2008), and the Ugamitommenced large
scale use of the drug in North Africa. By 1944, 100 billion tsnivere being pro-
duced monthly (Henry 2005), increasing to 650 billion utitwards the end of 1945

1



CHAPTER 1. INTRODUCTION

(Grossman 2008).

Other antibiotic discoveries had also been made by thedadt&vorld War Il. In 1936,
details of the antibiotic properties of the dye ProntosibRum (sulfamidochrysoi-
dine), were reported. In 1932 it was used successfully te saw life of Franklin
Roosevelt’'s son from a severe streptococcal infecttarh@emolyticys As a group,
sulphonamides became another antibiotic important in thegmtion of infections in
open wounds of American soldiers (Stork 2005). In 1944, tis Eminoglycoside
antibiotic, streptomycin, was discovered (Davis 1987).

The prognosis for patients was greatly enhanced by thewbsgof antibiotics (Lowy
2003). For example, prior to their introduction, staphylocal bacteraemia resulted in
the death of 80% (Lowy 2003, Cruickshank & Ferguson 2008)ttou90% of cases
(Nimmo et al. 2007), as metastatic infections developed astrpatients. The early
use of antibiotics reduced these affects (Lowy 2003).

Until 1957, penicillin was solely produced in fermentedtatg (Henry 2005, Gross-
man 2008). Thereafter, a chemist named John C. Sheeharppledea process to
semi-synthesize penicillin. Semi-synthetic derivativage since been developed which
have improved various characteristics of the drug such aslflity to absorb peni-
cillin orally (Henry 2005) or enhance resistance to the emypenicillinase, produced
by some penicillin-resistant bacteria (Lowy 2003).

Antibiotics function in a number of ways. The penicillinea member of thg-lactam
group of antibiotics, all of which include/@lactam ring in their structure. They are ef-
fective against a wide range of gram-positive and gram-neglacteria, each antibac-
terial sub-group having a slightly different spectrum af\aty. The 5-lactams, which
also includes cephems (cephalosporins), penems and nmaiaoisa(CLSI 2006), in-
hibit bacterial cell wall synthesis (Yocum et al. 1980, Yogi®t al. 1988, CLSI 2006).
However, some bacteria produce the enzypAactamase which inhibits the antibi-
otic. Therefore, to be useful, either the antibiotic neadbd 5-lactamase-resistant
(Yotsuiji et al. 1988), or administered simultaneously vaitfrlactamase inhibitor such
as clavulanic acid (CLSI 2006). For penicillin to reach il bactericidal potential,
the sensitive-bacteria must be actively multiplying (Leale1944).

While the sulphonamide group of antibiotics were populatilithe 1950’s (Stork
2005), today they are currently prescribed predominamwtiyttie treatment of urinary
tract infections (CLSI 2006). They are generally bactéabs, inhibiting the further
growth of bacteria rather than killing the organism (Hen®#4). They act by prevent-
ing the formation of folic acid in the bacteria (Alovero et 4698, CLSI 2006), and
are often used in combination with trimethoprim, which it a second step in the
folate pathway (CLSI 2006).

Aminoglycosides bind to the bactrial ribosome, blockingtpm synthesis (Davis
1987, CLSI 2006), as do the macrolides, chloramphenicoidamycin (Schliinzen
etal. 2001, CLSI 2006) and several other single-drug cta&3eSI 2006). Each group
performs this task in a unigue manner (Schliinzen et al. @@ has a differing spec-
trum of activity (CLSI 2006).
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Unfortunately, increasing antibiotic usage has not alwagd a positive outcome.
Super-infections (secondary infections) following ardilz treatment are common,
especially with the use of broad spectrum antibiotics. €ragtibiotics may not only

affect a pathogenic organism. They can also have an adviéesea@n the normal flora

of the body, and so allow subsequent infection by opportigigesistant organisms.
In the early years of antibiotic use and resistance, thes#eteto be organisms that
had not been previously encountered (Rantz 1954), unddlybtesating delays and

difficulties in identification and treatment.

However, perhaps the greatest problem has been the devatbinantibiotic resis-
tance in previously sensitive organisms, a continued pagdent foreseen by Fleming
in a statement he made in 1945 (Henry 2005).

1.1.1 Antibiotic resistance

The development of antibiotic resistanceStaphylococcus aureus very well docu-
mented, and serves as an excellent example of this phenameno

Staphylococci resistant to penicillin were actually enteved in hospitals as early as
1942 (Lowy 2003), with the frequency of resistant clinicadlates increasing to 50 to
90% in the mid-fifties (Rantz 1954) to 80% of clinical and commity isolates by the
late sixties (Lowy 2003). In 1960-61, methicillin was intiicced as a new antibiotic to
treat penicillin-resistan®. aureus Methicillin-resistant isolates were detected within
the year (Lowy 2003, Cruickshank & Ferguson 2008).

Australian isolates of methicillin-resistaStaphylococcus aure®RSA) were de-
tected in the late sixties (Nimmo et al. 2007, Cruickshanketgtison 2008), but were
usually treatable with nop-lactams or gentamicin. By 1976, strains resistant to these
additional antibiotics were detected, becoming endemihaspitals in the Eastern
states around the end of the 1980’s (Nimmo et al. 2007).

Vancomycin subsequently became the treatment of choicgeftwus cases of MRSA
infection (Nimmo et al. 2007). Reports of reduced suscdjyiio vancomycin in
MRSA followed in 1997 (Lowy 2003, Cosgrove et al. 2004, CL8D8). Linezolid is
one of the few antibiotics available today for the treatne#multiple-resistant MRSA
(MMRSA), and cases of resistance have already been regdtésdnan et al. 2003,
Nimmo et al. 2007).

The most frequently encountered multiresistant organsday is MRSA (Cruick-
shank & Ferguson 2008). A study conducted by the Australiaou@ for Antimi-
crobial Resistance (AGAR) found that 31.9% of clini&Gl aureussolates obtained
throughout Australia were MRSAs (Nimmo et al. 2007).

The development of antibiotic resistance has always falba basic pattern — emer-
gence and detection in hospitals, followed by disseminatito the community (Lowy
2003, Nimmo et al. 2006, 2007, Cruickshank & Ferguson 2008hsequently, community-

3



CHAPTER 1. INTRODUCTION

acquired infections caused by antibiotic resistant oiggasiare on the rise (Nimmo
et al. 2006, 2007).

Treatment options for infections caused by antibioticstsit organisms can be prob-
lematic. Alternative chemotherapeutic agents can be mgensive (Cruickshank &
Ferguson 2008) and, as suggested by the World Health Oagaamz(WHQO) more
toxic than the original antibiotic (Anon. 208, or there may be none readily available
(Lowy 2003, Cosgrove et al. 2004).

According to the WHO, development of resistance is a hapnatess based on evo-
lutionary or selective pressure (Anon. 2@)2It starts when there is not a 100% suc-
cess rate in the elimination of bacteria following an amtiizi treatment, and continues
as the antibiotic-resistant bacteria replicate and tearisfeir resistance genes to the
next generation. The process is swift due to the bacterrapgmsity for rapid mul-
tiplication. However, bacteria also have the ability tonster resistance genes into
other related species through conjugation and on transesuAnon. 2002, Lowy
2003). Lowy (2003) mentions two incidents involving vangamm-resistantS. au-
reus (VRSA), where the resistant gene was obtained via conjugalster from a
vancomycin-resistarnterococcus faecali@®/RE).

Human activity is considered by the WHO to play a major rol¢éhie development of
antibiotic resistance (Anon. 208 In health-care settings, issues such as the incorrect
use of antibiotics involving insufficient treatment timese or potency (Henry 2005);
inappropriate use of antibiotics (Lowy 2003, Henry 2006 luding the treatment of
viral diseases (Henry 2005), incorrectly diagnosed dieseasn absence of disease
(Anon. 2002); and the use of broad-spectrum antibiotics rather tharowaspectrum
(Rantz 1954, Cruickshank & Ferguson 2008) encourage tleetsmh and survival of
antibiotic resistant bacteria. Health-care associatetr@ments are also ideal for
the development and spread of antibiotic resistance, dpmtonged (Cosgrove et al.
2004, Nimmo et al. 2007) and widespread antibiotic use armheentrated population
of highly susceptible patients (Cruickshank & Ferguson800

The use of antibiotics in food production has also been tinkéh the formation of
antibiotic resistant organisms (Laich et al. 2002, Lowy 200n North America and
Europe, antibiotics used for prophylaxis or growth enhasae animals and poultry
accounted for approximately half the tonnage of antimi@igiroducts (Anon. 20082
They are frequently administered at sub-therapeutic $ewald the antibiotic resistant
bacteria can be subsequently spread to humans throughatieli@in. Antibiotic re-
sistance in the normal flora of the human colon can develdpWotg the ingestion of
improperly cured fermented foods containing antibiot&isgant bacteria — their resis-
tance can be transferred to the residing gut bacteria thrtheyprocess of conjugation
(Laich et al. 2002).

In addition to these direct causes, the WHO suggested tkadrf antibiotic resistant
organisms is enhanced due to urbanisation (Anon. 2082ad international trade and
travel (Anon. 2003, Lowy 2003).



CHAPTER 1. INTRODUCTION

1.2 Nosocomial pathogens

Nosocomial pathogens are defined by the Australian Infied@iontrol Association

(AICA) as the disease causing bacteria, fungi and virusesdapecifically in hos-

pitals, and can cause infections in patients subsequerdnsaion (Anon. 200&).

In terms of infection, the term nosocomial is gradually lgereplaced with health-

care associated, so as to include any infections obtainad environment in which

health care is received, such as aged-care facilitiessdtiakcludes infections which
do not appear until after discharge, but were incurred asualtref the health care

treatment previously received (Anon. 2003). Health-casoaiated infections are the
most frequently encountered complication affecting pasien hospital (Cruickshank
& Ferguson 2008).

In 2003, it was roughly estimated that up to 150 000 healtheasociated infections
occurred in Australia (Anon. 2003, Joint Expert Technicalviory Committee on

Antibiotic Resistance (JETACAR) 2003), a figure which irased to an estimated
200 000 occurrences in 2008 (Cruickshank & Ferguson 2008 greatest risk of

infection occurs in intensive care units, where up to 30% adatomial infections

develop (Cruickshank & Ferguson 2008).

Surgical sites and the bloodstream are the most frequefiégted sites of infection

(Cruickshank & Ferguson 2008). According to AICA, up to 13%sorgical patients

contract an infection at the surgical site (Anon. 2003). (Dbodstream infections
(bacteraemia), it has been estimated that approximatélpteaassociated with noso-
comial infections (Nimmo et al. 2007, Cruickshank & Fergu&®08), while another
third are associated with healthcare procedures (CruscksB& Ferguson 2008).

Every day spent as a patient in a hospital environment iserethe risk of acquiring a
nosocomial infection by 6% (Cruickshank & Ferguson 2008).

In Australia,Clostridium difficile(Cruickshank & Ferguson 2008) asdaphylococcus
aureusare the most frequently encountered causes of nosoconféaitions (Lowy
2003, Nimmo et al. 2007, Cruickshank & Ferguson 20@)aureuss the most preva-
lent cause of infection following coronary artery bypassfgsurgery and knee and hip
arthroplasty, and is responsible for from 20% (Klevens e2@07) to up to 33% of
cases of bacteraemia (Cruickshank & Ferguson 2008). In 988 United States,
27% of bacteraemia cases were caused by coagulase-negjaple/lococcuspecies
(John & Harvin 2007).

However of greater concern, is the presence of antibiofisstant organisms. In the
United States in 2003, over half of tlse aureudpacteraemia cases incurred in the hos-
pital were attributed to methicillin resistant strains (BR) (Klevens et al. 2007). An-
other American study conducted in a single hospital fourtd 1 cases were caused
by multiresistant MRSA (Cruickshank & Ferguson 2008). le thajority of Aus-
tralian hospitals, both antibiotic-sensitive and methicresistant Staphylococci are
endemic, with the antibiotic-sensitive strain being morevplent (Cruickshank &
Ferguson 2008). MRSA has been cited as being responsibi0férof health-care

5
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associated bacteraemia (Nimmo et al. 2007).

Other antibiotic resistant bacterial strains encountarédspitals include vancomycin
resistant enterococci (VRE), multi-resistant Gram negdiacteria (MRGN) (Cruick-
shank & Ferguson 2008), multiple resistant Acinetobaetdended-spectruplactamase
(ESBL) Klebsiella pneumonia@Anon. 2003, 2006), and reduced vancomycin sus-
ceptibility S. aureustrains (vancomycin-intermedigge aureus- VISA) (Anon. 200%).
While not of current concern in developed countries, medistantvlycobacterium tu-
berculosigs an increasing world-wide problem (Cruickshank & Fergu2008).

These organisms are spread via contact transmission — mtarnmated equipment,
from patient to patient, or particularly, on the hands ofltieeare workers (Cosgrove
et al. 2004). Many healthcare workers are colonised witlbantic resistant organisms
(Rantz 1954, Cruickshank & Ferguson 2008). While the spofaahtibiotic-resistant
bacteria into the community, particularly MRSA, is of congeit currently appears
the capacity for person-to-person transmission of thesistwithin the community
is lower than that in health care settings (Nimmo et al. 2006)

While antibiotics can be administered to infected indit they may occasionally
be of limited value, especially where antibiotic-resistaiganisms are involved. How-
ever, even with the availability of suitable antibioticgaths may still occur (Lowy
2003). New antimicrobials are required, and are being dg@esl (Lowy 2003, John &
Harvin 2007), but their use must be managed and reduced ér twalow the devel-
opment of resistance to the new drugs (Cruickshank & Ferg2808).

However, the AICA states that many healthcare associatections may be prevented
by the implementation of infection control programmes (An2003). Hand washing
(Anon. 200%, Cruickshank & Ferguson 2008), and, as suggested by the Wkify
fresh gloves for each patient (Anon. 2@)2re two important measures. In the case of
MRSA, screening, followed by appropriate management agehmatients found to be
colonised or infected, is essential (Anon. 260Hough this should be followed in the
case of any antibiotic-resistant organism. In 2007, an raliah newspaper reported
that a major hospital in Brisbane, Australia, closed 2 madwards following the
positive screening in 21 patients for vancomycin resiséantérococci (VRE). While
most of the patients were asymptomatic, the measures weaxe ta prevent its spread
to other areas of the hospital (Anon. 2007).

Surveillance also plays an important role in the controlgreyention of healthcare as-
sociated infections, (Joint Expert Technical Advisory Goittee on Antibiotic Resis-
tance (JETACAR) 2003, Cruickshank & Ferguson 2008). Infation gathered can be
used to improve infection control (Joint Expert Technicdlvisory Committee on An-
tibiotic Resistance (JETACAR) 2003), improve proceduees] improve the response
to these issues (Joint Expert Technical Advisory Committe@ntibiotic Resistance
(JETACAR) 2003, Cruickshank & Ferguson 2008).

Currently in Australia, there is no national surveillangstem, leading to unreliable,
limited information, which ultimately prevents a coordied response to the problems
caused by healthcare associated infections and antintm@sistance (Cruickshank
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& Ferguson 2008).

Apart from the initial problems created by the infectionaltlecare associated infec-
tions have a substantial impact in different ways — longepital stays, increased pain
and suffering, and additional risk of further complicasquotentially leading to death
are faced by infected individuals (Cruickshank & Fergus008); increased work-
loads and stretched resources in hospitals (Joint Expelniileal Advisory Committee
on Antibiotic Resistance (JETACAR) 2003); increased rikxposure of antibiotic-
resistant organisms to the community (Lowy 2003, Klevera.e2007, Cruickshank
& Ferguson 2008); and increased financial costs for all vewl(Klevens et al. 2007,
Nimmo et al. 2007, Cruickshank & Ferguson 2008).

Endocarditis, osteomyelitis and septic arthritis are softhe additional complica-
tions incurred by those who develop Staphylococcal baeteia (Cruickshank & Fer-
guson 2008), and 20 to 40% of these people will die (Lowy 2008ymo et al. 2007).
When all causative agents of bacteraemia are considerdd, 29% of cases will re-
sult in death. When infections of surgical sites are alstunted, this figure increases
to 33% (Cruickshank & Ferguson 2008). In 2003, healthcase@ated infections
were implicated in the deaths of up to 4.6% of those afflictepproximately 7000
deaths annually (Joint Expert Technical Advisory Comrmeitia Antibiotic Resistance
(JETACAR) 2003).

In 1984, nosocomial infections in Australia resulted intsasf around $180 million.
According to AICA, by 2001, these costs had risen substiytiaith annual costs
of surgical site infections alone up to $268 million (Ano03). In 2007, it was
estimated that Staphylococcal bacteraemia costs arous@ idillion (Nimmo et al.
2007).

Generally, higher risks and costs are associated withtiofex caused by antibiotic-
resistant organisms (Joint Expert Technical Advisory Caite® on Antibiotic Resis-
tance (JETACAR) 2003, Klevens et al. 2007, Nimmo et al. 20p3@Jticularly those
caused by MRSA (Cruickshank & Ferguson 2008). Even in thegmtgon of infection,
such as that mentioned previously in the Brisbane hosgixala costs were incurred
as additional nursing staff undertook the labour intensleaning and disinfection of
the two affected wards (Anon. 2007).

It is expected that due to Australia’s aging populationelswf nosocomial infections
will increase — the elderly face reduced immunity levelghler exposure to antibiotics,
more frequent stays in hospital and close contact withilagee facilities increasing
the risk of developing infections (Cruickshank & Fergus®0®).

1.3 The search for novel antibiotics

Antibiotic discovery primarily relies on the mass scregnai suitable products. Ini-
tially, the bulk of these products were obtained from ndtscairces such as fungi,
bacteria and plants. The importance of natural-produ@estng has abated due in
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part to difficulties for pharmaceutical companies to sedot@lectual property rights
(Anon. 200d) and the effort and expense incurred in finding and devetpproducts
(Strobel & Daisy 2003). In addition, combinatorial chemygiStrobel & Daisy 2003)
and enhanced target-based biochemical screening predéssey 2003) became the
preferred method for developing new antibiotics, as thigdly automated process in-
creased the numbers of products which could be synthesmkdaieened (Newman
et al. 2003, Strobel & Daisy 2003, Koehn & Carter 2005).

However, due to the natural diversity in chemical struc{@ehulz et al. 2002, Strobel
& Daisy 2003, Koehn & Carter 2005) and wide biological spectr(Anon. 2008),
natural products have proved more successful in providovgisubstances than com-
binatorial chemistry (Schulz et al. 2002, Newman et al. 2@iBbel & Daisy 2003,
Newman & Cragg 2007). However, when natural products ard tsgrovide the
lead structure, and combinatorial chemistry is used to pudaie and enhance that
structure, the results are further improved (Katz 2002, idaw et al. 2003, Strobel
& Daisy 2003, Koehn & Carter 2005, Newman & Cragg 2007). Theimalation of
penicillin’s structure to improve its resistance to vasanzymes (Katz 2002, Lowy
2003), its stability (Katz 2002) and its oral bioavailatyil(Henry 2005) provides a
suitable example.

Over an 11 year period, over 62% of the antimicrobial proslsabmitted to the Amer-
ican Food and Drug Association (FDA) for analysis were aisgéed with natural prod-
ucts. More than 77% of these were semi-synthetic forms (&diffi et al. 2004). A
review conducted by Newman & Cragg (2007) revealed that%60% new and ap-
proved antibacterials from the time spanning January 188Lihe 2006 were based
on natural products, with over 65% of these being semi-stitthin 1991, drugs based
on natural products constituted almost half of the most omrugs sold (Cragg et al.
1997).

For approximately 40 years since the identification of pdimcthe discovery of new
antimicrobials flourished. The WHO suggests a misplacetbt#iat treatment of
pathogens no longer posed a problem was partially to blamiaéodecline in further
research and development of new antibiotics (Anon. 2D0Zosts, differences be-
tweenin vitro andin vivo behaviours of antibiotics, and a failure to rapidly develop
new efficient products have reduced corporate involvemerhé search for novel
antibiotics. In 2002, it was suggested by the World Healtgabisation that within
10 years there would be no effective treatment availablsdone infectious diseases
(Anon. 2002). Katz (2002) lamented the lack of significant antibiotisativery in
the preceding 20 years. This is compounded by the fact thahitake approximately
12 years and significant costs to develop a new discoveryardinically available
product (Schulz et al. 2002). To maintain the fight againstdyéal infection, novel
antibiotics need to be sourced as a matter of urgency.
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1.3.1 Fungi as a potential source of antibiotics

Fungi have been shown to be one source of a variety of useulalgroducts (Davis
et al. 2008). Important discoveries other than antibiotiage included cyclosporin,
an immunosuppressive drug used to prevent rejection adptanted organs, produced
by Tolypocladium inflatunrcitric, gluconic and itaconic acids from sevefapergillus
species and alcohol produced $gccharomyces cerevisifddyde 1996).

The anticancer agent paclitaxel (trademarked as Taxol)igees an interesting case.
Initially thought to be produced solely in the bark Tdxus brevifoliaNutt (Pacific
yew tree), it was later found to also be produced by the fuAiguemyces andreanae
isolated from the inner bark of the same tree species. Hawgy®ovided an easier,
less time-consuming and less costly source of this impbdiaug than from harvesting
the bark, or from creating it through artificial means (Kat®02, Strobel & Daisy
2003).

Since the discovery of penicillin, fungi are possibly besown as a potential source
of novel antibiotics. Other fungal-based antibiotic digeades include Cephalosporin
produced byCephalosporiunsp., Griseofulvin fromPenicillium griseofulvin(Hyde
1996) and Usnic acid, produced by a lichen, and used topicalthe treatment of
human skin diseases (Katz 2002).

By 2002, of the 20 medicines most commonly prescribed, sgirmated from fungal
sources (Schulz et al. 2002).

It has been estimated that between 74 000 (Rodrigues etG0, Plawksworth 2001,
Suryanarayanan et al. 2003), to 75 000 (Deacon 2006) to 10¢Si@obel & Daisy
2003) fungal species have been described, yet this may onbuat for around 5%
of all fungal species in existence (Hyde 1996, Schulz et@22 Deacon 2006). It is
conservatively estimated that the total number of spe@etdcnumber as high as 1
million (Strobel & Daisy 2003), or even higher (Rodriguesaét2000, Hawksworth
2001, Suryanarayanan et al. 2003). It is difficult to deteema more accurate figure
due to differences in sampling methods (Paulus et al. 2006).

Plants provide an easily identifiable habitat for fungi, gatéo of plant host to fungal

species is frequently included in the calculations of thtabal species (Hawksworth
2001). However, the suggested ratios vary from 1.6, which used for the initial

estimate (Hawksworth 2001) to 1:10 used to determine thatrAlia is estimated to
contain 250 000 fungal species (Hyde 1996). Yet work coretutty Hyde (1996)

demonstrated a much higher ratio of palm hosts to fungaiepétan the latter figure.
Nonetheless, basing the calculation of fungal species ossamated 300 000 plant
species (Strobel & Daisy 2003) and using the ratio of 1:1@Qltesn an estimate of
some 3 million fungal species.

Fungi exist in a diverse range of habitats, including, butlmoited to, soil (Schulz
et al. 2002), freshwater and marine environments (Hyde 18@&enzie 2001), in-
sects (McKenzie 2001, Paulus et al. 2006) and in plants (Areioal. 2001, Strobel &
Daisy 2003, Arnold & Lutzoni 2007).
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Their previous successes in yielding useful natural prtgjubeir extensive habitat
range and number of species yet to be discovered, implydngi tvill continue to be
a promising source of novel antibiotics.

1.3.2 Endophytic Fungi

Endophytic fungi are fungi which for at least a portion of tiie cycle, reside within
the healthy tissues of plants without causing the plant $pldy any symptoms or
signs of infection (Bills 1996, Petrini 1996, Johnston 19@&laez et al. 1998, Frohlich
et al. 2000, Dingle & McGee 2003, Strobel & Daisy 2003, Sugraganan et al. 2003,
Arnold & Lutzoni 2007). While not all plant species have besenveyed, it is expected
that all plant species harbour at least one endophytic fsi(@trobel & Daisy 2003),
including the algae and mosses (Arnold et al. 2001). Thezefosubstantial volume
of fungal biodiversity can be attributed to the endophytindi (Arnold et al. 2001,
Suryanarayanan et al. 2003, Arnold & Lutzoni 2007).

It has been suggested the relationship between plant hdduagal endophyte may
be symbiotic (Petrini 1996, Dingle & McGee 2003, Strobel &$a2003), mutual-

istic (Schulz et al. 1995, Petrini 1996, Johnston 1998, f&tr& Daisy 2003, Arnold

& Lutzoni 2007) or saprophytic (Bills 1996, Strobel & Daisp@3). It may also in-

clude opportunistic pathogens (Johnston 1998, Strobel &yD2003) involved in a
fine balance between fungal virulence and plant defenceu(&eh al. 2002) or well

known plant pathogens capable of demonstrating an asynapionelationship in a
non-susceptible plant species (Schulz et al. 1995, Arnoldugoni 2007). Endo-

phytic fungi can enter a plant host by transfer between idda plants via horizontal
transmission, such as airborne delivery or via the seed artd fllowing genera-

tions (vertical transmission) (Bayman et al. 1998, Arnoldl&zoni 2007). The latter
method in particular could enhance the co-evolution of @hgtic fungi with its host

plant (Bayman et al. 1998).

The role of endophytic fungi is not yet fully understood (el & Daisy 2003). It has
been suggested the fungi can assist in the protection ofasieflom insect predators,
disease (Johnston 1998, Schulz et al. 2002, Dingle & McG88,28rnold & Lutzoni
2007) or improve plant growth (Schulz et al. 2002, Dingle & &&= 2003). Studies
reported by Arnold & Lutzoni (2007) indicated improved t@ece to drought, heavy
metals and salinity in several hundred grass species ceutlirbctly attributed to the
endophytes present. However, they reported other studieshvehowed a decrease
in photosynthetic efficiency in maize and bananas, and dsetkresistance to severe
drought.

Due to their broad diversity (Pelaez et al. 1998, Strobel &y 2003), unique and
varying growth environments (Strobel & Daisy 2003) and treély easy acquisition

(Pelaez et al. 1998), endophytic fungi are considered @ampartant source in the dis-
covery of bioactive natural products (Pelaez et al. 19@firRues et al. 2000, Schulz
et al. 2002, Strobel & Daisy 2003), including novel antiimet In fact, research con-
ducted by Schulz et al. (2002) revealed fungal endophytéatesd from plants demon-

10
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strated a greater number of antimicrobial inhibitions tpathogenic, epiphytic, algal
or soil isolates.

1.4 Project outline

The purpose of this project was the discovery and evaluatiarovel antimicrobial
agents affective against nosocomial pathogens, and ettfailir distinct areas of in-
vestigation:

1.4.1 Acquisition of Fungal Isolates

The goal of the first phase of the project was the acquisiti@sufficient number and
variety of fungal isolates. While fungi are ubiquitous, aswlecided to concentrate ef-
forts on the collection of endophytic fungi from a varietyrobstly native plant hosts.
Harvested plant tissues were washed, surface steriligegdations transferred to suit-
able growth media. As isolates grew, they were subculturgill pure cultures were
obtained, cultured onto slants for short term use, and lotegm storage preparations
made.

