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Abstract

In the search for new anticancer agents of natural origin agdiresist and lung cancer (Zf%

and A549 cacer cell lines, respectivelyplantassociated endophytes could be a good source
for bioactive secondary metaboliteSwenty sixendophytes were obtaed from four different
Jordanian plantsAnchusa strigosaAnthemis palestinaEuphorbia pepluand Rumex cyprius
Internal transcribed spacelTS gene sequencingvas implemented to identify the obtained
endophytes Based on theibiological activity ad chemical profilethree endophytesramely
Curvularia australiensi€haetomium subaffinand Fusarium acuminaturwere chosen for the
scaleup. These endophytes were cultured in liquid and rice media at different time periods to
optimise their growth andproduction of compounds, employing both NMR and mass
spectrometrybased metabolomics. The medium that afforded better yield, more chemical

diverse extract and more potent biological activity was chosen for seafimmrposes.

Each of the scaledp extracts was subjected to liguiiduid partitioning followed by
fractionation using a higthroughput flashchromatography system. The fractions obtained
from the first chromatography step were testéa-vitro against bothbreast andlung cancer
(ZR75 and A549 cell linegespectively)and analysed using both proton nuclear magnetic
resonance (NMR) and liquid chromatograghigh resolution mass spectrometry (HRMS).
The HRMS data eve processed with MZmine then subjected to Orthogb Partial Least
SquareDiscriminant Analysis (ORD@). The OPL3A results pinpointed the biologically active
secondary metabolitedMetabolomicsguided isolation work targeted the bioactive secondary
metabolites. As a result, five new compounds and keaown compounds were obtained from
the three scaleeup endophytes. The isolated compounds were elucidated by employing 1D
and 2D NMR then tested against-Z®R and A549 cell lines. Twelve compounds were found
active against ZR5 cell line, which includefive new compounds. Six compounds were found

active against A549 cell line that included one of the new natural products isolated.

XV



Chapter 1: Introduction



1. Introduction
1.1Drug discovery

It's no secret that the process of drug discovery and drug development is continuous and the
need for novel chemical compounds to be utilised as therapeutic agents is increasing. Many
reasons push this unceasing process and the advancesithabaking place in the field of drug
discovery. The surge of the number of multug resistant microbes is one of the reasons that
are boosting the field of discovering new antibiot{&robel, 2003, Yat al., 2010, Alviret al.,

2014, Wuet al., 2015) Moreover, new lifethreatening infections, cancers and diseases are

playing a major role in keeping the truck of drug discovery moving\tvinet al., 2014)

The road of drug discovery diverges into three pathways. The first pathway is rational drug
design, where a drug is tailored to fitisuggested targetMandal et al.,, 2009) The second
pathway is combinatorial chemistry, where huge number of compounds is prejralicoto

form a combinatorial librey, which, in turn, is tested against the suggested target to determine
the most potent and active compound$allopet al., 1994, Liuet al, 2017b) The third
pathway isthe phenotypic screening ofatural productin drug discoveryAlvinet al., 2014)
Phenotypic screening allows the evaluation of tletivaty of natural products at the cellular,
tissue, or whole organism level without the need of prior understanding of the molecular
mechanism of action of those natural produ¢®&winney ad Anthony, 2011, Chang and Kwon,
2016) In the past few years, pharmaceutical companies and research centres became more
interested in the first two pathways which utilise the latest technologies of reseaecl3D *

ray crystallography, drudocking and computr based tools in their favoMueller, 2009)

However, there are still some striking disadvantages irpleging rational drug design and
combinatorial chemistry. Laboratory synthesised compounds and combinatorial outcomes have
limited structural rigidity and complexity while lots of purification work and bioactivity testing
are still needed to identify theibactive compound¢Bakeret al., 2000) Furthermore, it will be
difficult to select potential targets for structurguided drug design until the detailed
mechanisms of targeted cell death and survival are fuly elucidated(Barry and Blanchard,
2010) All these hurdles make it worthy to knock on the door of natural prodwegtearch and

to get back to the fundamental role they used to play in pharmaceuticals.



1.2 Natural Products
1.2.1 Introduction to natural products

Natural products are chemical compounds produced by a living organism. Although the plant
kingdom is considekas the mostommonsource of natural products, innovative resources
also cover natural products from animals, fungi, and bactgtervey, 2008, Sarker and Nahar,
2012, Alviret al., 2014) Natural products are divided into two groups, primary metabolites and
secondary metabolites. Primary metabolites are compounds produced by a living organism that
areessential for its life and growth, like starch and cellulose. In contrast, secondary metabolites
are low molecular weight compounds that are not required for the growth of an organism, but
are produced for adaptation for its specific functions in naturd are considered a phenotype

of the organism, as these metabolites are produced as a result of a gene translation process
(Harveyet al,, 2015, Nisa&t al., 2015)

Historically, natural products were the exclusive source of all therapeutic preparations. Natural
products, including terrestrial higher plants and herlbgre used as therapeutic agents in
ancient Mesopotamia, Greece, India, and CHidarvey, 2008, Sarkand Nahar, 2012)Even

in the ages of industrial revolution and world wars, the discovery of important therapeutic
agents from natural agin was continuum and resulted in the discovery of important drugs. For
example (Figure 1.1), digoxin from foxglove discovered by William Withering was used as a
cardiotonic; morphine from poppies discovered by Freidrich Serturner was used as a pgin kille
aspirin, from salicylic acid of willow bark, was synthesised by Felix Hoffmann and, of course, the
famous penicillin that was discovered by Alexander Fleming from mould was among the first

antibiotics discoveredRishton, 2008)
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morphine aspirin penicillin

Figure 1.1Drugs from natural origirsolatedat 1785¢ 1928.

Nowadays, natural products provide leads for compounds that are being submitted to clinical
trials, especially anticancers and antimicrobig@tarveyet al., 2015) Nonetheless, there are
few misconceptions about natural product&n example of those misconceptioissthe belief

that natural products are old fashioned and incompatible with thedatechnologies that are
utilised in drug discovery and those that are based on -thigbughput screening directed at
molecular targetsAnother examples the overestimation of the difficulties of isolating and
purifying natural products from their origifiHarveyet al, 2015) But fortunately, these

misconceptions haven't stopped the research of natural products for drug discovery.

Despite the trend of favouring totally syntheed compounds and combinatorial chemistry
outcomes, 44% of all new approved drugs were still either biological macromolecules,
unaltered natural products, botanical drugs (defined mixture) or natural product derivatives
(Newman and Cragg, 2016)n addition to that, 21% were synthetics that mimic natural
products (Figure 1.2). Therefore, in spite of the major role that combinatoriahistey playsin

drug development and discovery process, the trend toward the synthesis of complex natural
productlike libraries is also perseverifiyewman and Cragg, 201&odes used in Figurés?,

1.4 and 1.5 are listed in (Table 1.1).
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Figure 1.2All new approved drugs 19&12014;n = 1562(Newman and Cragg, 2016)

Table 1.1Codes used in Figures 1.2, 1.4 and 1.5.

Code Brief definition, year

B Biological macromolecule, 1997

N Unaltered natural product, 1997

NB Botanical drug (defined mixture), 2012
ND Natural product derivative, 1997

S Synthetic drug, 1997

S* Synthetic drug (NP pharmacophore), 199°
Y, Vaccine, 2003

/INM Mimic of natural product, 2003

Treatment of cancer, infectious diseases, and diabetes are of great potential for natural
productsand are the most promising fields for natural products to be employefHarvey,
2008, Harvet al.,, 2015) This is referred to the boundless diversity of the chemical structures
in natural productgHarvey, 2008)The significant numbers of antitumors, antibacterials and
antifungals that have been approved from 2006 to 2010 confirm this, as half of them were
natural products or their derivative@Newman and Cragg, 2012And of the thirteen new

approved naturaproduct related drugs between 2005 and 2007, five compounds were the



first members of new classes of drugs, the peptides exenatide (4.19 kDa) and ziconotide (2.64
kDa) in addition to ixabepilone, retapamulin and trabectedin (Figure (H&8)vey, 2008)This
confirms the great potential of natural products to provide leads and novel compounds to the
area of drug discovery. In particular, those compounds that are currently undergoing clinical

trials, the biggest portion of which areostly of plant or microbial origifHarvey, 2008)

ixabepilone retapamulin

OH
O\\I"'IH.ln'--'-mO/

trabectedin

Figure 1.3:Secondary metabolites discovered at 2003007 and represented new classes of
drugs.

Specifically new for anticancer drugs, between 1981 and 2014, 52% of all new approved drugs
were of natural origin and 25% were synthetics that mimic natural products (Figure 1.4). For
the period, 1940 to 2014, 51% of all new approadi-cancerdrugs wee of natural origin

while 19% were synthetics that mimic natural products (Figure(hN&yvman and Cragg, 2016)

This indicates theniportance of natural products as a source for new cytotoxioti-

proliferativeand anticancer agents.
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mentioned in Table 1.1.
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mentioned in Table 1.1.

Still, one shall not overlook the anticipated decreasing interest of pharmaceutical companies on
natural products, especially in the 1990s and 20(Bakeret al., 2007) The limitations of
natural products include the complexity of their chemistry that may hinder their usage,
decrease their solubilitgnd limit their use in parenteral preparations or decrease their stability
(Harvey, 2008, Cheet al., 2015) Nonetheless, chemical and structural modifications could be
introduced to overcome those challenges, to improve their physicochemical properties, their
plasma stability, their potency and their selectivitydaaven their ability to cross blood brain
barrier (Chenet al., 2015) Moreover, the availability of enough supply of chemical compounds
for development and market needs is still an issuleen accessing some natural products'
sources or maintaining their sustainability and cultivabiliylcChesry et al, 2007)
Furthermore, concerns about the intellectual property rights and getting legal access and use
2F GKS ylFddz2NI t NBa2dzNOSa 2dzidaARS GKS adzLJLJ) A SNJ
(Mays and Mazan, 1996, Harvey, 2Q0B)e United Nations Convention on Biological Diversity

stated that countries have sovereign rights over the genetic resourcéseir territories, and



the access to genetic resource by foreigners will require the authorisation of the source
country. The source country should be involved in researches that take place on its genetic
resources and benefit from technology transferdafiom the genetic resources it possesses
(Mongeet al., 2000, Bakeet al., 2007, Harvey, 2008, Harvey al., 2015) This will alienate
pharmaceutical companies dninvestors who still prefer to use combinatorial chemistry as
superior to natural products in meeting the demands of automatégh-throughput screening
programs and creating large sets of chemical derivatives and families that could be utilised as
drugs(Bakeret al., 2007, Harvey, 2008)

On the other hand, natural products possess structural diversity that makes them suitable for
lots of targets and receptors as well as appropriate models for drug déShynet al., 2017)

They also have a wide range of pharmacophores and a vastness of stereochemistry, which
enable them to provide hits against screenitaggets, even for the more difficult protein
protein interactions(Drewry and Macarron, 2010, Gray al., 2012, Chang and Kwon, 2016)
Furthermore, they have the advantage of being good substrates for many cellular transporter
systems which give them the ability to act intracellularfjHarvey et al, 2015,
Chatzikonstantinoet al., 2017) This is referred to the fact that 83% of their core scaffolds are
not present in commercially available synthetic molecules and screening lib(@temet al.,

2015) In addition to hat, natural products cover parts of the chemical space that are not
represented by synthetic compounds, suggesting more novel potential interaction between the
natural product and biological structure space of some tar¢@imyet al., 2012, Harvegt al.,

2015) Moreover, on average, natural products are more readily absorbed from the
gastrointestinal tract than synthetic drugs when they conform to the Lipinski's rule of five and
will have broader dispersion in sttural and physicochemical properties than synthetic
compoundgHarvey, 2008, Quinet al., 2008, Chest al., 2015)

1.2.2 New approaches and technologies in utilising natural products for medical uses

The traditional approach of bioassguided isolation of natural products is being modified
nowadays to make use of technological advances, to adapt current understanding icimaedi
chemistry and to utilise cheminformatics approaches in designing libraries to explore

biologically relevant chemical space. Advances such as the use -ffagtienation high



throughput strategies has improved the applicability of natupabductbased screening
collections, and eased the comprehensive removal of compounds that are likely to cause
artefacts and interferenceg¢Abel et al, 2002, Grayet al, 2012, Harveyet al, 2015) The
pharmaceutical company, Wyeth, made use of the Higloughput screening that was
introduced into drug discovery and created a {firactionated natural product library for drug

or lead likenesgWagenaar, 2008)Furthermore, metabolomics and chemometrics could be
applied to natural productgHarvey, 2008, Yuliaret al., 2011) Metabolomics can explore the
phenotypic ability of an organism to produce secondary metabolites, cut down purification
work by pinpointing the interesting and bioactive compounds and prioritising fractions for
further purificaion, optimise fermentation and production conditions for secondary
metabolites that are obtained from microorganisms and predict biosynthetic precursors that
can aid in engineering pathways to produce more of the desired natural prd@oathner,
2009, Tawfikeet al., 2013, Macintyreet al., 2014, Harvet al., 2015) Other new approaches
include the use of molecular biology and genetic engineering to render bacteria capable of
producing drugike compoundgChang and Keasling, 2006, Watanabe and Oikawa, 20@7)
metagenomic approach that involves sampling bacterial DNA from an environmental sample
and cloning it in a industrially robust host organisr{Gillespie et al, 2002, Sanka
Loganathachetti and Muthuraman, 2015Moreover, a mutasynthetic approach was
introduced, and it is used to produce natural products by applying a combination of synthetic
and natural enzymatic method&opp and Marahiel, 2007, Knobloehal., 2012) And of mos
importance is the role of microbes themselves as sources of novel bioactive drugs. There are
molecules that depend on the interaction among organisms in their production. An example of
these interactions include the activation of silent gene clustersuimgi, the activation of
natural products synthesis in one organism by another and the role of endophytes in producing

natural productyNewman and Cragg, 2012)
1.3 Endophytes as sources of secondary metabolites

Despite being sessile, plants have a mutualistic network that connects them with their exterior
environment and ensures theinteraction with different organisms. Thus, plants are in
continuous interspecies cross talk with many microorganisms, including endoptdusariet

al.,, 2014) In 1866, the term "Endophyte" was first introduced by the German botanist and
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microbiologist Heinrich Anto(Nisaet al.,, 2015) Endophytes are microorganisms that colonise
intercellular and intracellular regions of healthy plant tissues without causing an apparent harm
to those tissues while eliciting strong defence respon@®aset al, 2010, ReinhokHurek and
Hurek,2011, Alvinet al., 2014, Kusaret al, 2014) In the most casg those endophytes are
fungi, one of the most diverse lifeforms on the planet. However, they could be bacterial as well,
particularly, actinomycetegBhimbaet al., 2012, Nisat al, 2015, Shalet al., 2017) Plants
provide a store for a huge number of endophytes that could be found in almost all plants from

herbs to trees and even in algé8trobel, 2003, Samaga and Rai, 2016)

In fact, the endophytiplant symbiosis is not the only kind of symbiosis occurring between
plants and fungi. Fungilant symbioses are subcategorised into two groups, mycorrhizal and
endoplytic. Mycorrhizal associations are more common than the endophytic ones and include
the interaction between the plant, the mutualistic fungi and the soil factors. Mycorrhizal
associations are usually ngrathogenic and may enhance the production of certain
metabolites by the plant by the transmission of chemical signals between the root of the plant
and the mycorrhizal fungugruanet al., 2007) On the contrary, endophytic associations are
more complicated and take place usually in the above ground plant parts. Nonetheless, roots
could contain endophytes as wefVuanet al, 2007) In the case of endophytglants
associations, the metabolites could be either produced by the endophyte itselficbglant as

a result of endophytic eliciting factors that induce the production in the plant tissues or by
complex interaction between the endophyte and the plant that result in either structural
modifications or partial synthesis of the compound thapisduced by one life form by the

other (LudwigMuller, 2015, Waneét al., 2015)

Plant endophyte symbiosis and interactions attracted researchers in the past few years for
their potential in providing good candidates and unique metabolites for drug discovery and
novel leads for new classes of dru@robel, 2003, Alyet al., 2011) The interest in studying

plant associated endophytes is increasing as they represent a relatively unexplored area of
biochemical diversity. Moreover, the role that endophytes play in the protection of plants
against harmfuimicrobes and pathogens could be directed to the discipline of creating new
antibiotics and antinfective agents. In addition to that, as the plant is a eukaryotic system in

which the endophyte resides, the compounds that endophytes produce may have cedalte
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toxicity (Strobel andDaisy, 2003, Strobel, 2003, Chadéna al., 2015) Furthermore,the
interaction of endophytes with their environment may grant them the ability to produce novel

secondary metaboliteéSchulzt al., 2002)
1.3.1 Plantendophyte interactions

Endophytes don't cause apparent harm on the hosts' tissues and their relation with plant is
mutually beneficialGrayer andKokubun, 2001)Nevertheless, planaticrobe interactions are

not always endophytic. Depending on their effects on the plant, these interactions could be
pathogenic, saprophytic or beneficialLugtenberg et al, 2002) The plantendophyte
relationship is old, as evidences of plagsociated microbes has been discovered in the fossils
of plants' stems and leavd3aylor and Taylor, 2000%0, there are beliefs that a horizontal
genetic information transfer might happen between host plants and endophiBdsrleet al.,
1993b, Taghanét al., 2005) Thus, the same biosynthetic pathway may have been developed in
both the host plant and endophyte and lead to the production of similar secondary metabolites
from both organismg(Bomke and Tudzynski, 2009, Ahgh al, 2014) Nonetheless, well
matched architectural, morphological and physiological traits of endophyte and host plant are
required br a highly integrated and specialised symbiosis to pe(Siatkkoneret al., 1998,
Saikkoneret al., 2004)

It's challenging to understand the behaviour of microbes and their interactiotiseir natural

and complex habitats, and plaehdophytes interactions are no exception. The first step in
order for plantmicrobe interaction to take place is the recognition of the plant by microbes. It
is a key to initiate a plant's response to thecrobes. This response could be either a physical
interaction that involves adhesins, fimbriae or flagella or a chemical interaction that involves
the use of signalling molecules, followed by spore germination, penetration of the epidermis by
the endophyteand the colonisation of plant tissues by the endophfitagtenberget al., 2002,
Hardoim and Van Elsas, 2018oo0d colonisation requires a strong defence by the microbe's
cells, an efficient uptake of nutrients and a weakening or destruction of the competing
organisms that are attempting to colonise the same plénigtenberget al., 2002, Sieber,

2007, Niseet al., 2015) Furthermore, phase variation may be involved to escape the host's
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immune system. Finally, the synthesis of extracellular enzymédgtrensecondary metabolites

by the microbe could begifLugtenberget al., 2002)

Endophytic fungi and bacteria are living organisms that lack chlorophyll, and hence, they lost
their ability of photosyntlesis. Therefore, they spend the whole or part of their life cycles
colonising host organisms, especially plants, for their carbon and energy sources without
causing any apparent symptoms of diseag€sayer and Kokubun, 2001, Nisaal, 2015,
Behieet al, 2017) On the other side, plants benefit from the secondary metabolites that are
produced by the mrdophytes as well. It is believed that a plant's ability to adapt to biotic and
abiotic stress factors depends on the secondary metabolites produced by the endophytes
(Giordanoet al., 2009, Alyet al,, 2011) Accordingly, the biological defence of a plant against
foreign pathogens is supported by thignsbiotic relationship with its endophytg#lvinet al.,

2014) This could be achieved by the release of antibacterial, antifungal, antiviral or insecticidal
secondary metabolites by the endophyte to directly attack the pathogens and lyse the affected
cells or by the induction of the plant's defence mechanism aramption of its growth to
compete for cell apoptosis that will enhance the growth and the competitiveness of the host
plant in nature(Strobel, 2003, Berg and Hallmann, 2006, Kloepper and Ryu, 2006etA&kin
2014, Nisaet al,, 2015 a 2 NB2 S NE Sy R 2etabobtds Sa felp 3h8 bt yldnt NEB
to adapt to its adverse environmental conditiofdlyet al., 2010) Furthermore, the growth of
plants colonised by certain dophytes is accelerated by the production of phytohormones

(Owen and Hundley, 2004)
1.3.2 The applications and uses of plamhdophyte interactions

The secondary metabolitethat are produced by endophytes and involved in the host
endophyte relationship are of great potential in drug discovery and proved to be a promising
reservoir of medical natural producfStrobel, 2003, Wart al., 2016) Those endophytes have
unigue genetic and biological systems that granted them the applicability to be used outside
their host plars (Strobel, 2003) Diverse chemical classes like steroids, xanthones, phenols,
coumarines, quinones and terpenes have been isolated from endophytic fungi explaining their
important role in drug discover{Geris dos Santast al., 2003, Schulz and Boyle, 2005, Verma
et al., 2009, Nisat al, 2015) Moreover, the ability of endophytic secondary metabolites to
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work as antibiotics, anticancers, antioxidants, and-anftammatories has integrated their role

in drug discoveryChow and Ting, 2014, Sudtzal., 2016, Zhangt al., 2016)

Many plants and natural products producers such as marine invertebrates are considered as a
rich source of novel metabolites. However, they are uncultivable and unsustainable, which limit
their possible commercial success. Fortunately, their metabolites could be produced through
biotechnology and fermentation techniques by scaling up cultures of their resident endophytes
which, in turn, could act as a supplier for novel bioactive metaboliigainholdHurek and

Hurek, 2011, Alviet al., 2014, Kusast al., 2014, Macintyreet al., 2014, Harvegt al., 2015)

Another possible application is the vivoor in vitro co-culture system of plant tissues, fungi

and bacteria. This approach was inspired by the endophytic infection of plants that is assumed
to be an effective tool for biotic elicitation of their secomganetabolites(Yuanet al., 2007)
Several studies have shown that the inoculation of generatiadits in vitro with endophytic

fungi promoted the biomass and enhanced the production of secondary metabolites in plant
suspension celléMucciarelliet al., 2003, Sherame#t al., 2005, Wan, 2015Moreover, ce
culture of different endophytes could initiate the expression of silent gene clusters that may
code for the synthesis of novel and biologically active metabolites or enhance the production of
known metabolites and increase their yigl@laet al., 2013) Furthermore, some novel and
biologically active secondary metabolites occur as minorpmmants. This problem could be
solved by overexpressing their biosynthetic gene clusters in cultivable organisms such as

endophytegKalaitzis, 2013, Nadt al., 2013, Stevenst al., 2013)

The close biological associations that were developeplant-endophyte symbiotic systems
make them superior to epiphytes and smlated organisms in the terms of number and
chemical diversity of the produced secondary metabolites, and hence, more appealing to study
(Strobel, 2003) Mycorrhizal fungi are higher in their compatibility with the host plants than
endophytic fungi. However, they have less host specificity; as a result, mycorrhizal fungi were
considered inferior to endopfiic fungi in terms of producing novel and biologically active

secondary metabolite@Bacon and White, 2000)
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1.3.3 Some of the hurdles that limit workingith plant-associated endophytes

