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ABSTRACT

Fungal foliar endophytes éfinus strobugEastern white pine) were collected from different
sites across soutbastern New Brunswick, Canada for screening of bioactive metabolite
compoundsMetaboliteisolation and characterization of three bioactive strains yielded the
dibenzofuran derivative porric acid C1){( one butyrolactone derivative2)( one
glucopyranosol derivative3], one furfuryl ether derivative @), four dihydrobenziurans
derivatives %-8), one xanthene derivativé®)( and one polyoxygenated cyclohexeld@)(
Two of the dihydrobenzofurans compounds are néan@d8), while the othetwo (5 and6)

are reported here for the first time as natural products. Compbisi#énownas astarting
material in thesynthesis of fullerenes. The remaining compour&i,(9, and10) are also
new. Compounds 1, 2, and 5-9) displayed antibacterial activity againB&cillus subtilis
Additionally, the known antifungal compougdiseofulvin was quantified by L&IS/MS.



ACKNOWLEDGEMENTS

Firstly, | would like to thank Dr. J. David Miller for giving me the opportunity to work on this
important project. His guidance and encouragement throughout was invaluable. The
knowledge | havegained during this time will not only serve in my future career but in all

aspects of my life.

| would also liketo thank all of my Miller lab mates (past and present) for sharing this
experience with me; Dr. David McMullin, Jordan McFarlane, Blake Green, Natasha Prince,
and especially Samantha Frasz and Dr. Tienabe Nsi@ma.. Nsi amads pat.i
mentorship as wklas expertise in thdaboratory and in structure elucidationwere
instrumental to the successful completion of this project. Samahtrk you for making me

laugh like no one else cahwould also like to thankny 4™ floor neighborMonica Gill for

herfriendly encouragement and support.

Finally, I would like to thank my family. Thank you for listening as | excitedly told you about

my research, and for genuinely being interested in hearing about it. Thank you for being
understandingsupportive and for going out of your way to make this experience a little bit
easierNancy,thankyoufor being my roommatel know it wasnoét al ways

you for making sure | took care ofyselfand for helping out in amyay you could.



TABLE OF CONTENTS

A B S T R A T e e e ettt et oo et ettt e e e e e et b m— e e e e e eera e aaaeee I..
ACKNOWLEDGEMENTS ... ieeme et eee e et e e e e e e e e aneeas I
LIST OF FIGURES ... et eree e e e et s emee e e e e eeanans \Y
LIST OF TABLES ...ttt e e e et e e e e e annmeeeean e eas Vil
1. INTRODUCGCTION ... eeee e emeea e e e e e s e e e e e e s s emen e e e e e ennes 1
L1 FUNGL e e e e et e e e et e e e e e e e e e e e e e e e e e e e e e e 1
1.2, ENDOPHY TS, ... it r et et e e et e e et e e e e e e e e e e e e e e e s s s e e s sa s s n e nn e en s e nnees 2
1.3. PRIMARY AND SECONDARY METABQLISM.......cccoviiiiiiiiiiii e 8
1.4. METABOLITE ISOLATION & CHARACTERILZATION. .....ottiiiiiiiiiiieeieeieeeeee e 17
1.5. GENETIC IDENTIFICATION OF FUNGAL ISOLATES.......cccoiiiii, 22
1.6. BIOACTIVITY ASSAY S ittt e 22
1.7. PROJECT AlM ... ettt e 23
2. MATERIALS & METHODS ...ttt er et e 26
2.1. ISOLATION OF ENDOPHYTES, FERMENTATION, AND EXTRACTION........cvvvveeeee. 26
2.2. BIOACTIVITY SCREENING OF CRUDE ENDOPHYTE .EXTRACTS..........cccceeeiiinnn. 29
2.3. METABOLITE ISOLATION AND CHARBAITEN...........ooviiiiiiiiiieeieeereeeeeeeee e 31
2.4. BIOACTIVITY SCREENING OF PURIFIED METABOLITES..........ccoiiiiiiiiiie 35
B RE S UL T S et e e ot e et e e e e e n e e e e na e e e eenaans 36

3.1. SECONDARY METABOLITES OF ENDOPHYTE ISOLAGHaTiasHedids DAOM 2427736

3.2. SECONDARY METABOLITES OF ENDOPHYTE ISGAMIE&6 (UNIDENTIFIED

Dothidiomycete, DAOM 242779 AND DAOM 242780).........cccuiimmiiiiiiieeeiiiieeeiiiieeasineeeens 60
3.3. IDENTIFICATION AND QUANTITATION OF GRISEOKYI2VEER..............cccccvvveennnne 87
A, DISCUSSION. ...ttt eeere et ereer e e e et e e e e e et et smnn e e e e e eeenannas 38
REFERENGCES. ... .ottt ettt e e e e e e et e e e e e e ennanns 98