1.4.2 Screening for Antimicrobial Activity

The second stage of the project involved the screening duthgal isolates collected
during the first phase, against a panel of selected nosotpatlgogens. Two screen-
ing methods were initially trialled, testing the respons&taphylococcus aurewsd
Escherichia colito substances produced in culture by the fungesicillium chryso-
genum As it was known the substances produced would potentiatiyde penicillin,
the two test microbes offered a sensitive and resistanbrsgpto the antibiotic. After a
suitable screening method was determined, the fungakesoleere progressively sub-
cultured from the slants, and if successfully grown, sceeldior antimicrobial activity
against a broader range of microbes.

1.4.3 Identification of Selected isolates

Fungi which demonstrated antimicrobial activity againsé @r more of the test bac-
teria were selected for further study. This firstly requitbd determination of their

scientific classification, so as not to re-evaluate a funghistwhad been previously
described and assessed. Morphological characterisbtis,nbacroscopic and micro-
scopic, were initially studied, and were sufficient to detiere the genus of one of the
isolates obtained. Molecular techniques were requiredtain identification of the

remaining isolates.

11
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1.4.4 Evaluation of Activity

The final part of the project involved the evaluation of th@rarcrobial activity and the
assessment of potential toxicity of crude preparationsiftioe selected isolates. The
Minimum Inhibitory Concentration (MIC) was determined the fungal preparations
against several of the bacteria used for the initial scregnOnce these results were
obtained, the Minimum Bactericidal Concentration (MBCltbbe determined. Toxic
effects of the crude preparations were tested on murinedliasts and evaluated using
the MTT Cell Viability and Crystal Violet Dye Exclusion (CVE) assays.

The ultimate goal of this project was the discovery of noveltaotics. Results from
the final part of the project will determine the future direatof any discoveries.

12
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Acquisition of Fungal Isolates

2.1 Introduction

The goal of the first phase of the project was the acquisitioa sufficient number
and variety of fungal isolates for screening, and as suck, eeasidered the largest
and most important part of the project. Without a large nundfesolates to screen
for antimicrobial activity, the chances of finding an iselatith antimicrobial activity
would be limited. While fungi are ubiquitous, it was decidedconcentrate efforts on
the collection of endophytic fungi from a variety of mostlgtive plant hosts.

Plant samples from two sites were harvested, washed, swsfadlised and sectioned.
The sectioned tissues were transferred to one of two typ@seadia and incubated.
As hyphae appeared around the edges of the tissue, a portiyploae and agar was
transferred to a fresh plate, incubated and subculturebpume growth was obtained.
Fungal isolates were placed into storage until requiregfiase two of the project, the
screening for antimicrobial activity.

2.1.1 Strategy

In order to improve the chance of discovering novel antibgtnovel fungal endo-
phytes need to be studied (Gloer 1997, Schulz et al. 200@p&8t& Daisy 2003).
Therefore, some thought needs to be applied to host seid€t@aez et al. 1998, Stro-
bel & Daisy 2003). In particular, plants restricted to certareas (Pelaez et al. 1998,
Strobel & Daisy 2003), surviving in unique environmentspossessing unusual biol-
ogy or history, are expected to provide an important souro@weel fungal endophytes
(Strobel & Daisy 2003).

13
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Host source

The greatest diversity in land-dwelling biological spactan be found in the worlds
tropical and temperate rainforests (Strobel & Daisy 2003ne leaf alone, from a
lowland, tropical rainforest played host to 17 endophytindi (Arnold & Lutzoni
2007). A high species diversity is associated with the palfrisopical and temperate
rainforests (Frohlich et al. 2000). Studies have shownhftirasts of both regions have
similar rates of host specificity (Arnold & Lutzoni 2007).

However, studies have generally shown that tropical ragsis contain a greater fun-
gal diversity (Hawksworth 2001, Suryanarayanan et al. 2803old & Lutzoni 2007)
and higher incidence of endophytic colonisation (Arnoldakt2001) than the rain-
forests of temperate regions. Research cited by Hawksw@@®1) found this was
particularly so in the large forests, mountain tops and lausiand forests of the trop-
ics. Research conducted by Arnold & Lutzoni (2007) foundheslatitude increased,
the rate of endophytic fungal colonisation and diversitgrdased — almost all leaf sec-
tions obtained from a tropical study site bore endophytitaies, whereas only 1% of
arctic leaf sections were productive.

Due to their contribution to fungal diversity, studies i@ fungal endophytic assem-
blages of tropical plants were included in the predictiomodél world fungal species
(Suryanarayanan et al. 2003).

Regardless of the geographical zone, different forests Hamonstrated unique endo-
phytic assemblages (Arnold & Lutzoni 2007), and a great remobfungi are yet to be
described (Hyde 1996, Hawksworth 2001, McKenzie 2001, Atr&oLutzoni 2007).
Due to limited resources, increased competition, and as&é selection pressure, rain-
forests are expected to be an important source of diverse| umgal endophytes able
to produce a range of novel antimicrobially active compauf8trobel & Daisy 2003).
It is expected tropical rainforests in particular, host gnahthese currently unknown
endophytes (Hawksworth 2001, Strobel & Daisy 2003, Arnoltlu&zoni 2007), but
unfortunately, the rapid diminishment of the world’s rairdsts means there will be re-
duced opportunity to discover them, and the natural pradwbich they can produce
(Strobel & Daisy 2003).

Sample selection

Endophytic fungi appear to fall into two populations: oneup appearing in many
host species (Frohlich et al. 2000, Suryanarayanan e®@8,5trobel & Daisy 2003),
the other displaying some degree of host specificity (B84, Petrini 1996, Pelaez
et al. 1998, Frohlich et al. 2000, Arnold et al. 2001, Sugraganan et al. 2003, Paulus
et al. 2006). Frohlich et al. (2000) found over half of thedal endophytes isolated
from three Australian palm species came from a single pakwisp, while only 23%
were common to all three palms. A similar pattern was enaredtin Brunei, with
46% of isolates demonstrating a preference for one hostespand 32% being com-
mon to all three palm species studied.

14
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Even species in close proximity can play host to differingarhytic communities.
Results related to Petrini (1996) showed out of 70 isolab¢ained from both mistle-
toes and the fir trees on which they grew, less than ten werenocomo both host
species.

In addition to host specificity, there appear to be elemeitissue specificity amongst
the endophytic fungi (Petrini 1996, Johnston 1998, Fathét al. 2000, Paulus et al.
2006). Studies on the manulaeptospermum scopariyridohnston 1998) and palms
(Frohlich et al. 2000), showed both hosts were found to havitions in the endo-

phytic assemblages between different leaf tissue types. petiole in particular has

been associated with unique species (Petrini 1996) andegreambers of isolates
(Frohlich et al. 2000) when compared with other areas ofahg

Differences in endophyte assemblages can also occur heidertical host species
in different environments (Bayman et al. 1998, Johnstor81%8ylor et al. 1999). In

their study on the endophytes of the manuka, Johnston (X¥8@8) major differences
between manuka stands established from seedlings raisedursery compared with
naturally established stands. When the endophytes of the rachycarpus fortunei

were studied by Taylor et al. (1999), they found similar nenstof taxa, but different
species and a poorer population of endophytic fungi in tHenpautside its natural

range when compared with those obtained from the host iratigral habitat.

Tissue age can also have an impact on endophytic sampligtp(Tet al. 1999), with
older leaves generally having a higher population of engitgshthan younger leaves
(Bills 1996, Johnston 1998, Frohlich et al. 2000, Arnoldle2001, Arnold & Lutzoni
2007). While Frohlich et al. (2000) found few differencestveeen the taxa encoun-
tered in younger compared with older palm fronds, isolatetes were higher in the
older tissues.

Other factors can have an influence on the distribution obphytes, including re-
source competition (Paulus et al. 2006), host density @o0inn1998, Arnold et al.
2001, Suryanarayanan et al. 2003), host species (Frohticl. 2000), air quality
(Johnston 1998) climactic conditions (Johnston 1998, Aretal. 2001, Paulus et al.
2006) and season (Taylor et al. 1999, Arnold et al. 2001, 1Raatlal. 2006).

2.1.2 Isolation Techniques

A variety of techniques have been employed in the isolatfoendophytic fungi. A
summary of some of those techniques is described below.

In all cases examined, an excess of material was collectepgrémessing, with the
harvested plant tissues sampled for endophytes within #si{@unold et al. 2001) to
96 hours (Taylor et al. 1999, Arnold & Lutzoni 2007) afterleation. By comparing
leaves from the same site plated on the day with those platdtb@rs after collec-
tion, Johnston (1998) determined while the numbers of iesldid not fluctuate, the
species isolated were affected. In particular, the ismtefiequency of the dominant
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endophytic species decreased with the delay, while othemiaep were isolated more
frequently.

Whole leaves were generally washed thoroughly in runnipgwater prior to sur-
face sterilisation (Bayman et al. 1998, Arnold et al. 200indle & McGee 2003,
Suryanarayanan et al. 2003, Paulus et al. 2006, Arnold &dnit2007). For leaves
containing latex, Bayman et al. (1998) included approxetyad.05% Tween 80 in the
water.

Surface sterilisation of plant tissue appears to be predantly by the sequential im-
mersion of the tissue in ethanol followed by sodium hypogtddollowed by ethanol.
Various concentrations and times were used, and these mm@aised in Table 2.1.
Other studies have utilised a single treatment in either &8tusn hypochlorite (Paulus
et al. 2006) or 70% ethanol (Strobel & Daisy 2003). Where mbthavas used as the
sole agent, it was either allowed to naturally evaporatb®mnaterial and ethanol were
flamed (Strobel & Daisy 2003).

Table 2.1: Summary of timings of chemical surface stetiligaof plant tissue.

Ethanol Sodium hypochlorite Ethanol
Reference

Conc. Time| Conc. Time Conc. Time

Bayman etal. (1998) | 75% 1min| 3.4% 10 min | 75% 30 sec
- - 0.5% 20 min - Note" 2
Johnston (1998) 95% 1min| 29.4% 3min | 95% 30 set
Taylor et al. (1999) 95% 1min| 3.25% 10 min | 95% 30 sec
Frohlich et al. (2000) | 96% 1 min| 3.25% 10 min | 96% 30 sec

Guo et al. (2000) 70% 1min| 3.25% 10min | 75% 30set
Arnold et al. (2001) - - 0.525%  2min | 70% 2 mirf?3
Dingle & McGee| gaor  1min| 4.2%  25min | 96% 30 sec
(2003)

Suryanarayanan et al. 700, 5gec| 4% 90sec | -  Not&
(2003)

Armold &  Lutzoni | g0 10ged 100  2min | 70% 2 mid
(2007)

! For leaves with a latex content.

2 Tissues were finally rinsed in sterile water

3 Tissue was either dried or allowed to dry before continuing
4 Percentage of chlorine bleach provided

Flat leaves were mostly cut into segments no bigger tham®@.%&rnold et al. 2001,
Dingle & McGee 2003, Suryanarayanan et al. 2003, Arnold &zbai 2007), or
punched with a hole punch to produce disks (Pelaez et aB,TB#ylor et al. 1999,
Guo et al. 2000, Frohlich et al. 2000). A particulate filimatprocess was followed by
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one research group, where leaf particles measuring beth@gto 210:m were ob-
tained and plated (Paulus et al. 2003, 2006). Strobel & D@893) carefully excised
and cultured the inner tissues of the leaf, while whole Isavere plated by Johnston
(1998). Needle-like leaves (Bayman et al. 1998), and twigst@ms were sliced into
small segments (Pelaez et al. 1998, Frohlich et al. 2000).

Over half of the studies examined stated the plant mateaalsectioned prior to sur-
face sterilisation (Pelaez et al. 1998, Taylor et al. 1¥98hlich et al. 2000, Guo et al.
2000, Arnold et al. 2001, Dingle & McGee 2003, Suryanarayagtaal. 2003, Arnold
& Lutzoni 2007).

Malt Extract Agar (MEA) was the most frequently utilised med for the initial cul-
turing of endophytic fungi from the plant tissue (Johnsté@8§, Taylor et al. 1999, Guo
et al. 2000, Arnold et al. 2001, Arnold & Lutzoni 2007), folled by PDA (Frohlich
et al. 2000, Dingle & McGee 2003, Suryanarayanan et al. 2@@yman et al. (1998)
used a half strength preparation of each medium, whilesReadfial. (1998) and Paulus
et al. (2006) used MEA with added yeast extract. The lattso atilised Bandoni’s
medium, corn meal agar and dichloran rose bengal chloranigbleagar. Water agar
plates were used by Strobel & Daisy (2003). Most media wepplemented with
one or more antibiotics to prevent bacterial contaminat@onl included streptomycin
(Bayman et al. 1998, Pelaez et al. 1998, Taylor et al. 1968hlEh et al. 2000, Guo
et al. 2000), chloramphenicol (Bayman et al. 1998, Suryayaaran et al. 2003), ter-
ramycin (Pelaez et al. 1998) and tetracycline (Dingle & Me®003). In addition to
the antibiotics, 3/4 of the media used by Pelaez et al. (1668tained a fungicide —
either benomyl, cyclosporin or cyclohexamide. Low levdlsylosporin can restrict
the radial growth of ascomyctes and prevent sporulationunaoraceous fungi, with-
out preventing the growth of any species; low levels of beylaand cyclohexamide
will inhibit some species, thus allowing selective growfltothers (Bills 1996). Rose
bengal was included to slow the growth of rapidily growingduin media utilised by
Bayman et al. (1998), Taylor et al. (1999) and Guo et al. (2000

Incubation temperatures ranged from a minimum ofCl@ohnston 1998) to 26
(Suryanarayanan et al. 2003), for 3 weeks (Johnston 199&ldet al. 2001, Surya-
narayanan et al. 2003, Paulus et al. 2006) to up to one yeaol@& Lutzoni 2007).

Throughout the incubation period, plates were checkedladguor the appearance
of fungal hyphae. Once detected, hyphae were generallgferard to media without
supplements, usually PDA (Bayman et al. 1998, Johnston,1P8Rez et al. 1998,
Frohlich et al. 2000, Dingle & McGee 2003, Strobel & Daisy020 Paulus et al.
2006) or MEA (Bayman et al. 1998, Guo et al. 2000, Paulus €0f3). To encour-
age sporulation, additional media were employed, inclydiatmeal agar (Johnston
1998), or agar incorporating a strip of autoclaved hostiptaaterial (Taylor et al.
1999, Frohlich et al. 2000, Guo et al. 2000, Paulus et al320Media used for the
latter included MEA with (Taylor et al. 1999) or without dnitotics (Frohlich et al.
2000), Potato Carrot Agar (Paulus et al. 2003) and PDA, cazal mgar and tap water
agar (Guo et al. 2000).
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2.2 Materials and Methods

2.2.1 Trialling Isolation Methods

Initially, a brief trial was conducted to determine the besthods for surface sterili-
sation and sectioning of the plant material. Due to a petsamésity and extensive
availability, the exotic bushantana camaravas selected to provide the test material
for the trial.

Prewash

A branch of lantana was cut from a healthy bush, and seleetag$ washed by plac-
ing them into beakers of clean tap water and stirring. Theeateach beaker was
replaced twice. Washing lasted approximately 1.5 hour®@mrtemperature. The
washed leaves were then transferred to a beaker of stardesezosmosis (RO) water
in the Biological Safety Cabinet (BSC), where they were hgitl treated. To deter-
mine the impact of the pre-wash step on the population offgpip micro-organisms,
both surfaces of a washed and an unwashed leaf were gensigegrento the surface
of separate Sabouraud Dextrose Agar (SDA) plates. Thedeagee discarded, and
the plates incubated in the dark at@5or seven days.

To determine the necessity of the pre-wash step, an unwasakdas flamed as de-
scribed below, and a test plate prepared as described above.

Surface sterilisation

Individual pre-washed leaves were submitted to one of twiasa sterilisation treat-
ments — an ethanol-bleach-ethanol treatment as descnbbihgle & McGee (2003)
and flaming as suggested in Bills (1996). A pair of flame ss&d forceps were
utilised for all stages of handling the leaves. Both treattheommenced by allowing
excess water from the final rinse to drip back into the bediefigre the leaves were
placed into a beaker containing 96% ethanol.

The ethanol-bleach-ethanol treatment continued afteteliewas submerged in the
alcohol for one minute. It was subsequently transferredlieaker containing bleach
which had been diluted to a concentration providing two @et@vailable chlorine.
After 25 minutes, it was transferred to a second beaker oontg96% ethanol, where
it remained for 30 seconds before being rinsed in sterilematd held until required.

For the flaming treatment, excess alcohol was allowed tolwhgk into the container
and the leaf passed quickly through the blue flame of a bunserebto burn off the
alcohol remaining.
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Both surfaces of each treated leaf were gently pressed dmetsurface of an SDA
plate, and the leaf discarded. All plates were incubatetiendiark at 2%C for seven
days.

Leaf sampling

Several leaves were surface sterilised using the ethdeati-ethanol procedure as
described above. Sections of each leaf were then taken dsfagent methods:

Method 1A sterile scalpel was used to cut a leaf into quarters, eachhidh was
placed on one half of an agar plate

Method 2A sterile scalpel was used to cut two small squares out of ¢éinéec of one
leaf, and each placed on one quarter of an agar plate.

Method 3A single hole punch was sterilised by dipping into 95% ethaiotiowed by
passage through the flame of a bunsen burner to burn off tba@lcTwo holes were
punched into the center of one leaf, and the punched-ous glsiced on to the other
two quarters of the preceding agar plate

Method 4Two disks from one leaf were obtained using the hole punchchEhask
was placed in a sterile microcentrifuge tube containing0 SHerile water. A sterilised
pestle was used to break up the disk, and expose its contetits vater. The entire
liquid content of one tube was spread onto a single agar.@atenl aliquots from the
other tube were spread on multiple agar plates.

The leaves and sections were kept in sterile Petri dishésglsectioning. SDA plates
which had been previously prepared as per the manufagunstructions were used
for all tests. All plates were incubated at’€5for 14 days.

2.2.2 Isolate Collection

Formulations and recipes of all media can be found in AppeBdi

15g/1000ml solutions of streptomycin and tetracyclineeverepared by dissolving
0.15g of antibiotic into separate vials containing 10ml R@t®. Both were filter
sterilised through a 0.22n syringe filter into several sterile microcentrifuge tubes
Streptomycin solutions were stored &C4and the tetracycline at -20.

Four-hundred millilitre volumes of PDA and MEA were prepduand autoclaved ac-
cording to the manufacturer’s instructions. Once cooledgproximately 5%C, the
molten agar without antibiotics was poured directly inteetty sterile 90mm Petri
dishes and allowed to set. For media containing antibipfi@§:| of the streptomycin
and tetracycline solutions were added and gently mixedtheacooled media before
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pouring into plates. All plates were labelled and storeddgdown in plastic bags in
the refrigerator, and used within one month.

Five-hundred millilitre volumes of RO Water in Schott Betlwere autoclaved on a
Fluids cycle at 129C for fifteen minutes.

Blotting paper strips were placed into autoclavable papgshkand autoclaved on a
Porous Cycle at 12T for fifteen minutes.

Pyrex beakers (250 — 500ml) were topped with foil and aut@dan a Hard Goods
cycle at 121C for fifteen minutes or autoclaved with either of the othems.

Plant Sample Collection

Two areas local to Toowoomba were selected for collectigularit specimens — a dry
sclerophyll forest to the South of the city at Preston, andyaainforest at Redwood
Park in the North-Eastern suburbs of Toowoomba. A permit grasted from the

Queensland Parks and Wildlife Service for collection ohpkeamples from Redwood
Park. Collections at Preston were on private land.

A minimum of three plant specimens of each species weredddatthe sample area,
ensuring some distance was kept between each plant spe@iené¢hey were not next
to each other, but were separated by other plants). Sesateue used to remove a
small (but excess) sample of the plant, which was placed ety into its own
plastic or paper bag and labelled. At the completion of ctilbs, the samples were
returned to the laboratory for the next stage of the process.

Samples were stored in cool areas or in a refrigerator if these unable to be pro-
cessed on the day of collection. A list of plants sampled fesanh location can be
found in Table 2.2.

Plant Sample Sectioning

Initial washing of the plant material was performed in noeri¢e conditions. The final
wash, and all subsequent steps involved in sectioning wetertaken in the BSC and
aseptic techniques followed.

Two to three leaves or smaller samples of twigs, stems artd veere placed into small
plastic bags (one per plant sample) and filled with tap watee. bags were then sealed
and shaken in order to clean the sample material. The waterepéaced twice more,
and the agitation repeated. The final prewash was performédteiBSC, where the
plant material was removed from the bag and placed into desteraker containing
sterile RO water. From this point on, the plant material wasdbed as aseptically as
possible. Having been rinsed in the sterile water, the preaterial was finally removed
to a sheet of sterile blotting paper and excess water gesriypved. At this point of
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Table 2.2: Species of plants sampled from each location.

Redwood Park

LOCATION SCIENTIFIC NAME COMMON NAME
Acacia fimbriata Brisbane Wattle
Alphitonia excelsa Red Ash

Preston Smilax australis Smilax
Xanthorrhoea johnsonii Grass Tree
Lantana camara Lantana
Alyxia ruscifolia Chain fruit

Aphananthe philippinensis

Rough-leaved Elm

Austromyrtus bidwillii

Python Tree

Bridelia leichardtii

Bush Ironwood

Dendrobium rex King Orchid
Elattostachys xylocarpa White Tamarind
Hoya australis Native Hoya

Mallotus claoxylloides

Green Kamala

Streblus brunonianus

Whalebone

Cultivated

Wollemia nobilis

Wollemi Pine

A small, but excess amount of material was removed from eéaft ppecimen
and bagged, before being transported to the laboratorg&dation of endophytic
fungi.

the procedure, the first control plate was prepared.

A piece of the washed plant material from the first plant sangbleach species was
gently pressed to the surface of an antibiotic-free PDAephatich was then set aside
for incubation. The same piece of plant material was thenlistl (as described be-
low), and a second antibiotic-free PDA plate inoculatedaagHe first control plate.
This provided a sample of the epiphytic micro-organisms@né on the washed sam-
ple, so that the effectiveness of surface sterilisatioiccba estimated.

After removal of the excess water, the plant material wapetipbriefly into 96%
ethanol, removed, and excess alcohol allowed to drip baoktire container. The al-
cohol remaining on the surface of the plant material was fteened off by passing
the sample quickly through the blue flame of a bunsen burnes, $terilising the ma-
terial’s surface. The sterile material was transferred steale Petri dish to allow for
ease of handling and for sectioning.

Flamed equipment (dipped into 96% ethanol then passedghrolue flame of a bun-
sen burner and allowed to cool) was used to section the platérral. In the case of
flat leaves, a single hole punch was used to punch numeroes imbb several leaves
(where possible) of each specimen. The pieces punched oatused as the sample
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section. For roots, stems and grass-like leaves, a stealped was utilised, to produce
numerous sliced sections. Four to eight sections (depgrmiimumber of sections ob-
tained) were aseptically transferred to each of a PDA and ME#e, both containing
antibiotics. Plates were then placed into plastic bags myidly sealed for ease of
handling and incubation.

The bagged plates were incubated &&or up to one month, and routinely examined
for evidence of hyphae growth. A small amount of naturaltliyas able to enter the
incubator via a small panel in the door. No artificial lightsaamployed.

Endophyte Isolation and Collection

All manipulations of fungal cultures were performed on tlenth, using a bunsen
burner to provide a small sterile environment. To reducddrad contamination, the
bench was pre-sprayed with 70% ethanol which was alloweddparate immediately
before work commenced.

As fungal growth was detected, small sections of agar coimigithe growing hyphae
were removed with a flamed and cooled agar cutter, and plat&dsh, antibiotic-free
PDA plates. One plate was used per fungal isolation. Theglaere incubated as pre-
viously described, and the growth checked every several.dsg/colony form became
distinct, its morphology was compared with the growth attdion the original plate.
Where this was obviously different, a second plate was pegpaom the original.

In most cases, the initial endophyte isolation was suffidierprovide a pure culture,
and no further subculturing was required. In the few instanwhere this was not
the case, subculturing of each apparent isolate was pegtbumtil pure cultures were
obtained. In two cases, this required the use of a spreadglatchnique, as would be
performed with bacteria.

Once in pure culture, three methods of storage were employethimise the risk of
loss of an isolate, and ranged from short (up to 12 month®rtgdr term storage. All
three methods required cubes of agar containing hyphaehwiare cut from the pure
isolate culture. A flame sterilised scalpel was used to sliteast ten cubes measuring
approximately 3 to 5mm square, from an area containing thetes.

1. PDA Slopes — PDA was prepared as per the manufacturetisiations, and
boiled to dissolve the agar. 14ml of the liquid, cooled toragpnately 53C,
was dispensed into a number of wide-mouthed 25ml glass \Raltowing ster-
ilisation in the autoclave, the vials were placed on to a taard allowed to
set in a sloped position. Once set, a single cube of agariocargehyphae was
placed in the centre of the agar slope, and the vial labelladculated vials
were incubated at 2& and routinely examined for presence of sufficient, pure
isolate growth. Once obtained, the vial was transferred stoeage container
and stored atC. This form of storage is suitable for short term storagehwi
fungal viability lasting for up to one year (Smith 1988).
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2. Water storage — Cryovials containing 1ml of RO water weegilssed in the
autoclave on a Fluids cycle at 11 for 15 minutes and allowed to cool. Several
cubes of agar containing hyphae were added to each cryaviababmerged
under the water. Labelled vials were placed into a storageabd placed into
a fridge at 4C. It has been shown by McGinnis et al. (1974) that storage in a
similar manner at 2% has a successful revival rate of at least 92% after 5 years;

3. Cryopreservation — Several cubes of agar containing dg/ptere placed into
a sterile cryovial, and covered with a sterile, agueous 2B#éegol solution.
Labelled vials were placed into a storage box which was plac® a -70C
freezer. This method can provide long term viability (Bil896).

2.3 Results

2.3.1 Trialling Isolation Methods
Pre-wash

As can be seen in Table 2.3, washing the plant material reldbesnumber of epiphytic
organisms on the leaf surface. However, problems were eead with the material
becoming entangled in the magnetic stirring bar, so anratate method of agitation
needed to be developed.

Flaming an unwashed leaf also led to a reduction in surfagansms. However, when
compared with the results obtained when flaming is combin#daypre-wash, as seen
in Table 2.4, flaming on its own did not provide a suitable acefsterilisation result.

Surface sterilisation

Table 2.4 shows both methods of sterilisation reduced tpelption of surface organ-
isms. However flaming alcohol off the leaf surface proveddahe more successful of
the two, being quicker and more simplified. Occasionallyl&éaé matter continued to
burn after the alcohol had gone, but burnt areas were sinwplgied during sampling.