Nevertheless, there are some problems that need to be dealt with when -pissaciated
endophytes are to be studied. Firstly, it is crucial to correctly identify the fungal endophyte.
This might not be always an easy taa&k many fungi exhibit different anamorphs and
teleomorphs in plants anéh vitro (Webster and Weber2007) Thus, the classical taxonomic
identification is not enough for fungal endophytes and the sequencing of the internal
transcribed spacer (ITS) region of ribosomal ribonucleic acid (rRNA) should be performed for a
correct identification(Gardes and Bruns, 1993, Horton and Bruns, 2001, Ketsalrj 2014) ITS
region has several advantages over other regions; only little amount of it is needed for
amplification, it has a welonserved fungal specific priming sites that are directly adjacent to
highly variableregions which allow the use of same primers to identify different genera and
species, the availability of comparison sequences in addition to its correlation with the
morphologically defined speci€¢Peayet al., 2008) On the other hand, with the identification

of bacterial endophytes, the implementah of 16S rRNAased phylogenetic analysis is

deemed necessarfHentschekt al., 2001, Macintyreet al., 2014)

Furthermore, it's difficult to allow constant expression of the biosynthajenes that are
required for the production of novel bioactive secondary metabolites in certain fermentation
conditions. Repeated subculturing diminishes the production of secondary metabolites,
especially if monoculture techniqgues were used. Such stahdadture conditions do not
activate the expression of certain cryptic gene clusters of the endophyte, and hence, will lead
to the production of less diverse secondary metabolites than exped¢®&cherlach and
Hertweck, 2009, Kusari and Spiteller, 2011, Kutal, 2014)

1.3.4 Examples of drugs obtained from endophytes

The most prominent example of drugs obtained from endophytes is the happy story of the
multibillion dollar anticancer drug taxol (Figure 1.6). It was first isolated from the traditional
medicinal plant Pacific yew tredaxus brevifoligWaniet al,, 1971) Taxol was isolated from
other species ofaxusas well, however, this genus is slgnowing, limited geographically and

cannot be cultivated in an economical scale. Nonetheless, the discovery of the endophyte
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Taxomyces andrenaeom this plant provided a more reasonable source of taxol without the

mass destruction of ancient yew tre€Stierleet al., 1993a, Stierlet al., 1995)

Furthermore, native people of North Australia used the groupdmass of a medicinal plant
known as shakevinekénnedia nigriang for both treating infections and wound healing. This
plant was harvested and searched for endophytes. One of the endophytes that were isolated
from this plant isStreptomycesp. NRRL 30562 which showed to be active when tested against
several microoganisms. This bacterial endophyte produced novel peptide antibiotics named as
munumbicins. They possessed wide spectrum activity against many human and plant
pathogenic microorganisms. For example, munumbicin B (1.27 kDa) was found active against a
methicilin resistant strain oBtaphylococcus aurewath a minimal inhibitory concentration of

HOp >3IkY[ FYR YdzydzYoAOAY 5 o6mdom {5F0 ¢4l &
Plasmodium falciparumwith an 1G, of 4.5 ng/mL(Castilloet al., 2002)

Moreover, the endophytic funguSryptosporiopsisfcquercinawas isolated from the medicinal
plant Tripterigeum wilfordiiand was able to produce the novel peptide cryptocandin that
possessed activity against the pathogenic fuBglerotinia sclerotiorunand Botrytis cinerea

(Figure 1.6)Strobelet al., 1999)
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Figure 1.6Bioactive secondary metabolites obtained from endophytes.
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1.4 Plants used for this project

When plantendophyte symbiosis is studied and new secondary metabolites from endophytes
are targeted, the importance of natural plant selection cannot be overlooked. This is referred
to the correspondence of secondary metabolites that certain fungus nsghthesise to its
respective ecological nich@loer, 2007) In addition tothat, the metabolic interactions an
endophyte might have with its environment will affect the secondary metabolites it produces
in the terms of type and quantitySchulzet al., 2002) Moreover, plants that live in unique
environments, especially those that possess suhstrategies for survival of harsh conditions,
should be considered for study, as endophytes and their secondary metabolites may be
responsible for the survival and adaptation of the host plésirobelet al, 2004, Ywet al.,
2010) Furthermore, plants that grow in areas of great biodiversity could hosting
endophytes of great biodiversity as wé¢8trobelet al., 2004) Healthy plants surrounded by
pathogeninfected plants could be a host for interesting endophytes that produce antimicrobial
secondary metabolitegTuntiwachwuttikulet al., 2008) Other good options are plants that
have ethnobotanical history and were used in traditional medicine, as their activity might be
related to secondary metabolites produced by the endophytes they corfthigt al., 2005)
Additionally, plants that have exceptional longevity or those that oadipertain ancient land

mass could host endophytes with active secondary metabql&a®bel andDaisy, 2003)

When a suspected plant is collected and its endophytes are isolated, a crude extract from the
fermentation of each endophyte should be testadvitro. Following that, the isolation work
and the separation of active metabolites will takdaqe, followed by further biological

screening and identification of interesting and bioactive compou(iYdeet al., 2010)

Four different plants of Jordan flora were selected for this projécichusa strigos§Soland.]
(Boraginaceae), Anthemis palestinaReut. ex Boiss.(Asteraceae), Euphorbia peplusL.

(Euphorbiaceae) andumex cypriuMurb. (Polygonaceae).
1.4.1Anchusa strigosgSoland.]

Anchusa strigos@Soland.]is a member of Boraginaceae family. It is used localBordan to

treat fever, skin and respiratory system diseases, weariness, exhaustion, burns, wounds, ulcers,
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cough, rheumatic pain and to clean blood. Its leaves are used as cautitats and for bone
fractures and its roots extract is used for abdontipain and as a diureti¢AlKhalil, 1995,
Qasem, 2015)

lfFEA YR KAa O2ff Sl 3dzSa aONB ByastiBxidappactiity. | y i &L
Two species oAnchusa Anchusa italiceand Anchusa strigos&xhibited antioxidant activity

when screened by Trolorquivalent antioxidant capacity assay. A linear correlation was
detected between the phenolic content of a screened extract and its antioxidant adiJali

et al, 2007)

Chloroform extract of flowers of Iraniafinchusa strigosgielded four aliphatic hydrocarbons,

while the methanolic extract was rich in amino acafsl proteins(Kohli and Ali, 2003)Two
anthocyanidins; malvidin and pelargonidin were also isolated and deemed responsible for the
pink@A 2t S O02f 2dzNJ 2 F (i K XKbhli hidl Alig0d3) Dhest anghdc$aNidins 6 C A 3 dz
were used in folk medicine as aimifective agentgBorrasLinareset al., 2015) Other studies

showed that the anticancer activity of anthocyanidins is correlated to the inhibition of
cyclooxygenase enzyme and their antioxidant activifideu et al., 2004, Thomassett al.,

2009)

Anchusa strigosghat was collected from Amman, Jordan afforded six pyrrolizidine alkaloids,
including four retronecine derivatives, one trachelanthamidine derivative and one supinidine
derivative (Figure 1.7) alongitiv several known compound8raceet al.,, 2003) The previously
isolated pyrrolizidine alkaloids found to be active agaifSgtodoptera exiguaand Pieris
brassicaelarvae. All compounds showed antifeedant activity against the tested herbivores

(Siciliancet al., 2005)

The aqueous extract of the roots of JordaniAnchusa strigosanhibited pepsin enzyme
(Abuereish, 1998)Furthermore, oral administration of i extract protected stomachs of the
tested rats against the induced ulcers as well as treated induced ulcer in guinea pigs. However,
symptoms of depression were observed when it was administered in higher concentrations
(Disiet al., 1998) The ethanolic extract of Iradinchusa strigosahowed inhibitory effects on

aryl hydrocarbon hydroxylase irats, an enzyme that is responsible for converting inert
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polycyclic aromatic hydrocarbons into reactive intermediates thahdbto cellular

macromolecules causing cand@iwanet al., 1989)

Flower extract oAnchusa strigosiom India yielded glucose, rhamnose and ribose. Moreover,
a semipurified glycoside was isolated and showed a mild to moderate hypotensive activity

when tested in cat¢Garget al., 1970)

No published work was found regarding the endophytesAothusa strigosar any other

species of the genuanchusa However, from another member of the Boragoeae family, 12
fungal endophytes were isolated fro@ymphytum officinalefour endophytes were active
when testedin vitro against the plant pathoge&clerotinia sclerotiorunthat damages bean
crops. These endophytes includé€ndida pseudotropicali€ardida tropicalis Trichophyton

sp. andChrysosporiunsp.(Rochaet al., 2009)

Based on its uses in folk medicine and previous reseamthusa strigosaould be a lodge for
endophytes thatproduce interesting and biologically active secondary metabolites, as they
haven't been obtained or investigated before. Thus, the endophytes of this plant were

considered in this project.
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Figure 1.7Secondary metabolites isolated frofmchusa strigosa
1.4.2 Anthemis palestinaReut. ex Boiss.

Anthemis palestindReut. ex Boisss a member of the family Compositae (Asteraceae). It is
used locally in Jordan and Palestine as an antispasmodic, antibacteriahfiamimatory and
antioxidant(Bardaweelet al., 2014, Jaradagt al., 2016a) Hydrodistillation of the flowers of
Anthemis palestin@ollected from Northern Jordan yielded essential(®hwahaet al., 2015)

The essential oil was analysed by gas chromatograps spectrscopy (G@AS) and
contained 109 compounds, of which, most were terpenes. The principal oil components were
spathulenol, germacren® and caryophyllene oxide (Figure 1.7). The essential oil was cytotoxic

when tested using Brine Shrimp Lethality test withlag, of 12.0 mg/mL(Tawaheet al., 2015)
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Furthermore, Hydrdlistillate of dried flowers ofAnthemis palestinaafforded essential oll
exhibiting antioxidant activitiesn vitro, as well as antibacterial activities against both gram
positive bacteria Bacillus subtilis, Staphylococcus aurand Staphylococcus epidermiyliand

gram negative bacteria E6cherichia coli, Pseudomonas aeurigin@sad Xanthomonas
vesicatorig. Moreover, the oil showed moderate antifungal activity agai@anhdida éicans
Candida glabratand Candida kruseiln addition to that, it possessed cytotoxic activity against
human cervix adenocarcinoma (HelLa), human Burkitt lymphoma B (BJAB) and human colon

adenocarcinoma (Cae?) cell linegBardaweekt al., 2014)

Methanolic extracts oAnthemis palestinalong with other 22 Jaanian plants were testeth

vitro to search for novel xanthine oxidase inhibitors. The extracAthemis palestinavas

(@]

found the second most active one with ansd@ ¥ wmMcy ®n >3IkKY[ & C¢KAa
importance ofAnthemis palestinan the treatmentof gout and other xanthine oxidase related
diseasegHudaibet al., 2011) However, the same extract dinthemis palestinavas evaluated

for its hormone sensitive lipase inhibitory potential and showed very weak inhikjBastanji

et al, 2011) An extract ofAnthemis palestinag I & T2 dzyR Ayl Ol -adyfsel & Ay K
activity when it was tested along with 35 Jordanian plaitamdan and Afifi, 2008Anthemis

palestinawas also screened with 51 Jordanian plants fairttotal phenolic content from both

agueous and methanolic extracts in parallel to their antioxidant activities. Those antioxidant
activities were in positive linear correlation to the phenolic content of the extracts. Thus, this

plant could be used assaurce for free radical scavenging compou(iiswaheet al., 2007)

HO

spathulenol germacreneD caryophyllene oxide

Figure 1.7Secondary metabolites isolated froAmthemis palestina

No published work was found for endophytesfaithemis palestinar any other species of the

genusAnthemis Nonetheless, the Asteraceae family is known to be one of the biggest hosts for
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plant-associated endophyte@lartinezKlimovaet al,, 2017) Thus, othe genera of Asteraceae

were associated with endophytes and studied.

The endophytic fungusAspergillus calidoustusvas isolated from the Brazilian plant
Acanthospermum australéRodrigues de Ceaalho et al, 2015) The bioassay directed
fractionation resulted in the isolation of the two compounds ophiobolin K argi®phiobolin

K that possessed antifungal, antiprotozoal and cytotoxic activities when tésteitio (Figure
1.8) (Rodrigues de Carvaltad al., 2015) Moreover, 180 endophytic fungi of 25 different taxa
from the phylaAscomycotand Basidiomycotavere isolated from the Brazilian medicinal plant
Baccharis trimergVieiraet al., 2014) The obtainecendophytes were cultured and screened

for antimicrobial activities, from which, 23 extracts exhibited bioactivity.

Closely related genera tAnthemisare Chamaemelunand Matricaria. No endophytes were
obtained from ChamaemelumHowever, microbial endophyte from Matricaria have been
reported. Bacterial endophytes including rare actinomycetes were obtained from the leaves of
Matricaria matricarioidescollected from the Moscow regiorfMachavarianiet al., 2014)
Moreover, the endophytdPaenibacillus polymyx@train Mc5Rel4 got its genome sequenced
after it was isolated from the roots dflatricaria chamomillathat was cultivated in Northern

Egypt(Koberlet al., 2015)

Apart from the evaluation of volatile oilsf Anthemis palestinano other research was
conducted on this plant. Therefor&nthemis palestinavas considered a valuable plant species
to be investigated, particularly, as it has been described to be used in folk medicine while

earlier screening resis demonstrated biological activity.

ophiobolin K 6-epi-ophiobolin K
Figure 1.8Secondary metabolites isolated from the endophytes associated with Asteraceae.
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1.4.3Euphorbia peplus.

Euphorbia pepluk.is a very common plant. The latex Bfiphorbia peplus applied topically

to the skin and used as home treatment for actinic keratosis skin cancer. Moreover, this plant is
used as antimicrobial, vasoactive, immunomodulatory,-axftammatory, antiproliferative and
neuroprotective agent(Ernst et al, 2015) Ingenol mebutate (or ingen@angelate) is a
cytotoxic diterpene este(Figure 1.9) obtained frorBuphorbia peplusormulated as a gel and

has been approved by the US Food and Drug Administration (FDA) and the European Medicines
Agency (EMA) for the treatment of actinic keratosis and superficial basal cell carcifiéeres

et al, 2017, Diluvicet al, 2017) It began to bring attention since 1986, when a survey was
conducted in Nambour, Australia. 164 respondents out of the 2000 surveyed residents claimed
that they selftreated skin cancer and actinic keratosis. Many of them used the sap of
Euphorbia peplufor this purpose(Green and Beardmore, 1988)Jhe mechanism of action of

this secondary metabolite relies on inducipgimary necrosis and initiating inflammatory

responses in the treated argZarchi and Jemec, 2015)

The methanolic extract oEuphorbia peplusvas found to be the most active amongst 15
Eg/ptian plants testedin vitro againstLeishmania donovarniAmin et al,, 2017) The plant
extract was then subjected to bioassgyided fractionation and four pure compounds were
isolated, which included simiarenol;iexacosag f & A i1 2 & (i Ssit@sterol3-GfgRicoside
(Figure 1.9). Investigation of the latex®@iphorbia pepluafforded twelve diterpenes and one
triterpene that showed antifeedant activities against the plant pathogkaticoverpa armigera
(Hua et al, 2017) The acetone extract oEuphorbia pepluyielded twelve diterpenoids,
paralianones A; D and pepluanols & H (Figure 1.9). Paralianone D and pepluanale®e
moderately active in inhibiting nitric oxide production in the lipopolysacchasttaulated
mouse macrophage cellular modéWan et al, 2016) A jatrophane diterpene named
euphopeplin A (Figure 1.9) was also isolated fremmphorbia peplugSonget al, 2010)
Cerebrosides 1 and 2 (Figuré)llwere also obtained fronkuphorbia peplusollected from
North Italy (Cateniet al, 2010) The isoladd compounds showed antiproliferative activities
against human cervix (HeLa contaminanted) carcinoma (KB) and human neuroblastoma (IMR

32) cell lines.
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Figure 1.9Secondary metabolites isolated frofuphorbia peplus
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Figure 1.9 (continued)Secondary metabolites isolated fraBuphorbia peplus

No studies have been published on endophyte€aphorbia peplusHowever, some of the
endophytes from other species of the genbdsphorbiahave been previously reported. The
endophytic fungug\chaetomiumsp. from the roots oEuphorbia hirtavas cultivated in potato
dextrose agar petri dishg&ma andMythili, 2017) The ethyl acetate extract @gfchaetomium

sp was hepatoprotective, antioxidant, and exhibited antibacterial activities against
Staphylococcus aureu$seudomonas aeroginosand Klebsiella pneumoniaeEndophytic
actinomycetes obtained fronEuphorbia hirtawere screened for antimicrobial activity. Five
isolates out of the 46 obtained actinomycetes were active. Thus, the strain that displayed the
most significant activity was selected, fermented andrastied by ethyl acetate. The acquired
extract was active when tested againBacillus subtilisEscherichia cgliCandida albicans
Staphylococcus epidermidspergillus flavusind Fusarium oxysporur{Syedet al., 2015) The
fungal endophyteGuignardiasp was obtained from the leaves &uphorbiasieboldiana
Guignardiasp was grown in a rice medium and afforded nine meroterpenes, one dioxolanone
derivative and seven other known compounds. Both guignardone N and guignardic acid (Figure
1.10) were active in inhibiting the growth @fandida albicansespecially when combined with
fluconazole (Li et al, 2015b) From the roots ofEuphorbia nematocypha4l strains of
endophytic fungi were isolated. Nine of the obtained strains exhibited antibacterial activity

againstEscherichia cofLuoet al., 2007)
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Euphorbia pepluss one of the most widely spread plants, as it is native to Europe and the

Mediterranean but considered invasive in Australia, New Zealand and North Anterjpaplus

has beenstudied extensively. However, no studies were conducted on its endophytes. Thus,
investigating those endophytes could provide a more convenient and sustainable source for

secondary metabolites. Notably, those with anticancer activities.
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Figure 1.10Secondary metabolites isolated from the endophytes associatedBvighorbia
1.4.4Rumex cypriudiurb.

Rumix cypriuddurb. is an annual plant that belongs to the family Polygonaceae. In Jordan, this
plant is usually found in dry and salty soils, that is why it is very commonly found in areas close
to the Dead Sea. It is used in folk medicine in Jordan and Palestine to treadiséases
(Jaradagt al., 2016a, Al Khateedt al.,, 2017)

The antioxidant activities of the methanolic extracts of three Palestinian pldrttsa urens

Rumex cypriuand Borago officinalisising 2,2diphenyt1-picrythydrazylhydrate method were
evaluated (Jaradatet al, 2016b) The extract ofRumex cypriusexhibited the highest
antioxidant activity with an Ig@ t dzS 2F pednTtpndndg >3Ik Rimex ¢ KS
cypriusshowed good antibacterial activities against bdBlyncepalastrum racemosunand
Streptococcus pneumonigédbdelwahabet al, 2016) Moreover, this extract afforded three
flavones isoorientin, vitexin and egtrosid (Figure 1.11). The ethanolic extract of the Palestinian
Rumex cypriusdisplayed fungicidal activities againdilicrosporum canis Trichophyton
mentagrophytes Trichophyton rubrurmand Ascophaera apigHuseinet al., 2012) Therefore,

the plant extract was fractionated and isolated the antifungal compound, 4rBgdroxy-6-

methylanthracened,10-dione (Figure 1.11).
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The EgyptiarRumex cypriugielded polyphenolic compounds that included vitexin, isovitexin,
orientein, isoorientein and emodin (Figure 1.XAyrafa, 2005) Emodin is a naturally occurring
anthraquinone that possess antiproliferative activities, and hasnbearlier isolated from the
same speciegEHFattah, 1989, ANuri et al, 1996) In addition to emodin, chrysophanol,
another anthraquinone, and four other flavonoids; sovitexin, orientin, isoorientin and quercetin
(Figure 1.11) were isolated from therdal parts of EgyptiaRumex cypriugEtFattah, 1989)

The alcoholic extract oRumex cypriubias been described to exhibit the best antimicrobial
activity when tested amongst 15 other Jordanian ethanolic plant extracts by inhibiting the
growth of bothBacillus subtilisand Saccharomyces pastorian(Salimet al.,, 1996) Amongst

41 Egyptian plants assayed, the extract of the fruitRomex cypriuszas among the five most
active tested extracts agaét human immunodeficiency virds reverse transcriptas€Et
Mekkawyet al., 1995) Moreover, the ethanolic extract ®umex cypriumhibited the activity

of hyaluronidase and acted as an antioxidant. Thus, it is used as-Agbkéming and anti

wrinkle agent in cosmetidiNanbaet al., 1996)

The endophytes oRumex cypriuhave ot been investigated before. Yet, some of the
endophytes from other species of the gendsmexhave been reported. A high performance
liquid chromatography (HPLC) method was developed to screen the endophytic fungi of the
ChineseRumex gmelinfior anthragunones. The fungal cultures were able to produce emodin,
rhein and aloeemodin (Figures 1.11 and 1.1&uoet al., 2014) The endophytic fungus coded
RGT511 was isolated from the ChineRemex gmeliniWanget al., 2012) By implementing
column chromatography, the fungal endophyte yieldsehzoic acid, palmitic acid, oleinic acid,
gallic acid, adenosine, guanosine and ergés®22trien-o ol (Figure 1.12). Moreover, the
endophytic fungug-usarium tricinctunwas obtained from the roots dRumex hymenosepalus
(Bashyal and Leslie Gunatilaka, 20ID)0 sesqueterpenes tricinonoic acid and tricindiol in
addition to the two furanopyrrolidones NG91 and N&93 (Figure 1.12) were obtained from
this R. hymenosepaliendophyte.

Rumex cypriuss considered a source of many flavonoids and anthraguinones that could be
used as antibacterialsanti-proliferative agents, and atioxidants. The endophytes of other

species oRumexwere investigated and also showed to produce flavonoids, anthraquinones
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and terpenes. However, the endophytesRfimex cypriug particular have not been studied.