APPENDIX | T MASS SPECTRA, ANDH AND *C NMR FOR COMPOUNDS
ISOLATED oo e e e e e e 106



APPENDIX II T WHITE PINE ENDOPHYTE BIOACTIVITY SCREENING
RE S UL T S e



LIST OF FIGURES

Figure Title Page
1 Ergovaline and lolitrem B 5
2 Rugulosin 6
3 Scheme of enzymatic pathwalgs secondary metabolite production in fun 10
4 Acetyl-CoA and MalonylCoA 11
5 Acetate pathway of polyketide biosynthesis 12
6 Griseofulvin and pyrenophorol 12
7 Mevalonate pathway 14
8 Citronellal, limonene, and caryophyllene 15
9 Shikimatepathway 16
10 Chorismic acid and tryptophan 16
11 Porric acid (1) 37
12 Structure of 4dhydroxy-5-(hydroxymethyl)3-methoxy6-((3- a1
prenyloxy)isobenzofurat(3H)-one(2)
13 Structure of [(ethyB,6-dimethyl4-prenyloxy)2-O-b-D- as
glucopyranosyl)benzoaté3)

14 Structure ob,5-[oxybis(methylene)]bigurfuryl alcohol(4) 47
15 Effect of compound4-2at 100 & M o nB.suilisl gr ov50
16 Effect of compound4-2 at 500>M on cell growth oB. subtilis 51
17 Effect of compound4-2 at 100>M on cell growth ofP. fluorescens 52
18 Effect of compound4-2 at 500>M on cell growth ofP. fluorescens 53
19 Effect of compound8 at 100>M on cell growth ofP. fluorescens 54
20 Effect of compoun@® at 500>M on cell growth ofP. fluorescens 55
21 Effect of compoun® at 100>M on cell growth ofB. subtilis 56



Figure Title Page

22 Effect of compoun@® at 500>M on cell growth oB. subtilis 57

23 Effect of compound4-3 at 100>M on cell growth ofS. cerevisiae 58

24 Effect of compound4-3 at 500>M on cell growth ofS. cerevisiae 59

25 Structure o{R)-2-methyt2,3-dihydrobenzofuras-carboxylic acid5) 61

26 Chemical structure oR)-2-Methyl-2,3-dihydro-1-benzofuran 64

07 Structure o{R)-6-hydroxy-2-methyt2,3-dihydrobenzofurasl-carboxylic -
acid 6)

08 Structure o{R)-5,7-dichloro-6-hydroxy-2-methyt2,3-dihydrobenzofurasl- -
carboxylic acid 7)

29 Structure o{R)-5,7-dichloro-6-methoxy2-methyt2,3-dihydrobenzofural- -
carboxylic acid §)

30 Structure of 4methoxymethyh2-7-dimethyt9H-xanthene g) 73
31 Structure o6-ethylidenecyclohex-enel,2,3triol (10) 76
32 Effect of compound§-9 at 50>M on cell growth ofB. subtilis 81
33 Effect of compound§-9 at 100>M on cell growth ofB. subtilis 82
34 Effect of compound$§-9 at 100>M on cell growth ofP. fluorescens 83
35 Effect of compound§-9 at 500>M on cell growth ofP. fluorescens 84
36 Effect of compound§-9 at 100>M on cell growth ofS. cerevisiae 85
37 Effect of compound§-9 at 500>M on cell growth ofS. cerevisiae 86

38 Isolated metabolites1{10) 90

Vi



LIST OF TABLES

Table Title Page

1 'H and ((CH)FCO, 400 MHz) and®C NMR ((CHF)FCO, 100 MHz) for{) 38

2 'H and ((CH)FCO, 700 MHz) and®C NMR ((CH)FCO, 176 MHz) for 41
compound 2)

3 'H and ((CH)FCO, 700 MHz) and®C NMR ((CH)FCO, 176 MHz) of 45
compound )

4 'H and ((CH)FCO, 700 MHz) and®C NMR ((CH)FCO, 176 MHz) for 48
compound 4)

5 'H (400 MHz) and*C NMR data (100 MHz) focompoundn CDCl; (5) 61

6 'H (400 MHz) and*C NMR data (100 MHz) focompound6) in CD;OD 65

7 'H (400 MHz) andC NMR data (100 MHz) focompound7) in (CDs),CO 68

8 'H (400 MHz) and®*C NMR data (100 MHz) focompound8) in CD;CN 72

9 'H and (CROD, 400 MHz) and*C NMR (CD;0D, 100 MHz) for9 74

10 'H and (CDC}, 400 MHz) and*C NMR (CDC}, 100 MHz) for 6 77
ethylidenecyclohex-enel,2,3triol (10)