Leaf Sampling

Table 2.5 shows the description of growth obtained from #aé samples, and an in-
dicator of potential sub-culturing efficiency. The appioasing homogenised disks
appeared to be unsuccessful, as no useful colony growth btaged on any of the
plates. Fungal growth from the leaf quarters was excessdeicing the ease of ob-
taining individual isolates. The larger leaf sections wals® more difficult to handle
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Table 2.3: Results showing impact of pre-washing leaveserfungal epiphytic or-
ganism population.

TREATMENT RESULTS

Entire agar surface covered with diverse range
of fungal colonies

Entire agar surface covered, however with a|fe-
Washed duced diversity of species compared with the
unwashed plate

Entire agar surface covered with two main
moulds and several smaller ones. Reduged
number of colonies compared with the washed
plate

Unwashed

Unwashed/flamed

Test leaves were either washed in several changes of nole-s&p water, fol-
lowed by a final rinse in sterile RO water, or left unwashednkéd leaves were
immersed in ethanol before being passed through the flamebohsen burner.
Both surfaces of each test leaf were subsequently pressech@DA plate, the
leaf discarded, and the plate incubated.

than the smaller disk or square sections. Disks or smalldgaéres proved to be the
most efficient way of obtaining discreet endophytic colgnigsing the hole punch was
much quicker and easier than using the scalpel, and wouldebpreferred method of
providing sections from flat leaves.

Therefore, based on observations and results of the ttialas decided that plant
material collected for isolation of endophytic fungi woldd washed and then flamed
before being punched with a hole punch where possible, tagedhe sections.

2.3.2 Isolate Collection

Control Plates

All washed but pre-sterilised plant samples demonstrdiegtesence of a large num-
ber and diversity of fungal species colonising the extesnalaces. Surface sterilisa-
tion of leaf samples generally resulted in the destructibthese potential contami-

nants. However, some apparent epiphytes remained on theanmples after sterilisa-

tion.

Flame sterilisation proved to be an effective method for shdace sterilisation of
the plant material - the leaves in particular. This can be sed-igure 2.1(a) in the
photograph of the control plates prepared from$3teblus spleaf sample. The agar
plate exposed to the washed but unsterilised leaf becamgletaty covered by growth
of fungal epiphytes. However, the plate exposed to the saafafter surface flaming,
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Table 2.4: Results comparing two different surface stailon methods applied to
pre-washed leaves.

TREATMENT RESULTS

Bulk of agar surface covered by a single mou
species. Two other fungal species evident

Ethanol-bleach-ethanol d

Flamed No growth

The ethanol-bleach-ethanol method involved sequentaMiag of the plant mate-
rial in 96% ethanol, bleach diluted to provide 2% availaliitoane, followed by

immersion in another volume of 96% ethanol. Flaming invdlilamersing the
material into 96% ethanol, removing the excess, and pa#isengaterial through
the blue flame of a bunsen burner. Both surfaces of each tfsivere pressed
onto a SDA plate, the leaf discarded, and the plate incubated

Table 2.5: Results of different leaf sampling techniques.

SECTION

TYPE RESULTS
Disks vs. cut| Mycelial growth occurred at the edge of one|pf
squares each section type. Easy to sub-culture

One compact yeast-like colony grew from the
plate with the 0.5ml aliquot. No growth fron,
the others

Entire surface of both plates covered by lgss
Quartered leaf| than ten fungal species. Difficult to isolate indl
vidual colonies

Homogenised
disks

=

Test leaves were washed and surface sterilised. Disks werehpd out of the
leaf with a flame-sterilised hole punch. Cuts were made wétegle scalpel.

grew nothing, which suggested the leaf surface had beectig#ty sterilised.

Figure 2.1(b)shows the same process but with a root sangptednAcacia fimbriata
The washed but unsterilised root remained heavily contataed) and this was exten-
sively reduced but not eliminated by flame sterilisation.wdwer, in the majority of
cases, it was found that epiphytes remaining on the rocaseiidppeared to be yeasts,
which were not a focus of this project, and so could be distaxin

Where epiphytic contamination remained possible after dlaterilisation, the mor-
phology of individual fungi was compared with the morpholaaf the isolates ob-
tained from the sections. Where morphological charadiesisvere found to be simi-
lar, those isolates were considered to be epiphytic comizmts.
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(b) Control plates — Root

Figure 2.1: Examples of Sterilisation Control plates. Bfitjures show the growth
obtained after pressing the washed, but unsterilised gisue to the agar surface in
the left hand plate, while the plate on the right demonstrdte same tissue after flame
sterilisation. The upper set were fragtreblus brunonianukeaf; the lower set were
from Acacia fimbriataroot.
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Sample Plates

Fungi did not grow from all sections plated, while a small ftn@mof individual sec-
tions yielded two or three isolates. Both yeasts and moukte wecoverable from the
sections. However, due to the nature of the project, efigeie concentrated on the
endophytic moulds.

Some plates were overwhelmed by growth from one fast grofuingus. This re-
quired quick intervention, where unaffected sections wenesferred to a fresh plate.
However, this did not always lead to a satisfactory resuien either the fast-growing
fungus persisted, or no new isolates grew at all.

Endophytic Isolates

Most sub-cultured isolates showed good resemblance toulteres from the origi-
nal plates, and in addition, resulted in pure cultures withibe need for further sub-
culturing. A total of 133 fungal cultures were grown with 0\89% being moulds.
Macroscopic examination suggested that over 100 fungaliepevere represented,
including species dfFusarium, Epicoccum, Aspergill@dPenicillium

Duplicate isolates tended to be from the same forest latdttid not from the same
plant species. One duplicate fungal species was isolated froth the Preston and
Redwood Park sites.

All plant species sampled provided at least one endophyaild of the total number

of fungal isolates and number of unique isolates obtainegla@t host species can be
seen in Table 2.6. Within each plant host species, any nhltipcurances of isolates
only occured within individual plant hosts.

Unfortunately, eleven of the cultures proved difficult togrsufficiently to enable stor-
age, and so did not become part of the isolate collectionh Emtate was designated
a unique identifier, based on the plant sample of origin, &ednumber of isolates
obtained from that sample.

2.4 Discussion

It was determined during the initial trial that agitating thlant material in sequential
fixed volumes of water was sufficient to decrease the contmiload, and thereby
increase the efficiency of the surface sterilisation metbwwgbloyed. Similarly, the

final part of the pre-wash was performed using sterile watdregjuipment, so as not
to introduce extra contaminants.

Flaming of the plant material appeared to provide a sufftdmrel of surface sterilisa-
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Table 2.6: Summary of Isolates obtained from each plantiepec

PLANT NAME SAMPLE PLANTS SECTIONS | ISOLATES UNIQUE
TYPE SAMPLED | PREPARED| OBTAINED | ISOLATES
A. fimbriata Leaf 5 20 6 6
Root 3 7 4 4
A. excelsa Leaf 3 36 4 3
S. australis Leaf 3 36 2 2
X. johnsonii Leaf 3 58 9 !
Trunk 1 10 9 9
Root 4 12 17 16
L. camara
Leaf 3 32 4 4
A. ruscifolia Leaf 3 36
A. philippinensis Leaf 3 37 1 1
A. bidwillii Leaf 3 26
B. leichardtii Leaf 3 28 13 12
Root 9 118 29 22
D. rex
Leaf 2 24
E. xylocarpa Leaf 3 36 3 3
H. australis Leaf 3 28 18 13
M. claoxylloides Leaf 3 36 3 3
S. brunonianus Leaf 3 36 3 3
Leaf 1 24 0 0
W. nobilis Stem 1 9 1 1
Sap 1 N/A 0 0
SITE PLANTS SECTIONS ISOLATES
SAMPLED | PREPARED | OBTAINED
Preston 25 191 55
Redwood Park 35 405 77
TOTAL (not includ-
ing Wollemi Pine) 60 596 132
TOTAL (including 61 629 133

Pine)

! Unique isolates per plant host

The first part of the upper section of the table lists sampl¢ained from Preston,
while the second part lists those collected from Redwoo#.PEne Wollemi Pine
was a cultivated specimen.
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tion, though there may have been times where it resulteden @v under-sterilisation
of the plant tissue surface. This can be dependent on th&réeand size of the mate-
rial, and is a risk in common with any surface sterilisatioethod. However, it was
noted that in previous studies many researchers surfagksstt the material after it
was sectioned, rather than before, as was done in this préjecnot known what im-
pact this would have on the isolation of endophytic fungt, tmay possibly decrease
the number of taxa obtained.

The procedures followed here, proved to be successful irsthation of endophytic
fungi. Fifteen plant species from two main sites were sebtk&br sampling, and ma-
terial was harvested from 61 individual plants. Followingface sterilisation and
sampling, 629 tissue segments were placed onto solid madtalturing. 133 isolates
were grown, and were predominantly moulds. Cursory mowiohl comparison
suggested over 100 fungal species were represented.

On average, 0.21 isolates were obtained per tissue segieistfigure is quite low
when compared with other studies — an average of 0.6 isgh&te8ssue sample was
obtained by Taylor et al. (1999), whilst Frohlich et al. (B) obtained an average of
1.44. Many factors would influence the rate of isolates olgt@diper tissue segment
including plant host species, growth conditions and largtireatment of plant tissue,
and culturing conditions. Of particular note in the lattdre use of additional sup-
plements in the media may have been of benefit, especialbethsed to restrict the
growth of fast growing fungi.

At least one endophyte was cultured from each plant spexigsyilar finding to that
of Pelaez et al. (1998), where all but one plant speciesigtehn endophytic isolate.
Their study examined fewer plant species (9), and feweviddal hosts (45) than this
project. 2880 tissue samples were cultured, and produc2fubgal species, a rate of
approximately 0.05 species per sample. This was almosth®ltfate obtained for this
project (0.16 species per sample), but is the closest togkearch.

In their study of the endophytic assemblages of two trofimadsts, Suryanarayanan
et al. (2003) examined 24 plant species. The culture of 3880 segments resulted
in the production of 81 species of fungi, a rate of 0.02 spepar sample.

A similar rate was obtained by Taylor et al. (1999) and Gud.€2800) in their bids to
identify all endophytic fungi associated with a single pdiost species. Taylor et al.
(1999) obtained 75 fungal species from 3256 leaf sampl@saxthycarpus fortunei
Guo et al. (2000) cultured 750 tissue samples ftonstona chinensiswhich yielded
16 fungal species. This work resulted in an average spexi&mmnple rate of 0.23 and
0.2 respectively.

Due to the higher level of diversity encountered in this @ctj multiple isolations of
an individual fungal species were quite low. 7.5% of isokgecies were found more
than once, and were predominantly isolated from the samedual host. Therefore,
92.5% of the fungal species isolated were unique. The stadgucted by Frohlich
et al. (2000) found 49.8% of isolates were found once, whilly 80.9% of isolates
obtained by Suryanarayanan et al. (2003) were unique.
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Many aspects in the collection of endophytic fungi couldéham impact on the results.
These include selection of hosts, host sampling condi@masmethods, sample size,
tissue segment size, and tissue segment treatment.

Therefore, it is difficult to compare results with other sasddue to the differing meth-
ods followed. In addition, the ultimate purpose of the indijal research will have an
impact on the process, from the selection of plant hosts &esl $0 the processing of
the material, to the subculturing and levels of identificatdf the resulting isolates.

The aim of this stage of this project was not to determineyegadophytic species of
a plant host or site, but to obtain a diverse range of fungatigg for further study in
the search for novel antibiotics. While the number of indual isolates obtained was
smaller than other studies, the diversity obtained wa®laiherefore, the procedures
followed as described under Materials and Methods, weifecgardt for the fulfilment
of the original goal.
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Chapter 3

Screening for Antimicrobial Activity

3.1 Introduction

Acquisition of endophytic fungi from the 15 plant speciemgpéed yielded a total of

122 isolates for the next phase of the project. This invobtedpreliminary screening

of each fungal isolate for antimicrobial activity againgianel of selected nosocomial
pathogens.

Antibiotic activity comes from the production of secondamgtabolites by the fun-
gal isolate. To determine the most suitable medium and ndetbe@encourage and
detect production of secondary metabolites, a trial waslgoied. Two screening
methods were initially examined, testing the respons8taphylococcus aurewsnd
Escherichia colito substances produced in culture by the fungesicillium chryso-
genum As it was known the substances produced would potentiatiyde penicillin,
the two test microbes offered a sensitive and resistanbrssprespectively to the an-
tibiotic.

Using information garnered from the trial, two methods waseeloped for the screen-
ing of the isolates. These involved the culturing of eaclaigoon a suitable medium
and exposing the test bacteria to the secondary metabptibesiced in the medium.
After incubation, the bacterial cultures were examinedifier presence of inhibition.
Fungal isolates which demonstrated some activity agamgtoé the test organisms
were further examined in the next two stages of this project.

3.1.1 Secondary Metabolites

Secondary metabolites are a by-product of an organismisthrgyet do not appear to
be required for its normal growth (Demain 1986, Strobel &€y£003, Deacon 2006).
However, while production of secondary metabolites doésppear to be a necessary
function (Deacon 2006), particularly when the fungus isngran pure culture (De-
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main 1986, Strobel & Daisy 2003) it is thought that in a nateravironment these
metabolites may play a specific role (Calvo et al. 2002, ®fr&Daisy 2003). Sec-
ondary metabolites would certainly enhance the surviviiefungus (Demain 1986),
for example by providing protection from pathogens (Sttdb®aisy 2003). They
have also been associated with fungal sporulation, but tlaln@ys appear to be an
essential component of the process (Calvo et al. 2002)slals® been suggested that
during periods of restricted growth, in order to avoid thewaaulation of metabolic
intermediates and their potentially toxic affects, thegus converts them via the sec-
ondary metabolite pathways into alternative products wiay be less toxic, or can
be eliminated completely (Deacon 2006). Nonetheless,dhggse of endophytic sec-
ondary metabolites remains uncertain (Strobel & Daisy 20B8amples of secondary
metabolites include mycotoxins and pigments (Demain 1826yo et al. 2002).

Secondary metabolites with antimicrobial properties atgonoduced by all fungi (De-
main 1986, Pelaez et al. 1998, Rosa et al. 2003, Strobel &yD2003), and those
produced may vary depending on the environment to which uhgifhave adapted
(Schulz et al. 2002, Strobel & Daisy 2003). Great variatias been observed be-
tween species (Demain 1986, Schulz et al. 1995) and betvieinssor isolates of the
same species (Pelaez et al. 1998, Schulz et al. 1995, 2083,4 al. 2003, Strobel &
Daisy 2003). Strobel & Daisy (2003) reported a case whereladpcally active com-
pound was produced from a single endophytic fungal isolate@bmany of the same
species isolated from the same plant. Therefore, in thelséarantimicrobially active
secondary metabolites, all isolates should be screenaddiegs of species similarity
(Pelaez et al. 1998, Rosa et al. 2003).

A number of factors influence the production of secondaryalmgites in culture.
Growth rate is possibly the most important, as it has beenddliat secondary metabo-
lites are not produced during rapid growth (Demain 1986,d08&006), and often do
not occur until the organism has reached its stationarygpfizsmain 1986, Calvo et al.
2002, Deacon 2006). Growth rate can be influenced partigldgrmedium composi-
tion. For example, a rapidly utilised carbon source, suchl@sose, encourages rapid
growth, and therefore can interfere with the productioneaiomidary metabolites. Pro-
duction of penicillin and cephalosporin are inhibited wdhgtucose is the sole carbon
source. Slowly metabolised sugars, including sucrose atatpse are preferable to
the rapidly metabolised sugars such as glucose and mabesegin 1986). Early
nutritional experiments conducted by Fleming (1929) fopedicillin production by
Penicillium chrysogenurwas delayed or inhibited when glucose or saccharose were
added to the culture medium.

The limiting factor for fungal growth is usually the nitraygeomponent of the medium
(Trilli et al. 1978, Calvo et al. 2002, Deacon 2006). Whilesedary metabolite pro-
duction may not commence until the nitrogen source has beptetdd, the choice
of nitrogen source can also have a major impact on its prasluctAmmonia, for
instance, can suppress it completely while amino acids aftestter alternative. How-
ever, where specific amino acids share elements of the satabolie pathway as the
secondary metabolite of interest, they may inhibit its piitbn by being a part of the
feedback control (Demain 1986).
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Growth conditions may also be used to encourage the praniuatisecondary metabo-
lites. Incubation of the culture at a temperature that iselothan that for optimal

growth, slows the growth rate down, and may also be requbethe production of

some secondary metabolites (Demain 1986). Levels of aeratso have an impact
on secondary metabolism production (Jennison et al. 198@\din 1986, Schulz et al.
1995).

Secondary metabolites extracted from endophytes havelfoses as antibiotics (De-
main 1986, Strobel & Daisy 2003), antivirals, anticanceniaxidant, insecticidal,
anti-diabetic and immunosuppressive agents (Strobel &p2003).

3.1.2 Screening techniques

Methods for the screening of fungal secondary metabolaeartimicrobial activity
appear to be divided into three general approaches:

Approach 1The fungal isolate was cultured on an agar plate capable pgasting
bacterial and fungal growth. When sufficient growth was woigd, the test bacteria
was applied to the plate. Plates were incubated, and thesnaasfor evidence of
inhibition.

This was the primary screening method used by Emerson et346] to screen 210
moulds against a panel of 5 bacteria. Two types of media widiged, and the fungi
grown until the colony size was between 20 to 25mm in diamelest organisms
were grown in broth, and streaked from the edge of the colonghé edge of the
plate. Following incubation overnight at 37, the streaks were examined for areas of
inhibition.

To screen for the presence of antimicrobial activity in 8aiss of Peziculaspecies,
Schulz et al. (1995) cultured the fungi on a medium similazamposition to Nutrient
agar with glucose. Once the fungal colonies reached 3.5chameter, the plates were
sprayed with a suspension of the test organism in waterr Afternight incubation at
37°C, the plates were examined for zones of inhibition. The skaeratory subse-
guently utilised this procedure in the screening for antnobial activity in over 6000
endophytic isolates (Schulz et al. 2002).

Approach 2The fungal isolate was cultured infon media suitable fordbkivation
of fungi. When suitable growth was obtained, the medium, po#dion of it, was
transfered to media suitable for cultivation of bacteribe Test bacteria were applied,
the plates incubated, and observed for inhibition.

Fleming combined broth in whicR. chrysogenunhad grown with agar, and poured
the mixture into a furrow previously cut into an agar plate.c® set, test bacteria were
streaked from the furrow edge to the edge of the plate, andated (Fleming 1929).

Trilli et al. (1978) poured media into plates to a depth of 3n®mce set, 4mm disks
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were cut from the agar with a sterile cork borer, and the dmkat inoculated with
the fungi. After incubation of up to 5 days, the disks werasfarred to Nunc plates
containing bacterial medium incorporating the test orgamiand the plates incubated
overnight. Uninoculated disks were kept in sterile cowais in a humid chamber at
28°C and used within 3 days.

In researching the production of penicillin by various spe@nd strains oPenicil-
lium, Laich et al. (2002) grew the fungi on plates of Malt Extracjah (MEA). After

7 to 10 days of growth at 2&, 9mm plugs of the colonised agar were transferred onto
the surface of Tryptic Soy Agar (TSA) plates. After 48 hourgioubation at 25C, the
plates were overlayed with a mixture of 1% TSA and the pdimedensitive test or-
ganismMicrococcus luteusThe plates were held at6 for 2 hours, and subsequently
incubated overnight at 3@C.

Approach 3The fungal isolate was cultured in liquid media suitabletfa cultivation
of fungi. Any secondary metabolites produced were chelyieadtracted, and the
finished preparation applied to plates inoculated with #s drganism. Plates were
incubated and observed for inhibition.

Pelaez et al. (1998) cultured 187 endophytic fungal iesla a suitable broth for 3
weeks at 25C with shaking at 220 rpm. Two millilitres of each culture wanixed
with 2ml of 100% methanol, and shaken for 15 minutes. Afterticfigation for 15
minutes at 3000 rpm, 2ml of the supernatant was removed aqbeated to 1ml by
nitrogen flow, to remove some of the methanol and concerdratsecondary metabo-
lites present. Bacterial test plates were prepared by gdglidml of a bacterial sus-
pension adjusted to an optical density of between 0.22 6 & $60nm, to 100ml of
medium and poured into 24x24cm Nunc plates. Once set, thgafiextracts were
applied to the plate surface, and the plates incubated igrn

In screening basidiomycetes for antimicrobial activitpsR et al. (2003) cultured the
fungi in 100ml of liquid medium for 9 days at 28 with shaking at 150 rpm. The
cultures were subsequently frozen until the extractiorc@ss could proceed. After
thawing, the cultures were homogenised and extracted Stmthd 30ml volumes of
ethyl acetate. The organic fraction was dried over anhyglgmdium sulphate, and
rotary evaporation used to remove the solvent. 10mg/mkstolutions of the product
were prepared in di-methyl sulfoxide (DMSO) and stored 84 Test plates were
prepared by spreading test bacteria over the surface afl Bieart Infusion (BHI) agar
plates, and applying 10 spots of diluted extract (1mg/ml in 5% aqueous DMSO) to
the surface. After 24 to 48 hours of incubation, the platesevabdserved for zones of
inhibition.

A similar culture and extraction process was followed by Rpees et al. (2000) with
selected endophytic isolates harvested fi®mondias mombjra Brazilian plant asso-
ciated with traditional medicine. Extracts were dissolirethethanol, and 1 added
to wells in a 96-well cell culture plate, to which a system obwth media and test
organisms was added. The plates were analysed by a phatimatecompany as part
of a high throughput screening program.
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The screening programmes undertaken by the above researekemined the re-
sponses of a range of organisms, includBacillus subtilis, S. aureuand Pseu-
domonas aeruginoséEmerson et al. 1946, Pelaez et al. 1998, Rosa et al. 2003),
E. coli (Emerson et al. 1946, Schulz et al. 1995, Rodrigues et al0,2R0sa et al.
2003),B. cereus, S. epidermidis, Salmonella typhimur{&asa et al. 20035erratia
marcescenfPelaez et al. 1998), and a number of fastidious bactedgeaasts (Pelaez

et al. 1998, Rodrigues et al. 2000, Rosa et al. 2003). Thesedwnprised laboratory
and ATCC typed strains.

3.2 Materials and Methods

3.2.1 Trial with known antibiotic producer

Two trials were utilised to determine the best proceduresfoeening the isolates
for production of antimicrobially-active secondary meihbies. A known antibiotic
producer,Penicillium chrysogenumwas used as the test fungal species against the
penicillin-sensitive bacteriurBtaphylococcus aure &TCC 25923).Escherichia coli
(ATCC 25922) was included as a negative (resistant) canfitoe first trial was based

on an ethanol extraction method and examined three areas grdwth medium;
growth conditions; and pre-extraction treatment. The sddaal focused on the use

of direct screening on solid bacterial culture medium.

P. chrysogenumvas grown on a PDA plate for seven days at@5PBS (Phosphate
Buffered Saline) was prepared by diluting the appropriatame of GIBCO’s 10XPBS
to make 200ml, and PBS-Tween prepared by adding 0.02ml o&i&e to the PBS.
After mixing, a portion of the solution was sterilised by rition through a 0.2m
filter. A spore suspension was prepared fromReeicillium culture by washing the
plate surface with 1ml of the sterile PBS-Tween solutione $pore-laden liquid was
then transferred to a 2.5ml volume bottle containing anotimel of the PBS-Tween,
and stored at4C until required.

Four 100ml volumes of Nutrient broth, two 100ml volumes ok Dox broth and

one 100ml full-strength Malt Extract broth were prepareshfcommercially available
stocks, and prepared as per the manufacturer’s instrigctidrnirace metals solution
was prepared by dissolving 0.05g zinc sulphate and 0.02pgescsulphate in 5ml of
water. Czapek Dox Yeast broth was prepared by adding 0.1thiearace metals and
0.5ml of yeast extract to one of the 100ml Czapek Dox broth&0% strength Malt

Extract broth was also prepared by preparing a 50ml volunpeate manufacturer’s
instructions, and diluting to 100ml with RO water. All brettvere placed into 250ml
Erlenmeyer flasks, stoppered with rolled cotton wool, arel tips covered with a
square of alfoil.

Saline was prepared by dissolving 1.74g sodium chlorideOi@nd reverse osmosis
(RO) water. This was divided into two volumes of 20ml and tv@&oml.
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Four hundred millilitres of Nutrient, Sensitest, Tryptioy§ MacConkey and Mannitol
Salt Agars were prepared as per the manufacturer’s ingingct All media and the
saline were autoclaved at 1Z1for 15 minutes, and once cooled to’B) the agar was
poured into 90mm Petri dishes. Formulations of all medialmafound in Appendix
B.

A dozen Whatman 7cm No. 2 filter papers were placed into a §lessdish, and fifty

Whatman 13.0mm Antibiotic Assay disks were numbered withhcgend placed into

a small glass jar. These hard goods were autoclaved aC1fat 15 minutes together
with eight 250ml Schott bottles and two alfoil-topped 25ndasuring cylinders.

Trial 1

One volume of prepared Nutrient broth was left uninocul@®d negative control; the
remaining seven flasks of broth were each inoculated with 6fxhe freshly prepared
Penicilliumspore suspension. All cultures, except for one of the Nuiteoths, were
incubated at 28 with shaking at 100rpm for six days. The remaining flask was
incubated as a stationary culture at@5or the same period of time. Therefore, a total
of eight flasks containing 100ml of a particular broth wereuimated for this trial.

At the end of incubation, the contents of one shaken Nuthesth culture were trans-
ferred entirely to a sterile 250ml Schott bottle. The cotddrom the negative control
(broth with no fungal growth) were transferred to a secouedilst Schott bottle. The
mycelia were filtered out of the six remaining cultures, bgwam filtration through a
sterile No. 2 Whatman filter — a fresh filter being used for eadlture. Each filtrate
was transferred to a sterile 250ml Schott bottle, and atlémstored at -2@C.

Culture solutions were progressively thawed overnight@t I he first Nutrient broth
culture, which had been frozen without the prior removalhed mycelium, had the
mycelium filtered out as described for the other culturesis Thycelial mass was
stored at -20C and freeze dried later as a separate sample. Two mikliere trans-
ferred from each thawed broth solution to a sterile 2ml tuldr@frozen. The remain-
ing liquid was transferred to a sterile vacuum flask and efnoat an approximately
45 angle and gradually rotated to obtain as small a frozen pralpossible. Once
solidified, each flask was transferred to the@@reezer overnight to ensure the sam-
ple was sufficiently cold for freeze drying. Each sample neapproximately 30
hours to freeze dry completely.

Each freeze dried product was transferred to a sterile 10c@advitney bottle, and 10ml
of ethanol added to the freeze dried broths. Three mié#itof ethanol were added to
the freeze dried mycelial sample. After thorough mixingg #amples were held at
-20°C until testing.