Yet, they could be source to noaiti-proliferative compounds.
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Figure 1.11Secondary metabolites isolated froRumex cyprius
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1.5 Metabolomics

Metabolomics is defined as the holistic systematic qualitative and quantitative analysis of all
metabolites contained in an organism, or a part of, at a specific time and under specific
conditions (Rochfort, 2005, Mareet al., 2014, Harvewt al, 2015) As metabolomics is the
study of the end product of a gene expression process, it is considered among the handiest
approaches in monitoringdih gene functions and biochemical status of an organf¢niiana

et al, 2011) At the biochemical level, the metabié produced by an organism, and thus, its

metabolome, are related to its phenotyg#acintyreet al., 2014)

Metabolomics studies are divided into nontargeted and targeted. As its name indicates,
nontargeted metabolomics is used for holistic study of all measurable analytes in a sardple

it should be coupled to chemometric methods that are able to visualise data in a small set of
signals. Whereas targeted metabolomics is designed to study a certain pathway or limited

predefined or expected metabolitd&riffithset al., 2010)

Metabolomics is considered theyeRLI2 Ay 2F GKS a2YA0aé¢ Ol a0FIRS
transcriptomics and proteomics (Figure 1.1Bpchfort, 2005, Dettmeet al., 2007) However,

the dependence on transcriptomics and proteomics to study gene functions is uncertain and
limited. This is due to the fact that changes in transcriptome and proteome do not always

result in changes to its biochemical phenotypes. Moreover, notratlistated proteins are

active as enzymes. Furthermore, the identification of mMRNA and proteins relies heavily on the
sequence similarity and database matching. Therefore, it is affected by any lack of database
sources. As a result, metabolomics is consdethe most functional approach amongst all

other omics approachegSumneret al., 2003, Rochfort, 2005, Nobeli and Thornton, 20086,
Yulianaet al., 2011)
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The “Omics” Cascade

What can happen GENOME

4

TRANSCRIPTOME

3

What appears to
be happening

What makes it

PROTEOME
happen
What.has happ.ened METABOLOME
and is happening
PHENOTYPE

Figure 1.13The omics cascade reveals the information that could be acquired from each type
of analysis. The metabolome is the most representative of the phenotype. Adopted from
(Dettmeret al., 2007)

Due to their structural complexity and variability in their physicochemical properties, it is
challenging to identify and quantify secondary metabdaliteat are present in a certain natural
product extract. Thus, reliable, robust and selective analytical methods are reqUizedikeet

al., 2013) Both liquid chromatographkiigh resolution mass spectroscopy (HRMS) and
nuclear magnetic resonance (NMR) spectroscopy are commonly used in metatoldu@ic
HRMS has the advantage of being more sensitive than the NMR, detecting compounds that are
present at femtogram levels in the extracts. Moreover;HRMS datare able to assist in the
identification of compounds based on their exact mass and fragatiemt pattern as well as
with the addition of other parameters such as retention time that could enhance the
identification process. However, the ionisation capability of the metabolites limits the
employment of LEHRMS in the identification of such metdives (Griffithset al., 2010, Tawfike

et al, 2013, Krug and Muller, 2014pn the other hand, NMR is more reproducible and better
for structure elucidation. Nevertheless, it is n@nsitive enough to detect minor metabolites

that are present at lower concentrations.
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Dereplication is defined as the process of implementing spectroscopy in the identification of
known metabolites in the early stages of isolatigthug and Muller, 2014, Harvey al., 2015)

This is achieved by using-HEBMS, where hits with certaim/z values are compared to
available databases like AntiMaraind Dictionary of Natural Products (DNP). Along with
multivariate analysis, the active compounds are pinpointed; this allows prioritising fractions for
further purification work and helps save time and resources in the process of isolating novel
bioactivecompounds. Combining data attained byHRMS and/or NMR to a multivariate data
analysis tool allows the comparison and detection of differential metabolites in biological
samples which, in turn, will narrow the search of potential biomarkers and wiltlaremical
redundancy at the very beginning of the resear@Wu et al, 2015) By implementing
multivariate analysis, a metabolomics dataset can be analysed and visualised to identify

signifi@nt correlations that lies within fCovingtoret al., 2017)
1.5.1 Chemometrics and multivariate analysis

/| KSY2YSGNROa A& RSTAYSR o6& 22fR Fa a¢KS | NI
from data produced in chemical experiments, and it's heavily dependent on the use of different
kinds of matlematical models. The main issue is to structure the chemical problem to a form

that can be expressed as a mathematical relation. It is a process of extracting chemically
relevant information out of measured chemical data, representing and presenting this
VF2NXYIGA2Y S | yR AYyidSNLINEG (WA and 8pskom, RIBABI A y (i 2
includes the application of both mathematical and statistical techniguesetrieving more
information from complex datasets and could be used as a tool for clearing up patterns in

complicated chemical matric®Mok and Chau, 2006, Marex al., 2014)

Multivariate data analysis is a chemometrics tool that is applied to extract relevamtriafion

from measured data. Thus, visualising this data and enabling the prediction of its outcomes.
The use of common instrumental analysers produces multivariate collinear data. Measured
variables, which describe the system, provide similar informationtent. These collinear
variables and thus, the structure of data, could be combined and described by fewer factors,

called latent variables or principal compone(®&ajalahti and Kvalheim, 2011)
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Different approaches in multivariate analysis include; principal component analysis (PCA), soft
independent modelling by class analogy (SIMCA), partial lgastes, or projections to latent
structures, discriminant analysis (PD8), orthogonal partial least squares discriminant analysis
(OPLA) and modified orthogonal projections to latent structures {8%). Those

approaches are summarised in Table @A2klund, 2008)

Table 1.2 Some of the approaches used in multivariate analj#i&lund, 2008)

PCA: SIMCA: PLSDA and OPL-BA: O2PLS:
Overview Classifiation Discrimination Regression
Trends Pattern recognition Discriminating between Comparing blocks of
groups omics data
Outliers Diagnostics
: : Biomarker candidates Metabolomic vs
Quality control Healthy/diseased : : proteomic vs genomic
Comparing studies or
Biological diversity Toxicity mechanisms instrumentation Correlation
Disease progression spectroscopy

Patient monitoring

o ' o o ®e
o* CQe o, ' CX)

ofs %

o C o ! e e

o’ Im , 0® | |e

Two of the most used multivariate approaches for metabolomics data analysis are PCA and
OPLSDA (Covingtonet al., 2017) Visualise measuring "K" number of variables for "I" number

of objects, this will result in a big data matrix of size IxK as shown in Figure 1.14. Using principal
component analgis (PCA) could reduce this huge matrix to smaller matrices IXxA and AxK which
are easier to interpret and understar{Geladi, 2003)PCA convestthe large data space that is
present in IxK matrix into a smaller space as showed in the figure, where X = IxK = IxA + AxK +
E. Each term (IxA) and (AxK) is called principal component (PC) or latent variable and E is the
residual matrix. Usually, many ipcipal components are obtained; however, two could be

enough to represent the data in an efficient descriptive way.
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Data Latent vanables Residual

Figure 1.1¥4 & ! RIFEdGlLF YFIGONRE 2F &A1 S LRY A& NBRIzOSR
(A<<min[, K)) that are easier to interpret and understand and contain all the relevant
information. Noise and other disturbances are left in the residual matrix of size IxK. A general
YIEYS F2NJ 6KS NBRdzOSR RI {1 (Geladi,2003)i Sy & @I NRI 6f S&:
Two types of plots are usually used for PCA, the scores plot and the loadings plot. The scores

plot summarises the observations (samples) and Ilthedings plot summarises the variables
responsible for the pattern of observations in the scores plot. Figure 1.15 illustrates an example

of scores plots for two PCs (latent variabl€Seladi, 2003)As the figure depicts, cluster A
aK2ga tSaa O NRI GA2yY 3-outduster B Qat shewS 1aged Widiatio. liny (1 K S
some situations outliers might be observed as well as a gradiemides the pure classes A

and B(Geladi, 2003)

Latent variable 2

Cluster A
@
@ Gradient
luster B

@Outlier

Latent variable 1

Figure 1.15Example of a scores plot that represents some of phenomena in the data. Adopted
from (Geladi, 2003)
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PCA is an unsupervised analysis that doesn't make assumptions about the data and identifies
the sources of variation amonge observations, and thus, observations are classified in scores
plot depending on the variables of the loadings pl{Govingtonet al, 2017) On the other

hand, PL®A approach is supervised. Thus, separate groups of observations are defined by the
user and are accordingly clustered in the scores plbgreas the variables in the loadings plot

are grouped so they are responsible for the observations separation in score&Cplngton

et al, 2017) To improve separation between predictive and nonpredictive variation,

orthogonal signal corrections are applied to PLS regreséRyissjoeet al., 2007)
1.5.2 Applications of metabolomics in natural products

In searching natural products for drug discovery, metabolomics introduced quite important
applications either on the level of tracking novel compounds and active metabolites or on the
level of optimising the production of secondary metabolites. Both PGAGIPLEA could be
used to guide the isolation of compounds and prioritise fractions for further work which will
save time and resources and will direct the work toward the novel and bioactive compounds
(Tawfikeet al., 2013, Harvegt al., 2015, Covingtomt al., 2017). This is based on the ability of
metabolomics to compare and screen secondary metabolites, rapidly revealing the outliers, the
differences and biomarkers among experimental groups either they were of different sources
or different fractions related to the same source. This will help trackptioeluction of possible
novel and bioactive target metabolites and/or biomarkers available at the earlier stages of the
work (Tawfikeet al., 2013, Wuet al., 2015) Then, the target metabolites are isolatechie
structural information provided by the NMR or-HRMS is compared with the database or
library for identification of known versus unknown metabolites to reduce dereplication time
(Wuet al,, 2015) If the core structure is known but not the functional groups then 2D NMR and
fragmentation pattern in MS/MS spectra in conjugation with molecular networking evaluation
could be used to identify the compound. However, if its nucleus is unique, ahfell de novo

NMR structural characterisation is need@awfikeet al., 2013)

Furthermore, metabolomics could be utilised to optimise fermentation conditions and to
detect and sustain the production of interesting secondary metabolites during the scgling

process(Schulzt al., 2002, Harvegt al., 2015) Moreover, the real time metabolomics could
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aid in studying, exploring and validating relationships between culture methods, diversity,
bioactivity and mé&abolome evaluation in the microbial isolaf@ordaet al., 2012, Zhwet al.,

2013, Abdelmohseret al., 2014, Hubertet al, 2014) When changing specific faentation
parameters, the metabolic production could be checked by metabolomics. This gives
metabolomics the ability to work as a quality control tqdlawfikeet al, 2013, Toya and
Shimizu, 2013, Wat al., 2015) Metabolomics could also be used as a quality control tool for
phytomedicines. Interspecies variations, adulterations, environmental changes, post harvesting
treatment and extraction may all lead to different metabolite profile and significantly affect the
efficacy of phytomedicines. All these changes could be detected by¥R@Ganzet al., 2011) In
addition to that, metabolomics could be used to link chemical profile and bioactivity pattern of
certain phytomedicines where the activity is a result of synergism of many individuetiyvie
chemical constituents. In such cases, the bulk of chemical constituenighe metabolome is
monitored (Yuliam et al, 2011) Further, metabolomics data can be mined in search for
biosynthetic precursors that might be used to increase the production of a certain functional

novel product(Harveyet al., 2015)
1.6 Hypothesis and aims of the study

In the last decades, cancer becamwarldwide overwhelming problemn the United States,
1,688,780 new cancer cases were projected to occur in 2017. Breast cancer is estimated to be
the mostcommon type of cancer among females with 252,710 cases (30%), followed by lung
and bronchus cancer with 105,510 ndmcidences On the other hand, prostate cancer is
estimated to top the new cancencidencesin males with 161,360 cases (19%), followed by
lung and bronchus cancer with 116,990 cases (14%). However, lung and bronchus cancer is
estimated to be the deadliest among other cancer types in both females (25%) and males (27%)
(Siegekt al.,, 2017) In the United Kingdom, more than 360Mnew cancer cases are recorded
yearly. Breas(15.3%), prostate (13.1%), lung (12.9%) and bowel (11.6%) cancers were the
most commontypes and made 53% of all new cancer cases in the year 2015. The most
common type of cancer in females was breast cancer (30.9%), followed by cervix (17.2%) and
lung @2.3) cancers. However, prostate cancer was the most common cancer type in males
(25.8%), followed by lung cancer and bowel cancer with 13.4% and 12.6% of insjdence

respectively(Cancer Research UK, 2018)
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In the year 2012, there were 14.1 million newsea of cancer worldwide, out of which, 42%
were lung (13.0%), female breast (11.9%), bowel (9.7%) or prostate (7.9%) ¢diocezst al.,

2015) Jordan was no exception. According to the statistical report "Cancer incidence in Jordan
-2012", the number of neweases diagnosed as cancer has increased by 46% in the years 2000
to 2012, jumping from 3362 cases in the year 2000 to 5013 in the year(Ab%2yaidelet al.,

2012) This resulted in having 78 people out of each 100,000 Jordanians suffer from cancer.
Speaking of cancer types in Jordan, breast cancer was coegitle® most common type as
20.1% of cancer patients in Jordan suffered from breast cancer, followed by colorectal cancer

(11.3%) and lung cancer (7.4%) (Figure 1.16).
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Figure 1.16Top ten cancers among both genders, Jordan 2012.

On the gender level; bresa cancer was the most common type in female Jordanian cancer
patients with 37.7% of incidence cases, followed by colorectal (10.7%) and thyroid (5.9%)

cancers (Figure 1.17).
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Top ten cancers among Jordanian females, Jordan 2012
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Figure 1.17Top ten cancers among females, Jordan 2012.

On the other hand, lup cancer was the most common cancer type among males in Jordan
(12.4%), followed by colorectal (12.0%) and bladder (9.2%) cancers (Figure 1.18).
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Figure 1.18Top ten cancers among males, Jordan 2012.

38



As cancer incidences are increasing in Jordanvemdidwide, the need for new therapeutic
agents for cancer is still persistent. Breast cancer was selected as a main target for this study
because it both tops cancer incidences in Jorddd and the U&nd was among the fastest

four types of cancer spready worldwide. Furthermore, lung cancer was the third most
common type of cancer in Jordan and the most common cancer type among males in Jordan, as
well as being the fastest type of cancer spreading worldwide; therefore, it was added as a

second target testudy the selectivity of the isolated compounds.

Hypothesis: Applying metabolomics, and hence, @PASn the search foanti-proliferative
agents for breast cancer and lung cancer from pksgociated endophytes will facilitate
pinpointing the biologically active compounds in the first fractionation step. Thus, saving the
time consumed in the traditional bioassguided isolation where all fractions should be
assayed for their biological activity after each fractionation step, so the baalthgiactive
fractions, and hence, the biologically active compounds are tracked and isolated. The
pinpointed compounds obtained and defined by multivariate analysis will be targeted for
isolation work, structurally elucidated and tested to validate tretivity. The isolation work

will not involve a stegby-step bioassay tests prior to each fractionation stage. Moreover, early

stage dereplication will help in isolating new compounds.

The aim of this study is to isola@nti-proliferative compounds from the planassociated
endophytes. Four Jordanian medicinal pla#achusa strigosaAnthemis palestinaEuphorbia
peplusand Rumex cypriusvere chosen for this purpose. For the sake of this, the following

objectiveswere accomplished:

1. The endophytesvere isolated from the studied plants and identified using ITS gene
sequencing.

2. The obtained endophytesere screened for biological activity. Three endophyieere
scaledup based on their biological activity and chemistry.

3. Two types of meid were used for the scalingp. Thus, media optimisatioiwok place
for each endophyte. Thenedium that afforetd better yield, more chemical diverse

extract and more potent biological activityaschosen for scalingp.
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A metabolomicsbioassay guided appachwas developed for each of the scalegh
endophytes to pinpoint the biologically active compounds against breast cancer and
lung cancer.

Fractionatiorntook place to isolate the pinpointed compounds.

Nuclear magnetic resonance (NMR) and liquid chronraigigy-high resolution mass
spectroscopy (LEIRMSwereimplemented to identify the isolated compounds.

The isolated compoundwere tested against breast cancer (ZR) and lung cancer

(A549) cell lines to confirm their activity.
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Chapter 2:Materials, instruments and methods
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2 Materials, instruments and methaosl
2.1 Isolation and identification of endophytes from the selected plants
2.1.1 Mateials, reagents and instruments

For the preparation of the nutrienmnalt-agar (MA)medium, both Malt Extractand Nutrient
Agar were purchased from Oxoid, UK. Chlorampheifioot Acros Organics, Belgium was used
as an antibacteriallsopropanol(HPLC graddyom SigmaAldrich, Polandprepared as 70%
solution in water andSagrotan Sprapisinfectantfrom Sagrotan, Germany wassed as an

antimicrobial agents and disinfectants for the working space.

The pH meterusedwas purchased from Jenway, UBodium hydroxidevas obtained from
SigmaAldrich, US The magnetic mixer wasrocured from Suart, UK. Vortex Genie 2 was
obtained from Scientific Industries, UBhe incubatowas bought from Vindon Scientific, UK
and kept at 27C. The Petri dishes were purchased from Thermo Scientific, USuftilised
laminar flow hood (BioMAJwas obtained fom Medi@l Air Technology, UK.

Twenty sixfungal strains were obtained from the MA plates and identified by sequencing the

internal transcribed spacer (ITS) region that lies betw#g® and5.8S(ITS1) and 5.8S and 28S
(ITS2YRNA genes of their DNAThus,! f ( NI t dzNB »  dfron9Life TezhrbISged, MK -

was used. In addition to thagthidium bromide 10 mg/mLsolution, Water-Molecular Biology

Reagent, REDExtralt! YL t/ w wSl RéaAEuE 9EGNI OGAzy { 2f dz
all obtained fran SigmaAldrich, US. AgarsoeMolecular Grade, HyperLadder Il and Sample

Loading Buffewere all obtainedfrom Bioline, USThe primers ITS1 (FCEGTAGGTGAACCT

GCGG3) and ITS4 (SFrCETCAGCITATFTGATATGEG3') were procuredfrom Integrated DNA
Tecmologies, US.

For measuring the concentration of the extracteshd amplified gene8 DSy 9f dziSn D
Extraction Kit was purchased from SigAddrich, US It contained Wash Solution, Gel
Solubilsation Solution, Column Preparation Solution, Elution Solutiof,y® t dzi Su . A Y RA

Column G and Collection Tubes.
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Two thermal cyclers were used, includiBgmus 96 Thermal Cyclérat was purchased from
MWG AG Biotech, Germany and DNA Thermal Cycler 480 MaowaPerkin Elmer, US. The
agarose gel plates were purchasidm Bioscience Services, UK. The voltage source BioMax
MBP300 wasobtained from Kodak,Japan For gel imagingINGENIUS gel documentation
system was obtained from Syngene, UK. For the process of extréotirgene both the DRI
BLOCK® EMR that was oltined from Techne, UK and the Centrifuge 5415 D that was
purchased from Eppendorf, Germany were usBid@nodrop 2000C Spectrophotometerasy
purchased from Thermo Scientifi@ermany to measure the concentration of the obtained and
amplified genes. For thedéntification of endophytes,FinchTV 1.4.0 softwar¢hat was
developed by Geospizand Basic Locahlignment Search Tool (BLA8Wt is available online

by the National Center for Biotechnology (NCBI), US emwgoyed

2.1.2 Methods
2.1.2.1 Collectiorof plant samples

Three plants, namelyAnchusa strigosgSoland.](20150501-ANS, Boraginaceaej\nthemis
palestinaReut. ex Boisg20150502-ANP, Asteraceae), areuphorbia peplus. (20150503-

EUP, Euphorbiaceae) were collected from The University of Jordan, Amman, Jordan. The fourth
plant, Rumex cypriusMurb. (20150504-RUC, Polygonaceae) was collected from Dier Alla,
Balga, Jordan. All plants were identified by the taxonomist Pyaivud AlEisawi, Department

of Biology, Faculty of Science, The University of Jordan. Their voucher specimens were kept in
the herbarium collection, Department of Pharmaceutical Sciences, Faculty of Pharmacy, The
University of Jordan. The plant material sveollected in May 2015, four days prior to isolation

of the fungal endophytes, kept in plastic bags and stored;8tQ.
2.1.2.2 Preparation of nutrient malt agar (MA) medium and incubation of plants' parts

The nutrient malt agar medium composed of 10fgagar extract, 7.5 g malt extract and 0.1 g
chloramphenicol. All components were weighed and solubilised in 500 mL of deionised water.
The pH was adjusted to 7.4 by the addition of sodium hydroxide. The prepared medium was

autoclaved and poured into 21 pedishes in a disinfected laminar flow hood.
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The laminar flow hood was disinfected with 70% isopropanol solution and Sagrotan Spray
Disinfectant before inoculating the plant parts to petri dishes. The plant parts listed in Table 2.1
were washed with 70%sopropanol then withsterile deionised water to get rid of all
contaminants and epiphytic microorganisms. Moreover, each plant part dissected to
expose the inner tissues. The exposed inner tissues of the respective plant parts were
inoculated on MA mdium. Each plant part was inoculated three times in two different dishes.
During the inoculation process, one petri dish was left open in the laminar flow hood as a

control. All sampleandthe control were incubated at 28°C for seven days.

Table 2.1Plart parts incubated.

Plant Parts incubated

Anchusa strigosa  Stems and flowers

Anthemis palestina Stems, flowers and roots

Euphorbia peplus  Middle stems, upper stems and roots.
Rumex cyprius Stems and flowers

2.1.2.3 Firstnoculation of endophytes

1000 mL oMMA medium wasprepared by dissolving 20 g of agar extract, 15 g of malt extract
and 0.2 g otthloramphenicol invater that was added up to 1000 mChloramphenicol was
added to inhibit bacterial growthAfter that, pHwas adjusted to 7.4 byadding sodium
hydroxide The mixture was sent to autoclave and poured idpetri dishesin the laminar
flow hood. The endophytes were collected from the previously incubated petri dishes
(described under 2.1.2.2). They were classified depending on thegin, colar and
morphological characteristics. Each endophyte was inoculated in duplicate and incudiated
28°C forfive days.

2.1.2.4 Seconéhoculation of endophytes

Another 1000 mL oMA medium were prepared adescribed under 2.1.2.8%r further re-
inoculation and incubation of purendophyte isolatedased on their morphologgfter 5 days
of incubation at 28C. Twenty sixdifferent endophytes were isolated from the four studied

plantsandlisted in Table 2.2.
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Table 2.2Morphological description acdndophytes isolated from the studied plants

Plant Number  Plant Part Colourand appearance of the endophyte
First Second incubation
incubation
Anthemis 1 Flower White White, fluffy
palestina 2 Root Green Greencentre,white edges
3 Root Red Redbottom, white hard top
4 Root White White, water like
5 Root White White, fluffy
6 Flower Pink White centre,red and whiteedges
7 Flower Black Greencentre,white edges
8 Flower Black White, fluffy
9 Flower Black Light green
10 Flower Black White, waterlike
11 Stem White Thick white
Anchusa strigosa 12 Stem White Thick white
13 Flower Black Dark green
14 Flower Black White
15 Flower White Colorless, water like
16 Flower White Yellow, watetike
Euphorbia peplus 17 Upper stem White Red waterlike
18 Upper stem White Red
19 Root Green Greencentre,white edges
20 Root White White, fluffy
21 Middle stem White Soft white, watetike
22 Middle stem White White, cottonlike
23 Middle stem Green Greencentre,white edges
24 Middle stem Red Redcentre,white edges
25 Middle stem Red White, water like
Rumex cyprius 26 Stem White Thick white

2.1.2.5ITS gee extraction and amplification

From the second incubation of each endophyte, a fungal layer was cutamsferred to a 0.5
mL Eppendorf tube. This was followed by the addition of 100 pL of extraction solution and a
vigorous mixing. The contents of Eppendorf tubes were incubated in the DNA Thermal Cycler
480 Manual at 95°C for 10 minutes. After that, 100qflthe dilution solution vas added to

each tube.
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For the polymerase chain reaction (PCR) and amplification of the gene, 4 pL of the gene
product was added to a mixture of 25 pL of REDExtctY LIxv  t / w wSIF Ré@aAEuI o
forward primer ITS1, 3 puL ohe reverse primer ITS4 and 18 pL of waterlecular biology

reagent. The previous mixture was subjected to a PCR reaction on Primus 96 Thermal Cycler as
explained in Table 2.3. After the PCR was finished, 2 puL of sample loading laséetded to

each samle.

Table 2.3PCR cycles.

Step Temperature {C) Duration (min) Cycles
Initial denaturation 95 3 1
Denaturation 95 1 -
Annealing 56 1 35
Extension 72 1 -
Final extension 72 10 1
Hold 4 -

2.1.2.6 Gel electrophoresis

The agarose gel was prepared by dissolving 0.5 g of agarose and 2 pL of ethidium bromide in 50
of 1x diluted TrisBorateEDTA (TBE) buffer. After that, the gel was poured into gel
electrophoresis plate and allowed to solidify. Then, the plate was filledthw@iTBE 1x diluted

buffer. 6 uL of HyperLadder Il was inserted to one of the wells of the plate. 15 L of the blank
and amplified geneswere inserted to the other wells multiple times to get a reasonable
amount ofgenesfor sequencing. The gel was run #& minutes under the voltage of 60 volts.

After the runwas finishedthe gel was examined under the UV and the amplifedebands

were cut and stored in the fridgat 2¢8°C. The band size of each endophytg&ne was

determined bycomparisorto the HyperLadder Il reference.

2.1.2.7 Extracting, measuring the concentration and the sequencing of the obtained PCR

product

For the extraction of theamplified genesthe protocol of DSy 9 f dzi Su DSt 9 E G NI O
used. For each sample, the agarose gel pidbe$ contained thegene fragments were
weighed Then the slubilisation ®lution was added to themin three times their volume

Subsequentlythe mixture was incubateéh DRIBLOCK® for 10 minutes with occasional mixing
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by avortex mixer.Later, equalvolume of isopropanol was added to the solideiti gene
agarose mixture and homogeed by a@2 NIiSE YAESNXY aSlysgKAf S
Columns were prepared. Each binding column was placed in a 2 mL collection tube. After that,
500 pL of the column pparation solution wasadded to each binding column followed by 1
minute of centrifugation. The preparation solution was drained into the collection tube and
discarded.Then the solubilsed gel solution mixture was loaded into the binding column and
centrifuged for 1 minute. After centrifugation, the solution collected in the collection tube was
discarded. Later, 700 pyL of the wash solutioaswadded to the binding column. This was
followed again by centrifugation for 1 minute. After finishing, the solutizas discarded along

with the collection tubes. Next, the binding columns were plaicea new collection tubeshad

25 yL of a previously heated Elution Solution added into tlew centrifuged for 1 minute.

After that, the binding columns were discardadd the geneswere solubilsed in the Elution
Solution and collected in the collection tubes. Finally, ¢bacentration of the genesolution
wasmeasured using the Nanodrop spectrophotometer and sent for sequencing. The received
sequences were read ugjnthe FinchTV software and compared to hits of the databases
available on the Basic Local Alignment Search Tool (http://blast.ncbi.nim.nih.gov/Bla3teyi)
identified endophytes are listed in Table 2.4.
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Table 2.4The obtained endophytes and their identity.

Sample ID Conentration (ng/uL) Band Size (bp) Endophyte
1 4.7 18002000 Sequencing failed
2 154 500-700 Ulocladiumsp.
3 10.2 500-700 Fusarium acuminatum
4 7.5 18002000 Sequencing failed
5 5.6 18002000 Sequencing failed
6 9.6 18002000 Alternaria alternata
7 24.3 500-700 Curvularia australiensis
8 6.8 18002000 Sequencing failed
9 7.9 500-700 Chaetomium subaffine
10 9.9 18002000 Sequencing failed
11 6.5 18002000 Sequencing failed
12 5.0 500-700 Aureobasidium pullulans
13 6.8 500-700 Alternaria tenuissima
14 5.8 500700 Alternaria alternata
15 16.7 18002000 Aureobasidium pullulans
16 4.3 18002000 Sequencing failed
17 8.1 18002000 Sequencing failed
18 7.2 500-700 Fusarium acuminatum
19 8.2 500-700 Alternaria multiformis
20 5.0 500700 Fusarium equiseti
21 2.9 18002000 Sequencing failed
22 3.5 18002000 Aspergillus flavus
23 5.0 500-700 Pleosporalesp.
24 3.3 500-700 Fusariumsp.
25 7.1 18002000 Sequencing failed
26 5.2 500-700 Chaetomium subaffine

2.2 Screening and dereplication of the endophytes
2.2.1 Materials, reagents and instruments

For the preparation of the nutrient media, the same reagents and instruments that were
described in 2.1.1 were used. Ethyl acetate (HglaOe) was obtained from Sigrdddrich,

Poland. Acetone (analytical grade) was purchased from VWR chemicals, France.

A nonabsorbent cotton wool was purchased from Fisher Scientific, US. The horsergg@iA®
T18 basic ULTRRURRAX) was obtained from IK&rmany. The rotary evaporatorlR0 was
obtained from Buchi, Switzerland. A Block Heater SBH130D/3 and Sample Concentrator
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SBHCONC/1 that were obtained from Stuart, UK were used to evaporate solvents from sample

vials. The Ultrawave Sonicator was procufi@in Scientific Laboratory Supplies, UK.
2.2.2 Methods
2.2.2.1 Preparation of MA medium and incubation of endophytes

2000 mL ofMA medium was prepared asdescribed under 2.1.2.3. Each of the 26 endophytes
was inoculated in triplicate and incubated at 28br one or two weeks, depending on their

growth rate.
2.2.2.2 Extraction ometabolites from the incubated endophytes

After the incubation, each plate of the three plates of each endophyte was cut into six parts
and had all its componenis. both the erdophyte and the medium, transferred into a 500 mL
conical flask. Then, 200 mL of the extracting solvent, ethyl acetate was added and left
overnight. The following day, the flask was homogenised using the IKA homogeniser and
vacuum filtered. Another two 20@nL portions of ethyl acetate were added to the residue
increasing the number of extractions to exhaustion. Then, the homogenised mixture was
vacuum filtered again. The exhausted residue was discarded and the pooled ethyl acetate
filtrates were evaporatedby rotary evaporator. The temperature of water bath was set to
40°C.The dryconcentratedextract wasreconstitutedin the least amount possible of acetone
(1¢5 mL) and transferred into tared cappedsmall vial. All vials were placed in the heat block

to evaporatethe acetone. The dry extract was weighed aaimples for LEIRMS, NMR and

bioassay screeningere prepared as listed in Table 2.5.

Table 2.5Samples prepared for analysis and bioassay screening.

Purpose Concentration Solvent
LGHRMS 1 mg/mL Methanol

NMR p Y3kcn DMSQgys
Bioassay 10 mg/mL DMSO
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2.3 Mediaoptimisation and up scalinghe endophytes
2.3.1 Materials, reagents and instruments

For the preparation of the MA and liqul/ickerham nutrient media, the same reagents,
solvents and instruments that were described in 2.1.1 and 2.2.1 were used. Peptone was
obtained from Fisher Scientific, UK. Glucose monohydrate was purchased from A#fg Ae
England. The rice was purchased from Aldi, UK. HPLC Hedme (Hex) and Methanol

(MeOH) were obtained from VWR chemicals, France.

A nonabsorbent cotton wool was procured from Fisher Scientific, US and used for filtration.
Two homogenisers were ofined from IKA, Germany; IKA® T18 basic UTURKRAX was
utilised for the liquidWickerham media samples and IKA® RW16 basic was used feicsolid
YSRALF Q& &l Y100 ®tarp evapdeiddk was wbtained from Buchi, Switzerland. The
block heater, thesample concentrator and the Ultrawave sonicator that were described in

2.2.1 were used to dry the samples in vials.
2.3.2 Methods
2.3.2.1 Preparation of Wickerham medium for liquid cultures

Each 2 L conical culture flask used for up scaling composed of 3 g of yeast extract, 3 g of malt
extract, 5 g of peptone and 10 g of glucose. Water was added up to 1000 mL. For media
optimisation, 500 mL flasks were used and composed of 0.6 g of yeaatteXar6 g of malt
extract, 1 g of peptone, 2 g of glucose and water that was added up to 200 mL. For both
purposes, the pH was adjusted to 7.4 by the addition of 0.1 M sodium hydroxide. The media

was then autoclaved under 15 psi at 121 °C.
2.3.2.2Preparation of rice medium for solid cultures

For both media optimisation and up scaling, 500 mL conical culture flasks were used. Each
conical culture flask composed of 100 g of rice and 100 mL of water. Components were left to

stand overnight prior to a@oclaving.
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2.3.2.3 Cultivation

For media optimisation, the selected endophytes were grown in 500 mL flasks of- liquid
Wickerham media and solid rice media for three incubation periods, 7, 15 and 30 days. For the
up-scaling, depending on the results of madiptimisation, the selected endophytes were
reinoculated and grown again for either 7, 15 or 30 days in 15x 2 L or 500 mL conical culture
flasks; each 2 L conical flask contained 1000 mL of {iyisterham media and each 500 mL
conical flask contained D0g solidrice media. All incubations took place at room temperature

away from light.
2.3.2.4 Extraction of fungi grown in liquitVickerham medium

The incubation was ended by addiathyl acetateto each flaskand left to stand overnighto
extract the praluced metabolite4200 mL for media optimisation flasks, 1000 mL fosaaling
flasks) The ethyl acetatesaturated culture mycelizvas homogenisednd kept overnight. The
following day, the culture flasks weffdtered through a filter papemunder vacuumusing a
Buchner funneland collected in collection flasks. Thidtrate was then partitioned ina
separatory funnel between water anethyl acetateto separatemedium contents from the
produced metabolites Thepartitioning step wasperformed thricewith new portion of ethyl
acetateadded each timao extract the most amounts of metabolites possibléhen, the ethyl
acetate was evaporated with a rotary evaporator; the dried exsaare collected in a vial and

weighed.
2.3.25 Extraction of fungi grown irsolid-rice medium

Ethylacetate was initially added to each flask to kill the endophyte and extract the secondary
metabolites. The mycelia and the rest of the media was homogenised with 200 mL of ethyl
acetate then filtered through a cotton wool into cetfion flasks. This step was repeatslen
times to maximise th@xtraction of the metabolites. The ethyl acetdiltirate was evaporated

and concentated using a rotary evaporatofhe dried ethyl acetate extract was then weighed
and reconstituted in 130mL of 10% aqueous methanol and subjected to partitionimg
separatory funnelvith equal volume of hexane to separate the lipophilic fatty acids that will

partition mainly in the norpolar solvent hexane from the other types of compounds. The
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partitioning was repeatedeventimes before evaporating the solvents and concentrating the

extracts from the two solvent phases. The dried extracts were again weighed.
2.4 Analysis methods

2.4.1 Materials, reagentsinstrumentsand software

2.4.1.1 LAHRMSspectroscopy and multivariate analysis

For liquid chromatographfiigh resolution mass spectrometry (HRMS) both HPLC grade
methanol and acetonitrile were purchased from VWR chemicals, European Community.
Analytical grade formic acid was obtained fromhEisChemicals, UK. The HPLC grade water
was obtained from DireeQ® water purification system, a product of Merck Millipore, US. The
ACCELA HPLC system (autosampler and 600 pump) was coupled to the Exactive Mass
spectrometer from Thermo Scientific, Germarfyjhermo Xcalibur 2.%oftware from Thermo

Fisher Scientific, Germany was used to operate the process. The reversed phase column ACE 5
C18 5 um x 75 mm x 3.0 mm was purchased from Hichromligjpaticle and pore sizes were

p >aid 100°A, respectivelyAll runs were operated under at 37 bar pressure and@Z he
obtained data wvere acquired using Xcalibur 2.2 released by Thermo Scientific, Germany.
MassConvert developed ProteoWizard, US was used to split the raw data to separate positive
and negative2 YA &4l GA2Yy FAES&a GKIG 6SNB AYLRNISR G2
and Mikko Katajamaa from VTT, Finland. The dataevthen analysed using SIM@&X4.0
obtained from Umetrics, Sweden. The macro was develdpdwuseby Dr. Tong Zhang and
coupledto the dictionary of natural products (DNP) database. The prepared samples were kept

in vials obtained from Kinesis, UK.
2.4.1.2NMR spectroscopy

Nuclear magnetic resonance (NMR) spectroscopy was carried out on four different
instruments. The first instment was the 400MHz spectrometer JNNMMA400 manufactured by

Joel, Japan. The magnet was Oxford AS400 model EUR0034 from Oxford, UK. The NMR has a
PulseCA Sf R DNJ RA 9 yridbe a0 5aelyRGlibiagddand high sensitivity probe for

5mm tubes. Furthermoreit has FG coils, 2H lock channel and can operate at different

temperatures.
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Moreover, Bruker Avance AV3 400 was used. It has a 9.4 T Ultrashield magnet, a BACS 120
autosampler and a Prodigy Cryoprobe. It is also 2Qidpped. In addition to that, Avance
AVIIIHD 500 was used. It has a 9.4 T Bruker UltraShield magnet, a 11.74 T Ascend magnet, a
Sampl Casease autosampler and a PA BBO 500S2 Smart Probe. The third Bruker Avance
instrument was an AV 600 with a 14.1 T Bruker UltraShield magnet. It has a 2ibnposit
autosampler, 3 channel console, is DQD and Wavefmuipped and can use either a BRO
ATMA*'P-'33W/'H] probe or a TB['H, °*C,*'P-">N] probe. Both AVIIIHD 500 and AV 600 are
equipped with a BCO5 unit for automatic cooling of probes to 0 °dl Bruker Avance
instruments were obtained from Bruker, US and are in the Department of Pure and Applied

Chemistry at The University of Strathclyde.

Samples were dissolved in either dimethyl sulfoxidgDMSQGds) or pyridineds that were
purchased from Aldrich, US. The obtained spectra were examined using MestReNova 10.0.2
developed by Mestrelab Research, Spain. NMR tubes were obtained from Nor&Njlim&d®
NMR capillaryubes were procured from Sigradrich, US and used for samplesighing less

than 5 mg.

(9-(+)>Methoxy-h -triflouro-methylphynylacetyl chloride §-(+)>MTPACI) and R-(¢)-Methoxy-
h -triflouro-methylphynylacetyl chloridé(R)-(c)-MPTAC) were obtained from Sigmaldrich,
US and used for Mosher ester analysis for dwmiaing the absolute configuration of

stereogenic carbinol carbons.
2.4.1.3 Medium pressure liquid chromatography (MPLC)

HPLC grade Methanol (MeOH), Hexane (Hex), acetonitrile (ACN) and isopropanol were
obtained from VWR chemicals, France. HPLC grade &tbidte (EtOAcC) and acetone were
purchased from SigmaAldrich, Poland. HPLC grade Dichlororaeth (DCM) was procured from
Fider Scientific, UK. HPLC grade water was obtained from E)®actvater purification system,

a product of Merck Millipore, UEelte® 545AWReagent Grade was obtained from Supelco,
UsS.

Two Buchi @01 pumps were connected to the pump manager BueBi&: All obtained from

Buchi, Switzerland. This system allowsdary solvent gradients with flowates from 2.5 to
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250 mL/minto be run VersaFlash, VersaPak cloumns were made of spherical silgb (20),

40 x 75 mm (48 g), brought from Supelco, US.

The Reveleris® Flash Forward system from Grace Davison Discovery Sdikngasised for

MPLC as well. The system is equipped with tvetectors, an evaporative light scattering
detector (ELSD) and an ultraviolet (UV) detector with a wavelength ranging from 200 to 500
nm. This leads to greater sensitivity, selectivity and detection of UV inactive compounds.
Moreover, this system allowedrmary solvent gradient too. Yet, four different solvents could be
used in a single run as there are four solvent channels. The flow rate could be set from 4 to 200
mL/min and it would be automatically adjustddhe pressure exceeded the limit. The fractio
collector was automated and built into the system. In addition to that, the chromatogram could
be saved and printedThe used columns were obtained from Reveleris, US. All were normal

phase, made of 12 48 g of silica, with diameter of 40 um.
2.4.1.4 Semi-preparative high performance liquid chromatography (Semipref’LC)

VisionHT C18 HighLoad colurBry, Y ¢ locdured fidin Dr. Maisch, Germarlys diameansions
were 150 mm x 10 mmACN and water were used as solvents and described in 2.54e3.
sampless SNB FAf 6SNBR G(KNRdJzZZK ndHH >Y aAiffSETDt

Millipore, Ireland before injecting them into the system.

The RevelerisRrep Flash Forward systdnom Grace Davison Discovery Sciences, US was used
for semprep-HPLC. Its spditiations are similar tohte Reveleris® Flash Forward systat
was described in 2.5.1.3. However, HPLC columns could be installed Rettederis@rep

system and liquid samples could be injected into the system.
2.4.15Thin layer chromatography (TL@hd preparative thin layer chromatography (PTLC)

Both normal TL@lates (TLGilica gel 60 &, plates and preparative TLC plates (TLC silica gel 60
F>s54 0n 20x20 cm aluminum sheets) wepbtained from Merck, Germany. The capillary tubes
were obtained from Hirschmann, Germany. The UV lamp operated at 254 nm (short UV) and
365 nm (long UV). It was of the model UVE5lHandheld and purchased from UVP, UK. For the
preparation of the sprayingeagent, sulfuric acid was obtained from Fisher Scientific, UK. Acetic

acid was purchased from Sigm&drich, US. Anisaldehyde was obtained from Acros Organics,
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Belgium. The heating gun HL 2010 E was obtained from Steinel, UK. The same HPLC grade
solvents hat were described in 2.5.1.3 were used for TLC and AHeOnagnetic mixer was

purchased from Stuart, UK.
2.4.1.6 Optical rotation

Perkin Elmer 341 Polarimeter was obtained from PerkinElmer,BtHainol and cloroform

were purchased from Higr, UK. Metlnol was procured from VWéhemicals France.
2.4.2 Methods
2.4.2.1 LEHRMS spectroscopy and multivariate analysis

Each sample was prepared at a concentration of 1 mg/mL in methanol. Methanol was used as a
blank for the runACE 5 C18 columwas used. Two solvents were used for mobile phase; 0.1%
formic acid in water (solvent A) and 0.1% formic acid in acetonitrile (solvent B). The injection
@2t dzyYS gandi S Pf[26 NI GS 61 a onn >[KYAYyd ¢KS
High resoltion mass spectrometry analysis was performed in both positive and negative
modes in a mass range that varied framiz 150 to 1500. The spray voltage was 4.5 kV. The

capillary temperature was 32@?

Table 2.5Mobile phase used fdtCHRMS.

Time (minutes) % A % B
0 90 10
30 0 100
35 0 100
36 90 10
45 90 10

The LEHRMS chromatograms and spectra were viewed in Thermo Xcalibur 2.1. The files were
splitted into positive or negative ionisation modes using the MassConvert before they were
imported to MZmine 2.10 for processinghe splitting was essential due to the inability of

MZmine to process both negative and positive data modes sets at(@®hggkakt al., 2010)

In MZmine, he centroid mass detector was used for peak detection where the noise level set

to 1.0E and the MS level to 1. The chromatogram builder function was set to a minimum time
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span of 0.2min, minimum height of 1.02and m/z tolerance of 0.00Im/z or 5.0 ppm.Local
minimum search algorithm was used for chromatogram deconvolufldre chromatographic
threshold was set t&.0%, he minimumsearchfor the retention time () rangewas setto 0.4
minutes, the minimum relative heighto 5.0%,the minimum absolute heighto 1000Q the
minimum ratio of peak top/edgé¢o 3 and the peak duration rang® 0.2 ¢ 5.0 min.lsotopic

peak grouper was used for detecting isotopes. The tolerances for hathdtm/z were set to

0.1 min and 0.001m/z, respectively. The maximum charge was set to 2 and the representative
isotope chosen was the most intensafter that, the chromatograms were cropped to 50

40.0 min using the peak list row filtering functidiinen, join aligner was used to align the peak
list, in which,m/z tolerance was set to 0.00th/z or 5 ppm t; tolerance to 5 relative % and
weight for & and m/z to 20. Later, gap filling took place where the m/z tolerance was set to
0.001m/z too, intensity tolerance to 30%,gttolerance to 0.5 minutes anch/z tolerance to
0.001m/z or 5 ppm Adduct search was performed withtblerance of 0.2 ming/z tolerance

of 0.001m/z or 5 ppmand maximum relative adduct peak height of 30%. The adducts searched
for were Na, K, NHn positive mode and formate in negative mode. ACN was searched for in
both modes. Furthermore, a complex search was performed using [MeH]the positive
mode and [MH] for the negative mode. The tolerance @fwas set to 0.2 minn/z tolerance

of 0.001m/z or 5 ppmand maximum complex peak height to 50%. Moreover, the formula
prediction function was used to search for unknowns where aggitolerance was 0.00fn/z

or 5 ppm Finally, the data ere exported as a CSV excel file forther clean up using then-
housedeveloped macro. The exported parameters were Rownf, tz, identification method,
predicted chemical formula and the peak area. In macro, data preparation took place where
both positive and negative outputs were combéhagain in one data set. This was followed by
the removal of media and solvent effects and dereplication. This resulted in a data set prepared
to be analysed using SIM@®Asoftware. The data ave imported into SIMCA®. Polarity and
MZmine ID were merged dnset to be the primary identifier anth/z, tg, molecular formula

and molecular weight (MWt) were selected as secondary identifiers. Either Principal
Component Analysis (PCA) or Orthogonal Partial Least SdpiaeeaninantAnalysis (OPLSA)

was performeddepending on the purpose of the study. Scores plots, loadings plots and S plots
were then generatedMacintyreet al., 2014) Permutation test was performed for ORPD&

models.This test calculates the model's fithess (R2) and predictive power (Q2). A strong model
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have its R2 value clego 1,its Q2 value around 0.5s R2Y intercept less than Qahd its Q2Y
intercept less than zerAliet al., 2013, Tribaet al., 2015) Moreover, the optimum difference
between R2Y and Q2 values should be no more thafMiildund, 2008)

2.4.2.2 NMRspectroscopy

{IYLX Sa& 6SNB RAaa2fandtRnstersed to NMR tubgs mg viasuSed forh

fractions, while the entire amount obtained (up to 30 mg) was used for pure compounds.
Quantitesled GKFYy p Y3 $SNB RAsard2rangdSrad tocgpillaryNMR > [ 5 a
tubes or 3 mm tubesFor Mosher ester analysis, 1 mg aliquots of each sample were dissolved in

cnn >[ 2& tran¥¥eNdd Rolayi SIMR tube and had thél and'H¢'H COSY MR

spectra recorded. After that, eitheiSE(+)>MTPACI or B-(¢)-MTPACI were added to these
FfAljdz2zGad p > [asadlded f& leddK hydidRyl gidbiy ifi thessample. The tubes

were shaken thoroughly and allowed to stand for 72 hours. The reaction was monitorét! by

and'H¢'H COSY NMR each 12 hours.
All experiments were processed using MestReNova 10.0.2.
2.4.2.3 Medium pressure liquid chromatography (MPLC)

MPLC or flash chromatograpiiFC)is a separation technique that is very similar to open
column chromatography; howeves, pressure is applied to elute the sample faster from the

column. The solvent systemaschosen aftetbeing tested on a TLC plate.