The test bacteria were revived from ¢@0storage, and cultured onto TSA plates. Af-
ter overnight incubation at 3T, theE. coli (ATCC strain 25922) was streaked onto a
MacConkey agar plate, and ti%e aureugATCC strain 25923) streaked onto a Man-
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nitol Salt Agar plate. Swabs were also used to apply eachiepéx one half of a
Sensitest agar plate, and a commercial (Oxoid P10) Peniattitibiotic disk placed
in the middle of each swabbed area. After incubation ovértrad) 37C, these plates
were used to confirm identity, and resistance and sengitiipenicillin.

Bacterial suspensions were prepared by swabbing eachismgamer the surface of a
fresh TSA plate and incubated as previously described. @&pprately 3ml of sterile
saline was applied to the surface of each plate, and the lyeisibdged and suspended
with a swab. Each bacterial wash was collected into sepatetie bottles, and with
additional sterile saline was used to prepare a 50ml batwuspension. In order to
standardise the inoculum, the final suspension was prepatie@n optical density of
approximately 0.4 at 660nm against a saline blank.

Bacterial test plates were prepared by adding 8ml of theebatsuspension to 250ml
molten Nutrient Agar (NA) which had been cooled ta’60 After swirling to mix,
20ml volumes were measured with a sterile 25ml graduatecunieg cylinder, and
poured into 90mm sterile plastic Petri dishes. Ten plate®\weepared for each test
bacterium.

Test solutions were removed from storage, and the 2ml bestipges allowed to thaw.
Sterile paper disks were spread onto a sterile surface iB8@. Two disks were
prepared for each sample by adding AD6f test solution to each disk, and leaving to
dry. An additional two disks were similarly prepared as atomlrby adding 10@| of
ethanol only.

Flame sterilised forceps were used to place four test disks loalf of the prepared
bacterial test plates. A 3mm agar punch was used to createvils in the remaining
plates, and 10l of test solution added in the same pattern as the disks — étgood
filtrate and ethanol extracted pairs per plate. A P10 peimiciisk was added to one set
of plates for comparison. After allowing thirty minutes fabsorption of liquid in the
wells, the plates were bagged and incubated overnight&t, 3&fore being examined
for the presence or absence of zones of inhibition. The saolizones present were
measured from the edge of the well or disk to the edge of cigabition.

Trial 2

The centre of one Nutrient agar plate was inoculated withya &@ot of thePenicillium
spore suspension, and spread to cover an area of approkiridiem in diameter.
After incubation at 25C for four days, the plate surface was flooded by$haureus
suspension prepared for Trial 1, and incubated overnigBt’&. The plate was then
examined for the presence of inhibition as per the plates ffaal 1.

A second Nutrient agar plate was prepared by inoculatinig Renicilliumspores col-

lected on a swab which was then rolled in the centre of theedatface to cover an
area of approximately 1.5cm in diameter. The plate was iatmfor five days at
25°C.
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Nutrient broths were used to grow a selection of additioradtéxia for screening:
methicillin-resistantStaphylococcus aureU®RSA), S. epidermidis, Pseudomonas
aeruginosa, Bacillus cereusnd Serratia marcescensinoculated broths were incu-
bated overnight at 3. These additional bacteria were all laboratory strairepk
for S. epidermidisATCC 14990. All bacteria were readily available, and canseau
disease in humans.

After incubation of the fungus, a loopful of each bacterialth was streaked across the
plate from the edge of the fungal growth to the edge of theepl@he plate was then
incubated overnight at 3C, and examined for areas of non-growth of the bacterial
streaks.

3.2.2 Fungal Isolate Screening

Using information garnered from the trial, two methods weseeloped for the screen-
ing of the isolates. The first method resulted in the prodmadif an ethanol extract for
testing, while the second method utilised direct screening

Bacterial cultures that were screened inclu@&edureus MRSA, S. epidermidis, E.
coli, P. aeruginosa, S. marcescesnrsdB. cereus

PDA was prepared and autoclaved as per the manufacturstisictions, and 10ml
poured into 5cm diameter Petri dishes. Fungal isolates veereed by inoculating the
centre of the small PDA plate with a small amount of cultumaeged from the PDA
slant storage. Plates were incubated &26ntil sufficient growth was produced.

Nutrient Broth was prepared as per the manufacturer'siogstms, and 100ml volumes
prepared as described in the trial. Sensitest and TSA phaigsaline were prepared
as previously described.

A flame sterilised scalpel was used to cut small cubes of myoeirom the revived

cultures. One square was used to inoculate a flask contali@gn! Nutrient Broth,

and incubated with shaking at 100rpm. Another square waglan the centre of a
Sensitest Agar plate. Both cultures were incubated &€ 26r up to one month.

Method 1

The mycelium was removed from the broth culture as describekle trial, and the
broth transferred to a 100ml sterile McCartney bottle. Sasypvere stored at -2C
until they could be freeze dried, as previously describefterAreeze drying, 10ml
of ethanol was added to the freeze dried product. After swglo ensure adequate
contact with the product, the alcohol was removed to a sté6iml McCartney bottle,
and 10 ml of sterile water added to the remaining product.eQ@iigsolved, the solution
was transferred to another sterile 15ml McCartney bottlethBolutions were stored
at -20C until tested.
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Confluent growth plates @. aureusMRSA, S. epidermidis, E. coli, P. aeruginoaad
S. marcescenwere prepared on Tryptic Soy Agar (TSA). After incubatioremight
at 37C, a suspension with an optical density of 0.5 at 660nm waspeel by washing
the plate and diluting in sterile saline. Ten millilitressiérile glycerol were added to
30ml of each suspension, and the mixture aliquoted into Bruinaes for storage at -
70°C. As bacterial testing progressed, an aliquot of each baotevas removed from
the freezer and allowed to thaw for incorporation into téstgs.

Sensitest Agar was prepared by combining 16g of medium powitle 500ml of RO
water and boiling to dissolve. Eighty millilitres were despsed into 100ml McCartney
bottles, and autoclaved at 1Z1for 15 minutes. After being cooled to 8D, 4ml of a
thawed bacterial suspension was added and mixed beforengd&@0ml volumes into
sterile Petri dishes. Five plates were prepared per baoteat a time.

Test disks for filtrate and ethanol extracts were prepargar@sgously described, al-

lowing sufficient disks to test against all six bacteria. é=dried disks were applied
per bacterial plate, and plates incubated overnight &C3Each plate was examined
for the absence of bacterial growth surrounding a disk. Atpesesult was recorded

where a clear zone was found. Where growth occurred to the edipe disk, a nega-

tive result was recorded.

A total of five isolates were tested in this manner.

Method 2

Cultures ofS. aureusMRSA, S. epidermidis, E. coli, P. aeruginosa, S. marcesegrs
B. cereuswere grown on TSA plates overnight at°® Once the fungal cultures on
Sensitest Agar had sufficient growth, a flame steriliseddvaatogical loop was used
to streak a small amount of each bacterial species acrogdatesfrom the edge of the
fungal growth to the edge of the plate. After incubation ovgit at 37C, the growth
of each bacterial streak was examined. Where growth didewitrdo the fungal edge,
the result was recorded as a positive. If the bacterium wiagalgrow the entire length
of the streak, it was recorded as a negative result.

3.3 Results

3.3.1 Trial with known antibiotic producer
Trial 1

As can be seen in the results for Trial 1 in Table 3.1, Nutrignoth proved to be the
most useful medium for encouraging the production of seapnthetabolites fronf.
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chrysogenum

While the Czapek Dox Yeast broth filtrate resulted in thedatgone of inhibition, it
was believed that this was due to the trace metals in the medither than production
of a secondary metabolite. As these were not completelpl#isgd in the ethanol, their
absence from the ethanol extract would allow the bactergadw without inhibition,
thus explaining the reduction in zone size.

There appeared to be little difference between the statyoawad shaken cultures, or
whether filtration occurred with or without the myceliumdiied out.

Apart from the unusual result for the Czapek Dox Yeast fitrauo filtrate produced
a zone of inhibition. Concentrating the filtrate by freezgigg and reconstitution in
1/10 the volume improved the result. The use of ethanol asetenstitution liquid

also had the potential to semi purify the solution, as n@otadl soluble elements
were not dissolved in to the solution. However, this wouldaq@oblem if any useful
secondary metabolites produced by an isolate were notallsoluble.

The use of disks further increased the likelihood of positnhibition detection, as ten
times the volume of extract was used when compared with this.we

Trial 2

The initial plate prepared for Trial 2 proved to perform bethan anticipated as the
zone of inhibition extended to the extreme edge of the pldte.the bacterial sus-
pension had successfully grown in Trial 1, it was decidedldlck of growth by the
Staphylococcusould only be explained as inhibition by products producgdhe
fungus. Ultimately, a small number of individual colonieere located at the edge of
the agar, confirming that interpretation.

The second plate prepared was much easier to read than trenfirg was therefore
easier to interpret a result. Two bacterial species cleidyot grow the entire length
of the streak, whereas the remaining bacteria did so. Theefslilts can be seen in
Table 3.2.

3.3.2 Fungal Isolate Screening

Initially, two screening methods were used to screen thats®. However, it became
apparent that the direct Sensitest plate method would bedtiter screening choice, as
it was quicker and as seen in Table 3.3, appeared to be maiigethan the ethanol
extraction.

Ofthe 122 isolates in storage, 13 weren’t tested as theymvaoeoscopically identified
as yeasts. Of the 109 isolates remaining for screening,£27%2) did not recover from
PDA slant storage; 3 (2.8%) did not grow directly on the Sessiagar and 2 (1.8%)
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Table 3.1: Results from Screening Trial 1

E. coli S. aureus
II?/IFE?)-:-LTM TREATMENT/ROLE IIESJID
Q DISK WELL| DISK WELL
Nutrient Negative Control (No | Filtrate - - - -
inoculant) Extract - - - -

Nutrient Shaken. Filtered before Filtrate - - - -
freezing

Extract - - 5mm 3mm
Nutrient Filtrate - - - -
Shaken. Filtered after
freezing Extract - - 3mm -
Mycelium

- - Imm 1mm
extract

Nutrient Stationary. Filtered Filtrate - - - -
before freezing

Extract - - | 5mm_ 4mm
0,
100% Malt Shaken. Filtered before Filtrate - - ) )
Extract :
freezing
Extract - - 3mm -
0,
50% Malt Shaken. Filtered before Filtrate - - ) i
Extract :
freezing
Extract - . i .
Czapek : i
Shaken. Filtered before Filtrate - - - -
Dox :
freezing
Extract - . i .
Czapek Shaken. Filtered before Filtrate - - 6mm  3.5mn
Dox Yeast .
freezing
Extract - - Imm -
Solvent Control
N/A (Ethanol only) NIA ] ] - -
N/A Positive Control (P10 N/A ) N 9mm 10mm

Disk)

Measurements were taken from the edge of the disk/well tedige of inhibition.

Where no inhibition was detected, the result was recordednegative (-). From
these results it was determined the use of Nutrient Brotbvi@d by freeze dry-
ing, ethanol extraction and antibiotic disk assay was tleéepred method for the
screening of antimicrobial activity.
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Table 3.2: Results from Screening Trial 2

ORGANISM RESULT
S. aureus +
MRSA -
S. epidermidis +
E. coli -

P. aeruginosa -
S. marcescens -

B. cereus -

Following 5 days of growth, streaks of bacteria were madmftioe Penicillium
chrysogenuntolony to the plate edge. After incubation the streaks weoeesl
for presence of a section of non-growth near the fungus (eveptal streak
growth (-ve).

grew so quickly and heavily that the bacteria could not bdiag@o the plate surface.
Seventy-seven (70.6%) isolates were successfully salegsiag the direct Sensitest
screening procedure.

Seven isolates demonstrated some level of activity agdiastelected micro-organisms.
However, in the case of four of the isolates, the results weteepeatable. Therefore,
the screening process yielded three isolates whose anbibiat activity would be fur-
ther investigated. Based on the plant sample of origin, &ednumber of isolates
obtained from that sample, these isolates were designatedrabers 6.5, 12.1 and
129.1. Their activity profile can be seen in Table 3.4

3.4 Discussion

As a rapid screening method, the direct Sensitest plateadetfas preferred over the
ethanol extraction method for two reasons — it was quickerappeared to be more
sensitive. It also required substantially fewer materiatal if it was to be utilised in a
small laboratory, less specialised equipment. A summatigefequirements for both
methods can be seen in Table 3.5.

However, the direct Sensitest plate method also has it¢dilons — as seen in the
results, not all fungi are capable of growing on the Sensiteiium or alternatively,

too much fungal growth prohibits the application of the teatteria. Results could
also be altered by the addition of supplements requiredhfergrowth of fastidious

organisms; finally, the test is limited to screening agaiasteria — the medium is not
suitable for fungal pathogens. In the majority of these satee ethanol extraction
method, or similar, would be required.
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Table 3.3: Comparison of results obtained from each sanganethod.

N > P
. &\\6\ \(\06 @9&
N .
ISOLATE | SCREEN|2" & o & Q7 &

6.4 Sensitest| - - - - - -
Extract | - - - - - -
6.5 Sensitest| + + +

Extract |+ + + + - -
7.2 Sensitest| - - +

Extract | - - - - - -
12.1 Sensitest| + + + - - -
Extract | - - - - - -
19.2 Sensitest| - - - - - -
Extract | - - - - - -

While the majority of the results were identical, the Seestitesults obtained for
isolates 7.2 and 12.1 would suggest that it was potentiatipee sensitive screen-
ing method than the ethanol extraction method. A “+ve” iatks inhibition of
bacterial growth was detected, while no inhibition is iradéed with a “-ve”.

Table 3.4: Antimicrobial activity profile of selected ist#a

@ > P

K& Q}(& <'§06 &6& ¥

(&\}e Q@?“ e’\é 00\\ @Q’& é‘{z} c?’@
ISOLATE |27 Y o & Q7 &
6.5 + 4+ o+ o+ - -+
121 |+ + o+ - - - 4
1291 |+ + + - - - -

Following sufficient growth of the isolate, streaks of baietevere made from the
edge of the fungal colony to the edge of the plate. After irtidn overnight
at 37C, the streaks were scored for presence of a section of rawttgmear
the isolate (“+ve”) or total streak growth (“-ve”). The isdés listed above were
selected for further investigation.
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Table 3.5: Summary of the main requirements of two screepingedures

Sensitest plate method Ethanol extraction methog

Twn_e after fungal incu{ Approximately 20 Minimum of 70 hours
bation hours
Coqsumables per fun'Sensitest Agar plate | 100ml Nutrient broth
gal isolate
Filter paper
10ml ethanol
Paper disks (1 per test bag-
terium)

Sensitest Agar plate

Equipment required Standard incubators | Standard incubators
Shaking incubator
Filtration equipment
Vacuum flasks
-40°C freezer
Freeze drier

However, neither method guarantees the production of &riiially active secondary
metabolites.

Sensitest agar and Nutrient broth are media normally redefor the culturing of
bacteria, so itis not surprising that not all the fungalases grew successfully on them.
However, it is possible the use of this media encouragesrbauption of secondary
metabolites in some of the fungi that can be successfullwgrdSpecifically, as the
media is not ideal for standard fungal growth, the growtle raty be reduced — one
aspect of secondary metabolite production is that high tiroates can reduce and
even halt its occurrence (Demain 1986).

Four percent of the fungal isolates which were successidigened demonstrated
consistent antimicrobial activity against at least onéhefgeven test organisms. When
compared with results obtained from other studies, thigappto be quite low.

Emerson et al. (1946) cultured 210 moulds on two media foatmans, and tested for
antimicrobial activity against a panel of five bacteria. 5@47) of the fungi demon-
strated some antimicrobial activity against at least onb®test bacteria.

Of the 103 extracts obtained by Rosa et al. (2003), 10% shawatidty against at least
one of the 12 bacteria tested. However, their research wdsed to Basidiomycetes,
a single phylum of the Fungal kingdom.

Approximately 22% of the 8Peziculaspecies isolates tested by Schulz et al. (1995)
demonstrated some activity against one of the two backestaed. The same screening
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procedure was followed by the researchers later when exagmwer 6000 endophytic
fungal isolates. Antibacterial, fungicidal, algicidal leerbicidal activity was detected
in 80% of the isolates (Schulz et al. 2002).

Pelaez et al. (1998) found that of 187 fungal endophyteede®4% demonstrated
activity against at least one of the test organisms, whicludged six bacteria and three
yeasts. One third of the active isolates showed activityresgjdoth classes of test
microorganism.

However, results are difficult to compare due to the diffeemnin screening method.
In addition, different results would be expected if the nembf test organisms were
expanded, different test species or strains were usedtelnakive or multiple fun-
gal culture media were employed or if fungi were cultured lberaative conditions.
Schulz et al. (1995) found eveBeziculastrain tested produced the same metabolite
when grown on one medium, but growth on a different mediutedaio produce the
compound at all. In addition, it was found that the secondagyabolites produced by
one strain ofPeziculawhen grown in a fermenter culture were different when grown
in the same medium but in shaken culture. The differenceapgeto be that levels
of oxygen saturation and pH were constant in the former celltwhereas they were
variable in the latter.

Aspects of this screening process could be improved. Asiqusly mentioned, the
Sensitest plate method appeared to be more sensitive thathidnol extraction method.
However, this may actually be as a result of enhanced praduct secondary metabo-
lites by the fungus due to the presence of the bacteria. Tdiengal feature of sec-
ondary metabolite production is routinely utilised by Kétend & Barrow (2009), who
incorporate an autoclaved suspensiooéureusells into their fermentaion medium
to encourage said production. This possibility was not wared prior to the conduc-
tion of this project, and therefore, not included. It woulel &f interest to compare
differences in fungal secondary metabolite productiomwaitd without the presence
of bacteria, and include this as part of future screeningmmmes.

While the Sensitest plate method was intended as a rapidrsogeprocess, it must
be confirmed that it is also an effective screening process. tD time constraints and
initial result comparisons, the Sensitest plate methoduwtiéised for the majority of
the isolate screening, rather than the ethanol extractiethhod. However, this deci-
sion was based on the comparison of results involving justffimgal isolates. Since
expenses are incured in any type of screening programnmma tfre initial gathering of
the fungal isolates, to their maintenance and screeniege theeds to be a maximum
chance of success. Therefore, a larger comparison of thedweening methods, and
others, needs to be undertaken to determine the optimatguoe.
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Chapter 4

|dentification of Selected Isolates

4.1 Introduction

Following screening for antimicrobially active isolateékree unique mould species
were selected for further analysis. This firstly required tetermination of their

scientific classification, so as not to re-evaluate a funghistwhad been previously
described and assessed. Morphological and molecularfidatibn techniques were
utilised for this process.

The isolates were grown on PDA until some colony colour dgved. A description
of the colony’s physical appearance was recorded, and #te photographed. The
culture was subsequently used to prepare slides for migpisexamination, where a
sample of the fungus was placed onto a slide and stainedadtb-fuchsin stain. Slide
preparations were examined under x400 magnification, antbsgopic structures de-
scribed.

Morphological examination was sufficient to determine temitification of one of the
isolates to genus level. Molecular analysis was requiredhfe identification of the
two remaining isolates.

DNA was extracted from the mycelium of each isolate, and thernal transcribed
spacer (ITS) region of their DNA amplified. Following purditon and cloning, the
DNA was sequenced, and the results compared with other segsideld in the Gen-
Bank database in order to determine a likely identificati®mylogenetic relationships
were also analysed for these two isolates.

4.1.1 Morphological identification

Macroscopic examination of fungal cultures can provide scdption of the colony
colour (Guo et al. 2000), margin shape (Bills 1996), textame growth rate (Bills
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1996, Guo et al. 2000), as well as the production of pigmentedpound into the
culture medium (Bills 1996).

Slides for microscopic examination have been prepared terwWArenal et al. 2005),
lactophenol cotton blue (Guo et al. 2000, Arenal et al. 2@f¥5n 90% lactic acid,
which also renders the slides semi-permanent (Paulus22@3). Prepared slides can
also be sealed with nail varnish to improve storage (Guo. 0410).

Microscopic examination can be used for the descriptionyphlae (hyphal pigments
(Bills 1996), size, colour, presence/absence of septa)wdren present, description
of the sporulation structures (Bills 1996, Guo et al. 200fni¥a & Hyde 2002, Paulus
et al. 2003, Arenal et al. 2005), and description of sporiee (shape, texture, produc-
tion) (Guo et al. 2000, Yanna & Hyde 2002, Paulus et al. 2068nAl et al. 2005).

Gross colony characteristics can be used to place isolatemiorphologically-similar
groups (Bills 1996, Johnston 1998, Pelaez et al. 1998)jsaadpecially useful where
fungi fail to sporulate (Taylor et al. 1999, Frohlich et2000, Guo et al. 2000, Arnold
& Lutzoni 2007). However, morphological characterisataffungi has been used to
divide isolates into phyla (Arnold & Lutzoni 2007), famii€Johnston 1998), genera
(Frohlich et al. 2000) and species (Taylor et al. 1999, atadyde 2002, Paulus et al.
2003).

For morphological examination to be used to its full potaintiungi are required to
sporulate. However, many fungi do not produce spores ificli culture, or the
time required for them to sporulate may be prohibitive @ill996). Therefore, if
identification is required, other methods must be employ&abo(et al. 2000, Healy
et al. 2004, Arnold & Lutzoni 2007).

4.1.2 Molecular identification

In the study of the endophytic fungi from the palm hbisftistona chinensisGuo et al.
(2000) were determined to identify or describe the phylegierrelationship of ev-
ery isolate obtained. By manipulating the culture media gravth conditions to
encourage sporulation, 83.5% of isolates obtained couiddrgified by morpholog-
ical examination. This was comparable with results obthioe Taylor et al. (1999),
who were able to identify 87% of the isolates obtained from palmTrachycarpus
fortunei whilst Frohlich et al. (2000) were only able to identify%6of the isolates
obtained in their study of palms.

In the case of Guo et al. (2000), the remaining 16.5% of isslatere identified using
molecular techniques.

Located within each tandem repeat of ribosomal DNA, and #driky the small sub-
unit 18S and large subunits 5.8S and 28S, lie two non-coddstans — the internal
transcribed spacer (ITS) region (Gardes & Bruns 1993). ¥Miié subunit genes are
highly conserved, ITS rDNA is variable between species,ingak useful in molecu-

a7



CHAPTER 4. IDENTIFICATION OF SELECTED ISOLATES

lar identification (Gardes & Bruns 1993, Guo et al. 2000).undi, the combined ITS
regions comprise approximately 600 to 800 base pairs (Gaidgruns 1993, Arnold
& Lutzoni 2007).

Several primers have been designed for amplification obuarsections of the ITS-
DNA, and several combinations of these primers have bednluséhe identification

of fungi. ITS1-F is a primer specifically designed for amphtion of fungal DNA

(Gardes & Bruns 1993), and in combination with a universahpr, 1TS4, is highly

selective for basidiomycetes and ascomycetes (Gardes &sBt@93, Arenal et al.
2005). Guo et al. (2000) combined ITS4 with the primer ITSHjoh amplifies the
same ITS1-5.8S-ITS2 region as the former combination, btlt Mess fungal speci-
ficity.

Following the sequencing of the amplified DNA, the Nationah@e for Biotechnol-
ogy Information (NCBI) database on GenBank is searcheddatéosimilar sequences
of known fungi to obtain an identification (Guo et al. 2000,a§eet al. 2004, Are-
nal et al. 2005, Arnold & Lutzoni 2007). The Basic Local Aligent Search Tool
(BLAST) on GenBank is generally used to compare and obtarséguences, which
can be further analysed so as to infer phylogenetic relsiiqs (Bills 1996, National
Centre for Biotechnology Information 2009).

4.2 Materials and Methods

4.2.1 Morphology

The isolates to be identified were grown on PDA plates unties@olony colour de-

veloped. At this point, macroscopic examination was reedrd his included general
colony size, shape, colour, surface texture, margin shageyeowth rate. The plates
were photographed, and the culture subsequently usedd@réparation of slides for
microscopic examination.

Lacto-fuchsin Stain was prepared by adding 0.1 g of Acid $ucho 100 ml of con-
centrated lactic acid, and mixed well to dissolve. The sofuvas placed in to dropper
bottles for easy application to slides.

Three methods were used to prepare slides. The simplesbchetvolved pressing a
small amount of sticky tape to the surface of the culture,thrd transferring the tape
to a microscope slide onto which a drop of stain had been glace

Slides were also prepared by removing a small amount of thareuwith an agar
cutter, and emulsifying it in the drop of stain on the slidec@verslip was placed over
the stain and, if necessary, pressed gently onto the slitkceuwith the handle-end of
the cutter.

The third method involved the preparation of slide cultuiidse isolates were cultured
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on squares of PDA, measuring approximately 1cm by 1cm, wiachbeen cut from
the plate and flipped onto the remaining agar surface. There two such squares
prepared on each plate. The upper edge of each square wasatedcwith material
from the isolate, and an alcohol flamed coverslip was placethe top. The plates
were incubated at 2& until colour developed in the culture. Slides were finallg-p
pared by placing a drop of the stain on to the middle of a mowps slide, and one of
the cultured coverslips placed over it.

All preparations were placed briefly onto a warm heat platetoove air bubbles and
aid stain penetration.

Slides were examined under a compound microscope as theypnepared using x400
magnification. Slides which clearly showed hyphae and ahgratentifiable struc-

tures were sealed with clear nail polish and stored flat inlénk for further observation
and photography.

4.2.2 Molecular Identification

LB Broth was prepared as per the manufacturer’s instrustiand dispensed into 10ml
volumes before autoclaving, along with 100ml volumes ofliMjl water. Both were
stored at room temperature.

Ampicillin solution was prepared by dissolving 250mg anilprcin 5ml Milli-Q wa-
ter. After filter sterilisation through a 0.22syringe filter, it was dispensed into 1.25ml
aliquots. 0.1M IPTG was prepared by dissolving 120mg of IRT&ml Milli-Q water.

It was filter sterilised as for the ampicillin, but dispengetb 1ml volumes for stor-
age. A 50mg/ml X-Gal solution was prepared by dissolvingr@§0X-Gal in 5ml of
molecular grade DMSO, and dispensed into 1 ml volumes. Alltsms were stored
at -20C until required.

Four hundred millilitres of LB Agar was prepared as per thenafacturers instruc-
tions. After being allowed to cool to 8@, 40Q:| of 50mg/ml ampicillin, 1001 0.1M
IPTG and 5001 50mg/ml X-Gal solutions (thawed) were aseptically added @ixed
before pouring into 90mm Petri dishes. Once set, plates \abedled, bagged and
stored upside down in the refrigerator, and used within ooatm

All preparations and manipulations were performed in ahenfliow cabinet, until the
cloning procedure, where the presence of bacteria neatssihe use of the BSC.

DNA Extraction was performed using a DNeasy Plant Mini Kiig@en, Doncaster,
VIC, Australia), which was designed to extract total DNArfrap to 100mg of plant
or fungal tissues. Ethanol was previously added to the etira and wash buffer
concentrates as per the manufacturer’s instructions.