In both Buchi and Reveleris® Flash Forward systems, normal phase columns were used and
conditioned with the starting solvent system before loading dry samples that were mixed with
celite. Fractions were collected manually @0ImL Erlenmeyer flasks if Buchi system was used
and were collected automatically in test tubes if Reveleris® Flash Forward system was used.
After that, TLC analysigasdone for all fractions so the similfnactions werepooled together.

The conditionsparameters and mobile phases used are mentioned in results and discussion.
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2.4.2.4 Semipreparative high performance liquid chromatographgémprep-HPLC)

Preparative HPLC is a technique that is used to purify compounds from mixed solutions. It could
be utilised to purely isolate secondary metabolites from natural extracterepHPLCwas
implemented in this project to purify enniatins that were difficult to purify using MPLC.
Samples werélissolved in the least amount possible (up to 5 mL) of the stastihgent system

and injected toReveleris@rep Flash Forward system. Reversed phase columns were used.
Fractions were collected automatically in test tubes. The conditions, parameters and mobile

phases used are mentioned in results and discussion.
2.4.2.5Thin layer chromatography (TLC) and preparative thin layer chromatography (PTLC)

Thin layer chromatography (TLC) could be used as analytical tool to identify compounds based
on their R value and colour either under UV light or upon reaction with différspraying
agents. Moreover, it could be used to determine the purity of a sample and to estimate the
number of compounds it's composed of. Furthermore, it could be used to determine the
suitability of solvent systems for flash chromatography. In additmmll of that, it could be

used as a preparative tool to purify compounds.

For analytical TLC purposes, fractions were all dissolved in acetone and spotted 1 cm above the
bottom edge of the TLC plate. The mobile phase was allowed to develop in a TL@cHdmb

run of the plates was § 6 cm. After that, the spots were detected under short and long UV
lights. Compounds that quenched flourescene or phosphorescene could be detected as dark
spots under the short UV light. Conjugated double bond systems amuhatics could be
detected as coloured spots under short UV light as well. Alkaloids, flavonoids and other
analytes could be detected under long UV ligitall, 2005) Then, TLC plates were sprayed

with anisaldehyde/sulfuric acid reagefitable 2.6)Jand heated to 200°C by heat gun. This
spraying reagent is used to detect many natural products like essential oil comgpnen
steroids, terpenes, sugars, phenolic compounds, and sapogditadl, 2005) The mobile

phases used are mentioned results and discussion.

C2NJ t¢[/ = mn Y3 2F alYLES 61a RAZaz2t OSR Ay

band 2 cm above the bottom edge of the plate. Before the elution of plates, filter papers were
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placed inside the chamber, so the mobile phase would run up the papers and saturate the
chamber, fastening the equilibration of the chamber. This is very important, otherwise, the
solvent front would evaporate from the plates, its velocity would decreas# the solvent

front would be uneven and concavely shaped. After the mobile phase was allowed to develop
on the plates, the bands were viewed under UV light. Moreover, the plates were covered by
aluminum foil, allowing a little bit of their right edge toebuncovered and sprayed by
anisaldehyde/sduric acid reagent. The bandsere marked with a pencil, cut and recovered by

acetone.The mobile phases used are mentioned in results and discussion.

Table 2.6 The components of anisaldehyde/sulfuric acid speagent.

Component Volume (mL)
Anisaldehyde 0.5
Methanol 85
Glacial acetic acid 10
Concentrated sulfuric acid 5

2.4.2.6 Optical rotation

Enantiomers could be differentiated intg or + depending on their interaction with linear
polarised light. The (+) isomer rotates linearly polarised light clockwise andc}Yhisofmer
rotates it counterclockwise All samples were prepared as 0.1 g/100 mL solutions. The specific
optical rotationat 589 nm (the wavelength of the sodiumlibe) could be calculated using the

following equation:

p T
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2 KSNBE h A& GKS | 9SNI Ibas 20fmedsts wafeStakamgzdS gath NB G | G A

length (dm) anctis the concentration of the solution (g/mIMleasures were done at 20 °C.
2.5 Biological activity:Anti-proliferative activity assay
2.5.1 Materials, reagentsinstrumentsand software

Screening for potential bioactive anticancer compoundsti-proliferative assay was

preliminary done onHuman Caucasian Breast Carcinoma{ZRFor pure compounds and
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selected fractions and extragtbioassays were performeagainst Human Caucasian Breast

Carcinoma (ZR5), Human Caucasian Lung Carcinoma (A®tf®%) Human Nanal Prostate

Epithelium (PNT2) cdll Ay Sa® ¢KS F RRAGAZ2YyEFE OStt tAySa &SN

selectivity andanti-proliferative activity. All of those cell lines we epithelial, adherent and
obtained from ATCC, US. RPMI 1640 and DMiellla were bought fromBioWhittakerLonza,
Belgium. Foetal bovine serum (FBS), glutamine and penicillin/streptomycin solution were all
obtained from Invitrogen, UK. TrypLE Express was procured from GIBCO, UK. Hanks' balanced
salt solution(HBS)yand Trytox XLOO were brought from Sigma, US. AlamarBlue BUF012B was
obtained from BieRad, UK. Samples were solubilised in Dimethyl Sulfoxide (DMSO) assay grade
that was produced by Fisher Scientific, US-well plates were purchased from TRP,
Switzerland and Greiner bione, Austria. Falcon tubes and incubation flasksew@oduced by

Corning, Mexico.

Napco 5410 incubator was humidified, kept at ‘€7 in the presence of 5% ¢&nhd obtained

from Napco, US. Ste@hrdbiological safety cabinet was purchaskdm The Baker Company,

US. The IEC Medispin centrifuge was procured from Thermo Scientific, GeBnigihyLine
hemocytometerwas obtained from Reichert, UShe water bath was from Clifton, UKhe
microscopewas obtained from Olympus Optical, Japan. Wallac Victor 2 was used for measuring
fluorescence and obtained from PerkinElmer, BEr charts were plotted by Microsoft Excel
2010 whereas dilution curves were plotted Byism 4.03 that was developed by Grald
Software, US.

2.5.2 Methods

2.5.2.1 Sample preparation

All sampleswere prepared bythe use of DMSO as a solvemtd kept at-20 °C
2.5.2.2 Media preparation

Both RPMI 1640 and DMENEdium were prepared as the following protocol:

T 60 mL were taken oudf the 600 mLmediumbottle and discarded.

1 5 mL of Penicillin/Streptomycin (5000 1U/gB000ug/uL) were added.
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1 5 mL of EGlutamine 200 mMx100) were added.
1 The pH was adjusted to 7.4 by the addition of Sodium hydroxide.
il Finally, 50 mL of FBS wexéded.

2.5.2.3 Cell splitting and seeding

The usd cell lines were stored a80°C. They were thawed at 3Z in a water bath. After that,

5 mL of medium were added to small seeding flasks and had the cells poured into them. When
the cells adhered to the Wi o the flasks, they were spliThe medium was taken out of the
seeding flask while the cells were attached to the walls of the flask. HBS was added to the flask,
shaken gently and removed. This was followed by the addition of TrypLE Express thatl cause
cells to detach. The flask was shaken gently and incubated for 6 minutes. After that, medium
was added to stop the effect of TrypLE Express. The mixt@rgthen transferred to a flwon

tube and centrifuged. After centrifugation, the supernatant was alided and the cells were

kept in the tube. Then, a known volume of medium that was kept &C3Was added and
shaken, causing cells tguspend. The suspended cells were counted by the hemocytometer.
The volume of the suspension that was transferred to @ reeeding flask is calculated as

follows:

C e o o QA & i
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The volume of suspension that was transferred to a new falcon tube to seedvalbflae is

calculated as follows:
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Where is the volume in mL. Volume of cell suspension taken to seedveefplate seeding
was completed to 10 mL by the additiofi medium. The seeding densities for the tested cell
lines are mentioned in Table 2.7. Then, seeded flasks awee8plates were incubated at 3C

and 5% Cgin a humidified incubator.
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Table 2.7Seeding densities (cells/érfor the used cell lines.

Cellline ZR75 A549 PNT2
Flask 8x10° 7x10° 3x10°
96-well Plate 2x10" 5x10" 5x10°

2.5.2.4 AlamarBlue assay

Extracts and fractions were tested at a concentratioB@$g/mL.However, br the creation of
dilution curvedor pure compoundssamples were addedt a concentration range of 0.00M

i 2 o sATrytonX dvas used as a negative control whereas a column of cells was left with no
samples as positive contrahll tested samples were added to the tested cell lines iwe6
plates and ioubated for 48 hours. Cell viability was assessed uslimgarBlughat was added

to the wellsin 10% of their volume After 6 hours of the addition, the fluorescence was
measured using a Wallatictor 2 fluorometer The bar charts for extracts and fragtiowere
plotted by Microsoft Excel 201@hile the dilution curves and kgvalues for pure compounds
were determined by Prism 4.03. fraction or extract was considered active if it resulted in 40%

viability of the tested cells or less. Results were cordd by being microscopically inspected.
2.5.2.5 Selectivity index

If the 1G, value of any of the isolated compounds against the normal prostate PNT2 cells was
obtained from the dilution curve, hien its selectivity index was calculated according to

following equation:

06 QO A G HHQ & al
‘00 & "Qw Qb d &H@®ia‘ Gl

Where"Y'@ the selectivity index. The selectivity index was calculated whenever there was a
presumed activity. Thus, it was calculatedemtithe value of 16 for the tested compound was

egual or less than 38M against the tested cancer cell line. If the Sl value was greater than 2 or
if the 1Go value of a compound against the normal prostate PNT2 calls was not obtainable from

the dilution curve then the compound was considered selective.
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Chapter 3Bioassaymetabolomics guided
approach to select three endophytes for the large
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3 Bioassaymetabolomics guided approach to select three endophytes for the large scale

fermentation
3.1 Small scale fermentation and extraction

All of the 26 obtained endophytes that are listed in Table 3.1 were incubated iragait
medium and extracted as described in Section 2.2.2. For, preliminary screening, all extracts
were subjected taanti-proliferative assay against breast cancer {73 cell line as well as both

'H NMR analysis and HRMS analysis.

Table 3.1The obtained adophytes and their plant sources.

Plantsource Sample ID Endophyte
Anthemis palestina 1 Sequencing failed
2 Ulocladiumsp.
3 Fusarium acuminatum
4 Sequencing failed
5 Sequencing failed
6 Alternaria alternata
7 Curvularia australiensis
8 Sequencing failed
9 Chaetomium subaffine
10 Sequencing failed
11 Sequencing failed
Anchusa strigosa 12 Aureobasidium pullulans
13 Alternaria tenuissima
14 Alternaria alternata
15 Aureobasidium pullulans
16 Sequencing failed
Euphorbia peplus 17 Sequencing failed
18 Fusarium acuminatum
19 Alternaria multiformis
20 Fusarium equiseti
21 Sequencing failed
22 Aspergillus flavus
23 Pleosporalesp.
24 Fusariumsp.
25 Sequencing failed
Rumex cyprius 26 Chaetomium subaffine
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3.2 Anti-proliferative activity screening of the obtained endophytes against breast cancer-(ZR
75) cell line

As depicted inFigure 3.1 out of the 26 tested endophytes, only six endophytes possessed
activity and afforded less than 40% viability of the tested cdllse actie fungal extracts
included Fusarium acuminaturfno. 3), Curvularia australiensi®o. 7), an unknown endophyte
(no. 8) and Chaetomium subaffin@o. 9) that were obtained fromAnthemis palestinaAs well
asFusariumsp. fo.24) andChaetomium subaffingho. 26) fromEuphorbia peplus and Rumex

cyprius respectively.

Endophytes activity against Zk5 cells
100

% Viability- ZR75 cells

123456 7 8 91011121314151617 18192021 2223242526
Endophyte

Figure 3.1The biological activity of the extracf80>g/mL)of the obtained endophytes against
ZR75 cell line. Endophyte numbers refer to the corresponding endophyte that is mentioned in
Table 3.1Red line indicated the bioactivity threshold #0% viability of the tested cells

Four out of the six active endophytes were obtained from the plémthemis palestina
Moreover, two Fusarium acuminatunendophytes were obtained, but only thene obtained

from Anthemis palestinavas anti-proliferative against the tested cell lindzurthermore, two
Chaetomium subaffinendophytes were obtained and found active. Yet, the one obtained

from the plantAnthemis palestinavas foundto be more active as it yielded 13% viability of the
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tested cells, whereas the one obtained frdRumex cypriugielded 33% viability of the tested
cells. These findings could be denoted to certgiacifichost-endophyte interactiondike those
between the planthost Anthemis palestinand its endophytes, whiclead to the synthesis of
anti-proliferative secondary metabolites that resultew the detected bioactivity. However,

this could not be confirmed until it is fully investigated.
3.3'H NMR steening of the obtained endophytes

As illustrated in Figure 3.2, most of the peaks, those marked within the red boxes, are medium
components while peaks highlighted within the blue boxes represented the produced
secondary metabolites. The huge differenneconcentration between the media components
and the secondary metabolites that were produced by the endophytes rendéfieiMR
spectral data not useful enough to compare the extracts. However, seven endophytes were
poor in producing secondary metabolitas no other peaks other than those from the media
could be detected in their respectivH NMR spectra. Thus, these endophytes could be
excluded from the scalap. TheyincludedUlocladiumsp. (no. 2),unknown endophyte ro.

11), Aureobasidium pullulangno. 12), Pleosporalesp. f0. 23), Fusariumsp. fo. 24), an
unknown endophyte fo. 25) and Chaetomium subaffingno. 26). Out of those seven
endophytes, bothFusariumsp. fo. 24) and Chaetomium subaffinéno. 26) possessed activity
against breast cancerThis indicated their ability of producing poteminti-proliferative

metabolites, as they were found to be biologically active despite their low yield.
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A: 1H NMR screening of the obtained endophytes: 1-13
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B: 1H NMR screening of the obtained endophytes: 14-26
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Figure3.2: The'H NMR dataof the obtained endophytesNumbers on ixis indicatd the
number ID of the respective endophyte legted in Table 3.while (B) is for MA medium blank.
5 mg of each sample were dissolved in DM§@00 MHZz).
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3.4 LCHRMS and metabolomics seening of the obtained endophytes

PCA analysis was performed as described in section 2.5.2.1. Figure 3.3 included all obtained
endophytic extract. As shown in Figure 3.3, three clusters could be discerned. The first cluster
is encircled in red and conteéd most of the obtained endophytes. The second cluster is circled

in blue and contained three out of the folusariunspp. obtainedfusarium acuminaturfno.

3 and 18)Fusariumsp. (no. 24) and annknown endophyteX7). This may lead to identify the
unknown endophyte (17) as &usariumsp. as well; especially that it shared the red
morphological colour of the other endophytes Bfisariumgenus (Table 2.2). And hence, PCA
could be utilised as an identification tool. Ttlestering itself is referred to the similarity of the
chemical profile of these endophytes; &sisariumspp. are known to produce unique but
characteristic classes of mycotoxins, including enniatinsbaadivericin(Firakovaet al., 2007)

The third cluster is circled in black and included the single endopligidadiumsp. (2).

[
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Figure 3.3:Scores plot of the obtained endophytes. Numbeeder to the corresponding
endophyte that is mentioned in Table 3R2X=0.415, Q2=0.131.

The outliers of the previous model were excluded and a new PCA model was created (Figure
3.4). As shown in the scores plot, the unknown endophyte (no. 4) formeavalistinct outlier

in addition toAlternaria alternata(no. 6) andCurvularia australiensi®o. 7). Other endophytes
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were scattered randomly with no specific pattern or clustering. This suggested the variation in

the secondary metabolites that were proced.
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Figure 34: Scores plot of the obtained endophytes, excluding 2, 3, 17, 18 and 24. Numbers
refer to the corresponding endophyte that is mentioned in Table B2X=0.274, Q28.0384.

A third PCA model was generated for the active metabolites @igus). All endophytes
clustered together (red circle) except the twasariumspp. that formed two distinct outliers;

Fusarium acuminatur(no. 3) and~usariunsp. (no. 24).
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Figure 35: Scores plot of the endophytes that were active againsZZRell line. Numbers
refer to the corresponding endophyte that is mentioned in Table B2X=0.698, Q2=0.196.

3.5 Theselection of three endophytes for the large scale fermentation

The selection of three endophytes for the large scale fermentation for this project was limited

to the ones that were active against breast cancer as discussed in 3.2. From those, the

dzy 1{y26y SyYyR2LKedS oy2¢ y0 6+a SEQPIT&RRER | a A
sequencing. This reduced the selection to the five endophytes that were listed in Table 3.2.

Those five endophytes included three species,one Curvulariaspecies, twd-usariunspecies

and the two strains ofChaetomiumsubaffine Both Fusarum sp. (no. 24) andChaetomium
subaffine(no. 26) afforded poofH NMR spectrum, and hence, poor production of secondary
metabolites. Thus, they were excluded as well. As a result, three endophytes that belonged to

three different genera remainedand theefore, were chosen to be scalegh. Those

endophytes were Fusarium acuminatum(no. 3), Curvularia australiensigno. 7) and

Chaetomium subaffinéno. 9) that were all obtained from th@lant Anthemis palestina
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Table 3.2Endophytes considered for tgraling.

Plantsource Sample ID Endophyte
Anthemis palestina 3 Fusarium acuminatum
Anthemis palestina 7 Curvularia australiensis
Anthemis palestina 9 Chaetomium subaffine

Euphorbia peplus 24 Fusariunsp.
Rumex cyprius 26 Chaetomium subaffine

3.6 Metabolomicsbioassay guided approach to select the most suitable conditions for

culturing the selected fungal endophytefor large-scale fermentation

Metabolomics workflow was designed to isolamti-proliferative metabolites from the studied

endophytes. It is illustrated in Figure 3.6.

In order to optimise the best conditions for scalp, the respective fungal endophytes were
incubated in two types of media; liquM/ickerham and solidice media. Both the compd#in

of the medium and the incubation period are important for determining the compounds that
are produced by the endophyte. Therefore, depending on the life cycle of the Ascomycota,
three incubation periods were chosen for testing and choosing the mostap growth
conditions (Webster and Weber, 2007)ncubating the fungi for 7 days will represeftet
germination phase; while 15 days of incubation will represent the hyphal growth phase and 30

days of incubation will represent the sporing phase.

Three parameters were monitored in order to decide the optimum conditions for the 4arge

scale fermentation:
1. The weight or yield of the extract that was produced by the endophyte.

2. Its chemical composition and diversity, which was determined by implementing both

LCGHRMS and NMR.

3. Its bioactivity against ZF6 (human breast carcinoma) and A549 (human @sian

lung carcinoma) cell lines.

After the largescale fermentation was carried out, a metabolomiggded approach was

conducted to target the bioactive secondary metabolites by utilising both the biological assay
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results and the LEIRMS data. The HHRMS data vere subjected to Orthogonal Partial Least
SquareDiscernment analysis (ORD3). The active fractions were grouped together apart from
the inactive fractions then a permutation test was conducted to test the validity of the model.
The LEHRMS datavere set as the X independent variable and supervised by the set of
bioactive fractions as the Y variable. LoadinggoSwas generated from the OPID&\ score
plot model, in which, the extreme loadings of the metabolitesn(ifz) were correlated to the

activity of the fractions. An S plot wasrgrated fromeachOPLSDA model.

Significance thresholds for R2 and Q2 values are strongly applicktpmndent. Concerning

the Q2 parameter, a significance threshold of 0.5 is generally adn{ifiedaet al., 2015) The
{La/! dzaSNBQ 3FdzA RS Kl & F &aahi3IySRmanyPERAMDPLST 2 NJ 32
DA models built using SIMCA have published Q2 values less than 0.5 as frequently encountered
in metabolomicgTribaet al.,, 2015) The R2 and Q2 values strongly depend on the individuals
that constitute the validation subsets. When the Q2 values are lower than 0.5, the quality
parameters were verified to be stable towt permutation of the rows in their dataset.
Q2<0.4 are models with poor predictability and are validated by a permutation test that
consisted of comparing the Q2 obtained for the original dataset with the distribution of Q2
values calculated when origind values are randomly assigned to the individuals. The Y
intercept on the permutation graph is a measure of the overfit. A clear indication that the
original model is valid and does not happen by coincidence is when the Q2 values of the
permuted Y modelare less than zero on the permutation plot terikssonet al,, 2006)
Generally, two principal components af@0 permutations were used for th@PLIDA models

of this project.

The loadings on the S plot depicted all metabolites contained in alldrectiThe metabolites

were differentiated by their presence or absence in either the active or the inactive fractions.
¢CKS AGSYRLRAYGE YSOl 0-Plot Wérs dssighed RS\ thel targetRbiogtye G K S
metabolites and were dereplicated. Theputatve&S G 6 2f AGS&4 LINBRAOGSR | &
database were filtered according to the fungal source and the host plant génieemisas

source.
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Figure 3.6implementing metabolomics in the search foti-proliferativeagents from the selected endophytes.
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Chapter 4. Curvulariaaustraliensis

74



4, Curvularia australiensis
4.1 Introduction
4.1.1 Secondary metabolites isolated frof@urvulariaspp

Curvulariais a genus of the family Pleaspceae (phylum Ascomycota). # an anamorph
associated with the plant pathogen genGschliobolugWebster and Weber, 2007yhe genus
Curvulariacontains more than 80 speciesf whid, most are either plant or soil pathoge(da
Cunhaet al., 2013) However, some of these species caused infections in animals and humans
as well(da Cunheaet al,, 2013)

Curvularia borreriastrain H&=G237yielded androstanoidn Pmethykd Pmethoxyandrostes,
15diene-3,17-dione (Figure 4.1), whicpossessed weadnti-proliferative activity against HGT
116 cell line as well as weak aimflammatory activity against ANA murine macrophages
model (Liuet al, 2017a) Moreover,rice cultures ofCurvulariasp. strain M12 obtained from
the plant Murraya koenigiiafforded murranofuran A, murranolide A, murranopyrone and
murranoic acidA in addition to sixearlierknown metaboliteghat includedcurvularin and 9-
dehydrocurvularinFigure 4.1).Both murranolide A and murranopyrone impaired the motility
of Phytophthora capsicdoospoes (Mondol et al., 2017) Furthermore, three compounds-
acetylphenylalanine, the dipeptidd-acetylphenylalanyl-phenylalanine and the tripeptid®\-
acetylphenylalanyl-phenylalanyi-leucine (Figure 4.1) werdsolated from the endophyte
Curvulariasp. obtained from the leaves dferminalia laxiflora(Tawfikeet al., 2017) The
isolated peptideswvere tested against NF. 1 & | YOUALF LR LIG20GA 0 (dell ya ONR L
line (human Philadelphia chromosomesitive chronic myelogenous leukemia cells) amdly
N-acetylphenylalaninavas foundto be active(Tawfikeet al., 2017) Cultures of the marine
fungus Curvularia inaequaliyielded (+}phomalactone, cinodontin, curvulapyrone, radicinin
and ergosterol peroxid€¢Figure 4.1).The compounds (#)homalactone, curvulapyrone and
radicinin possessednti-proliferative activity against Elich ascites carcinoma cells in mice
(Yurchenkeet al., 2013) In addition the same specieSurvularia inaequaligstrain HSFG257)
obtained from a soil sampléncubated in potato starch and peptorafforded curvularone A
and 4hydroxyradianthin(Figure 4.1)(Panget al, 2013) Both compounds exhibite@nti-

proliferative activities against ACHN (Human renal adenocarcinoma) and HepG2 (Human
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Caucasian hepatocyte carcinoma) cell ligeanget al, 2013) Nonetheless, no metabolites

were previously reported fron€urvularia australiensi@ynonymBipolaris australiensjs

n _hmethyl-(p b murranofuran A
methoxyandroste8,15-diene
3,17-dione
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Figure4.1: Secondary metabolites isolated from various specigSwiularia
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Figure4.1 (continued) Secondary metabolites isolated froBurvulariaspp.

4.1.2 Curvularintype derivatives isolatedrom microorganisms

The polyketide curvularin was isolated for the first time in 1956 from, then, a new species of
Curvulariathat was grown in a medium composed of glucose, peptone and mineral salts
(Musgrave, 1956)Moreover, 1 was shown that the biosynthesis of curvularin required eight
acetic adil units(Birchet al,, 1959) The first biological activity of curvularin was described in
1977 indicating weak anti-proliferative activity against HeLgHuman cervix epitheloid

carcinomaellline (Horakova and Betina, 1977)

Later, in 1962, cundin and curvulinic acid (Figure 4.2) were isolated for the first time from the
fungus Curvulariasiddiqui (Kamalet al., 1962) After that, in 1967, Munrp Musgrave and
Richard were able to isolate 10;RIA R S K R NP O daieiBatzicurvidrig)(Figubei4.2from
Qurvularia sp. (Munro et al, 1967 Ly M T c-dehyd@éurykarin handi -
hydroxycurvularin(Figure 4.2were purified from the extract of Alternaria tomatq another
fungus of the familyPleosporaceadHyeonet al, 1976) The compounds suppress both
sporulation and spore germination activitied A. tomato (Hyeonet al., 1976) Along with
curvularin and dehydrocurvularibl-methoxycurvularin, that was namedrBethoxycurvularin
(Figure 4.2), was isolatefilom Penicilliumsp. A5-1 (Kobayashiet al., 1985) These three
compounds blocked the first cleavagethe celldivision processy giving barrelike spindles
and dispersing the microtubule organising cenfiii€obayashiet al., 1985) In 1989, cis
RS K& RNZE O dzNdydmbxyciNdulgdrin, 1amadurvularin and citreofurafFigure 4.2) were
isolated from Penicillium citreeviride B (Laiet al., 1989) In 1991 the same research group
were able to identify and isolate the two stereoisomers-"tinethoxycurvularin and -

methoxycurvularin  along with 11, i@hydroxycurvularin  and }Rydroxy10,1%trans
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dehydrocurvularin(Figure 4.2)from the hybrid strain ME 0005 derived froih citreeviride B.
IFO 4692 and 620Qaiet al,, 1991) Nineteen years latergurvulone A and curvulone @igure
4.2) were reported from Curvulariasp. that was obtainedfrom the marine algaGracilaria
folifera. The isolated congenersshowed antimicrokal activity against the gramositive
bacteriumBacillus megateriumthe fungiMicrobotryum violaceunand Septoria triticiand the

algaChlorella fuscéDaiet al., 2010)

Oo. O O._OH Ox O
HO HO HO
OH O OH O OH O
curvularin curvulin curvulinic acid

HO

OH O
10,1%didehydrocurvularin

HO

OH O OH
11-hydroxycurvularin

HO

OH O OCH,
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Y \ 0/ o
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Figure4.2: Curvularintype derivatives isolated from microorganisms
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Figure4.2 (continued) Curvularintype derivatives isolated from microorganisms.

4.2 Medium optimisation to select the most suitable conditions for culturinGurvularia

australiensis medium-scale fermentation

As seen in table 4.1, the growth Gurvularia australiensisasat its optimum when incubated
in solidrice medium, as proven by the higher yields obtained from those cultures. On the other
hand, the growth of the endophyte in ¢hliquidWickerham medium was inferior to that of

solidrice medium as the yields obtained were less.

Table4.1: Weights ofCurvularia australiensextracts cultured in two types of media harvested
at various incubation periods.

Medium Incubation period(days) Weight of extract(mg)per 200 mL
(liquid) or 100g (solid)

LiquidWickerham 7 70
LiquidWickerham 15 106
LiquidWickerham 30 120

SolidRice 7 275

SolidRice 15 478

SolidRice 30 792
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Both'H NMR and LLEIRMS data ere implemented to investigate the chemical composition of
the previously mentioned extracts. As depicted by tHeNMR spectra (Figure 4.3.A) for liguid
Wickerham medium extracts, the biosynthesis of the secondary metabolites was observed
from day seven. Theecondary metabolites included aromatics that are indicated by the red
02E Ay ¥ A3dMNEG7.00).dThese! aromatics were substituted by electron donating
groups that shifted the protons of the benzene ring upfield to 7.24. Furthermore, peptides
WSNBE RSGSOGSR T NROOC NI éntuydd yyQlk orarigdibox in figure 4.3.A),
representing theh -protons of an amino acid. These signals can be deduced from peptone as
nitrogen source in liquidVickerham medium. More signals could be noticedhie aliphatic

NB 3 A 2 ) 050§ 2.50 (the green box), representing aliphatic parts of the peptides.
Additionally, incubating the endophyte for either 15 or 30 days, increased the concentration
and diversity of secondary metabolites produced. This waplied by the presence of
additional signals in théH spectra of the 15 and 30 days extracts as seen in the black boxes.
However, some media signals remained even after 30 days of incubation, indicated by the blue
02 E AYV.20k &30.4These signal®uld be attributed to some aromatic amino acids such
as phenylalanine and tyrosine, which might be present in some of the peptides that were

produced byCurvularia australiensis

On the other hand, the production of compounds was very poor when the endophyte was
incubated in soligdice medium. As shown in Figure 4.3.B, most signals observed thl tN&R

spectra of the solidice culture extracts were coming from the medium compoise

(highlighted in green boxes). Moreover, fatty acid signals were also detected. The huge broad

& A 3y I 1.004¢ 160 is characteristic of long chain methylene units of a fatty acid. In addition

to that, the olefinic protons that existed in unsaturi&te ¥l GG& | OARZ5MMENE T2d
5.50. Furthermore, then-LINR i2y & 2F (G(KS Ol Nb 2,E210 4 ©40.Sy R NB
Nevertheless, after 15 days of incubation, the endophyte started to produce a small amount of
aromatic compounds, which increased af@0 days of incubation. This is depicted in the violet

0 2 E 4b.00¢ 6.50. However, the yield of these compounds was very low compared to the

fatty acids as noticeable by their differences in signals intensity.

80



o

T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

C ¢ ¢

a
. - Lt

A

T T T T T T T T T
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

100 95 90 85 80 75 70 65 6.0 55
f1 (ppm)

Figure 4.3: 'H NMR (400 MHz) data obtained f@urvularia australiensiextracts after
incubation in (A): liquid media and (B): solid media. Spectrum 1 is the medium blank, 2 is 7 days
incubation, 3 is 15 days and 4 is 30 days. All were measured inGMSO
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While the™ NMR data provided information about major compounds that existed in each

extract, a more detailed insight for the chemical composition of each extract could be obtained

from the LGHRMS data. The scatter plots that were generated from théHREIS data

confirmed the findings of théH NMR data in the terms of chemical richness of the extracts. As

seen in (Figure 4.4), the chemical composition of the liqul O1 SNK I Y Q&

SEGNI O a

Yet, the extracts of the three incubation periods looked very aimirhis was illustrated by the

scattering pattern that could hardly differentiate the extract obtained after 7 and 15 days as

well as between 15 and 30 days. However, a slight increase in the scattering pattern could be

perceived between the 7 and 15 ddigs incubation. Nonetheless, almost no change in pattern

was observed when comparing the extracts obtained after 15 and 30 days of incubation.
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Figure4.4: Scatter plots of the LEIRMS data o€urvularia australiensiextracts obtained at
different incubation periods in liquitlVickerham medium, comparing (A): 7 with 15 days and
(B): 15 with 30 days of incubation.
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On the other hand, in the case of the selide medium, a noticeable difference ihe
scattering pattern could be seen between 7 and 15 days of incubation (Figure 4.5.A). As the
figure depicts, the scattering pattern was in favour for the 7 days of incubation. This is
explained by the slow growth d@@urvularia australiensig solidrice medium. As a result, the
components of the medium were richer chemically than the extract itself because the
endophyte consumed the medium components and did not produced metabolites efficiently.
However, the extract of 30 days of incubation was cheflyicg&cher than the extract obtained

after 7 days of incubation. This was illustrated by the scattering pattern in the scatter plot
(Figure 4.5.B). Moreover, it is confirmed by thd NMR data findings that the efficient

production of aromatic compounds uolal be discerned 30 days after the start of incubation.
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Figure4.5: Scatter plots of the LEIRMS data ofurvularia australiensextracts obtained from
solid rice media at different incubatigueriods, comparing (A): 7 with 15 days and (B): 15 with
30 days of incubation.
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The findings from the scatter plots were supported by the clustering pattern that is seen in the
scores plot of the PCA of the-HRMS data of the media optimisation extractig(Fe 4.6). The

red circle contained the chemically rich extracts from the 15 and 30 days of incubation in liquid
Wickerham medium, indicating their similarity. On the contrary, on the left side of -dvasYof

the plot, the blue circle contained the chérally poor extractat 7 and 15 days incubation in
solidrice medium, indicating their similarity as well. The extract from seven days of incubation
in liquidWickerham medium was separated from the other ligMitickerham culture extracts
because it contimed less diverse compounds as shown by'l{sNMR spectrum. On the
contrary, the 30 days extract from solitte medium was separated from the other rice culture
extracts because it was chemically richer as indicated by botkl it8MR spectral data and@GL

HRMS scatter plots.
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Figure 4.6: Scores plot based on the PCA of theHRMS data for the variouSurvularia
australiensiSEG NI OdGad a/ ! ¢ NBURADiFHausirdiendkk § KSy R SLIKSMNS « {
the solidNRA OS Y SRA dzY IliguRl2 &[0 SNKI Y2 NIS®RK8z2yd 2 KAfS (K
YR oné¢ AYRAOLF (S RIXKOS6 R3EAHE I GA2Y LISNAZ2RO®

Finally, thein-vitro biological activity of media optimisation extracts of th@urvularia
australiensisagainst both breast cancer (ZB) and lung cancer (A549) cell lines was tested as

the third parameter that was considered before the most suitable medium conditions for the

large-scale fermentation were chosen (Figure 4.8).
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Figure4.7: The biological activity fo€Curvularia australiensiextracts at 30>g/mL against (A):
breastcancer(ZRpu0v OSff fAYS YR 6.0Y fdzy3 OFyOSNI 06! p
Curvularia australienss ¢ KS € S (0 SNJ -ricé mediwrd || FRNIGH ES Ad2 FRRI |
2 X01SNKFY YSRAdzY® ¢KS ydzYoSNB a1 Mp YR oné
red line indicates the bioactivity threshold.
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As shown in figure 4.7.A, all extracts were strongly active against breast candd) (@Rline,
where percent cell viability was less than 20% for all of the tested extracts. On the other hand,
the extracts obtained with the liquitlVickerham medium were all strongly active against lung
cancer (A549¢ell line; giving a percent viability ofskethan 15%Figure 4.7.B). However, two

of the solidrice extract samples were inactive; giving a percent viability more than 40% of the
cells. Nevertheless, incubating the endophyte for 30 days in-gokdmedium resulted in an

active extract againste lung cancer cell line.

When a comparison of the metabolite yield and diversity was recorded between the
employment of liquidwWickerham and solidice media, arincrease in chemical diversity was
observed with the liquidVickerham medium as depicted ilgEre 4.8. Figure 4.8 compares the
scattering pattern between the best incubation periods between the Wickerham and rice
culture extracts, in terms of both chemistry and activity, for both media types,15 days of
incubation in liquiewickerham mediunto 30 days of incubation in solidedium. Thescatter

plot favoured the 15 days of incubation period in the ligWickerham medium. This
concluded that the extract of 15 days of incubation in ligéitckerham medium afforded

more diverse chemistry.

CA, 15 days liquid medium, 30 days solid medium comparison
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10E2 %

1088
CA-L-15

Figure4.8: Scatter plot of LHHRMS data ofurvularia australiensixtracts, comparing 30 days
of incubation in soligice medium to 15 days of incubation in liggdickerham medium.

As a conclusion, depending on the chemistry, culturing the endophyte in Myidkderham

medium for either 15 or 30 days were the best options for the soaléecause they have the
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richest chemical composition among the tested samples as shown by'th&iMR spectral
data and scatter plot analyses of the-HBMS data. In the terms of biological activity, 7 days of
incubation in liquidwickerham medium was the strongest, followed by the 15 and 30 days of
incubation, respectively. However, as 15 days otilbation afforded more yield and more
diverse chemistrythan the extract of 7 incubation dayst was chosen as the incubation

duration period for the largescale fermentation.
4.3 Large scaltermentation and first fractionation of the extract ofCurvulara australiensis

For the largescale fermentationfifteen litres ofliquid-Wickerham mediunwere prepared and
inoculated withCurvularia australiensi§ he fermentation flasks were prepared as described in
2.3.2.1. After 15 days of incubation, 500 mL dfyédcetate were added to each flask to extract
the metabolites that were produced. This was followed by homogenisation, partitioning,

filtration, and solvent evaporation. At the end, the weight of the obtained extract was 44310

The total crude organiextract was fractionatedby gradient flastchromatographythrough a

Biichi systemas mentioned in 2.5.2.3\ rormal phase VersaPak(48g), spherical silica (285

>Y0 O2fdzyYy 6Fa dz2aSR ¢AGK | Tt 2 gis dethilédInTadld@ wmnn
4.2. The 100 mL fractions were collected in conical flasks then pooled using TLC. A total of 17
fractions were obtained in addition to the segregated crystals from fraction 6 (Figure 4.9 and
Table 4.3).

Table 4.2: Mobile phase used for the first fractionation of the extract of the endophyte
Curvularia australiensis

Time (minutes) % Hexane % EtOAC % MeOH
0 100 0 0
10 100 0 0
70 0 100 0
75 0 100 0
105 0 50 50
120 0 50 50
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Figure4.9: Summary TLC plate for the first fractionation step (C.nTwfvularia australiensis
after spraying with anisaldehyde reagent. (A): EtOAc 50:50 Hex, (B): C.C in EtOAc 50:50 Hex,
and (C): EtOAc 80:20 MeOH.
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Table 4.3: Weights of fractions obtained fromheé first chromatographicfractionation of
Curvularia australiensis

Fraction Weight (mg) Fraction Weight (mg)

C.1 19 C.9 329
C.2 147 C.10 287
C.3 201 c.11 878
Cc4 75 C.12 73
C5 339 C.13 246
C.6 645 C.14 109
Cc.C 556 C.15 55
C.7 181 C.16 4

C.8 69 C.17 15

In order to determine the class of major compounds that each fraction has, the fractions were
inspected by'H NMR spectroscopy (Figure 4.10). Analysis of '‘theNMR spectral data
categorised the fractions into four groups, depending on the olegmesonances. The first
category included fractions C.4 C.4 that were rich in fatty acids and other npalar
O2YLRdzyRad ¢KA& gFa NBFSNNBR G2 {K3%00NHaSyOSs
andh-LINE {0 2 y;210¢ 2140 ppm (the violet box However, fractions C.2C.4 contained
unsaturated fatty acids. This was indicated by the presence of the olefinic proton resonances at

1y 5.00 ¢ 5.50 (orange box). The second category involved fractions¢@33 that were
composed mainly cAromatic mplyketides. This could be explained by the presence of protons

ath L2 aAdAz2y NBEtFGAGS (2 [2504400 @lyedox) add atdmaty RS G
LINEG2ya | R2FOSydG G2 Fy St SOHKRRY6.5 Zeflbakh ha & dzo
third category is composed of fractions @.€.14 that consistedf amino acids and peptides.

CKAA ¢ & KFINR2QNR/SIR (0KeF (h  g40NGS.5R(Bel Backib& R The fourth
category included fractions C.£3C17 that composed of various aliphatic compounds, as their

1 baw ardaylrfta NPOBRBLWGSR YIAyte |G ¢
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Curvularia australiensis Fractions (C.n)
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Figure4.10: The'H NMR (400 MHz) data obtained for the first chromatographic fractions of
Curvularia australiensi€C.n). Numbers on &xis indicate respective fractions. 5 mg of each
sample were dissolved in DMSig)

Furthermore, all fractions were assayed against breast cancer3¢Rnd lung cancer (A549)

cell lines Figure 4.11). Interestingly, all fractions were found active ag&ireast cancer cells,
resulting in less than 40% viability of the cells tested. However, fractions C.5 to C.9, C.14, and
C.17 exhibited more activity as they resulted in less than 10% viability of the tested cells.
Interestingly, C.C was less active th@r6. This could be due to two reasons, either the
segregated impurities in C.vere more active than the pure compound C.C was, or the
presence of these impurities had a synergistic effect. On the other hand, fewer fractions
exhibited activity against théung cancer cell line. The active fractions were the ones that
belonged to the polyketide category as revealed by #HHeNMR data analysis. These included
fractions C.5 to C.8 along with C.C (crystals from C.6), C.9 that contained aromatic polyketides,

andC.17, which was the column wash.
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Figure4.11: Biological activity for first chromatographic fractions @firvularia australiensis
(C.n) at 30>g/mL against (A): breast cancer {Z& and (B): lung cancer (A549) cell lines. The
red line indicateshe bioactivity threshold.
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4.4 The creation of mtabolomicsbioassay guided approach tginpoint the bioactive

metabolites of Curvularia australiensiat the initial chromatographic separatiorstep

A loadings $lot was generated from the ORICZ\ score [ot model, in which, the extreme
loadingsof the metabolites (in m/z) were correlated tothe activity of the fractionsAs all
fractions were found active against ZB cell line, the Y variable will not be able to
differentiate between fractions and no @BDA could be performed, and hence the active
metabolites against ZR5 could not be identified. However, one model, and hence, one study
was conducted to pinpoint the metabolites predicted to be responsible for the activity against

the lung cancer (A542gll line.

In order to targetthe bioactive metabolites againdting cancer (A549ell line, the active
fractionsC.5, C.6, C.C, C.7, C.8, C.9 and wei& grouped together apart from the inactive
fractions Figure4.12). This was followed by the condtion of apermutation test to test the
validity of the model Figure 4.13). In the generated model, the R2 was 0.87 and Q2 was 0.47,
while the R2Y intercept was 0.674 and Q2Y intercept-@a381. These values indicated good
fitting and good prediction ate R2 and Q2 values were close to 1 and 0.5, respectively, while
the Q2Y intercept wa€.331, which is less than zero indicating the validity of the permutation
test. Moreover, the difference between Q2 and R2Y was 0.202 which is less than 0.3inigpdicat

the absence of overfitting.

An S plot was generated from the OFLS Y2 RSt O0CA3Idz2NE nodmn0 d
bioactive metabolites were found left of the-akis as shown in Figure 4.14.A. Theggeted

metabolites were dereplicated and listedTiable 4.4.
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Figure4.12: (A): Scores plot ofurvularia australiensi€C.n) fractions. Samples were grouped
into active (greens) and inactive (blues) depending on their activity against lung cancer (A549)
cell lire. R2X=0136, R2Y=0.89, Q2=047. (B): Expandedview for the inactive scores of the
scores plot presented in (A).
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Figure4.14: (A): S plot forCurvularia australiensi€C.n) fractions acquired from an OHDS

model (Figure 4.12) for their activity against lung cancer (A549) cell line. (B): expanded view for
the endpoints metabolites, the isolated metabolites and the outliers are labelled by thér

value.
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Table4.4: Dereplication of target bioactivenetabolites againsA549cell lineas predicted by OPLZA loadings Blot. Highlighted rows

represent compounds that were isolated from the fungal extracts.