Fungal material was available either on a PDA plate or in YEagact-Sucrose (YES)
broth culture. A sterile scalpel blade was used to scrapéuthgal growth off each
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plate and into a sterile microcentrifuge tube. The amourdgar removed with the
growth was limited as much as possible. Due to its small giarea, two plates of
isolate 6.5 were used, whereas only one plate was requiredlates 12.1 and 129.1.
Alternatively, flamed forceps were used to remove a suffi@emount of growth from
the broth culture and placed into sterile 1.5ml microcémge tubes. Each tube was
topped up with sterile water, and mixed. This was removeuhfitee fungal mass after
centrifugation at 1000rpm for 5 minutes.

A small amount of previously autoclaved fine sand was addeshtt tube, and the
mixture ground with a plastic pestle. To minimise crosstaomnation, gloves were
changed between samples.

400ul of lysis buffer was added to each tube, followed hyl RNase A. Each tube
was well vortexed to ensure a lump free mixture was obtaiAé@r incubation, with
occasional shaking, at 65 for 10 minutes, 130l of precipitation buffer was added,
and the mixture incubated on ice for 5 minutes.

After centrifugation at 13,200rpm for 5 minutes, the sup#ant was transferred to
a shredder spin column held in a collection tube, and cewgeed for 2 minutes at
11,000rpm. The flow through (approximately 4%0was transferred to a new set of
microcentrifuge tubes, and 6ibof extraction buffer added and mixed. d®f this
mixture was transferred to a DNeasy spin column in a cobtbadiube and centrifuged
for 1 minute at 8000rpm. The flow through was discarded, aedcentrifugation
repeated with the remaining sample. The final flow through thedcollection tube
were discarded, and the column placed into a fresh 2ml cadletube.

500ul of wash buffer was added to the column, followed by cengyéfion for 1 minute
at 8000rpm. The flow through was discarded, and;5@® buffer added to the col-
umn again before centrifugation for 2 minutes at 13,200r@ie column was then
transferred to a fresh microcentrifuge tube, ensuring mdazt was made between the
column and the final flow through liquid.

Elution buffer was heated to 66, and 10@l added to the column. After five minutes
of incubation at room temperature, the DNA was eluted byrdegation at 8000rpm
for 1 minute. This step was repeated with the column trarnsdieio a fresh microcen-
trifuge tube before the pre-warmed buffer was added. Thé fpirelucts were then
combined for use in PCR.

A PCR master mix was freshly prepared by combining the falgwproportions of in-

gredients in sufficient quantity for each duplicate testC&Rontrol and small amount
for pipette error:
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Milli-Q Water 38ul 14pul
10x Buffert 5ul 10xBuffer 2l
50mM MgCh? 9.5ul incorporating MgCJ?

10mM dNTP 1pl 2l
ITS1F Primet 1 0.5l
ITS4 Primef 1ul 0.5ul
TaqDNA polymerasé 0.5ul TagDNA polymerasé  0.5ul
Total Volume 49l 19.5ul
DNA Volume required  1ul 0.5ul

1 Supplied by Invitrogen Australia, Mt Waverley, VIC, Audiea
2 Supplied by Scientifix, Cheltenham, VIC, Australia

3 Gardes & Bruns (1993)

4 White et al,, (1990), as cited by Gardes & Bruns (1993).

After mixing, the solution was dispensed into sterile thialled PCR tubes in either
49ul or 19.5ul aliquots, depending on the PCR preparation used. The \@linex-
tracted DNA required was then added to each tube; the cdntvelreceived the same
volume in sterile distilled water. Amplification was penfeed over 35 cycles consist-
ing of 95°C for 1 minute; 50C for 1 minute and 72 for 1 minute. Final incubation
was at 72C for 10 minutes.

A 2% (w/v) agarose gel was prepared by dissolving the ap@atgamount of agarose
in TAE Buffer. When cooled to approximately 8D, a 0.625mg/ml ethidium bromide
solution was added at a rate of one dropy/(@®thidium bromide) per 50ml gel. After
mixing, the mixture was poured into the selected casting tiad the comb added.
Once set, the comb was removed and the gel placed into theogleoresis tank. The
compartment/s were filled as required with TAE Buffer and®Qr water.

Following PCR, 2l from each tube was mixed with Q.50f running dye, and elec-
trophoresed for 30 minutes at 100V on the freshly preparéd Ajiger visualisation
under UV light, if it was determined there was sufficient PGBduct available, it was
ready for DNA purification. Where insufficient product waoguced, as occurred
with isolate 6.5 and 12.1, the PCR was repeated with thelmCR product.

A DNA Purification Kit (Machery Nagel, Cheltenham, VIC, Auslia) was utilised to
purify the PCR products for use in cloning. Replicate pradweere combined, and
the volume made up to 1@0with sterile distilled water. 20Qul of binding buffer
was added to each tube and well mixed, before transferriagube contents to a
spin column held in a collection tube. After centrifugation 1 minute at 13,200rpm,
the flow through was discarded, and the column returned te@dHection tube. Six
hundredul of wash buffer was added to the column, and the centrifogatepeated.
After discarding the flow through, remaining traces of wasffdy were removed by
centrifugation for 2 minutes at 13,200rpm.

The column was placed into a new microcentrifuge tube, and 8Delution buffer
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added. After incubation at room temperature for 1 minute,ablumn and tube were
centrifuged for 1 minute at 4000rpm. This produced appraxaty 12.5ul of eluate,
containing the purified DNA.

The concentration of the purified product was checked byingn8ul volumes of

eluate on a 2% (w/v) agarose gel as previously describedh@ldNA made available
for cloning.

The pGEI\/@-T Easy Vector System (Promega, Annandale, NSW, Austraia)used

for preparation of ligation tubes as follows:

Samples Positive Negative

2x Buffert 5ul 5ul 5l
Easy vectot Ll Ll 1yl
PCR Product 3l — —

Control insert DNA& - 2ul —

T4 DNA ligase 1pd 1pl 1ul
Milli-Q water — 1pl 3ul
Final Volume 10ul 10pd 10pl

1 Vortexed before use
2 Centrifuged briefly before use

The ligation was allowed to progress overnight L4

The following day, 2| of each ligation mixture was placed into fresh sterile micr
centrifuge tubes, and x0of E. colicompetent cells (JM109) added. The mixture was
placed on ice for 20 minutes, followed by heat shocking fos86onds at 4Z. The
tubes were then returned to the ice for a further 2 minute€u98f LB broth was
added to each tube, and the tubes transferred to a platfakesfor incubation at
37°C and 150rpm for 1.5 hours. A sufficient number of LB Agar pdatentaining
ampicillin, IPTG and X-Gal were allowed to come to room temgpere. Two plates
were allowed for each sample transformation, and one ptatedch of the controls.
100Qul volumes from each tube was spread onto its respective, @ate the surface
allowed to dry. Plates were incubated at@ntil sufficient growth was apparent.

After incubation, the negative control plate was checkedtf@ presence of blue
coloured colonies, and the positive for a mixture of blue amite. A white colony
from the positive control, and each sample (if present) wasaked on to a fresh plate
and incubated overnight at 3Z, to ensure transformation was truly successful.

For bulking of plasmid DNA, ten microlitres of 50mg/ml ampiio was added to sev-

eral tubes containing 10ml LB broth. A single colony fromlea€the latter plates was
added to the broth, and the tubes incubated overnight if@ &aterbath and shaken
at 150rpm.
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Mini-prepping of the plasmid DNA was undertaken by Dr Johrabaley, with an
Eppendorf FastPlasmid Mini kit used as per the manufacsurestructions: 1.5ml of
each fresh broth culture was pelleted at 13,000rpm for omeitmiand the supernatant
discarded. 400 of ice cold lysis solution was added, and the mixture thgidy vor-
texed to produce a homogenous solution. Following a threeitr@incubation at room
temperature, the lysate was transferred to a spin columendsyg and centrifuged at
maximum speed for 30-60 seconds. Centrifugation was regester the addition of
400ul of wash buffer, and the waste contents discarded from theatimn tube. After
another minute of centrifugation at maximum speed, the spimmn was transferred
to a fresh collection tube. B0of elution buffer was added directly to the surface of the
spin column membrane, and the DNA eluted by centrifugattonaximum speed for
30-60 seconds. The spin column was discarded, and the DNi@dsito the collection
tube at -20C until required for sequencing.

Two microlitres of T7 promoter primer were placed into a nemdf sterile microcen-
trifuge tubes, and/@ of purified plasmid DNA or PCR product added. The tubes were
sent to the Australian Genome Research Facility (AGRF) éguencing. A BLAST
search (Altschul et al. 1997) using the National Centre fiot&hnology Information
(NCBI) database on GenBank was used to analyse the ITS ssgjteelocate possible
matches. In addition, phylogenetic analysis of isolatésa®d 129.1 were performed
by comparing their sequences with selected, related seqagcopied from GenBank
in FASTA format. Phylogenetic analyses were conducted ifME (Tamura et al.
2007). Sequences aligned using Clustal W were used to caeaééghbour-joining
tree (Saitou & Nei 1987), using the Maximum Composite Likebd method in order
to draw the tree to scale. 1000 replicates were utilisedarbtiotstrap test (Felsenstein
1985).

4.3 Results

4.3.1 Morphology

Following sufficient incubation on PDA, results of macrgsicoexamination of the
three isolates was described and recorded.

Isolate 6.5 was slow growing, and would grow to a certain paitd not become any
larger. It produced a relatively small, heaped and foldddrgo which was light tan in
colour on both sides. Figure 4.1(a) shows a photograph ofttate taken after about
30 days incubation.

Figure 4.1(b) shows the colony morphology of isolate 12HisTvas the fastest grow-
ing of the three isolates, producing a large flat colony withl@e-green, powdery
surface edged with white within seven days. The reverse adsalange to a yellow
edge and smooth.

Isolate 129.1 was moderately fast growing, and producedangavhich almost cov-
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ered the full surface of the 90mm plate after approximatelye2ks incubation. It was
off-white to tan in colour, and velvety to fluffy in appearan@s can be seen in Figure
4.1(c), a yellow pigment diffused into the agar.

(c) Isolate 129.1 (75mm across)

Figure 4.1: Photographs of PDA cultures of each isolatertater colour had devel-
oped in the colony. Note yellow pigment produced by isol&®.1, diffused into the
medium.

Microscopic morphology of two of the isolates was not defigiin the identification
process. In an attempt to obtain sufficient information frmmaroscopic examination
to aid in the identification of isolates 6.5 and 129.1, alethmethods of slide prepara-
tion were used. Figures 4.2(a) and (c) reveal hyphae, biet dilse. Regardless of the
preparation, microscopic examination was inconclusivédh of these isolates.

Several microscopic features were readily identified itaig012.1 with both the sticky
tape slide preparation, and direct culture emulsion tephes. Therefore, a slide cul-
ture was not required. As can be seen in Figure 4.2(b), ifienie features include
septate hyphae, phialides atop a conidiophore and massssanfth walled, round
conidiospores. These features were consistent widrecilliumsp.
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(a) Isolate 6.5

(b) Isolate 12.1

Figure 4.2: Photographs of microscopic preparations oh esalate taken at x400
magnification. Note the septate hyphae and phialides présehe view of isolate
12.1. Bar measurement in all photographs;is
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Table 4.1: Closest species results from BLAST sequenciagke

ACCESSION ' | 0SEST SPECIES MATCH |D|I\5A£;(|%Y E-VALUE
CODE (%)
Isolate 6.5
EF155505.1 Schizophyllum commune 99 0.0
AY605705.1 Basidiomycete sp 98 0.0
AB505421.1 Schizophyllum sp 098 0.0
FJ478109.1 Schizophyllum commune 97 0.0
AB369910.1 Schizophyllum commune 97 0.0
Isolate 129.1

EU490094.1 Uncultured ascomycete 99 0.0
AY943053.1 Sporormiellaisomera 89 0.0
EU551184.1 Sporormiella isomera 88 0.0
AY510420.1 Preussia africana 81 0.0
AY510418.1 Preussia africana 81 0.0

Data obtained following BLAST searches of the ITS sequereeglified from
isolates 6.5 and 129.1.

4.3.2 Molecular Identification

Difficulties were experienced in obtaining transformamtsf isolates 6.5 and 12.1.
However, as isolate 12.1 was identified microscopically &eicillium sp., it was
decided not to further pursue its identification; the pudif®CR product obtained from
isolate 6.5 was used for sequencing rather than the prdfdocg difficult to obtain,
plasmid DNA.

After sequencing, a nucleotide BLAST search (Altschul etl8B7) was performed.
Isolate 6.5 was identified &chizophyllum commuraad isolate 129.1 was identified
asSporormiella isomeraGenBank accession codes, maximum identity and E-values
for the closest species matches as at June 2009 for eacteiamdashown in Table 4.1.

These and fourteen additional sequences were obtaineddaam isolate’s BLAST

search result for phylogenetic analysis and generatiorhglogenetic trees. Figure
4.3 shows the phylogenetic tree obtained for isolate 6.§ur€i 4.4 displays the tree
generated for isolate 129.1. Captions for each figure wenegpily generated by the
“Caption” option available in the MEGA4 software.
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Schizophyllum commune(3)
Schizophyllum sp.(2)

52| Schizophyllum commune(8)

Basidiomycete sp.
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Schizophyllum commune(2)
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Figure 4.3: Phylogenetic tree of isolate 6.5, showing evahary relationships of 20
taxa. The evolutionary history was inferred using the Nbea@hJoining method. The
optimal tree with the sum of branch length = 0.03921422 issghoThe percentage
of replicate trees in which the associated taxa clustergether in the bootstrap test
(1000 replicates) are shown next to the branches. The trdeavgn to scale, with
branch lengths in the same units as those of the evolutiatiatgnces used to infer
the phylogenetic tree. The evolutionary distances werepted using the Maximum
Composite Likelihood method and are in the units of the nurobbase substitutions
per site. All positions containing gaps and missing dataewatiminated from the
dataset (Complete deletion option). There were a total &f fx@sitions in the final
dataset. Phylogenetic analyses were conducted in MEGAt¢s6.5 clusters with a
group predominantly populated wigh communstrains
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—— © Isolate 129.1
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Figure 4.4: Phylogenetic tree of isolate 129.1 showing @ahary relationships of
20 taxa. The evolutionary history was inferred using thegRkor-Joining method.
The optimal tree with the sum of branch length = 0.156338 Eh@vn. The percent-
age of replicate trees in which the associated taxa clustegether in the bootstrap
test (1000 replicates) are shown next to the branches. €hadidrawn to scale, with
branch lengths in the same units as those of the evolutiatiatgnces used to infer
the phylogenetic tree. The evolutionary distances weregpted using the Maximum
Composite Likelihood method and are in the units of the nundiéase substitu-
tions per site. All positions containing gaps and missingdeere eliminated from
the dataset (Complete deletion option). There were a t6#0® positions in the final
dataset. Phylogenetic analyses were conducted in MEGA4leWigolate 129.1 clus-
ters predominantly witiPreussia africanaand notSporormiella it is suggested that
the two genera names can actually be used synonymouslydleeal. 2005).
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4.4 Discussion

The three isolates demonstrating repeatable antimidrabtavity were identified as
follows:

ISOLATE IDENTIFICATION PHYLUM
6.5 Schizophyllum communeBasidiomycota
12.1 Penicilliumsp Ascomycota
129.1 Sporormiellaisomera  Ascomycota

Schizophyllum commupalso known as Split Gill fungus, is generally a saprobe, and
usually found on rotting wood. However, it is also known tosa disease in humans,
causing sinusitis and bronchopulmonary mycosis partityula the immunocompro-
mised patient (Ellis et al. 2007).

Saprobes have been classed as epiphytes as well as endo@ij$e1996, Guo et al.
2000), and are frequently isolated from the inner tissudeades (Bills 1996). While
it is possible isolate 6.5 was an epiphytic contaminant efrtot material from which
it was obtained, it is also feasible that at the time of isofgtit was presenwithin the
tissue as part of its normal life cycle. Thus, it potentidilifils the original definition
of endophytic fungi as previously described. In additiarshould be considered that
hyphal growth from within surface sterilised tissues idisignt proof of their endo-
phytic status (Bills 1996).

Penicillium species are frequently isolated as endophytes. Speciesthis genus
were the third most frequently isolated endophyte from thek lof the neem tree
(Azadirachta indicaby Mahesh et al. (2005), making up 11.6% of the total number
of isolates. Vega et al. (2006) isolated 13 different speoifdPenicilliumfrom coffee
plants Coffeaspp.).

Sporormiellaand Preussiaare two genera with a high degree of similarity. Differ-
entiation has previously been based primarily on substmatethe presence/absence
of ostiolate ascomataSporormiellahas been associated with a coprophilous habitat,
whereasPreussiawas associated with plants, soil and wood; the former genais p
duces ostiolate ascomata, whereas the latter does not.vidpwtehas been found that
Sporormiellais not confined to dung, and has been isolated from otherdtaband
production of the ostiolate ascomata is variable, oftereddpnt on the culture condi-
tions. Therefore it has been suggested the two genera nameseld synonymously
(Arenal et al. 2005). Three species$®porormiellahave been previously isolated as
endophytes from nine plants studied by Pelaez et al. (1998)

Microscopic examination can be used to identify the genusweéver, the culture
conditions used in this project did not induce sporulationthis isolate. As well as
PDA, (Arenal et al. 2005) cultureBreussiaspecies on oat meal agar, and utilised a
12 hour near-UV light/daylight cycle for a minimum of 14 day#/hile the lighting
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regime is currently beyond the capability of our laboratafternative media may have
been sufficient to encourage the sporulation of the isolate.

This project utilised morphological and molecular proaeduo identify the three iso-
lates previously determined to demonstrate reliable aatohial activity. Difficulties
can be associated with each process. To reach its maximuent@dt morphologi-
cal identification relies on the production of sporulatitrgistures. Molecular analysis
requires the use of critical procedures, and identificaities on the availability of se-
guences in the GenBank database from known and correctitifieée fungi. However,
the methods utilised in this project were sufficient for deti@ing the identification of
the three isolates in question.
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Chapter 5

Evaluation of Activity

5.1 Introduction

Screening of the endophytic isolates collected in the fiesjes of this project yielded
three isolates possessing antimicrobial activity. Thenantobial activities of these
isolates, identified as Renicillium species (isolate 12.1%chizophyllum commune
(isolate 6.5) andSporormiella isomerdisolate 129.1), were further evaluated in the
final stage of this project.

Crude preparations of each isolate and the control fulgmscillium chrysogenum
were prepared from cultures grown in two different mediarfolations. After suf-
ficient growth had been obtained, the cultures were filtefebze-dried and con-
centrated by resuspending the freeze-dried product inrweite a volume of ap-
proximately one tenth of that of the original. A dilution B was generated from
each crude preparation, and used in the determination oMihenum Inhibitory
Concentration (MIC) and Minimum Bactericidal Conceniat{MBC) against three
strains of bacteria.

A second set of dilutions were prepared for use in the detetian of the toxicity of
the crude product against murine fibroblast cells. Evabuatdf toxicity was performed
using the MTT Cell Viability and Crystal Violet Dye ExclusidCVDE) assays.

5.1.1 Sample Preparation

Both Fleming (1929) and Emerson et al. (1946) conductetiénntimicrobial anal-

ysis directly on fungal culture broths; the former in hisstard nutrient medium, and
the latter in four different formulations of liquid medianAmicrobial evaluation was
progressively examined by removal of a small portion of thahs after various days
of incubation.
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Predominant sample preparations undertaken by otherg ievduation of biological
activity of fungal secondary metabolites appears to ine¢ihe chemical extraction and
some level of purification of the products from the culturedmen (Wei et al. 1973,
Schulz et al. 1995, Pongcharoen et al. 2007, Aly et al. 20B8)lowing incubation,
liquid cultures were filtered and the filtrate chemicallyragted, usually with ethyl
acetate (Schulz et al. 1995, Healy et al. 2004, Davis 200@is[24 al. 2005, Aly et al.
2008, Davis et al. 2008), n-butanol (Aly et al. 2008) or etiatichloromethane mix-
ture (Kingsland & Barrow 2009). Mycelial masses have bedraeted with ethanol
(Michael et al. 2003, Kingsland & Barrow 2009) or methanail{&lz et al. 1995, Aly
et al. 2008). Cultures grown on solid media were blendedrbdieing extracted with
ethyl acetate (Schulz et al. 1995, Aly et al. 2008). Furtheifigation of compounds
included processes such as partitioning, fractionativaperation, chromatographic
separation and/or dissolution in additional solvents. ST maultiple compounds could
be obtained from each culture, and biological activity deiaed for each.

Prior to compound extraction, Schulz et al. (1995) were &blancrease the initial
production of secondary metabolites produced byPémEculaisolates being examined
by optimising the culture medium and culture conditionsdach strain.

5.1.2 Antimicrobial Activity
Minimum Inhibitory Concentration (MIC)

Fleming (1929) and Emerson et al. (1946) performed quangtanalysis of the an-
timicrobial activity each had detected in fungi grown intbroeulture. Both prepared
serial dilutions of the broth in which the fungi had been gndw fresh liquid media,
and inoculated each dilution with a set volume of broth cimimg the test organism.
After incubation, the opacity of the broths was examinedgietmine the highest dilu-
tion of fungal broth culture required to prevent growth of thst bacteria. This demon-
strates the underlying principle behind the Minimum Intoby Concentration (MIC)
assay (CLSI 2006).

According to the Clinical and Laboratory Standards Instit(CLSI) standard M7-
A7: Methods for Dilution Antimicrobial Susceptibility Tesfor Bacteria That Grow
Aerobically; Approved Standard - Seventh Edition, two noelth utilising broth and
one method utilising a solid medium can be used in the detetioin of an agent’s
MIC (CLSI 2006).

The two broth methods differ mainly in the volume of broth aatainment vessels
used — 2ml per test tube are required for the macrodilutiothate whereas 0.1ml
per well in 96 well microdilution plates are required for timécrodilution method. A
dilution series of the test agent is prepared in the brott,each dilution inoculated
with a volume of standardised bacterial suspension. Afteabation, the broths are
examined for inhibition of growth as detected by the unaielgel

The agar dilution method involves adding the test agenttyrento the medium, each
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plate prepared containing a different concentration ofagent. The plate surface
is then point inoculated with multiple test organisms, grably using an inoculum-
replicating device. Up to 36 inocula can be tested on a sipigle. After incubation,
plates are examined for inhibition of growth.

The MIC is defined as the lowest concentration of an antirbialoagent required
to prevent visible growth of the test organism in a suscédjtyitiest. The true MIC
actually lies between the reported MIC value and the nexétagent concentration.

The MIC assay provides a quantitative measure of an antiiial agent’sin vitro
activity against a particular bacterial isolate. Howewbfferent end points can be
obtained each time the test is performed, despite followsrgfully controlled con-
ditions. Acceptable reproducability of the test is consedeto be within one twofold
dilution of the actual end point.

Minimum Bactericidal Concentration (MBC)

Fleming further evaluated his crude penicillin broth, byaemxning its bactericidal
properties. A volume of a staphylococcal broth culture wddea to tubes contain-
ing a series of dilutions of the penicillin broth. At variotisied intervals, a measured
quantity of the mixture was removed from each tube and spoe#al solid medium.
Following incubation of the agar plates, Fleming was ablestimate the rate of death
in the bacteria, as well as the minimum concentration regiuio be effective. This re-
mains the basic premise behind the assessment of the lefiegt of an antimicrobial
agent (CLSI 1999).

According to CSLI guideline M26-A: Methods for Determinifactericidal Activ-
ity of Antimicrobial Agents, two methods can be generalljideed in bactericidal
assessment: MBC and time-kill.

MBC can be determined via a macrodilution or microdilutioethod, the methods dif-
fering in the volume of broth and containment vessels useahHp2r tube in borosil-

icate glass tubes for the former, and 0.1ml per well in 96 wadlirodilution plates in

the latter.

A series of broths containing dilutions of the test agentiaoeulated with a volume
of a standardised bacterial suspension. After incubabor24 hours, a sample from
each tube or well showing inhibition of bacterial growth ésnoved and plated so as
to perform a colony count after incubation of the plate.

Time-kill analysis is established in a manner similar toMi&C tests, but with a larger
volume ¢ 10ml). This allows for optimal growth of the test microorgam and Kkill
rate, as well as reducing the impact of sample removal. Aeédimtervals over a 24
hour period, a sample is removed, diluted and plated so asrform a colony count
24 to 48 hours after incubation of the plate. Results obthren be plotted and a
time-kill curve prepared and the MBC determined.
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The MBC is defined as the Minimum Bactericidal Concentra{ld8C) required to
kill 99.9% (> 3 log;, drop in CFU/mI) of the final inoculum. Therefore, counts ob-
tained from each test must be compared with a count obtamedthe final standard-
ised bacterial inoculum used to establish the test.

The advantage of the MBC over the time-kill analysis, is thaan directly follow
the MIC assay — once the MIC is obtained, the cultures showihitpition can be
immediately sampled to obtain the MBC. Time-kill analysisuseful in determining
the rate at which killing occurs, and can determine whether dependent on agent
concentration or contact time.

Generally, bacteriostatic agents are sufficient for thattnent of bacterial diseases —
the organism is inhibited while the body’s natural defencestralise the organism.

However, in the case of immunocompromised patients, anehdes such as endo-
carditis and meningitis, bactericidal agents are necgs3drese tests can provide an
approximation of the effectiveness of an agent’s abilitgtadicate bacteria, but the
results may differ in clinical use (CLSI 1999).

5.1.3 Cell Toxicity

Animals have been frequently utilised in the assessmertietdxicity of bioactive
products (Wei et al. 1973, Tominaga et al. 1999, Anon. 20&1gming (1929) used
a rabbit and a mouse to make initial observations that treedilt penicillin broth was
not toxic. This was followed by constant irrigation of largeeas of skin and repeated
irrigation of the conjuctiva in two human subjects, agairthano apparent signs of
toxicity. Wei et al. (1973) utilised weanling albino rats determining the toxicity
levels of mycotoxins produced W¥enicillium roqueforti Lethality assays involving
brine shrimp Artemia salind have also been used to determine the toxicity of natural
products (Healy et al. 2004, Davis 2005). However, altéveanethods in toxicity
assessment have been developed utilising tissue cultiivead®lity assays (Tominaga
et al. 1999, Anon. 2001).

While for the moment animals will continue to be used in aykitity testingin vivo,

the use ofin vitro methods can be used to lower the numbers of animals used by
predicting toxic endpoints. A wide variety of cell types axailable though rodent- or
human-derived cell lines appear to be the most frequentg @&non. 2001). These
include Balb/c 3T3 (mouse embryo) (Tominaga et al. 1999, A2601), L929 (mouse
fibroblast) (Tominaga et al. 1999), NHK (normal human kematiytes) (Anon. 2001),

as well as a variety of tumour cell lines (Tominaga et al. 19499 et al. 2008, Atalla

et al. 2008, Davis et al. 2008) such as HelLa (human cervicalarg (Tominaga et al.
1999, Atalla et al. 2008) and L5178 mouse lymphoma cells gilgl. 2008).

A variety of assays are available, and can be used to detégrobferation as well

as cell viability. Unless a particular compound requirepectic cell type in which to
express it's toxicity, no basal cytotoxicity assay can mnemended as the best assay
to follow (Anon. 2001). Two of the more frequently encoumetkitests are the SRB
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(sulforhodamine B) anticancer drug screening assay (Ramgen et al. 2007, Atalla
et al. 2008) and the MTT cell viability assay (Tominaga etl&199, Morrison et al.
2001, Aly et al. 2008).

For precise measurement of the end point, 96-well micreplathich can be scanned
with suitably designed spectrophotometers are prefekadr{. 2001).

In general, each well is seeded with actively growing cedlsally at a rate of 5x10
(Tominaga et al. 1999) to 5x1QMorrison et al. 2001, Atalla et al. 2008) cells per well.
After 24 hours incubation, allowing for cell attachment agrdwth, the old media is
replaced with fresh media incorporating the test agentstla@gblate reincubated for
24 (Morrison et al. 2001) to 48 hours (Tominaga et al. 1998JlAtet al. 2008). After
the appropriate time of incubation, the specific assay is run

Final results can be reported as;dalues, which is the concentration of test agent
required to inhibit 50% of cell growth (Tominaga et al. 199@0n. 2001).

MTT Assay

The MTT assay is one method used to determine cell viabijityneasuring levels of
cellular metabolic activity (Anon. 2001).

When in the presence of metabolically active cells, thagetiium salt (3-(4,5-dimethylthiazole-
2-yl)-2,5-diphenyl-tetrazolium bromide) (MTT) is redutby mitochondrial dehydro-

genase to produce formazan crystals (Tominaga et al. 199%iddn et al. 2001,

Anon. 2001).

Following sufficient exposure to the test agents, an MTTtsmius added to the con-
tents of each well and the plates reincubated for three (fagd et al. 1999) to four
hours (Morrison et al. 2001). The well contents are subsatfjueemoved, and the
adherent cells lysed to release the formazan crystals vtha dissolve in the sol-
vent used. Suitable solvents include DMSO (Tominaga et289)and 10% sodium
dodecyl lauryl sulphate (SDS) in 0.01M HCI (Morrison et @)02).

Absorbance of each well is read at a wavelength determinellébsolvent used.

CVDE Assay

The CVDE assay is routinely practiced in our laboratory fgtotoxicity assays, such
as in determining the impact of TNFconcentrations on L929 cells.

Generally, following exposure to the test agents for a gexd@ned period of time, the
media is removed from the wells and the plates gently washied.allows dead cells
to be washed away while viable cells remain adhered to thesugfce. A solution
containing crystal violet is added, and the stain allowepdpetrate the adherent cell
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layer at room temperature for up to 30 minutes — crystal vislabsorbed by the cells’
DNA. Excess stain is removed by gentle washing of the plaie tlae plate allowed to
dry. One molar acetic acid or other suitable solvent is addezhch well to dissolve
the crystal violet, and the absorbance read at a wavelemrgénrdined by the solvent
used (Grekova et al. 2002).

5.1.4 Collaboration

Slant cultures of each isolate were sent to a collaboratibgratory for secondary
metabolite analysis and extraction. Small amounts of jléaiacid were extracted
from isolate 12.1. Since this product was well known, it wasamalysed further.

Small amounts of montagnetol were extracted from isola@1,2a compound first
extracted from a lichen-associated fungBRsccella montagnean 1942 (Rao & Se-
shadri 1942). Approximately 6mg of montagnetol were exgddérom the isolate, and
provided for analysis of antimicrobial activity.

Difficulties were encountered with isolating active proguttom isolate 6.5. Insuf-
ficient growth of the fungus was obtained for analysis, whendulture protocol as
suggested was followed. However, alternative conditioh&kvincreased the culture
matter prevented formation of the relevant secondary noétab.

Therefore, several cultures were grown in Yeast Extract@ec(YES) as described in
the materials and methods below. The mycelium was removédittdayion, and it and
the filtrate placed into separate vacuum flasks. After freyang, both flasks were
sent to the collaborating laboratory. However, despite @estrating substantial an-
timicrobial activity in a rapid test performed on the cuéoroth, the active substances
could not be extracted.

5.2 Materials and Methods

5.2.1 Sample preparation

Four 100ml volumes of Nutrient broth were prepared from caruially available
stocks, and prepared as per the manufacturer’s instrgctioventy 100ml volumes of
YES (Yeast Extract Sucrose) broth were prepared by dissph@g yeast extract, 300g
sucrose and 1g magnesium sulphate in 1770ml of reverse @s(Ri3) water. Both
broths were dispensed into 100ml volumes into 250ml Erlgreméasks, stoppered
with rolled cotton wool, and the tops covered with a squaralfwil. All flasks were
autoclaved at 12C for 15 minutes.

Fresh subcultures d®enicillium chrysogenurand isolates 6.5, 12.1 and 129.1 were
prepared on fresh PDA plates. Small squares were cut into@dture, and a single
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square used to inoculate each Nutrient and YES broths. Dweviriable growth
pattern, 16 YES broths were inoculated with isolate 6.5evbne YES culture was
prepared for the remaining fungi. One Nutrient broth onlysweoculated per fungus.

All broths were initially incubated at 2&. After sufficient growth had been obtained,
the cultures were transferred to°L3 to decrease the growth rate and hopefully main-
tain secondary metabolite production. After approximateto weeks they were held
at #C until the next stage of the process occurred.

The cultures were progressively filtered to remove the niygeby vacuum filtration
through a sterile No. 2 Whatman filter — a fresh filter was useafch culture. The
filtrate was transferred to a sterile vacuum flask, which weald lat -20C at a 48
angle. During the freezing process, the flask was gradualgted to obtain as small
a frozen profile as possible. Once solidified, each flask veassterred to the -7C
freezer overnight to ensure the sample was sufficiently tmidreeze drying. Each
sample required approximately 30 hours to freeze dry coalyle

Ten millilitres of sterile RO water was added directly to fineeze dried product in
the vacuum flask, and the product allowed to redissolve. Tindecpreparations were
stored at -20C until testing.

To ensure ingredients in the media were not responsiblerfgrb@ological activity
detected, concentrated solutions of Nutrient and YES bnatte prepared for use as
media controls. 1.3g of Nutrient broth powder was dissolueDml of RO water, and
29 yeast extract, 15¢g sucrose and 0.05g magnesium sulpimatered with 8.85ml of
RO water. Both solutions were autoclaved atA21or 15 minutes, and stored at@
until required. At 10 times stronger than the normal workaeongcentration, these were
equivalent in strength to the culture preparations afteefe-drying. These prepara-
tions will be referred to as concentrated media controlsh Wie medium specified
where necessary.

The montagnetol provided by the collaborating laborategs resuspended in 0.5ml
sterile Milli Q water. This volume was split into two 2pDaliquots, which were made
up to two 3mg/ml stock solutions by the addition of 750f either bacterial or cell
culture medium.

5.2.2 Antimicrobial activity
Minimum Inhibitory Concentration

Where applicable, the Clinical and Laboratory Standardsitlie standard M7-A7:
Methods for Dilution Antimicrobial Susceptibility TesterfBacteria That Grow Aer-
obically; Approved Standard - Seventh Edition were folldvwe the execution of the
MIC assay, with additional reference to M100-S18: PerforoeaStandards for An-
timicrobial Susceptibility Testing; Eighteenth Inforrmaatal Supplement (CLSI 2006,
2008). The microdilution broth method was followed.
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Two 100ml volumes of Mueller Hinton Broth (MHB) were prepdras per the manu-
facturer’s instructions, and stored &4 Cation adjustment stocks were prepared by
dissolving 0.836g magnesium chloride heptahydrate (MG€O) in 10ml RO water,
and dissolving 0.368 calcium chloride dihydrate (CaCL@iin a second 10ml vol-
ume of RO water. Both solutions were filter sterilised thioad).22:m filter into ster-

ile bottles and stored at@. For use in standardised MIC testing, the broth required
adjustment of cations from 3.36mg/L €Caand 6.531mg/L Mg™" (levels as speci-
fied on the medium container) to a maximum level of 25mg/L' Cand 12.5mg/L
Mg**. Addition of 0.1ml of either cation adjustment stock ined that cation level
by 1mg/L. Thus 0.217ml of cold Ca adjustment stock and 0.06ml of cold Ng
adjustment stock were added to each cold 100ml volume of MHB stirring. The
cation adjusted Mueller Hinton Broth (CAMHB) was dispeng#d 1ml volumes into
sterile bottles with a capacity of 2.5ml, and stored“& 4intil required.

Tryptic Soy Agar (TSA) plates were prepared as previousbcdbed, and stored at
4°C until required

100ml of saline was prepared by dissolving 0.87g sodiumratdéoNaCl) in 100ml
RO water. This was dispensed into eight 10ml volumes and %ouirvolumes and
autoclaved with the media.

A stock solution of 0.2M monobasic phosphate was preparedigsolving 15.69g of
sodium di-hydrogen orthophosphate (N&,.2H,0) in 500ml of RO water. A 0.2M
dibasic phosphate stock was prepared by dissolving 28.4mlydrous di-sodium
orthophosphate (N&lPQO,) in 1000ml of RO water. Six millilitres of 0.1M phosphate
buffer pH 8.0 was prepared by combining 0.16ml of the monictsieck with 2.84ml
of the dibasic stock, and made up to the final volume with RGewdt. 1M phosphate
buffer pH 6.0 was prepared in the same manner, combiningr.&3d 0.34ml of each
stock respectively.

Ampicillin stock (512Q:g/ml) was prepared by dissolving 25.6mg of ampicillin pow-
der in 2.5ml of 0.1M phosphate buffer pH 8.0 and made up to fiamime (5ml) with
0.1M phosphate buffer pH 6.0.

A stock solution of penicillin G, sodium salt was availabtel@® 000 Units/ml with
an activity listed by the manufacturer as 1500-1750 U/mgs Was calculated to be
equivalent to 900-105@/mg, with the value of 10Q@/mg being selected for ease
of calculations. Therefore the stock was determined to hevalgnt to 600@g/ml.
To prepare an intermediate stock of x@2ml, 0.427ml of the 10000U/ml stock was
added to 4.573ml of sterile RO water.

Both antibiotic stocks were stored at ZDuntil required.

A series of 10 doubling dilutions were prepared for each efftieeze-dried Nutri-
ent and YES broth fungal cultures, using 1ml of inoculum amel 1ml volumes of
CAMHB. The ampicillin, penicillin and montagnetol stockese diluted with CAMHB
to obtain 128g/mlworking stocks, and a set of 10 doubling dilutions pregdor each
as for the cultures.

68



CHAPTER 5. EVALUATION OF ACTIVITY

Nine sterile 96-well cell culture plates were used to estalthe MIC assay. Wells
were round-based, and each plate was lidded. Columns 1rtdiced the test agents,
while column 12 was used for controls. Two adjacent rows weezl for each sample
test, so four samples were run per plate. Therefore, thraegpwere required to
test all eight culture samples, a known antibiotic sample twe montagnetol. Two
staphylococcal strains and &ncoliwere challenged, so three sets of each plate were
prepared. Every well in each plate received A0&f the relevant sample dilution or
control broth, as summarised in Table 5.1.

Table 5.1: Design summary of each MIC plate prepared.

ROW COLUMNS 1-11 COLUMN 12

TEST PLATE 1
A, B Isolate 6.5 Nutrient broth culture. Dilutions 1tb 1:1024 CAMHB

C,D Isolate 6.5 YES broth culture. Dilutions 1:1 to 1:1024 50% NP’

E,F Isolate 12.1 Nutrient broth culture. Dilutions 1:1to 1:402| 50% YES

G,H Isolate 12.1 YES broth culture. Dilutions 1:1 to 1:1024 CAMHB
TEST PLATE 2

A B Isolate 129.1 Nutrient broth culture. Dilutions 1:1 to 1240 CAMHB

C,D Isolate 129.1 YES broth culture. Dilutions 1:1 to 1:1024| 100% NB’

E, F | P. chrysogenulutrient broth culture. Dilutions 1:1to 1:1024 100% YES
G,H P. chrysogenunYES broth culture. Dilutions 1:1to 1:1024] CAMHB

TEST PLATE 3

A B Antibiotic* Dilutions 128:g/ml to 0.12%:.g/ml CAMHB
C,D Montagnetol Dilutions 128g/ml to 0.12%.g/ml CAMHB
E,F Not used for this project N/A
G,H Not used for this project N/A

1 All 1:1 dilutions were the reconstituted freeze-dried pradwith no additional dilution
2 Concentrated Nutrient or YES medium control diluted to 50¥CAMHB

3 Concentrated Nutrient or YES medium control with no addiildilution

4 Penicillin used for the two staphylococci and ampicillim foe E. coli

Once prepared, the assay plates were placed into plasscabagstored at -2C until
required, when they were allowed to thaw and come up to roampéeature.

Bacteria challenged wef aureusATCC 29213, methicillin-resistais. aureufMRSA)
ATCC 43300, andt. coliATCC 25922. After revival from -78C stock, each organism
was subcultured on TSA plates at least three times beformuke test.

The bacteria were cultured on TSA for 20 hours before prejoeraf test organism
suspensions. As each suspension had to be used within 1sesofypreparation, each
bacterial strain was processed to completion before theamxcommenced.
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Several colonies from the plate were added to 5ml sterileesahtil the optical density
was within 0.08 to 0.13 when measured at 625nm 285this suspension was added
to 10ml sterile saline and transferred to a multichannetfpgreservoir. A multichan-
nel pipette was used to dispenseg:R0f the final suspension into each well in columns
1-11 of each of the three plates. ;2®f the final suspension was added to alternate
wells in column 12, so that each medium control pair providgubsitive (rows A, C,

E, G) and negative (rows B, D, F, H) growth control.

By following the procedure described for preparation ofttheterial suspension, each
well theoretically contained a final concentration of apqmately 5x10 CFU/ml. In
order to confirm the final inoculum size, a bacterial count e@sducted on well 12A

of test plate 1. A 10l volume was removed from the well and added to 10ml sterile
saline. After mixing, 100! was spread over the surface of a TSA plate and allowed to
soak in.

An inoculum purity check was performed by streaking a saroptlée inoculum onto
a TSA plate.

All plates were placed into plastic bags and incubated &€ 352°C for 20 hours. The
inoculum purity test plate was checked to ensure each tgah@m remained a pure
culture, and number of colonies on the inoculum size tesépleounted. Finally, the
MIC assay plates were read by comparing the growth obtameekll 12A with the
growth obtained in the remaining wells of the plate. Reswkse recorded as either
positive for growth present or negative for no observabsugn.

Minimum Bactericidal Concentration

Guidelines for determining the bactericidal activity ofiamcrobial agents (CLSI 1999)
were referred to in the development of the procedure to b@feld as described below.

The plates utilised for the MIC assay were subsequently tmethe determination

of the MBC. Following the reading of the MIC plates, wells sliwg no growth (i.e.
demonstrating inhibition) were mixed, Aremoved and the sample spread across half
the surface of a TSA plate. One plate was required per two sesliples. Only one
set of wells per paired MIC assay were sampled (rows A, C, EFaftdm each MIC
plate). All plates were bagged and incubated &C3for 24 to 48 hours.

Following incubation, the numbers of colonies grown on esl@C assay plate were

counted. Counts of 11 colonies or greater were recordedsagvedfor growth, while
less than 11 were recorded as growth negative.

5.2.3 Cell Toxicity Assay

The murine fibroblast-like L929 cells were revived from ligunitrogen storage and
cultured in Dulbeco’s Modified Eagle’s Medium (DMEM) supplented with 10%
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foetal calf serum at 3T in a humidified environment containing 5% carbon dioxide.
The cells were passaged every 3 days, using TrypLE Exprabsdiza Trypsin re-
placement enzyme to dislodge the cells. Cells were passhgesltimes before being
used for the assay.

To prepare the test plates, the cells were resuspendedsim fnedium, and a visual
count performed using a haemocytometer loaded with a sacophgrising a known
dilution of cell suspension in 0.4% trypan blue. Followirgjaulation of number of
viable cells available, a suspension containing a final entration of 2x10 viable
cells/ml was prepared in 200ml of warmed DMEM.

Six, flat-based 96-well tissue culture plates were prepéoethe assays. All wells

on the outer edge of each plate were filled with 20&terile water, and the remaining
wells seeded with 1Qd of the prepared cell suspension. All plates were incubated
overnight at 37C in a humidified environment containing 5% carbon dioxide.

Based on observations made during the antimicrobial asgayas decided to only

perform the cell toxicity assay on the crude YES broth prafi@ns. In addition, the

penicillin used in the antimicrobial assays was includesiwall as a set of higher
concentrations aimed at eliciting a toxic response fromathgiotic. Therefore, six

agents were tested. Where necessary, dilutions testecadpreted so as to cover the
MIC and MBC levels obtained previously for each test agent.

Test agent dilutions were prepared in six V-based 96-wathgsl— two agents per plate;
3 rows each (B-D and E-G). Two sets of each plate were prepaneé for each assay.
10Qul of fresh DMEM was added to all wells in rows B to G. 1d0of the highest
test agent concentration was added to the wells containiedjarin column 3, and
additional doubling dilutions prepared in the plate, sd tha lowest test dilution was
located in column 10. Therefore, only the inner 8 columnsewesed for test agent
dilutions. A smaller dilution series was also prepared efdbncentrated YES medium
control. This proceeded by adding 10@f the concentrated preparation to the media
in wells 2E-G of the first plate of each assay set. Doublingtaiihs were subsequently
continued in wells 11B-D of the first plate, followed by welE-G and 11B-D of the
second plate, then wells 2E-G and 11B-D of the third plateabliditional agents were
added to the remaining wells containing media. A diagranmefdverall plate design
can be seen in Figure 5.1.

Following the incubation of the cell culture plates, theyr&vprogressively processed,
to reduce risk of damage to the cell layer. Water from wells@RBnd 12B-G was
removed, and old media carefully removed from the wells @ioimg cells. A multi-
channel pipette was then used to transfer the contents of-based plate, containing
the diluted test agents, directly into the equivalent weflghe cell culture plate, and
the plates re-incubated for up to 48 hours.
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Figure 5.1: General layout of the 96-well plates preparedHte cell toxicity assay.
Rows A and H contained water only. Wells for Blanks initiatiyntained water, which
was replaced with culture medium during test plate setupllsVier the +ve growth

control contained cells and medium only, while the remaniells contained cells
and medium containing dilutions of either one of the tesnéger concentrated YES
medium control (YES dilution series)

MTT Assay

Fresh MTT solution was prepared by dissolving 50mg of MTT @ml phosphate
buffered saline (PBS), filtering through a 0,214 filter into a sterile bottle, and stored
at #C until required. Acid propanol was prepared by adding 2milMfhydrochloric
acid to 48ml of propan-2-ol.

After incubation for approximately 44 hours, one set of hassay plates was removed
from the incubator, and 20 0f MTT solution added to all wells containing media. The
plates were placed on an orbital shaker and gently shakénrfanutes, before being
returned to the incubator for a further 3.5 hours. The cdsteheach test well were
removed, and any formazan crystals formed dissolved wétatidition of 10@! acid
propanol. After mixing for ten minutes on an orbital shakbg absorbance of each
well was read at 570nm with reference to 630nm.

CVDE Assay

0.2% crystal violet in 20% methanol was prepared by disagl®.08g of crystal violet
in 8ml of 100% methanol, and diluting to 40ml with MilliQ wateOne molar acetic
acid was prepared by diluting 3ml of glacial acetic acid imbMilliQ water.

After approximately 48 hours of incubation, the second $é¢hree assay plates were
removed from the incubator. The contents of all wells contey media were removed
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and replaced with 1Q0 of 0.2% crystal violet in 20% methanol. The plates were
placed on an orbital shaker and allowed to incubate at roompéeature with gentle
shaking. After 30 minutes, the stain was removed, the ptate®ughly washed with
MilliQ water, and then set aside to dry. Any crystal violetiathhad been absorbed by
the living cells was redissolved with 1M acetic acid. Aft€ rhinutes of addition of
the acid, the absorbance of each well was read at 540nm vigteree to 690nm

Both assay plates were read on an anthos Zenyth 200rt méteogbectrophotometer
controlled via a computer with ADAP Basic PC software. Thiggyam automatically

calculated the difference between the two absorbance merasuts obtained for each
well. The raw data was exported and analysed with OpenOfficeé8c (spreadsheet).

5.3 Results

The freeze dried products were to be initially dissolvechvlioml ethanol in order to
obtain a solution containing antimicrobially active pratiand reduced levels of media
components. However, subsequent to freeze drying it waowksed the products,
particularly from the YES broths, formed into a high volurhghly absorbent matrix.
An excessive volume of ethanol would have been requiredtaimb sufficient volume
of test solution. It was therefore decided to dissolve teeZe-dried product from both
media formulations in 10ml of water.

Chemical extraction, as previously described, would haentthe preferred method
for sample preparation. Unfortunately, this level of comnpa preparation was beyond
the time and scope of this project.

5.3.1 Antimicrobial activity
Minimum Inhibitory Concentration

Purity checks performed on the bacterial inocula confirrhedibsence of any contam-
ination. Bacterial counts conducted on well 12A of testglafor each organism con-
firmed the presence of approximately 5XX0FU/ml in the final mixture. Counts ob-
tained ranged from 4.5x2@FU/ml for theE. colito 5.5x10 CFU/mI for the MRSA.

Growth obtained in the MIC assay plates appeared as eitHadity of the cell con-
tents, or as a button on the base of the well. Firstly, the eomated media growth
controls were checked to ensure growth had occurred in thie eentaining concen-
trated medium but no test agent. Results were recorded &3 fewthe presence of
growth or “-ve” for its absence, and can be seen in Table 5.2.

These results would suggest the increased concentratammgdonents in the Nutrient
broth did not interfere with the MIC assay, whereas the 1@$moncentration of
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Table 5.2: Results of media and growth controls in MIC deteation.

Growth Control| S. aureus MRSA E. coli
CAMHB +ve +ve +ve
100% NB +ve +ve +ve
50% NB +ve +ve +ve

100% YES -ve -ve -ve
50% YES +ve +ve +ve

Results were recorded as “+ve” for the presence of growtkhva”for its absence,
and are listed for each microorganism tested. Note, wheseptet a 100% con-
centration the concentrated YES medium inhibited growthlldbacteria.

components in the YES broth did. Therefore, absence of growthe 1:1 dilution of
the freeze-dried YES broths could not be solely attributeddtion by the test agent,
and had to be taken into account when reading the assay.

To finally read the MIC plates the growth obtained in well 12Asncompared with

the growth obtained in the remaining wells of the plate. Reswere recorded as
either positive or negative for observable growth, and easden in Appendix C. The
Minimum Inhibitory Concentration for each sample was afdi by recording the

lowest dilution factor of the stock concentrate at which maetkrial growth occurred.
Where growth was detected in every dilution tested, a negetisult for inhibition was

recorded. The MIC for each sample against each test orgardaarbe seen in Tables
5.3(a) and (b).

Results obtained for the known antibiotics against thedegnisms were compared
with expected MIC ranges as listed in the supplement to gedstrd (CLSI 2008), to
ensure the organisms responded appropriately. As can hersé&able 5.4 results for
ampicillin agains€t. coliwere within the expected range, while those obtained for the
staphylococci were not.

Due to its known resistance to penicillin, this result wagexted for the MRSA. How-
ever, the otheB. aureushould have been sensitive to penicillin. This suggestibeei
a problem with the bacterial isolate, or a problem with tHatain of the penicillin.
As a penicillin sensitivity test plate had been prepareevetere and demonstrated the
organism was sensitive to the antibiotic, it was suspedtedatter problem was more
likely. A fresh penicillin sensitivity plate was prepareohd sensitivity in the bacterium
demonstrated. Therefore, the suggestion of a problem hetipénicillin dilutions was
confirmed.

Unfortunately the montagnetol was not inhibitory at theaamirations tested. Growth
occurred in all wells of the Nutrient broth preparation afiate 129.1, while the single
well showing inhibition for each organism against the YE®tbrculture of isolate
129.1 contained the undiluted crude preparation. As ptsiadiscussed under media
growth controls, concentrated components of this mediume wafficient to inhibit
the growth of the bacteria. Therefore, it was concluded phaparations from isolate

74



CHAPTER 5. EVALUATION OF ACTIVITY

Table 5.3: Results of MIC Assay on known antibiotic, and &®IStock Concentrate

dilutions againss. aureusMRSA andE. coli.

Control Drug

S.aureus MRSA E. coli

Penicillin

0.5ug/ml 32ug/ml NA

Ampicillin

NA NA 4pug/ml

(a) Antibiotic controls

Isolate Medium| S. aureus MRSA E. coli
6.5 NB 1:256 1:256 1.64
YES 1:256 1:256 1.64

12.1 NB -ve -ve -ve
YES 1.2 1.2 -ve

129.1 NB -ve -ve -ve
YES -ve -ve -ve

P. chrysogenum NB 1:32 1:8 1:1
YES 1:16 1:32 1:4

Montagnetol -ve -ve -ve

96-well plates were prepared with doubling dilutions of tlest agents, and
the wells inoculated with the test organism. Following ibation, results were

(b) Test agents

recorded as positive or negative for growth, and the mininmimbitory concen-

trations for each sample determined. All bacteria werebiidd to some extent
by products produced by isolate 6.5 dAdctchrysogenumwhile the YES medium
preparation of isolate 12.1 inhibited the staphylococcoteéNthe differences in

MIC outcomes between the two media formulations used to dh@afungi, an

indication that medium choice plays an important role in ¢lvaluation of sec-
ondary metabolites produced by fungi. No inhibition wasedttd with isolate
129.1 or montagnetol, and is recorded as “-ve”: this indis#itat bacterial growth

occurred at every dilution tested. “NA” indicated the tesiusion was not appli-
cable to that test organism.

Table 5.4: Comparison of MIC results obtained for knownlaintic standards against

expected ranges provided in CLSI (2008).

ORGANISM | SENSITIVE  RESISTANT MIC STATUS
Penicillin
S. aureus <0.12ug/ml > 0.25ug/ml 0.5ug/ml Res?stant
MRSA 32ug/ml  Resistant
Ampicillin
E. coli < 8ug/ml > 32ug/ml 4p9/ml - Sensitive
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129.1 weren’t inhibitory.

Low activity was measured against the staphylococci in tB&S Yroth preparation of
isolate 12.1, but not in the Nutrient broth preparation. sTimay mean that low ac-
tivity of any secondary metabolites produced, augmentedrthibition properties of
the concentrated medium to give rise to a “false” positiabition. Alternatively,
the YES broth may have provided a better medium for enconggitjie production of
secondary metabolites in this isolate. The latter would atcount for differences ob-
tained between the Nutrient broth and YES broth preparstidnheP. chrysogenum
Isolate 6.5 demonstrated the highest activity of all théaiss, and was active against
all three test organisms. However, unlike the others, tappeared to be no difference
in activity between the two preparations.