Fraction
. Predicted yielding
t(min) MZMine m/z Molecular highest | . Peal§ MWt Name Source
ID intensity
formula peak
intensity
7.50 N_1698 | 615.2453 | GHagN4Osg C.9 4.95E+09 | 616.2526 | RP 66453 Streptomycesp. A9738
7.50 N_2664 | 308.1220 CigHi1sNgOs C.9 1.26E+09 | 309.1293 | unknown unknown
C9H19NSO7
7.57 N_1225 | 307.1188 | CgHygOs C.9 7.08E+09 | 308.1260 | curvularin; Q-F 2 N ~ M| a marinederived
hydroxy Curvulariasp. (strain 768)
curvularin; ®-F 2 N 2 M| a marinederived
hydroxy Curvulariasp. (strain 768)
curvularin; §-form, m m-h Penicillium citreeviride
hydroxy
curvularin; §-F 2 N = ™| Penicillium citreeviride
hydroxy andAlternaria tomato
10.33 N_673 249.1132 | C4H1504 C5 1.71E+09 | 250.1204 | deliquinone Russula delica
3,4-dihydro-8-hydroxy-3-(4- a marinederived
hydroxypenty)1H-2- Aspergillusp. and

benzopyranl-one; (R4'S-
form

Penicilliumsp. MWZ144

3,4-dihydro-8-hydroxy-3-(4-
hydroxypenty)1H-2-
benzopyranl-2 Yy ST 6 0
form

Talaromyces verruculosus

2,3-dihydroxy-4-methyt5-(3-
methyt2-butenyl)benzoic
acid; 3Me ether

Pestalotiopsis photiniae
L328

2,4-dihydroxy-6-methyl3-

Polyporus dispansus
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prenylbenzoic acid; Me ester

flammulinolide B; &Ketone

Flammulina velutipes

gregatinB; ®)-form

Cephalosporium gregatun

andAspergillus
panamensis

3-hexyt3,7-dihydroxy1(3H}
isobenzofuranone; (jprm

Corollospora maritima

1-[3-hydroxy-4-
(hydroxymethyl)phenyilL,5
heptadiene3,4-diol;
(1E3R4S5E)-form

Pyricularia oryzae

1-[3-hydroxy-4-
(hydroxymethyl)phenyi]L,5
heptadiene3,4-diol;
(1E354S5B)-form

Pyricularia oryzae

4-hydroxy-2-methoxy-5-(1-
0Xx0-2,4-
hexadienyl)benzaldehyde;
2',3-Dihydro, 7alcohol

Phaeoacremoniurap.
(NRRL 32148)

parvulenone;1'-Et ether

Aspergillus parvulus

penicillone B; Ketone

Penicillium terrestre

penicitrinol F; 1,18Diepimer,
O-de-Me

Penicillium citrinum

prospiciferone

a marinederived
Microsphaeropsisp.
strain 6288

sohirnone B2',3-Dihydro

Penicillium notatun{GWP

A)

vertinolide

Trichoderma viride

11.96

N_1230

335.1137

G0y

C3

2.18E+08

336.1209

euparvilactone

Eupenicillium parvum

fdza I NHz6 A y Wihydré, h
3-Et ether

Fusarium solani
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fusarubin;n | " X 4ditmydro,
3-Et ether

Fusarium martii

fdza I NXzo6 A y Hihydré, |
3-Et ether

Nectria haematococca

7-hydroxy-6-[2-hydroxy-2-
(tetrahydro-2-methyl5-oxo-2-
furylethyl}-5-methoxy-4-
methylphthalide,8CI

Penicillium brevi
compactum

islandic acid Il; 3*alcohol, 1*
O-(2Z,4E-hexadienoyl)

Allantophomopsis
lycopodinakS97

6-Methyl-1,3,8
naphthalenetriol; 3Me ether,
3-O-" -D-ribofuranoside

a marinederived
Aspergillus glaucus

mycophenolic acid; &
hydroxy

Eupenicillium parvurand
the marinederived
Penicilliumsp. SOF07

1,8-naphthalenediolmono-
Me ether, Gi -D-
glucopyranoside

Xylariasp.

terreumol D; &7R-epoxide

Tricholoma terreum

11.99 N_675 290.1115 | GsHys C5 1.34E+09 | 291.1187 | unknown unknown
C10H13N902
GH;7NsOs

12.09 P 4516 | 291.1227 | CgHig05 C.5 1.01E+10 | 290.1154 | curvularin; Q-form, 10,1% a marinederived

didehydroE&)

Curvulariasp. (strain 768)

curvularin; §-form, 10,1%
didehydro&)

Curvularia spp.,
Cercosporacirpicola ,
Ascochytula obiones,
Alternaria zinniae,
Drechslera australiensis,
Alternaria cinerariae,
Alternaria macrosporand
Penicillium citreeviride
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12.53

12.55

N_652

585.2607

GorHesN14
GorHsaN4O

Cc.7

4.20E+08 | 586.2680 | No hits produced by fungi

No hitsproduced by fungi

N_650 292.1269 GoH1gNsOg C.7 4.01E+09 | 293.1342 | resorcylide; §,B-form, 7,8 Acremonium aea®lRRL
dihydro 45893
12.56 N_653 327.1005 | CgH(CIQ C.6 3.52E+08 | 328.1077 | chaetomugilin R a marinederived
Chaetomium globosum
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OUPST106B6

12.56

N_651

337.1292

G7H:0;

Cc.7

1.30E+09

338.1365

acremonin A; (+form, 60+ -
D-Glucopyranoside

Acremoniumnsp.

cyclocalopin A; ‘Ac

Boletusspp.

7,8Epoxy9,17-dihydroxy
13,14,15,16&etranor-
12,17:19,6labdanediolide;
0ci Z71h Xyforld it >
Me ether

Oidiodendrorspp.

fusaquinone B;M-epimer, 1-
deoxy, O1leMe

Nigrosporasp.

1,3,4,4 5,10 -hexahydre
3,5,6,7,9pentahydroxy3-
methyl10Hnaphtho[2,3
c]pyranl0-one;
(3R4"S5510"R-form, 3,5,7
tri-Me ether

Fusariunsp.

1,3,4,4,5,10' -hexahydre
3,5,6,7,9pentahydroxy3-
methyF10Hnaphtho[2,3
c]pyranl0-one;

(3R4hS5R 100 9-form, 3,5,7
tri-Me ether

Fusariumsp.

4-hydroxybenzyl alcohol;-®-
(2,3bdzii I RA SOh&Df 0 3
glucopyranoside

Neurospora terricola

4-hydroxybenzyl alcohol;-@©-
(2,3bdzli  RA SOf ®f 0 2
mannopyranosy!

Neurospora terricola

3,7,8,15scirpenetetrol; 8
ketone, 15Ac

Fusarium graminearum
andGibberella zeae

3,7,15trihydroxy-8-

scirpenonep o h Jornh, &

Fusarium culmorum
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Ac

3,8,9,10tetrahydroxy
4,11(13)guaiadienl2,6-olide;
omh Zoh ZchJoym&
Ac

Anthemis carpatica

1,3,8trihydroxy
4,10(14),11(13)
germacratrienl2,6-olide;
OMi o0l ZHoBnZlke " T
Hydroperoxide 3-Ac

Anthemis aetnensis

4,9,10trihydroxy-2,11(13)
guaiadienl2,6-olide;
onhzch Hagh,Zmnh
hydroperoxide, 9Ac

Anthemis carpatica

12.60 P_251 311.1486 CieH2206 C.7 1.08E+09 | 310.1413 | fusarentin; 6,7di-Me ether Fusarium larvarunand a
Colletotrichunsp.

fusarentin; 6,8di-Me ether Fusarium larvarum
7-[3-(hydroxymethy4- a marinederivedPetriella
methoxy-2-oxo-2H-pyran6- sp.TUBS 7961
yl]-5-methyl6-octenoic acid
nA @S F dzNJ yi@ny, S !| Penicillium daleae
1",2"-Dihydro,H 4 U-v 3 p ¢
dihydroxy, Me ester
pyrenophorol;monoketone Drechslera avenae
pyrenophorol; Z-isomer, 4 Phomasp, strain No. 8874
ketone

12.64 P_519 169.0496 | GHsO, C.6 5.17E+08 | 168.0423 | 6-acetyt4-methoxy-2Hpyran | a marinederived

2-one

Nigrosporasp. PStF18

2,5dihydroxy1,4-
benzoquinone; DMe ether

Polyporus fumosuyslso
isol. from cultures of
Lenzites thermophila,
Trichoderma
pseudokoningiand
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Gloeophyllum sepiarum
Also isol. from higher
plantsAcorus calamus,
Cassia obtusifolia
Dalbergia melanoxylon

2,6-dihydroxy1,4-
benzoquinonedi-Me ether

Dendryphiella salina

2,3-dihydroxy5,6-dimethyk
1,4-benzoquinone

Gliocladium roseum

2,4-dihydroxy-6-

(hydroxymethyl)benzaldehyd

Aspergillus rugulosus

2,4-dihydroxy-6-
methylbenzoic acid

Penicilliumspp.,
Hypoxylorspp., a marine
derivedChaetomiunsp.

2,6-dihydroxy-4-
methylbenzoic acid

Phomasp.

2,3-dihydroxy5-methyl1,4-
benzoquinone; 3Vie ether

Aspergillufumigatus

2,3-dihydroxy5-methyl1,4-
benzoquinone; 2Vie ether

Aspergillus fumigatus

2,5dihydroxy-3-methyl1,4-
benzoquinone; 8Vie ether

Xylariasp. PBRB0

(2,5dihydroxyphenyl)acetic
acid

Penicilliumspp.,
Aspergilluspp.

(3,4dihydroxyphenyl)acetic
acid

Polyporus tumulosus

4-ethyl-2-oxo-2H-pyran6-
carboxylic acid

Ophiostoma
crassivaginata

2-hydroxy-2-(4-
hydroxyphenyl)acetic acid,;
(R-form

Pisolithus tinctorius

5-methyl-1,2,3,4
benzenetetrol;2,3-Methylene
ether

Antrodia camphorata
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phaeofuran A Phaeoacremoniurap.
(NRRL 32148)
xanthofusin Fusicoccunsp. Imi 351573
33.00 N_18443| 765.6367 CioHrgN1 0 C.7 9.58E+08 | 766.6439 | unknown unknown
C;16H82NG()3
GsoHgeOs
Ga1Hg2NgOs
Q5H86N207
34.30 N_13377| 744.6181 | GHzgNs Cc.7 3.04E+08 | 745.6254 | unknown unknown
GsaHg1O
CP,7H75N150
Q7H79N502
C?;GH79N1105
CaeHgaN Qs
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4.5 Implementing metabolomics for the isolation of the pure secondary metabolites from the

endophyte Curvularia australiensis

¢KS TNIOGAZ2YlIGA2Y 62N

the activity against both the lung cancer (A549) cell line. So, the fractions that contained the

7

gl a

RSaAIySR

02

Aaztl

predicted target bioactive metabolites weioritised for further fractionation. This resulted

in the isolation of the three pure curvularigpe compounds that are listed in Table 4.5.

Moreover, the diketopiperazinegyclo(-prolylglycyl) was isolated. However, as it was not a

targetmetabolite, it possessed no biological activity against the tested cell lines.

Table4.5: The metabolites that were isolated fro@urvularia australiensis

Cpd Name New/  tg(min) m/z MWt Source  Weight % Yield
No. Known (mg)
(-)-(9-curvularin known 12.55 291.1229 292.3270 C.C 556.0 1227
2 dehydrocurvularin known 11.94 291.1237 290.3111 C5 339.0 748
3 m m-hydroxycurvularin - known 7.58 307.1181 308.3264 C.9 9.2 0.20
4 cyclo(-prolylglycyl) known 1.21 155.0816 154.1665 C.13 26.1 0.58

Flash chromatography was utilisedo isolate the pure compounds (Figure 4.19)he

parameters and conditions applied for flash chromatografh¢{FCl) are described under

section 4.3, while thosdor the other flash chromatography experiments (2 and 3) are

mentioned in Table 4.6. The solvent systems that were used as mobile phases are listed in

tables 4.7 and 4.8.

Table 4.6: The chromatographic conditions that were used in isolating the pure compounds

from the extract ofCurvularia australiensis

Column
Flow rate
ELSD Threshold
UV Threshold
UV1 Wavelength
UV2 Wavelength

Reveleris® Silica 24
15 mL/min

20 mV
0.05 AU
254 nm
280 nm
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Curvularia australiensis
extract (4.5 g)

|[Fc1
I I I I
. . C.C
C.5: Dehydrocurvularin |-\ o o ryularin(s56 C.9 (329 mg) C.13 (246 mg)
(339 mg)
mg)
FG2 FG3
C.9.5: C.13.4:
—— 110 -Hydroxycurvularin Cyclo(-prolylglycyl)
(9.2 mg) (26.1 mg)

Figure4.15: The workflow for isolating the bioactive target metabolites fr@urvularia australiensiextract. FC: Flash chromatography
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Table4.7: Mobile phase used for flash chromatograghyFC2).

Time (minutes) % DCM % Methanol
0 100 0
60 70 30
65 70 30

Table4.8: Mobile phase used for flash chromatograpByFGC3).

Time (minutes) % DCM % Methanol % EtOAC

0 99 1 0
5 99 1 0
50 95 5 0
70 95 5 0
90 70 30 0
120 0 40 60
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4.6 Structure elucidation of the pure secondary metabolites from the endophy@ervularia
australiensis

4.6.1 (-)-(9-Curvularin(1)

(-)-(9-Curvularin

Fraction: C.Gegregated from C.6
Retention time: 12.55 min
Synonym(s):
1 (49-4,5,6,7,8,9Hexahydrell,13dihydroxy4-methyl2H-3-benzoxacyclododecin
2,10(1H)-dione
T ()-(9-Curvularin
Source: endophyti€urvularia australiensisom Anthemis palestina
Amount of sample: 556.0 mg
Percent yield: 127%
Percent purity: 100%
Physicatlescription: White crystals
Molecular formulaCgH,qOs
Molecular weight292.270g/mol
Optical rdation: @ 8=-19 (0.1 g/100 mLEtOH)

107




CC#321 RT: 1263 AV:1 NL: 2.99E8
T: FTMS {1,1} + p ESI Full lock ms [150.00-1500.00]

100+ 293.1389[M +H]+
957
907
854
803
753

70

653
603

55

311.1491 [2M + |_l +

585.2710

=
o o
vl bl

275.1284
210.0765 247.1335 L ) ) 429.1115 458.1781 ‘| 603.2816
et A e A et T Bt i Mt T T P b

T T T
200 250 300 350 400 450 500 550 600
m/z

||, 3341652 3561472
b

o

C.C#318 RT: 1255 AV:1 NL: 7.07E8
T: FTMS {1,2} - p ESI Full ms [150.00-1500.00]

1004 291.1229[M -H]'
95
907
853
803
753
703
657
60
55
50

[2M-H]

304

255

BN
[ -]

.
o

305.1024 337.1282 5009823
| 3270993 3541184 405.1153 _ 437.0530 5357915 5754797 ||~ 619.2305
P ‘ e P

T
500 550 600

&}

247.1324 285.0766
LA R Adad Midad R

=)

T T T T
200 250 300 350 400 450
m/z

(-)-(9-curvularin wagsolated as white crystals with a yield of 226 (556.0 mg). LBRMS data
exhibited a pseudomolecular ion at/z 293.1389[M+H] and 291.1229[M-HJ, suggesting a
molecular weight 0£92.270g/mol. The molecular formula afforded by HRM&ig,00s.

Two doublets were detected in thH NMR spectrum for theneta positioned Hc B R7,
F2.2 Hz) and ¥ @618, k2.2 Hz) that coupled to each other Vid'H COS¥xperiment
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indicating a shielding effect by electron donating substituéfigure 4.16FigureA.ll.2. These

electron donating substituents included the two hydroxyl grougs b 8.96) and h | L0 !

9.77) that are attachedrtho to both H6 and H4. The proton M p NB & 2  4.84%d8t, | G ¢
J9.0, 6.3, 3.9). This is referred to the attanent of an oxygen atom to-T5. The splitting
patternof HMp Qa &A 3yl f A& Ol dzZaASR o0& AlGa ySH-BEBKO 2 dzNA
0 41.08,F6.3 Hz) and the two multiplets forttn I, 1.83) and Hv n 04 1.64). The signals of

the geminal preons G,-H 6 SNBE RS G SOG SR yB.60 (Heg E15RI21deo £ [SyiR 1«
3.71 (H2b, X15.6) that are coupled to each other a¥&'H COSY expierement showed (Figure

4.18). Furthermore, the signals of another geminal protons of the methyllG weredetected

a + R2dzof St 27 RAUEIDSIL VMR PN R2d20p SiH ©c2981 0 | YR
(H-10b), both coupled to each other as detected in the'H COSY spectrum (Figégl.3. The

connection of these two methylene protonsHEl0 t the carbonyl carbon resulted in their
deshielding, and thus, their signals were detected downfield to the other methylene protons,

~ A L oAN L oA X

i.e; GHr11to Gh-14thatg SNB RS G $1AGER0).I G 6 4

The protong carbon assignments were settled usitig, DEP&nd ‘*H-*C HMQC experiments
(Figures4.18, AllL5and All6® ¢ KS aAdIylfa FT2N dKS.20blenmzy et O
1¢170.8 corresponding to thketone unit for @ and the ester moiety €, respectively. The

phenolic carbons of the benzene ring were detected at 159:5) @hd 157.9 (). The carbon

G3 is positioned to the carbonyl @d® ¢ KA & OF dziA SR.13.8 and ® beNid@2 vy | (0 S
deshielded than the carbon-80 K I (i NI a 21¢0.20 Thdrattactiment of oxygen tel6

gl a NBaLRyaArAoft S F2.M2.00vihG c hat ks Nigindl todhk gaybonfl unit G 1

Ol dza Ala aA3dykHIs G2 0S RSGSOGSR Fa

w»
pufi

The connectivity of th substructureswas afforded by running #-*C HMBC NMBxperiment
(FigureA.I1.7). Starting with the aromatic protons]correlations were found going from-#to
G2, G6 and @8 and from H6 to both G4 and G8. Moreover,?J correlations were detect
from both H4 and H6 to G5. Furthermore, dJ (W) correlation was revealedvith the cross
peak ofH-6 with G9. For the aliphatic protonsiJ correlations wereobservedfrom GH-2 to
both G1 and @3 as well adJcorrelations from €,-2 to G4 and from H15 to the carbonyl &.
Furthermore 3J correlations were detected from H3-16 to G14 and from €,-10 to G12.

Moreover, 2J correlations werealso found from G-16 to G15, from H11 to G12 and from
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both H10 and H12 to G11. In adiition, another “J(W) correlation could be detected from-H

14 to G11.

The structure was confirmed &9-(S-curvularin by comparing both it$l and*C NMR data to
the literature (Elzneret al., 2008)(Table4.9).

Curvularin, proton
11a (m)|
1.20
11b (m)
1.37
14b (m)
OH O 4(d) 2a(d 10a (ddd) 1.54
6.18 3.60 2.68
70H (s)
977 1(2.2) J(15.6)| | J(15.4, 9.5, 2.6
50H (s) 6 (d) 15 (ddt) 2b (|| [70p () 13b (m) 16 (d)
9.96 6.27 4.84 3.71 598 lea | 1.08
: 1(2.2) J(9.0, 6.3, 3.9 1(15.6) : : 1(6.3)
N ©
535 3
© N9 o™
~N
A
©o N % R nL:
an R -
o R
iy i
PRy 44 by 2%
] Se ] Se
o - - o — o
T T T T T T T T T T T T
100 95 9.0 85 8.0 75 70 65 6.0 50 45 4.0 3.5

5.5
f1 (ppm)

Figure4.16: '"H NMR (400 MHz) spectrum fg)-(S-curvularin, measured in DMS®.
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Curvularin, proton

0.0

OH O 14a (m) 12a (m)
1.33 1.17
13b (m)) 14b (m) 13a (m))| 11b (m) 12b (m)) 11a (m)
1.64 1.54 1.45 1.37 1.29 1.20

) 4 d A 4 4 4 4 d
Q ™ N @ 2 o @ o s
o o o o — o o o Ll
T T T T T T T T T T
175 170 165 160 1.5 150 1.45 135 1.30 120 115 110 1.05  1.00
f1 (ppm)

Figure4.17: Expansion for the regioh, 1.00-1.70 of the'H NMR (400 MHz) spectrum f6)-
(9-curvularin, measured in DMSdg.
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Curvularin, Carbon

10 N &2 14
i
,¢Lvmj (S M;,ﬁhkkw | S
b -
o® (o)) o
< (] ™M
45 40 35 30
f1 (ppm)
9
e b
8 R
o —

135.8-

T T T
210 200 190 180

Figure4.18: *C NMR (100 MHz) spectrum fer(9-curvularin, measured in DMS@.

T
140

4

8
|
R,
s o
o~ —
- -

T T
120 110

f1 (ppm)

90

112



Table4.9: *H and™C NMR data fof)-(9-curvularincompared tothe literature.

(-)-(9-curvularin in DMS@ls

(-)-(9-curvularin (Elzneret al., 2008)in acetoneds

Atom Ly

no.

2

4

]

8

10

Integration Multiplicity — J(Hz) Multiplicity

(ppm) (ppm)

3.71 1H d 15.6 39.3 CH
3.60 1H d 15.6
6.18 1H d 2.2 1115 CH

6.27 1H d 2.2 102.2 CH
120.2 C

2.98 Ch
2.68

1H m
ddd

43.5
15.4,
95,26

L1 (ppm)

3.77
3.68

6.33

6.38

3.10
2.75

Integration  Multiplicity J(Hz)

1H 155

1H d 15.5

1H d 2.2

1H d 2.2

1H ddd 155,8.5,2.9
ddd 155,96, 2.9

Lc(ppm)

39.7

112.2

102.4

121.3

44.0

1.29
1.17 1H
1.54 1H m 32.1 CH

1.63¢1.22

1.63¢ 1.24

2H m

32.9
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4.6.2 Dehydrocurvularin(2)

Dehydrocurvularin

Fraction: C.5
Retention time: 11.94 min
Synonym(s):
1 (4S8B-4,5,6,#Tetrahydrell,13dihydroxy4-methyl2H-3-benzoxacyclododecin
2,10(1H)-dione
1 (10E159-10(11)Dehydrocurvularin
1 10,11Dehydrocurvularin
Source: endophyti€urvularia australiensisom Anthemis palestina
Amount of sample339.0mg
Percent yield: A8%
Percent purity: 95.3%
Physicatlescription: White amorphous powder
Molecular formulaCgH;s0s
Molecular weight2903111g/mol
Optical rdation: @ 8=-31 (0.1 g/100 mLEtOH)
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C5#309 RT: 1104 AV:1 NL: 2.95E8
T: FTMS {1,1} + p ESI Full lock ms [150.00-1500.00]
100 2011237
957
907
857
804
753
703
653
603
55
50
455

BONON W W N
U o g o O o
vl b b b b b e g

=
o

233.1180

o

221.0452 \ 2731132
0452 ) h

o

[M-+H]"

| 309.1338 332.1502
(ARAM MMM Maas)

[2M+H"

581.2406

386.0690 427.0965 455.1553 5232347 555.2225 | 6002139
T MM AR AR LARA R R Rt nase aana naaad

200 %0 30

C5#310 RT: 1197 AV:1 NL: 2.16E8

T: FTMS {L.2} - p ESI Full ms [150.00-1500.00]
100
953
90
853
807
753
703
657

B R NN WA A OO
o o o o 6 ¢ o 1 o & O
v b b b b b b b b b b e [

279.9089
2491127\ |

o

207.0504
T

o

300

289.1075[ M- H]-

T
350

303.0855 335.1128

| 325.0840 | 3570946
.
; T

500

T Ada
400 600
m/z

450 550

[2M-H]

579.2227

403.1013  435.0373 531.2229 |‘
T T T T

615.1998
T T

T
200

250

T
300

350

T
400
m/z

T T T T T
450 550 600

Dehydrocurvularirwasisolated in the form of white crystals. Its yield was a8%6 (339.0 mg).
LGHRMS data afforded a pseudomolecular iomt 291.12F [M+H] and 289.105 [M-H],

indicating a molecular weight &90.3111 g/mol. The molecular formula predicted by HRMS is

CietheOs.
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Dehydrocurvularins a didehydrogenated derivative @J-(9-curvularin. Thus, both compounds
possess very simildH and**C NMR data and were compared in Table. 4.10. Nevertheless,
their signals differ at positions 10, 11 and The protons HLO {4 6.29 and H11 ({ 4 6.35) in
Dehydrocurvulariare more deshielded, and so, more downfield than thosé-p{S-curvularin
(Figure4.19). This was referred to the addition of a double bond as a result ofthe
dehydrogenation that took placat both carbonsG10 ¢ ¢ 133.0 and G11 { ¢ 154.2 that were
shifted downfield as wel{Figure 4.R). Nonetheless, @1 was detected amore downfield
position than CG10. This was a result for its position to carbonyl @. Thus it was more
deshieldedthan CG10. The configuration of the double bond was set () as the coupling
constant of the proton H.O isJ15.7 HZLaiet al., 1989) In addition to thatthe creation of
the double bond at position 11 inductively deshielded position 12, shiftingrittops and
carbonmore downfieldcompared to (-)-(9-curvularin. As a result,-H2a was detected aty

2.16and H12b was detected aty 2.28 while the carbon @2 resonated at -33.2

The structure was confirmed aehydrocurvularirby comparing both its$H and*C NMR data
to the literature (Zhanet al., 2004)(Table4.11).
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Didehydrocurvularin, Proton
10 (d)
11 (m) 6.29 4,6 (s)
6.37 J(15.7) %23
©
I
-
n M 0
ocan@m@fQ ~
$RES8— &
] N I
e ; T 12b (m) | 13a (m)
OH O T T T = T T T \g:z T T T = T T T 228 141
50H (s)| 6.42 6.38 6.34 o ((;.321) 6.26 6.22 6.18 24 (m) 14b (m)
9.72 335 1.75
70H (s)| 15 (m)| 2bj|(m) 13b (m))
10.21 4.75 3j40 1.82

12a (m)[| 14a (m)
2.16 1.48

o
N N
i N ©
=] | :
efr e
D -
< <+ M s
b S
i ¥ i ) S
q 4 4 it de e da 4
S a e N =N R T A
g g E i 28 E3 %% %
T

T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

Figure4.19: *H NMR spectrum (400 MHz) foehydrocurvularinmeasured in DMS@.
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Didehydrocurvularin, JMod

15
10
16
1
5
9 1 7 3
L
A & é o &S 4 4 4 ‘ .
9 S NG ¥ o $ g © 0 0
o)) ~N n n n Mm M — — o o~ T o
T T T T T T T T T T T
200 190 180 170 160 130 70 60 50 20

Figure4.20: IMod NMR (100 MHz) spectrum fitehydrocurvularinmeasured in DMS@.
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Table4.10: *H and**C NMR data fodehydrocurvularircompared to(-)-(S-curvularin

(-)-(9-curvularin in DMS@lg

dehydrocurvularinin DMSQds

Multiplicity
d, overlapped 15.4
by water

overlapped

overlapped

Lc(ppm) Multiplicity

40.3 ChH

110.0 CH

101.9 CH
118.5 C
133.0 CH

33.2 CH

33.9 ChH

Atom Ly Integration Multiplicity J(Hz2) lc Multiplicity Ly Integration
no. | (ppm) (ppm) (ppm)
2 3.71, 1H, 1H d,d 15.6, 39.3 CH 3.40, 1H, 1H
3.60 15.6 3.35
4 6.18 1H d 2.2 1115 CH 6.23 1H
by H6
6 6.27 1H d 2.3 102.2 CH 6.23 1H
by H4
8 120.2 C
10 2.98 1H m 15.4,9.5, 435 CH 6.29 1H d
2.68 1H ddd 2.6
12 1.29 1H m 26.8 CH 2.28 1H m
1.17 1H m 2.16 1H m
14 1.54 1H m 321 CH 1.75 1H m
1.33 1H m 148 1H m
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Table4.11: *H and"*C NMR data fodehydrocurvularircompared tothe literature.