Minimum Bactericidal Concentration

As the MBC assay was not conducted in duplicate, and the fislllimoculum in the
pre-incubated MIC plates was approximately 5x0&U/ml, the figure of 11 colonies
was documented in the guidelines (CLSI 1999) as the rejestabue for the deter-
mination of the MBC. Therefore, MBC plate counts of 11 coksbr greater were
recorded as positive, while less than 11 were recorded agivedor growth. These
full results can be seen in Appendix C. The MBC for each samglg obtained by
recording the lowest dilution factor of the stock concetetnahich was negative for
growth (equivalent to positive for bactericidal activitgnd are shown in Tables 5.5(a)
and (b).

Suitable MBC result ranges for ampicillin agaiistcoli ATCC 25922 were the only
results supplied in the guidelines, and the result obtainddis assay (8g/ml) fell
within the range provided (4-1@&/ml).

When reading the results obtained for the MIC assay, isdl28e1 showed inhibition
only in the lowest dilution factor of the YES broth prepaoati As the concentrated
broth also inhibited growth at that dilution, it was detemeul inhibition displayed in
these wells was due to the medium rather than products ostilaté. Despite this
decision, one of these wells was sampled as part of the MB&/a€sce spread onto
the TSA MBC test plate, it was expected that growth would ocgsithe concentrated
media components would effectively be diluted. This protede the case.

The only preparations to provide bactericidal activity /gre control funguB. chryso-
genumand isolate 6.5 againg&t. colionly. TheP. chrysogenumlutrient broth prepa-
ration againsS. aureusand both preparations agairtst coli aligned with the MIC
result — i.e. the minimum inhibitory concentration alsoy&d to be bactericidal. All
remaining bactericidal results were achieved at higheceninations than their respec-
tive MIC results.

By examining the MIC and MBC results for each isolate prep@naand organism, it
appeared that when grown under the conditions and in theanpeelviously described,
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Table 5.5: Results of MBC Assay on known antibiotic or Isel&tock Concentrate
dilutions againss. aureusMRSA andE. coli.

Control Drug| S. aureus MRSA E. coli
Penicillin 1ug/ml 32ug/ml NT
Ampicillin NT NT 8ug/ml

(a) Antibiotic controls

Isolate Medium| S. aureus MRSA E. coli
6.5 NB 11 -ve 1:32
YES -ve -ve 1:32

12.1 NB -ve NT NT
YES -ve -ve NT

129.1 NB NT NT NT
YES -ve -ve -ve

P. chrysogenum NB 1:32 -ve 11
YES 1.8 1:8 14

(b) Test agents

10ul was removed from the negative growth MIC test wells, an@a@ronto agar
plates. After incubation, colony numbers were counted &edminimum bac-
tericidal concentration determined for each sample. Oigbkates, only isolate
6.5 demonstrated any bactericidal activity, especialgirgiE. coli. Results for
the remaining isolates demonstrated no bactericidaliggtand are recorded as
“-ve”; this indicates that 11 colonies or more grew with gvtlC well tested.
“NT” indicated no dilutions were tested, as growth occurediil the MIC test
wells.

isolate 129.1 showed no antimicrobial activity; isolatel1Bad a minor inhibitory
effect on the two staphylococcal species; and isolate &%hanhibitory effect on all
three organisms but no bactericidal effect on the staplogicic This would suggest
the latter’s effect on staphylococci was bacteriostatit dactericidal againgE. coli.

What is not known is whether these results are due to the mresaf one or more
secondary metabolites, or in the case of the latter, dudfereint metabolites.

5.3.2 Cell Toxicity Assay

Despite its inhibitory effect on bacterial cells, it was st to perform the cell toxicity
assays on the crude YES broth preparations only, as they é@eraly provided a
slightly better result in the antimicrobial assays thanNuérient broth preparations.

As fewer agent concentrations were able to be tested in theitipassay than the
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antimicrobial assay, dilutions tested for isolate 6.5 wadgisted so as to cover the
MIC and MBC levels obtained previously. Therefore, dilasocovered the range of
1:8t0 1:1024 for isolate 6.5, and 1:2 to 1:256 for the renmgjriungal preparations.

Mean values and standard deviation were calculated fromathielata obtained from
the readings of each plate. Each test agent’s results asd tbothe positive growth
control were adjusted for the blank, and the percent vigighlculated by the formula
% x 100. This process was repeated for the YES medium contrdgiahs.
Raw data and calculations can be seen in Appendix D.

Toxicity was determined as the test agent concentratiomethwb0% of the cells were
no longer viable, expressed as thejd€alue.

As a reference chemical, penicillin was listed as havingGp of 5.73mmol/L (Anon.
2001) which is equivalent to 2.04mg/ml. Unfortunately,ngsthe stock penicillin of
6mg/ml did not allow for a large range of high dilutions, andlear result was not
obtained in either assay. However, there was a decrease ipeticentage of viable
cells at the first dilution tested (3mg/ml) (MTT: 58% viab@yDE: 70% viable) and
the second dilution in the MTT assay (1.5mg/ml: 76% viabl&hese results may
confirm a problem with the penicillin stock.

Results for the YES medium control were analysed first, terdeine the presence of
any effect caused by the fungal culture medium. As can be ise€able 5.6, pres-
ence of 25% (CVDE) to 12.5% (MTT) of the medium control wadisignt to have a
deleterious effect on the cells.

Therefore, results for determination of toxicity in thelete tests were restricted to
those containing less than 12.5% of the medium. These sesait be seen in Table
5.7 for isolates 12.1 and 129.1, and Table 5.8 for isolate 6.5

From these results it was determined that at least one sagpontetabolite produced
by isolates 6.5 and 12.1 were toxic to L929 cells. In the cdskeoformer, this toxi-
city covered the entire range of dilutions tested, whilsiddevels were detected at a
dilution factor of 1:16 for isolate 12.1

Results which indicate a viability of greater than 100% caslidate an agent con-
tributes to cell proliferation. However, in this case it snsidered that these results
highlight the variability inherent in living culture assay

5.4 Discussion

Because they have already proven to be a successful baseothrction of antimi-

crobially active secondary metabolites by the relevariates, the media utilised for
this part of the project should have been identical to thegelun the initial screening,
namely Nutrient Broth and Sensitest Agar. While the formaswsed, at the time it
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Table 5.6: Determination of toxic effect on L929 cells assaiby the concentrated
YES medium control.

Component Percent 50.00 25.00 1250 6.25 3.13 1.57%
CVDE
Mean 1.4020 0.5703 1.8700 2.8457 3.1913 3.2%90
SD 0.1057 0.0248 1.0830 0.5092 0.0863 0.0229
% Viability 40.76 13.65 5459 85.61 96.70 99.46
MTT
Mean 0.0853 0.0727 0.0987 0.6463 0.6493 0.9130
SD 0.0189 0.0065 0.0287 0.0295 0.1607 0.0806
% Viability 10.35 7.71 10.90 88.62 96.89 118.6T

Results show the mean optical density, measured at 570nmrefierence at
630nm for MTT results, and 540nm with reference at 690nmHer@VDE assay,
standard deviation (SD) and the calculated value for pénrcaibility. Toxicity
was determined as the agent concentration at which 50% ofeh® were no
longer viable. These figures are highlighted in the resnltsid. As can be seen
in the MTT results, when the L929 cells were exposed to theeoinated YES
medium at a concentration of 12.5 percent, almost 90 % westeaed. This had
to be taken into consideration when determining the residltise test agents.

was considered to be too difficult to obtain sufficient exieddest material from the
agar. This would have involved the culturing of many platesaxh isolate, followed
by chemical extraction, filtration and evaporation of esceslvent. As time was lim-
ited, it was decided to use an alternative liquid medium.s¥&xtract Sucrose Broth
was selected for this purpose. Unfortunately, this meamtstiitability of Sensitest
Agar as a medium useful in the production of secondary métabdy fungi could
not be verified.

As noted earlier, the freeze dried products were to be llyitdissolved with 10mi
ethanol in order to obtain a solution containing antimicatlip active product and re-
duced levels of media components. This proved difficulthesgroducts, particularly
from the YES broths, formed into a high volume, highly absmtbmatrix, requiring
significantly greater volumes of ethanol to ensure compulestgolution of the product.
With sufficient time, this would not have been an issue, asetteess ethanol could
have been evaporated to produce the required volume ofaegils. The benefits of
this process would have been two-fold — the elimination eftitxic components of
the YES medium; and the production of an optimal volume/mmaxn concentration
of the test sample for testing. However, sufficient time wasavailable, hence the
decision to dissolve the freeze-dried product from bothim&mmulations in 10ml of
water.

The results obtained in the evaluation of bioactivity inweder-based test samples are
summarised in Table 5.9.
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Table 5.7: Determination of toxic effect caused by the tgsnés on L929 cells.

Dilution factor | 1:16 1:32 1.64 1:128 1:256
ISOLATE 12.1 MTT
Mean 0.2567 0.3573 0.6120 0.7070 0.67p3
SD 0.0199 0.0565 0.1161 0.1260 0.10p9
% Viability 36.16 51.33 89.70 104.02 99.2%
CVDE
Mean 1.2727 2.1263 3.1417 3.1810 3.2403
SD 0.0280 0.0903 0.0775 0.0135 0.03p4
% Viability 36.65 63.78 96.04 97.29 99.17
ISOLATE 129.1 MTT
Mean 0.6120 0.8097 0.7037 0.7333 0.77pH7
SD 0.0234 0.0231 0.0506 0.0696 0.0482
% Viability 83.83 111.38 96.61 100.74 106.64
CVDE
Mean 2.9700 3.1947 3.2467 3.2880 3.2903
SD 0.0308 0.0344 0.0663 0.0139 0.01p0
% Viability 89.64 96.92 98.61 99.95 100.02
P. chrysogenum MTT
Mean 0.4833 0.6823 0.7023 0.6423 0.81p3
SD 0.0664 0.0561 0.0992 0.0281 0.03(06
% Viability 61.03 86.97 89.57 81.75 104.30
CVDE
Mean 2.8647 3.1250 3.2527 3.2603 3.27(00
SD 0.0912 0.0331 0.0180 0.0468 0.0241
% Viability 86.24 9452 98.58 98.82 99.18

Results show the mean optical density measured at 570nmrefighence at
630nm for MTT results, and 540nm with reference at 690nmHer@VDE assay,
standard deviation (SD) and percent viability calculatedh® blank-adjusted op-
tical densities by the formulg% x 100. Toxicity was determined as the
agent concentration at which 50% of the cells were no longdnl@, and is high-
lighted in bold in the results. This can be seen in the resddtained for isolate
12.1, which demonstrated toxicity to the cells at a dilutodri:16. No toxicity
was detected at these dilutions for the remaining test ag&wusults for the first
three dilutions tested were not included here, due to thie tffect caused by the

culture medium at those levels.
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Table 5.8: Determination of toxic effect of secondary metaés produced by isolate
6.5 on L929 cells.

547
236

2?93

Component percent 1:16 1:32 1:64 1:128 1:256 1:512 1:102
ISOLATE 6.5 MTT

Mean 0.0177 0.0153 0.0630 0.2887 0.3810 0.2980 0.2

SD 0.0012 0.0015 0.0139 0.0227 0.0095 0.0092 0.0

% Viability 0.27  -0.05 6.40 36.91 49.39 38.17 32.

CVDE

Mean 0.4050 0.4533 0.3677 1.1593 1.9530 1.2587 1.0

SD 0.0243 0.0374 0.0215 0.2176 0.1326 0.0295 0.0

% Viability 8.46 9.98 7.29 3213 57.03 3525 28.(

527
5

Results show the mean optical density measured at 570nmrefighence at
630nm for MTT results, and 540nm with reference at 690nmHer@VDE assay,
standard deviation (SD) and percent viability calculated® blank-adjusted op-
tical densities by the formulg% x 100. Toxicity was determined as the
agent concentration at which 50% of the cells were no longle®. Note that
this is the case in every dilution tested for this isolate

Table 5.9: Summary of results obtained in the evaluationabbical activity of the
three main isolates

ISOLATE 6.5 12.1 129.1
IDENTIFICATION | S. commune Penicilliumsp.| S.isomera
MIC - Staphylococci 1:256 1:2 No activity
MIC - E. coli 1:64 -ve No activity
MBC - Staphylococci 1:1 -ve No activity
MBC - E. coli 1:32 -ve No activity
IC50 | <1:1024 | 1:16 (to 1:32)| Little activity
TOXICITY STATUS Toxic Some toxicity | No activity

No inhibition againsiE. coli and no bactericidal activities against any test bac-
terium were displayed by isolate 12.1, and are indicated byel in the re-
sults. No biological activity was demonstrated by isola28.1, while isolate 6.5
demonstrated the highest levels of activity of all agendése® Toxicity status is
an arbitrary assignment given to each isolate in order te gieaning to the I¢
result.
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Isolate 129.1Sporormiella isomergappeared to lose its ability to produce antimicro-
bially active secondary metabolites. This may be a resutepéated subculturing,
despite attempts to minimise the number of sequential $tuves, or may be a spon-
taneous occurance. It is not an unusual phenomenon — otheesfbund the same
effect in strains oPenicillium chrysogenurfWainwright & Swan 1986).

Sporormiellaspecies have some history of producing bioactive natucadymts. Two
compounds have been isolated from a strai.ahinimaby Hatori et al. (2004). These
particular compounds demonstrated promise as inhibifarsaesterol synthesis, and
were antifungal again§€andida albicanandAspergillus fumigatus

ThePenicilliumspecies, isolate 12.1, showed some bioactivity, but notwshras the
control funguspP. chrysogenugrused in the experiments.

Isolate 6.5,Schizophyllum commurdemonstrated promising antimicrobial activity,
particularly against MRSA, with a dilution of 1:256 inhilng growth of the organism.

Research conducted by Rosa et al. (2003), concentratedeoscthening of basid-
iomycetes for antimicrobial activity. This included threteains ofS. communécated

in Brazil. A range of bacteria were screened including sev@ammon to this project.
However, no antimicrobial activity was detected in any afgé strains. This could
indicate a difference between th&r communetrains and the one isolated in this
project, or culture medium and growth conditions utilisgdie researchers were not
effective. Emerson et al. (1946) found great differencesénantibiotic activities ob-
tained from soil-borne fungal isolates when grown in foufedent formulations of
liquid media.

However, the toxicity assay for isolate 6.5 revealed itsdaature, with the highest
dilution tested being capable of killing over 50% of L929IselTherefore, while it
demonstrated useful antimicrobial activity, its toxiciould prevent its immediate
use as such.
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Summary of Results

A total of three fungal isolates were determined to produseosdary metabolites
posessing antimicrobial activity, and were therefore sctgjof the full range of proce-
dures encountered in this project. A summary of the inforomaind results obtained
for each of these isolates is provided on the following pages
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6.1

Isolate 6.5

Identified by molecular techniques &shizophyllum commune
Phylum: Basidiomycota
Isolated fromLantana camaraoot obtained from Preston.

Antimicrobial screening profile:

“+” indicates inhibition observed;

indicates no inhtlmn observed

. o
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MIC and MBC:

“-ve” indicates no bactericidal activity observed

MEDIUM | S. aureus MRSA E. coli

MIC NB 1:256 1:256 1:64
YES 1:256 1:256 1:64

MBC NB 1:1 -ve 1:32
YES -ve -ve 1:32

Antimicrobial status:

Cytotoxicity:

Bacteriostatic against staphytago
Bactericidal againgt. coli

Assay
Toxicity status

MTT CVDE
<1:1024 <1:1024
Toxic
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6.2 Isolate 12.1

Identified by morphological techniquesBsnicilliumsp.
Phylum: Ascomycota
Isolated fromAcacia fimbriataroot obtained from Preston

Antimicrobial screening profile:
“+” indicates inhibition observed; “-” indicates no inhtlbn observed

. 2
& & &
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MIC and MBC:
“-ve” indicates none of the relevantl activity was observed
“NT” indicates procedure not tested

Medium | S. aureus MRSA E. coli
MIC NB -ve -ve -ve
YES 1:2 1:2 -ve
MBC NB -ve NT NT
YES -ve -ve NT

Antimicrobial status: Bacteriostatic against staphytmio
No activity againsk. coli

Cytotoxicity:

Assay MTT CVDE
|C50 1:16 1:16
Toxicity status| Some toxicity
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6.3 Isolate 129.1

Identified by molecular techniques &porormiella isomera
Phylum: Ascomycota
Isolated fromXanthorrhoeae johnsonieaf obtained from Preston

Antimicrobial screening profile:
“+" indicates inhibition observed; “-" indicates no inhtlmn observed

. o
& & &
o@ Q} O 0®6 06
N2 - S S\ i 2
PP KR g & &
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+ o+ o+ - - - -

MIC and MBC:
“-ve” indicates none of the relevant activity was observed,;
“NT” indicates procedure not tested

Medium | S. aureus MRSA E. coli
MIC NB -ve -ve -ve
YES -ve -ve -ve
MBC NB NT NT NT
YES -ve -ve -ve
Antimicrobial status: No activity detected

Cytotoxicity:
“-” indicates no toxicity detected

Assay MTT CVDE
IC50 = =
Toxicity status| No activity
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Chapter 7

Conclusion

The purpose of this project was the discovery and evaluatiarovel antimicrobial
agents affective against nosocomial pathogens, and wakediinto four distinct areas
of investigation:

Acquisition of Fungal Isolates The goal of the first phase of the project was the ac-
quisition of a sufficient number and variety of fungal isekat While fungi are
ubiquitous, it was decided to concentrate efforts on theectbn of endophytic
fungi from a variety of mostly native plant hosts. Harvespdaht tissues were
washed, surface sterilised and portions transferred tatdaigrowth media. As
isolates grew, they were subcultured until pure culturesevebtained, cultured
onto slants for short term use, and longer term storage magpas made.

A total of 133 fungal cultures were isolated, with over 90%nigemoulds.
Macroscopic examination suggested that over 100 fungaliepavere repre-
sented, including species Blisarium, Epicoccum, AspergillandPenicillium
Almost 92% of these isolates grew sufficiently enough to le®iiporated into
the isolate collection.

Screening for Antimicrobial Activity The second stage of the project involved the
screening of the fungal isolates collected during the firgtse against a panel
of selected nosocomial pathogens. After a suitable sarganethod was deter-
mined, the fungal isolates were progressively subculttned the slants, and if
successfully grown, screened for antimicrobial activity.

Of the 122 isolates in storage, 13 were not tested as theymwaceoscopically

identified as yeasts. Of the 109 isolates remaining for sange27 (24.7%) did

not recover from PDA slant storage; 3 (2.8%) did not growatlgeon the test

medium and 2 (1.8%) grew so quickly and heavily that the bect®uld not be

applied to the plate surface. Seventy-seven (70.6%) eohlere successfully
screened using the direct Sensitest screening procedure.

Seven isolates demonstrated some level of activity agéiesselected micro-
organisms. However, in the case of four of the isolates, éselts were not
repeatable. Therefore, the screening process yielded tbotates whose an-
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timicrobial activity was investigated further. Based oe fflant sample of ori-
gin, and the number of isolates obtained from that sampésethisolates were
designated as numbers 6.5, 12.1 and 129.1.

Identification of Selected isolatesThe three isolates which demonstrated antimicro-
bial activity against one or more of the test bacteria reguithe determination
of their scientific classification, so as not to re-evaludiengus which had been
previously described and assessed. Morphological claarstits, both macro-
scopic and microscopic, were initially studied, and werf@ant to determine
the genus of isolate 12.1 as thatRenicillium Molecular techniques were re-
quired to obtain identification of the remaining isolatesjat were ultimately
identified asSchizophyllum commungsolate 6.5) andSporormiella isomera
(isolate 129.1).

Evaluation of Activity The final part of the project involved the evaluation of the an
timicrobial activity and the assessment of potential tibyiof crude preparations
from the three selected isolates. The MIC and MBC were detemnfor the
fungal preparations against three strains of bacteriaicTefkects of the crude
preparations were tested on murine fibroblasts and evaluateg the MTT Cell
Viability and Crystal Violet Dye Exclusion (CVDE) assaysytGtoxicity results
were expressed as theslCthe concentration at which 50% of the cells were no
longer viable.

Following the final part of the project, it was determined ibalates 6.5 and 12.1 could
produce secondary metabolites that were capable of deratingtbacteriostatic ac-
tivity against staphylococcal species. In addition, pidmanufactured by isolate 6.5
proved to be bactericidal agairtst coli. The antimicrobial screening process also in-
dicated both isolates possessed activity ag@&nsereusbut this was not investigated
further at this stage.

Initial screening of isolate 129.1 demonstrated antinbi@bactivity against staphylo-
cocci. However, this activity was not repeated during MIQUBC evaluation. Nu-
merous reasons may be used to explain this occurance, inglagontaneous halt in
the production of the relevant secondary metabolite by tingds; subtle differences
in culture conditions; or a requirement for bacterial inglment. Continued evaluation
would be required to determine the actual cause.

Any secondary metabolites produced by isolate 129.1, utigeeculturing methods
utilised for bioactivity evaluation, did not display anytoyoxicity against the fibroblast-
like L929 cells. Some cytotoxicity was detected with iselda®.1, while products of
isolate 6.5 proved to be highly toxic. The highest dilutiested was able to kill greater
than 50% of test cells.

Attempts were made by a collaborating laboratory to anadyskextract the secondary
metabolites produced by isolates 6.5, 12.1 and 129.1. Sanadunts of penicillic
acid were extracted from isolate 12.1. Since the productweksknown, it was not
analysed further.
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Approximately 6mg of monagnetol was extracted from isolét8.1. This was evalu-
ated for antimicrobial activity, but none was detected &t tloncentration.

To date, no secondary products have been extracted froatesel5. Continued at-
tempts will be made, as further analysis of the isolate’®sdary metabolites may
reveal multiple products, with varying levels of activitgdatoxicity, novel modes of
action, or novel structures. Separation of the active petedoould allow for further
investigations, and if combinatorial chemistry is utitis¢heir structures may be ma-
nipulated in order to reduce the levels of toxicity.

All isolates collected over the course of the project renséimed in glycerol at -7@.
Therefore, screening can be repeated with additional bacgpecies and alternative
screening methods can be employed so as to screen otheonganisms, including
pathogenic yeasts and fungi. Not only does this work paténtcontribute to the
discovery of novel antimicrobial products, but as so fewgiumave been described,
the identification of the fungi so far isolated could revealnspecies, and provide
additional information about fungal diversity.

The increasing rate in the development of antibiotic rasis¢ by pathogenic organ-
isms means new antibiotics need to be sourced quickly, dacthieent standards in
health care and disease treatment can be maintained. lelkasshown by this study
and numerous others, that endophytic fungi can be a valsabiee in the search for
these new antimicrobials. Their variable hosts, habitatd, history, coupled with the
sheer number of undiscovered species, suggests that nusrgiszoveries are yet to
be made.

As long as bacteria continue to develop resistance to thigiaints we use to treat their
infections, we will need to source new antibiotics. The cumd isolation, screening
and evaluation of endophytic fungi and their secondary bwiies can only be of
benefit to all higher life forms on Earth.
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Appendix A

Acronyms

BSC Biological Safety Cabinet

CAMHB Cation adjusted Mueller Hinton Broth
CVDE Cirystal Violet Dye Exclusion

DMSO di-methyl sulfoxide

IPTG lIsopropyl{3-D-1-thiogalactopyranoside

ITS internal transcribed spacer

LB Luria-Bertoni

MEA Malt Extract Agar

MBC Minimum Bactericidal Concentration

MHB Mueller Hinton Broth

MIC Minimum Inhibitory Concentration

MRSA methicillin-resistanStaphylococcus aureus
MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-tetrdizon bromide)
NA Nutrient Agar

NB Nutrient Broth

PDA Potato Dextrose Agar

RO reverse osmosis

SDA Sabouraud Dextrose Agar

TSA Tryptic Soy Agar

VRE vancomycin-resistant Enterococci
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APPENDIX A. ACRONYMS

X-Gal 5-bromo-4-chloro-3-indolyl3-D-galactopyranoside

YES Yeast Extract-Sucrose
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Appendix B

Media Formulations

Note: All media autoclaved at 12C for 15 minutes unless specified All ingredients
listed as per litre unless specified

Czapek Dox

Czapek Dox Broth

Supplier: Difco
Bacto Laboratories, Mt Pritchard, NSW, Australia

Saccharose 30g
Sodium nitrate (NaNg) 39
di-Potassium hydrogen orthophosphatgelRO;)  1g
Magnesium sulphate (MgSQO'H,0) 0.5¢g
Potassium chloride (KCI) 0.5¢g
Ferric sulphate (FeSOrH,0) 0.01g

35g per 1000ml

Czapek Yeast Broth
Supplier: Difco (Base Broth as above)
Yeast Extract 5g
Trace Metals Iml
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Trace Metals Solution:

Zinc sulphate (ZnSQ7H,0) 1% wiv
Copper sulfate (CuSbH,0) 0.5% w/v

Luria-Bertoni

LB Agar

Supplier: Amyl Media
Amyl Media, Dandenong, VIC, Australia

Casein Peptone Pancreatic Digest 10g
Sodium chloride 5g
Yeast Extract 5g
Agar, bacteriological 15¢g

35g per 1000ml

LB Broth

Supplier: Difco
Bacto Laboratories, Mt Pritchard, NSW, Australia

Pancreatic Digest of Casein 10g
Yeast Extract 59
Sodium chloride 10g

259 per 1000ml
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APPENDIX B. MEDIA FORMULATIONS

Malt Extract

Malt Extract Agar

Supplier: Oxoid
Oxoid Australia, Adelaide, SA, Australia

Malt Extract 309
Mycological Peptone 5g
Agar 159

50g per 1000ml

Malt Extract Broth

Supplier: Oxoid
Oxoid Australia, Adelaide, SA, Australia

Malt Extract 179
Mycological Peptone 39

20g per 1000ml

Mueller-Hinton Broth

Supplier: Oxoid
Oxoid Australia, Adelaide, SA, Australia

Beef, dehydrated infusion from  300g
Casein hydrolysate 17.59
Starch 1.5¢

21g per 1000ml

103



APPENDIX B. MEDIA FORMULATIONS

Nutrient

Nutrient Agar

Supplier: Amyl Media
Amyl Media, Dandenong, VIC, Australia

Bacteriological Peptone 59
Sodium chloride 5g
Yeast Extract 29
Beef Extract 19
Agar, bacteriological 139

269 per 1000ml

Nutrient Broth

Supplier: Amyl Media
Amyl Media, Dandenong, VIC, Australia

Bacteriological Peptone 59
Sodium chloride 5g
Yeast Extract 29
Beef Extract 19

13g per 1000ml

Potato Dextrose Agar

Supplier: BD Difco
Bacto Laboratories, Mt Pritchard, NSW, Australia

Potato Infusion from 200g potato 49
Dextrose 20g
Agar 159

39g per 1000ml
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APPENDIX B. MEDIA FORMULATIONS

Sabouraud Dextrose Agar

Supplier: Amyl Media
Amyl Media, Dandenong, VIC, Australia

Mycological Peptone 10g
Glucose 409
Agar 149

64g per 1000ml

Sensitest Agar

Supplier: Oxoid
Oxoid Australia, Adelaide, SA, Australia

Hydrolysed casein 11.0g
Peptone 3.0g
Sodium chloride 3.0g
Glucose 2.0g
Starch 1.0g
Buffer salts 3.39
Nucleoside bases 0.02g
Thiamine 0.00002g
Agar 8.0g

32g per 1000ml
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Tryptic Soy
Tryptic Soy Agar

Supplier: Amyl Media
Amyl Media, Dandenong, VIC, Australia

Casein Peptone Pancreatic Digest 15¢g
Soy Peptone 59
Sodium chloride 5¢
Agar 13g

38g per 1000ml

Tryptic Soy Broth

Supplier: Amyl Media
Amyl Media, Dandenong, VIC, Australia

Casein Peptone Pancreatic Digest 179
Soy Peptone 39
di-potassium hydrogen orthophosphate 2.5¢g
Sodium chloride 59
Glucose 2.5¢9

30g per 1000ml

Yeast Extract-Malt Agar

Supplier: Prepared In-house
Yeast Extract 49

Malt Extract 10g
Glucose 49

Agar 209

per 1000ml
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Yeast Extract-Sucrose Broth

Supplier: Prepared In-house
Yeast Extract 209
Sucrose 1509
Magnesium Sulfate 0.5¢9

R.O. Water 885ml

Dissolve and dispense before autoclaving
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Appendix C

MIC and MBC Data

The tables on the following pages show the data obtained/éduation of the MIC and
MBC of each test agent against the three test bacteria, aglEsin Chapter 5. The
general layout of each table follows that of the 96 well gaised for the MIC assay.
Each well in columns 1 to 11 contained a dilution of a test §gerd a standard volume
of test organism. Column 12 contained media with no testtagéNedium +” were
inoculated with the test organism; “Medium -” were not intatad at all. Following
incubation, the plates were scored for presence or absdrmcterial growth. Test
wells which had been inoculated with bacteria and showedraath were plated to
determine if the bacteria were inhibited or eliminated.

Eash test agent was tested twice, in adjacent rows. Therafoable to refer which
MIC wells were sampled to determine the MBC, the MBC resuiésdisplayed under
each test agent’s paired rows. Wells which were not samp@ae of the MBC assay
are indicated with a “/”.

The MIC is defined as the lowest concentration of an antinbielaagent required to
prevent visible growth of the test organism. The true MIQually lies between the
reported MIC value and the next lower agent concentratidme MIBC is defined as
the Minimum Bactericidal Concentration (MBC) required tdl R9.9% (> 3 log,
drop in CFU/mI) of the final inoculum.

Tables C.1(a-c) show data related to E. coli; Tables C.}Xhewv data related t8.
aureus and Tables C.3(a-c) show data related to MRSA.
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Table C.1: MIC and MBC data for each test preparation ag&nebli. For the MIC data,“+” indicates growth of the bacterium; fAticates no
growth observed. For the MBC data, “+” indicates 11 colomiegreater were counted on the test plates; “-” indicatestle@n 11 colonies were
observed; “/” indicates well contents were not tested as/tirtiad occured in the wells in the MIC test.

Column 1 2 3 4 5 6 7 8 9 10 11 12
Row Dilution Factor| 1:1 1:2 1:4 1:8 1:16 1:32 1.64 1:128 1:256 1:512 1:1024€ontrols
A Isolate 6.5 - - - - - - - + + + + CAMHB + | +
B NB - - - - - - - + + + + CAMHB - | -
MBC - - - - - - + / / / /
C Isolate 6.5 - - - - - - + + + + 1:2NB+ | +
D YES - - - - - - - + + + + 1.2NB- | -
MBC + - - - - - + / / / /
E Isolate 12.1 | + + + + + + + + + + + 1.2YES+| +
F NB + + + + + + + + + + + 1.2YES- | -
MBC / / / / / / / / / / /
G Isolate 12.1 | - + + 4+ + + + + + + + CAMHB + | +
H YES - + + + + + + + + + + CAMHB - -
MBC + / / / / / / / / / /

(@) E. coli, plate 1

V1vad 04N ANV JIN "D XIdN3IddV
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Row Column 1 2 3 4 5 6 7 8 9 10 11 12
DilutionFactor| 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024ontrols
A Isolate 129.1 | + + + + + + + + + + + CAMHB + | +
B NB + + + + + + + + + + + CAMHB - -
MBC / / / / / / / / / / /
C Isolate 129.1 | - +  + o+ + + + + + + + LAINB+ | +
D YES - + + + + + + + + + + 1:1 NB - -
MBC + / / / / / / / / / /
E P.chrysogenum - + + o+ + + + + + + + L1YES+| -
F NB - + + + + + + + + + + 1.1YES- | -
MBC - / / / / / / / / / /
G P.chrysogenum - - - + + + + + + + + CAMHB + | +
H YES - - - + + + + + + + + CAMHB - | -
MBC - - - / / / / / / / /

(b) E. coli, plate 2
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Row Column 1 2 3 4 5 6 7 8 9 10 11 12
Conc.ug/ml | 128 64 32 16 8 4 2 1 0.5 0.25 0.13 Controls
A Ampicillin - - - - - + + + | CAMHB + | +
B - - - -+ + o+ + + | CAMHB- | -
MBC - - - - -+ / /
C Montagnetoll + + + + + + + + + + + | CAMHB + | +
D + + + o+ + + + + o+ + + | CAMHB - | -
MBC / r / /

(c) E. coli, plate 3
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Table C.2: MIC and MBC data for each test preparation ag&nebli. For the MIC data,“+” indicates growth of the bacterium; fAticates no
growth observed. For the MBC data, “+” indicates 11 colomiegreater were counted on the test plates; “-” indicatestle@n 11 colonies were
observed; “/” indicates well contents were not tested as/tirtiad occured in the wells in the MIC test.

Row Column 1 2 3 4 5 6 7 8 9 10 11 12
Dilution Factor| 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024ontrols
A Isolate 6.5 - - - - - - - - - + + CAMHB + | +
B NB - - - - - - - - - + + CAMHB - | -
MBC + + + + + + + + + / /
C Isolate 6.5 - - - - - - - - + + 1.2NB+ | +
D YES - - - - - - - - + + 1:2NB - -
MBC + + + + + - - + / /
E Isolate 12.1 + + + + + + + + + + + 1.2YES+| +
F NB - + o+ 4+ + + + + + + + 1.2YES- | -
MBC + / / / / / / / / / /
G Isolate 12.1 - - + + + + + + + + + CAMHB + | +
H YES - - + + + + + + + + + CAMHB - -
MBC + o+ / / / / / / / / /

(a) S. aureusplate 1
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Row Column 1 2 3 4 5 6 7 8 9 10 11 12
DilutionFactor| 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024ontrols
A Isolate 129.1 | + + + + + + + + + + + CAMHB + | +
B NB + + + + + + + + + + + CAMHB - -
MBC / / / / / / / / / / /
C Isolate 129.1 | - +  + o+ + + + + + + + LAINB+ | +
D YES - + + + + + + + + + + 1:1 NB - -
MBC + / / / / / / / / / /
E P.chrysogenum - - - - - - + + + + + L1YES+| -
F NB - - - - - - + + + + + 1L:1YES-| -
MBC + + o+ 0+ - - / / / / /
G P.chrysogenum - - - - - + + + + + + CAMHB + | +
H YES - - - - - + + + + + + CAMHB - | -
MBC - - - - - / / / / / /

(b) S. aureusplate 2
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Row Column 1 2 3 4 5 6 7 8 9 10 11 12
Conc.ug/ml | 128 64 32 16 8 4 2 1 0.5 0.25 0.13 Controls
A Penicillin - S + | CAMHB + | +
B - - - - - - - + + | CAMHB - | -
MBC - - - - - - - -+ / /
C Montagnetoll + + + + + + + + + + + | CAMHB + | +
D + + + o+ + + + + o+ + + | CAMHB - | -
MBC / r / /

(c) S. aureusplate 3
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Table C.3: MIC and MBC data for each test preparation ag&nebli. For the MIC data,“+” indicates growth of the bacterium; fAticates no
growth observed. For the MBC data, “+” indicates 11 colomiegreater were counted on the test plates; “-” indicatestle@n 11 colonies were
observed; “/” indicates well contents were not tested as/tirtiad occured in the wells in the MIC test.

Row Column 1 2 3 4 5 6 7 8 9 10 11 12
Dilution Factor| 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024ontrols
A Isolate 6.5 - - - - - - - - - + + CAMHB + | +
B NB - - - - - - - - - + + CAMHB - | -
MBC + + + + + + + + + / /
C Isolate 6.5 - - - - - - - - + + 1.2NB+ | +
D YES - - - - - - - - + + 1:2NB - -
MBC + + + + + + - - + / /
E Isolate 12.1 + + + + + + + + + + + 1.2YES+| +
F NB + + o+ O+ + + + + + + + 1.2YES- | -
MBC / / / / / / / / / / /
G Isolate 12.1 - - + + + + + + + + + CAMHB + | +
H YES - - + + + + + + + + + CAMHB - -
MBC + o+ / / / / / / / / /

(a) MRSA, plate 1
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Row Column 1 2 3 4 5 6 7 8 9 10 11 12
DilutionFactor| 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024ontrols
A Isolate 129.1 | + + + + + + + + + + + CAMHB + | +
B NB + + + + + + + + + + + CAMHB - -
MBC / / / / / / / / / / /
C Isolate 129.1 | - +  + o+ + + + + + + + LAINB+ | +
D YES - + + + + + + + + + + 1:1 NB - -
MBC + / / / / / / / / / /
E P.chrysogenum - - - - + + + + + + + L1YES+| -
F NB - - - - + + + + + + + 1L:1YES-| -
MBC + O+ - + / / / / / / /
G P.chrysogenum - - - - - + + + + + + CAMHB + | +
H YES - - - - - - + + + + + CAMHB - | -
MBC - - - - + + / / / / /

(b) MRSA, plate 2
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Row Column 1 2 3 4 5 6 7 8 9 10 11 12
Conc.ug/ml | 128 64 32 16 8 4 2 1 0.5 0.25 0.13 Controls
A Penicillin - - - + + + + + + CAMHB + | +
B - + + + + + + + CAMHB - -
MBC - R A A B A B / /
C Montagnetoll + + + + + + + + + + + | CAMHB + | +
D + + + o+ + + + + o+ + + | CAMHB - | -
MBC / r / /

(c) MRSA, plate 3
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Appendix D

Cell Toxicity Data

The tables on the following pages show the data obtainedviduation of the toxi-
city of each test agent as detected by two cytotoxicity assaWlITT and CVDE, as
described in Chapter 5.

The general layout of each table follows that of the 96 weltgs used for the cytotoxi-
city assays. Reading for rows A and H are not shown, as theyaicmd water only and
were not used to generate results. The remaining wells ahwos 1 and 12 were for
blanks, which contained medium and no cells. Columns 2 anaek# used for con-
trols, either for positive cell growth or concentrated YE8dwum dilutions. Growth
controls contained medium and cells, whereas the otheisioea various dilutions
of the concentrated YES medium in DMEM and cells. The rennginvells contained
cells exposed to test agent dilutions in DMEM. Followingubation and assay proce-
dure, the plates were read in a spectrophotometer at thdemayks specified.

Eash test agent was tested three times, in adjacent rowsultRdssplayed in the
following tables are grouped as such.

Tables D.1(a-c) show data related to the MTT assay; Tabl2&E)show data ob-
tained from the CVDE assay.
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Table D.1: Cell toxicity data obtained for each test prepanausing the MTT assay. Figures listed for each row are fitecal densities obtained
at 570nm with reference to 630nm. The mean and standardtaevi@ere calculated for each group of three results, andebelts adjusted for
the blank (“x” indicates blank used). The result obtainedtifi@ growth control was assumed to be 100%. Percent viahilis calculated by the
formula 2 testasent 10,

ODg'rowthcont'rol

Column 1 2 3 4 5 6 7 8 9 10 11 12
Controls Test Dilutions isolate 6.5 Controls
Row Blank  Growth 1:8 1:16 1:32 1:64 1:128 1:256 1:.512 1:10R¥ES 25% Blank
B 0.0140 0.7670 | 0.0380 0.0190 0.0140 0.0720 0.3130 0.3820 0.2880 0.263D0790 0.016Q
C 0.0100 0.7390 | 0.0390 0.0170 0.0150 0.07120 0.2850 0.3900 0.3060 0.273D0660 0.0150Q
D 0.0170 0.7600 | 0.0320 0.0170 0.0170 0.0470 0.2680 0.3710 0.3000 0.22800730 0.0160

Mean 0.0137 0.7553 | 0.0363 0.0177 0.0153 0.0630 0.2887 0.3810 0.2980 0.254¥0727 0.0157
SD 0.0035 0.0146 | 0.0038 0.0012 0.0015 0.0139 0.0227 0.0095 0.0092 0.023BK0065 0.0004
Adjusted 0.7397 | 0.0207 0.0020 -0.0003 0.0473 0.2730 0.3653 0.2823 0.239M0570 X
% Viability 100.00 | 2.79 0.27 -0.05 6.40 36.91 4939 38.17 3281 7.71

Test Dilutions isolate 12.1
Row Blank YES 50%| 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 Growth  Blank
E 0.0160 0.1060 | 0.1460 0.0490 0.0480 0.2710 0.4150 0.7310 0.8230 0.791M7850 0.0180
F 0.0090 0.0810 | 0.1490 0.0520 0.0520 0.2650 0.3550 0.6060 0.7250 0.641W6830 0.0160
G 0.0160 0.0690 | 0.1140 0.0450 0.0560 0.2340 0.3020 0.4990 0.5730 0.594m5730 0.0160
Mean 0.0137 0.0853 | 0.1363 0.0487 0.0520 0.2567 0.3573 0.6120 0.7070 O0.67986803 0.0167
SD 0.0040 0.0189 | 0.0194 0.0035 0.0040 0.0199 0.0565 0.1161 0.1260 0.10221060 0.0012
Adjusted 0.0687 | 0.1197 0.0320 0.0353 0.2400 0.3407 0.5953 0.6903 0.658¥6637 X
% Viability 10.35 18.03 4.82 5.32 36.16 51.33 89.70 104.02 99/25100.00

(a) MTT assay, plate 1
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Column 1 2 3 4 5 6 7 8 9 10 11 12
Controls Test Dilutions isolate 129.1 Controls
Row Blank Growth 1.2 1:4 1.8 1:16 1:32 1:64 1:128 1:256YES 6.25% Blank
B 0.0080 0.7430 | 0.0520 0.0490 0.4280 0.6390 0.8360 0.6650 0.7160 0.8320.6750 0.017¢
C 0.0120 0.6830 | 0.0490 0.0440 0.2430 0.5970 0.7930 0.6850 0.6740 0.7540.6160 0.0180
D 0.0120 0.7580 | 0.0490 0.0430 0.2660 0.6000 0.8000 0.7610 0.8100 0.7410.6480 0.022¢
Mean 0.0107 0.7280 | 0.0500 0.0453 0.3123 0.6120 0.8097 0.7037 0.7333 0.7750.6463 0.0190
SD 0.0023 0.0397 | 0.0017 0.0032 0.1008 0.0234 0.0231 0.0506 0.0696 0.0492.0295 0.0026
Adjusted X 0.7173 | 0.0393 0.0347 0.3017 0.6013 0.7990 0.6930 0.7227 0.7650.6357
% Viability 100.00 5.48 483 42.05 8383 111.38 96.61 100.74 106.6488.62
Test DilutionsP. Chrysogenum
Row Blank YES 12.5% 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 Growth Blank
E 0.0180 0.0760 | 0.1310 0.1720 0.1210 0.5150 0.7020 0.7940 0.6390 0.8420.7790 0.0180
F 0.0240 0.0890 | 0.1120 0.1360 0.1230 0.5280 0.7260 0.7160 0.6720 0.8220.7530 0.013¢
G 0.0140 0.1310 | 0.0850 0.1140 0.1280 0.4070 0.6190 0.5970 0.6160 0.7820.8150 0.014¢
Mean 0.0187 0.0987 | 0.1093 0.1407 0.1240 0.4833 0.6823 0.7023 0.6423 0.8158.7823 0.0150
SD 0.0050 0.0287 | 0.0231 0.0293 0.0036 0.0664 0.0561 0.0992 0.0281 0.0306.0311 0.0026
Adjusted 0.0837 | 0.0943 0.1257 0.1090 0.4683 0.6673 0.6873 0.6273 0.8008.7673 X
% Viability 10.90 1229 16.38 1421 61.03 86.97 8957 81.75 104.30100.00

(b) MTT assay, plate 2
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Column 1 2 3 4 5 6 7 8 9 10 11 12
Controls Test Dilutions isolate Penicillin — MIC dilutionsg/ml Controls
Row Blank Growth 32 16 8 4 2 1 0.5 0.25| YES 1.57% Blank
B 0.0070 0.8510 | 0.8250 0.7110 0.8330 0.8900 0.9340 0.8940 0.9650 0.8170.9620 0.0050
C 0.0080 0.7860 | 0.7740 0.8030 0.8230 0.7500 0.8690 0.8780 0.8690 0.7970.9570 0.0050
D 0.0090 0.6760 | 0.8810 0.9050 0.7780 0.8350 0.8440 0.7880 0.8750 0.7110.8200 0.0080
Mean 0.0080 0.7710 | 0.8267 0.8063 0.8113 0.8250 0.8823 0.8533 0.9030 0.7750.9130 0.0060
SD 0.0010 0.0885 | 0.0535 0.0970 0.0293 0.0705 0.0465 0.0571 0.0538 0.0568.0806 0.0017
Adjusted X 0.7630 | 0.8187 0.7983 0.8033 0.8170 0.8743 0.8453 0.8950 0.7670.9050
%Viability 100.00 | 107.30 104.63 105.29 107.08 114.59 110.79 117.30 100.5218.61
Test Dilutions isolate Penicillin — strong dilutions mg/mi
Row Blank YES 3.13% 3.00 1.50 0.75 0.38 0.19 0.09 0.05 0.02 Growth Blank
E 0.0110 0.6760 | 0.3880 0.6920 0.8370 0.8450 0.7950 0.8800 0.7740 0.7160.7460 0.0050
F 0.0370 0.7950 | 0.3510 0.4270 0.7880 0.8200 0.8750 0.8400 0.9860 0.7520.7010 0.0070
G 0.0200 0.4770 | 0.4370 0.4140 0.7850 0.7490 0.7910 0.8020 0.5830 0.6180.5630 0.0060
Mean 0.0227 0.6493 | 0.3920 0.5110 0.8033 0.8047 0.8203 0.8407 0.7810 0.6958.6700 0.0060
SD 0.0132 0.1607 | 0.0431 0.1569 0.0292 0.0498 0.0474 0.0390 0.2016 0.0698.0954 0.0010
Adjusted 0.6433 | 0.3860 0.5050 0.7973 0.7987 0.8143 0.8347 0.7750 0.6898.6640 X
%Viability 96.89 58.13 76.05 120.08 120.28 122.64 125.70 116.72 108.8200.00

(c) MTT assay, plate 3
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Table D.2: Cell toxicity data obtained for each test prepanausing the CVDE assay. Figures listed for each row areftieal densities obtained
at 540nm with reference to 690nm. The mean and standardtaevi@ere calculated for each group of three results, andebelts adjusted for
the blank (“x” indicates blank used). The result obtainedtifie@ growth control was assumed to be 100%. Percent viahilis calculated by the
formula 2Ltestasent 10,

ODg'rowthcont'rol

Column 1 2 3 4 5 6 7 8 9 10 11 12
Controls Test Dilutions isolate 6.5 Controls
Row Blank  Growth 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:10R¥ES 25% Blank
B 0.1440 3.2920 | 0.3450 0.4330 0.4870 0.3780 1.3800 2.0250 1.2250 1.082m5990  0.1390
C 0.1340 3.3590 | 0.2950 0.3930 0.4600 0.3820 1.1530 1.8000 1.2710 1.046D5560 0.173(
D 0.1280 3.3160 | 0.2280 0.3890 0.4130 0.3430 0.9450 2.0340 1.2800 0.96am5560 0.1320

Mean 0.1353 3.3223 | 0.2893 0.4050 0.4533 0.3677 1.1593 1.9530 1.2587 1.0298B5703 0.148(

SD 0.0081 0.0339 | 0.0587 0.0243 0.0374 0.0215 0.2176 0.1326 0.0295 0.062r0248 0.0219
Adjusted X 3.1870 | 0.1540 0.2697 0.3180 0.2323 1.0240 1.8177 1.1233 0.894D4350
% Viability 100.00 | 4.83 8.46 9.98 7.29 3213 57.03 3525 28.0513.65

Test Dilutions isolate 12.1
Row Blank YES50%| 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 Growth Blank

E 0.1190 1.2830 | 0.9720 0.7660 0.4350 1.2500 2.0320 3.0920 3.1680 3.2250)2550 0.1180
F 0.1230 1.4380 | 0.9980 0.7560 0.4920 1.2640 2.1350 3.1020 3.1950 3.21202740 0.1200
G 0.1160 1.4850 | 0.9100 0.5750 0.3780 1.3040 2.2120 3.2310 3.1800 3.28402700 0.1080

Mean 0.1193 1.4020 | 0.9600 0.6990 0.4350 1.2727 2.1263 3.1417 3.1810 3.2482663  0.1153
SD 0.0035 0.1057 | 0.0452 0.1075 0.0570 0.0280 0.0903 0.0775 0.0135 0.03810100 0.0064
Adjusted X 1.2827 | 0.8407 0.5797 0.3157 1.1533 2.0070 3.0223 3.0617 3.12101470
% Viability 40.76 26.71 18.42 10.03 36.65 63.78 96.04 97.29 99/17100.00

(a) CVDE assay, plate 1
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Column 1 2 3 4 5 6 7 8 9 10 11 12
Controls Test Dilutions isolate 129.1 Controls
Row Blank Growth 1.2 14 1.8 1:16 1:32 1.64 1:128 1:256YES 6.25% Blank
B 0.2040 3.2490 | 0.2800 0.2850 0.9810 2.9420 3.2150 3.2400 3.3040 3.298@.1730 0.240¢
C 0.2020 3.3330 | 0.2600 0.2510 0.8540 2.9650 3.2140 3.3160 3.2810 3.300@3.1050 0.3050
D 0.2080 3.2870 | 0.2480 0.2860 1.1900 3.0030 3.1550 3.1840 3.2790 3.273@.2590 0.191¢
Mean 0.2047 3.2897 | 0.2627 0.2740 1.0083 2.9700 3.1947 3.2467 3.2880 3.2902.8457 0.2453
SD 0.0031 0.0421 | 0.0162 0.0199 0.1697 0.0308 0.0344 0.0663 0.0139 0.0150.5092 0.0572
Adjusted X 3.0850 0.0580 0.0693 0.8037 2.7653 2.9900 3.0420 3.0833 3.0852.6410
% Viability 100.00 1.88 225 26.05 89.64 96.92 9861 99.95 100.0285.61
Test DilutionsP. Chrysogenum
Row Blank YES 12.5% 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 Growth Blank
E 0.1420 2.7180 | 0.2450 0.5750 0.8530 2.8100 3.0960 3.2520 3.2170 3.2933.2730 0.255(
F 0.1550 2.2420 | 0.1180 0.5730 0.7670 2.8140 3.1180 3.2350 3.2540 3.272@3.2530 0.198¢
G 0.1650 0.6500 | 0.0940 0.6060 0.6940 2.9700 3.1610 3.2710 3.3100 3.245@.3660 0.211G
Mean 0.1540 1.8700 | 0.1523 0.5847 0.7713 2.8647 3.1250 3.2527 3.2603 3.2703.2973 0.2213
SD 0.0115 1.0830 | 0.0811 0.0185 0.0796 0.0912 0.0331 0.0180 0.0468 0.0240.0603 0.029¢9
Adjusted X 1.7160 | -0.0017 0.4307 0.6173 2.7107 2.9710 3.0987 3.1063 3.1163.1433
% Viability 54.59 -0.05 13.70 19.64 86.24 9452 98.58 98.82 99/13100.00

(b) CVDE assay, plate 2
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Column 1 2 3 4 5 6 7 8 9 10 11 12
Controls Test Dilutions isolate Penicillin — MIC dilutiong/ml Controls
Row Blank Growth 32.00 16.00 8.00 4.00 2.00 1.00 0.50 0.25YES 1.57% Blank
B 0.1350 3.2790 | 3.3000 3.3280 3.2580 3.3520 3.2810 3.2800 3.2780 3.2443.2330 0.2110
C 0.1320 3.2510 | 3.3700 3.3050 3.2630 3.2360 3.3270 3.2980 3.3080 3.3043.2760 0.2030
D 0.1480 3.2980 | 3.2820 3.2540 3.3000 3.2820 3.3510 3.2420 3.3110 3.3060.2680 0.3330
Mean 0.1383 3.2760 | 3.3173 3.2957 3.2737 3.2900 3.3197 3.2733 3.2990 3.2843.2590 0.249¢
SD 0.0085 0.0236 | 0.0465 0.0379 0.0229 0.0584 0.0356 0.0286 0.0182 0.035P.0229 0.0729
Adjusted X 3.1377 | 3.1790 3.1573 3.1353 3.1517 3.1813 3.1350 3.1607 3.1463.1207
% Viability 100.00 | 101.32 100.63 99.93 100.45 101.39 99.92 100.73 100.2899.46
Test Dilutions isolate Penicillin — strong dilutions mg/mi
Row Blank YES 3.13%| 3.00 1.50 0.75 0.38 0.19 0.09 0.05 0.02 Growth Blank
E 0.1860 3.1410 | 2.3060 3.1270 3.2590 3.2840 3.2640 3.3010 3.2260 3.3273.3280 0.2120
F 0.1450 3.1420 | 2.3990 3.1590 3.2960 3.3500 3.2810 3.3190 3.3240 3.328G3.2380 0.2370
G 0.1270 3.2910 | 2.3900 3.1310 3.3430 3.2820 3.2510 3.2980 3.3030 3.258B3.3190 0.2060
Mean 0.1527 3.1913 | 2.3650 3.1390 3.2993 3.3053 3.2653 3.3060 3.2843 3.3043.2950 0.2183
SD 0.0302 0.0863 | 0.0513 0.0174 0.0421 0.0387 0.0150 0.0114 0.0516 0.0400.0496 0.0164
Adusted X 3.0387 | 2.2123 2.9863 3.1467 3.1527 3.1127 3.1533 3.1317 3.1513.1423
% Viability 96.70 70.40 95.04 100.14 100.33 99.06 100.35 99.66 100.30L00.00

(c) CVDE assay, plate 3
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