Ato | 1y (ppm)

Integration Multiplicity

dehydrocurvularinin DMSQds

J
(H2)

Lc(ppm) Multiplicity

dehydrocurvularin(Zhanet al., 2004)in acetoneds

Ly (ppm) Integration Multiplicity — J(Hz) Lc(ppm)

2 3.40 1H m
3.35 1H overlapped by
water
4 6.23 1H overlapped by H
6
6 6.23 1H overlapped by H

40.3

110.0

Ch

CH

4.08 1H d 17.3, 44.2

3.61 1H d 17.7

6.36 1H d 2.4 114.2
d

6.31 1H d 2.4 103.3
d

33.7

1.85 1H m 35.3
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4.6.3 M m-Plydroxycurvularin(3)

M M-Fydroxycurvularin

Fraction: C.9.5
Retention time: 7.58 min

Synonym(s):
1 (4S89-4,5,6,7,8,9Hexahydre8,11,13trihydroxy-4-methyl2H-3-benzoxacyclododecin
2,10(1H)-dione

1 ™ mKlydroxycurvularin
Source: endophyti€urvularia australiensisom Anthemis palestina
Amount of sample: 9.2 mg
Percent yield: 0.2%
Percent purity: 52.3%
Physical description: White crystals
Molecular formulaCigH,Os
Molecular weight3083264g/mol
Optical rdation: @ '8=-3 (0.1 g/100 mLEtOH)
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m M-Flydroxycurvularirwasisolated as white crystals in a yield of @2 (9.2 mg). In LBRMS
data, a pseudomolecular ion was observednalz 309.132 [M+H]" and 307.1181 [MH],
suggesting a molecular weight 8083264 g/mol. The molecular formula indicated by HRMS
was CgH00s. However, this fraction was not completely pure as its fraction contained the

compounddehydrocurvularinas well. The impurity could be detected in the chromatogram of
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the LGHRMS as depicted in Figure 4.29, eluting at 12.30 minutes. Moretepeaks for
dehydrocurvularircould be found in the NMR spectra as well (Figugd ¢4.4.23).

As it name indicatesm m-hydroxycurvularinis a derivative of(-)-(§-curvularin, in which,
hydroxylation process resulted in the addition of the hydroxyl group at position 11. Thus, both
the H and the'®C NMR data for these two compounds are very similar (Table 4.12).
Nevertheless, as position 11 inm-hydroxycurvularinvas oxygenated, a deshielding effect by
the oxygen took place. Thus, both proton and carbon NMR signals for position 11 are now
shiftedR 2 ¢ y ¥ A Sof dRtp il @58, Respectively.

The identity ofw m-hydroxycurvularirvas further confirmed by comparing both itisl and**C
NMR data to those from the literatu&reveet al., 2008)(Table 4.13).

The optical rotation value for the obtainea m-hydroxycurvularinvas-3, ¢ h?8= -3 (0.1g/100
mL, EtOH), so it was not considered enantiopure when compared to the literature, as its optical

rotation value wasm n @ ¢f* =610.8 (0.19 g/100 mL, EtOHaiet al., 1989)
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Figure4.21: (A): The chromatogram of the fraction C.9.5, positive mode of ionisation and (B):
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C.9.5 Proton
) | 2@ 2a (d) CH,
3.90 3.78 3.58 16
3(15.3) 1(15.6)
° 3
o 8o o 18
° - o | =
I |
~N
@ N 0
T l_D[ T = T \D T
4.0 3.9 3.8 3.7 3.6 3.5
f1 (ppm) 14,13,12 (m
6 (d) 2a(d 1.38
6.29 3.58
70H (s)| 32.1) 3(15.6 10a (m))
10.02 : : 2.88
2b (d 16 (d
50H (s) 4 (m) 15 (m) 3_§8) 0b (m) 1.(59)
9.80 6.18 4.75 5.3 318 36.3)
N
B o
11 (m), <
o 3.90
[*3)
o o
S |
o
—
|
]R8
~N NN
‘ \=—
& & d
o S T
o o

:
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

Figure4.22: 'H NMR (500 MHz) spectrum farm-hydroxycurvularinmeasured in DMS@k.
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C.9.5 JMod
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Figure4.23: IMod NMR (125 MHz) spectrum fem-hydroxycurvularinmeasured in DMS@k.
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Table4.12: The'H and"*C NMR data fom m-hydroxycurvularircompared to(-)-(9-curvularin

M M-Rydroxycurvularinin DMSGds (-)-(9-curvularin in DMS@lg

Atom | 14(ppm) Integration  Multiplicity J  ic(ppm) Multiplicity | 14 (ppm) Integration Multiplicity J(Hz) Lc(ppm)
no. (Hz)
2 3.78 1H d 15.3 39.5 CH 3.71 1H d 15.6 39.3
3.58 1H d 15.3 3.60 1H d 15.6
4 6.18 1H m 111.2 CH 6.18 1H d 2.2 1115
6 6.29 1H d 2.1 102.2 CH 6.27 1H d 2.3 102.2
8 119.3 C 120.2
10 3.19 1H overlapped 53.7 ChH 2.98, 1H m 43.5
by impurity,
2.89 1H m 2.68 1H ddd 15.4, 9.5,
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Table4.13: The'H and™*C NMR data fom m-hydroxycurvularircompared to literature.

Atom
no.

2

4

6

8

10

M M-Plydroxycurvularinin DMSQOds

M Mm-Fydroxycurvularin(Greveet al., 2008)

Integration Multiplicity

in acetonedg

J(Hz)

Lc(ppm)

1H
1H

1H

1H

1H

1H

d 155
d 15.5
d 2.2
d 2.2
dd 13.7,10.0
dd 13.7,2.2

39.4

112.0

102.6

1211

54.5

12

1y Integration  Multiplicity ~ J(Hz) 4c(ppm) Multiplicity 1y
(ppm) (ppm)
3.78 1H d 15.3 39.5 CH 3.82
3.58 1H d 15.3 3.67
6.18 1H m 111.2 CH 6.31
6.29 1H d 2.1 102.2 CH 6.41
119.3 C
3.19 1H overlapped 53.7 ChH 3.56
by impurity,
2.89 1H m 2.86
1.16¢ 2H m 34.9 CH 2.60
1.68

31.6

ChH

2H

m

35.5

324
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4.6.4 Cyclo(-prolylglycyl)(4)

Cyclo(-prolylglycyl)

Fraction:C.13.4
Synonym(s): 1.21

1 (8a9-Hexahydropyrrolo[1,29pyrazinel,4-dione

1 Cyclo(glycyl-prolyl)

1 (9-3,6-Dioxohexahydropyrrolo[1;2]pyrazine
SourceCurvularia australiensissolated fromAnthemis palestina
Amount of sample: 26.1 mg
Percent yield: G8%

Percent purity: 92.6%

Physical description: Brown crystals
Molecular formulaGH;gN,O,

Molecular weight154.1665g/mol

Optical rdation: & 8=-49 (0.1 g/100 mLEtOH)

C13-4#31 RT:1.21 AV: 1 NL:5.26E7
T: FTMS {1,1} + p ESI Fulllock ms [150.00-1500.00]

100 155.0816 [M +H]+
953
90
853
80
753
703
657
60
55
50
45
40
354
303
253
205
153
10% 156.0849

3 185.0921 196.1081
53

OE 152.0710 157.0853 161.0807 166.0858 171.0764 174.1602 177.0636 183.0766 | 186.0954 189.0758  194.1176 |197.1114
e R e e I e e e e e i e b e
150 155 160 165 170 175 180 185 190 195 200
m/z

129




Cyclo(-prolylglycylwas isolatedn the form of brown cystals, yielding of 26.1 mg B8%). L€
HRMS data afforded a pseudomolecular iomdt 155.0816 [M+H]". However, no [MH] was
detected. This is referred to the two amidic goups that this compound possesses, that imakes
a weak base. This leads to readily ionising it in the positive mode, but hinder its ionisation in
the negative mode. The molecular weight of this compountbi$.1665g/mol. The molecular
formula established by HRMS @#1;0N,O..

The cyclic peptideyclo(-prolylglycyl)is a 2,5diketopiperazine that is composed of 2 amino
acids, glycine and proline. The assignment of each proton signal to its corresponding amino acid
could be done by utilisintH NMR andH-'H TOCSY NMR experiments (FiguPd and Figure

A.V.2. The proton H'; of the glycyl moiety was detected as a doublet at3.99 (=16.4 Hz)

and coupled throughH'H TOCSY to the doublet of doublet H(t, 3.51, X16.4, 4.6 Hz).
These two protons were deshielded by the effect of the neighlmgucarbonyl and nitrogen of

the two amide groups of the compound. Moreover, botH Hand Hh, are coupled vidH-'H
TOCSY to the amidic hydrogen that resonated as doublgf &06 (=4.4 Hz). Furthermore,-H

h . is coupled to H, as depicted by itSH'"H COSY spectrum (Figéx&/.3. This caused both of

their signals to split as doubletd=(6.4). In addition to that, ¥, is coupled to the doublet of

NH (4.4 Hz). This resulted in splitting the signal éf,khto another doublet. On the other

hand, tre alpha proton of the prolyl moiety (M0 NB &2yl G4 SR,4.18 (EF.8 HENJA LI S i
and coupled throughH-'H TOCSY to-H (1 4 2.14), H ;and H 1,d.84), Ht, (1,,3.34) and

H-t,at (43.42).

The carbon chemical shifts for the compound were obtdit®yy a JMod NMR experiment

(Figure 425). The aliphatic carbonsiC | ¥R ¢ SNB RS§ 3BAGBdR: 22.5i
respectively. The carbons that are connected to nitrogen atoms resonated more downfield at
10452 (GL WM6.4Gh 2F GKS 3If 28®y@ VHA SIKS0 LINPR éd Y2ASae
amidic carbonyls could be detected‘at 164.3 and. ¢ 169.7. All protorg, carbon assignments

were afforded by aH-"*C HSQC experiment (Figé&/.5.

A 'HC HMBC experiment was conducted to establish the connectivity of this compound
(FigureA.V.§. Starting with the glycyl unitJcorrelations were noticed going fromH , to the

carbonyl of the prolyl moiety and from the amidic proton to both the carbarfyrolyl moiety
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andtothe @ 2F GKS LINRfé&f Y2ASiéd az2NBasdDBaSfNBf | A 2
correlation to the carbonyl of the glycyl moiety and'lcorrelation W) to Gt 2 F (G KS LINE |
moiety. Moving on to the protons of the prolyl untJcorrelations were spotted going from-H

i 1,protons to both the carbonyland-C 2 ¥ G KS LINR - toGY22%0 8K ST NRF
moiety and from H ;,tobothGh | Yy R 2/F G KS LINEf & f 2Je6@phngsivere® C dzNIi |
revealed correlatig all protons to their neighbouring carbons an8Jaoupling from H 3, to

the amidic carbonyl of the prolyl moiety.

The compound was confirmed agclo(-prolylglycyl)by comparing both itdH and*C NMR
data to theliterature (Jianget al., 2000)(Table 4.14).Cyclo(-prolylglycyl)was synthesised by
Fischer in 1909 and obtained in 1960 from the hydrolysiStoéptomycesp. S580 extract
upon feeding on gelatine by using Streptomypestease(Fischer and Reif, 1909, Koaze, 1960)

C.13.4

G-NH (d)
8.06 |NH

J(4.4)

- 8.06
~8.05

IS

G-al d P-51 (dt ey
;_gé ) 3_4(2 ) HA 8.158.10 8.05 8.00 7.95
1(16.4) 3(11.0, 7.6 T f1 (ppm)
_h o
pa | H"1 Ga2@y] " - —
4.12 3.51 P gllgm) P BZiPB\‘/‘(m)
37.8) 1(16.4, 4.4 e o
H-" H- 2 ~ 1 H- 2, H
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Figure4.24: '"H NMR (500 MHz) spectrum foyclo(-prolylglycyl) measured in DMS@. Red
labels are for the signals that belong to the prolyl moiety (P) while blue labels are for the signals
that belong to thegylcyl moiety (G).
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Figure4.25: IMod NMR spectrum faryclo(-prolylglycyl) measured in DMS@;. Red labels are
for the signals thabelong to the prolyl moiety while blue labels are for the signals that belong
to the gylcyl moiety, (125 MHz).
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Table4.14: *H and™*C NMR data fotyclo(-prolylglycyl)compared tdliterature.

cyclo(-prolylglycyl)in DMSGds

cyclof-prolylglycyl)(Jianget al., 2000)in CHGH

Position

Lr (ppm)

Integration

Multiplicity

dt,
overlapped
by water

J(Hz)

lc

(ppm)

Multipli-
city

{y(ppm) Integr  Multipli- JHz) {c(ppm)
ration city
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4.7 Biological activity of the isolated compoundsom the endophyteCurvularia australiensis

The isolated compounds were tested for theinti-proliferative activity against bothbreast
cancer (ZR5)andlung cancerA549 celllines.(-)-(9-curvularinand its derivatives were found
active against breast cancer, whitgclo(-prolylglycyl)was inactive (Table 4.15 and Figure
4.26). ThelGy of (-)-(9-curvularin was 13M. It decreased to &M for m m-hydroxycurvularin
andto 0.8 >M for dehydrocurvularin The activity increased with hydroxylation of position 11
and the dehydrogenation at positions 10 and 11 that led to the creation of a double bond. Not
only was this the case for breast cancer activity, but also for ¢amger bioactivity (Table 4.15

and Figure £7). Dehydrocurvularirwas the most potent compound(s;=0.8 >M) followed by

m M-hydroxycurvularinlG,=28 >M), while (-)-(9-curvularinand cyclo(-prolylglycyl)possessed

no activity (Figurd.27). As a resu| the curvularintype isolated compounddehydrocurvularin

and m m-hydroxycurvularinvere active against botbreast cancerland lung cancer, whilg)-
(9-curvularin was more selective as its activity was limited to breast cancer.
Cyclot(-prolylglycyl) possessed no activity against the tested cell lines. This confirmed the
predicted activity for the metabolites that was obtained from the OBIASmodelsThe activity

of (-)-(9-curvularin could be certainly attributed to the identified compound as its purity was
100%, while the isolated dehydrocurvularin was of less purity (95.3%). However, the purity of
m M-hydroxycurvularin was 52.3% as its the fraction contained dehydrotarmuas discussed

dzy RSNJ ndc dod ¢KSNBF2NBES RSKe&RNROdzNBdzA | NAy O2d

hydroxycurvularin either by synergy or it could be itself the active compound in this fraction.

Moreover, the isolated compounds were assayed tlogir toxicity against Human prostate
normal cells (PNT2)nd the results are shown in Table 4.15 and Figu28. 4-)-(9-curvularin is
more selective than its two other congeners because it ardg found active againghe tested
breast cancer cell lsnand considered not toxic against normal cell line PNT2. The most toxic
compound waslehydrocurvularirand m m-RydroxycurvularinMeanwhile,cyclo(-prolylglycyl)

possessed no toxicity.
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Table4.15: IG, concentrations ¥M) for the compounds isolated fro Curvularia australiensis
againstthe correspondent cell lines.

Compound ZRT75 A549 PNT2A % Purity
(-)-(9-curvularin 13 > 30 > 30 100
dehydrocurvularin 0.8 3.6 10 95.3
m m-hydroxycurvularin 8 28 28 52.3
cyclo(-prolylglycyl) >30 >30 >30 92.6

Furthermore, the selectivitindexeswere calculated for the active compounds and mentioned

in Table 4.16. All of the curvularin type compounds were selective in regard to their activity
against breast cancer (Z#/) cell line with an Sl value greater thanHowever, of the active
compounds against lung cancer (A549) cell line, only dehydrocurvularin was selective (S1=2.8),

g KAt Sydmexydurvularin lacked the selectivity (SI=1.0).

Table4.16: Selectivityindexesfor the compounds isolated frol@urvularia australiensigainst
the correspondent cell lines.

Compound ZRT75 A549
(-)-(9-curvularin 2.4 -
dehydrocurvularin 12.5 2.8
m M-hydroxycurvularin 3.5 1.0
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Figure 4.26: Dilution curves for the compounds isolated fro@urvulariaaustraliensiswhen
tested against breast cancer (ZB) cell line to determine their {gvalues.
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Figure4.27: Dilution curves for the compounds isolated froGurvularia australiensighen
tested against lung cancer (A549) cell linelédermine their IG, values.
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Figure4.28: Dilution curves for the compounds isolated fr&arvularia australiensishen
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5. Chaetomium subaffine
5.1. Introduction
5.1.1 Secondary metabolites isolated fro@haetomiumspp

One of the largest genera of the family Chaetomiaceae (division Ascomycahaesomium
(Zhanget al., 2012) There are more than 300 species that belong to this genus, from which
more than 200 secondary metabolites with wide bioactivity properties were isolgthrdnget

al., 2012, Let al,, 2015a) These metabolites belonged to different chemical classes including,
chaetoglobosins, epipolythiodioxopiperazines, diapes, xanthones, anthraquinones,
chromones, depsidones, terpenoids, and steroids. They exhibited amtituroytotoxic,

antimalarial, enzyme inhibitory, antibiotic and other activit@hanget al., 2012)

Orsellides, globosumones@AC in addition to orsellinic acid and trichodion were isolated from
the endophyte Chaetomium globosunthat was obtained from the Mormon te&phedra
fasiculata(Figure 5.1 Bashyakt al., 2005) Globosumones A and B were foundderately

active against four cancer cell lines, including ssarall cell lung cancer (NB#60), breast
cancer (MCF), central nervous system glioma {&8) and pancreatic carcinoma (MIA Pa Ca

2) (Bashyakt al.,, 2005) Moreover, antibacterial orsellides@E, esters of orsellinic acid and 6
deoxyhexose, were isolated fronfChaetomium sp(Strain G6 100/9), an endophyte from
marine algae, in addition to the two known compounds globosumones A and B (Figure 5.1)
(Schloerke and Zeeck, 200Burthermore, two mycotoxins, chaetoviridin A and chaetoglobosin

F were isolated fron€haetomium subaifie (Figure 5.1)Koyamaet al.,, 1991) Three cytotoxic
metabolites were also isolated frof@haetomium spobtained from the root ofCymbidium
goeringii(Wanget al., 2017) These metabolites included the depsipeptide chaetomiamide A
along with diketopiperazines chaetocochin A and C (Figure 5.1). These compounds were found
to induce apoptosis in colon cancer cells. Furthermore, four spizaplilone derivatives,
cochliodones E H, were isolated fronChaetomiunsp. M336 that was obtained frotduperzia
serrata (Figure 5.1). These cochliodones possessed antibacterial activities agadf&richia

coli, Staphylococcus aureuSalmonella typhimuriurATCC 6539 andnterococcus faecal{¥u

et al, 2016) Moreover, 14 metabolites were isolated fro@haetomium globosur{Li et al.,

2016) Some of these compounds inhibited the phytopathogenic fungi that cause root rot in
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Panax notoginsengrhe compounds flavipin, epicocconen@thoxyepicoccone, epicoccolide A
and epicocolide B exhibited a significant 2d®phenytl-picrylhydrazyl (DPPHiee radical
scavenging activity while -@iethoxyepicoccone and epicoccolide B inhibited the enzyme
acetylcholinsterase (Figure 5.1). In addition to that, nine metabolites were isoldteth
Chaetomium graciléBaiet al., 2015) They included ergostero22E,24R)-ergosta-7,22-diene-

3 ,5",6 -triol, glycerol monopalmitate, eugenitoh-hydroxybenzaldehyde, chaetochromin A,
indole-3-carboxylic acid, adenosine and chaetoquadrin F, from which, chaetochromin A showed
antibacterial activity againdEscherichia cqlStaphylococcu aureuandBacillus subtiligFigure

5.1). Additionally, thre indole diketopiperazines, chaetocochins G, oidioperazines E and
chetoseminudin E along with chetoseminudin C anrdclityb -oxotryptamine were isolated
from Chaetomiumsp. 88194 (Figure 5.1)Vanget al, 2015) Chaetocochins G exhibited a

cytotoxic activity against the breast cancer cell line MCF
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Figure 5.1Secondary metabolites previously isolated fr@aetomiunspp.
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Figure 5.1 (continued)Secondary metabolites previously isolated fr@haetomiunspp.
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Figure 5.1 (continued)Secondary metabolites previously isolated fr@haetomiunspp.
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