11 Metaboliteproduction of strains DAOM 242779 and DAOM 242780 80

12 Quantitation of griseofulvin producingylaria sp. 87

13 Bioactivity screening results of white pine endophyte extracts 144

Vil



1. INTRODUCTION

1.1. FUNGI

Fungi are found on nearly every surface, in the air, soil, on other living organisms and even in

seafoam. Their ability to colonize unique ecological niches as well as their ability to

metabdize various types of organics, produce novel chemical structures, and reduce

inorganics makes them an area of much reseanchuyding in the fields of bioremediation

and toxicology. Fungi comprise one of the five eukaryotic kingdoms. The kingdom Fangi i

broken down intahreedivisions, based on the form of the sexual reproductive structures;

Zygomycetes (zygospores), Ascomycetes (ascosparespasidiomycetes (basidiospores).

True fungi are heterotrophiilamentous in habiand their cell walls coain chitin (Carlile et

al. 2001).

Hyphae are filaments divided into compartments by ewms, containing several nuclei

(Carlile et al. 2001)A massof these filamentsre called mycelum. In Ascomycetes and

Basidiomycetes these filaments can fuseemwvlthey are in close proximity to each other,

forming a complex network of mycelia that can lead to the formation of fruiting baalps (

mushroomsCarlile et al. 2001).



Fungi have an important role in the cycling of nutrients; saprophytes decomaseco

matter such as cellulose and lignin into basic building blocks that other heterotrophic

organisms (e.g., plants and other microorganisms) require for gr@tiierfungi such as

mycorrihzae exchange nutrients with a host plant in a mutualisticoredhtp (Werner 1992;

Carlile et al 2001).

The symbiotic relationship between fungi and plants has been known since the discovery of

mycorrhizae by Frank in 1885. Mycorrhizae are fungi that envelope the roots of some plants,

providing access to essentiaineral nutrients such as phosphate and nitrate, as well as

transporting water to the plants in exchange for glueoseother nutrient8Verner 1992).

1.2. ENDOPHYTES

Fungi can also live as epiphytes or endophytes of the above ground portion pi@rihe

Epi phytes | ive on the surface of a plantés

(asymptomatic infectigiWerner 1992).



Lewis (1924) described a fungus living within the tissue of buds of the coriieea
canadensiga synonym ofP. glauca white sprucefrom a sample collected in Albertin

1933, a fungal endophytgrass relationship was described between the asconfypieteloé
typhinaand the fescu€&estuca rubraby Sampsonit was also reported th&. typhinawas
pathogenic to therchard gras®actylis glomerataAt the time it was unclear what affect the

fungi had on the fescue grass, however there were no visible signs of stress in the plant. It
was also noted that the infect&d rubra grass produced viable seeds that contaied
fungus evidence of vertical transmission of the endophyte infection to the next generation

(Sampson 1933).

Cunningham (1949) and Pulsford (1950) observed cattle grazing on tall fescue in Australia
and New Zealand, respectively, presenting withrangie illness. Bacon et al. (1977) were
able to establish a link between the presence of the enddphtgphinain tall fescue with

the symptoms reportedsuggesting the presence of a vasoconstricting mycotoxin. Cattle
feeding on the endophyte infectegs€ue had symptoms including gangrenous tail tips, ears
and hooves, indicating poor circulation (Bacon et al. 1977). Other symptoms reported
included general #thrift described as decreased food intake and weight reduction as well as a
t hi ck fAr dQugninghamcl®49t Pulsford 1950; Bacon et al. 1977). Decreased

reproduction rates and lowered milk production have also been associated with cattle
3



consuming Acremonium coenophialuna close relative ofE. typhing infected fescue

(Schmidt & Osborne 1993)

I n New Zeal and, Arye grass staggerso have |

perennial ryegrasd ¢lium perennalL.) sincet he early 19006s (Gilrut!l

hypothesized that these symptoms were associated with the presence of an endophytic fungi;

however the hypothesis was discarded since the relationship could not be confirmed. It has

since been established thhe rye grass endophy#e lolii is synonymous with the staggers

(Mortimer et al. 1982).

The mycotoxins responsible for fescue related toxicosis and the tremorogenic staggers

associated with rye grass are the neurotoxins ergovaline and lolitrem B guoducthe

endophyte E. typhina,A. coenophialumandA. lolii (Figurel; Gallagher et al. 1981; Lyons

et al. 1986).



lolitrem B

Figurel: Ergovaline and lolitrem B.

In various studies, the endophyte infected tall fescue and ageag have been shown to have

a higher rate of germination, produce more biomass and are also more drought tolerant than

endophyte negative grasses (Read & Camp ;1886 et al. 1987; West et al. 1988). They

also display greatetoleranceto fungal pathgens and display decreased insect herbivory

(Funk et al. 1983Barker et al. 1984; Clay 1988; Joost, 1995). The performance of these

endophyte infected grasses has made them popular choices fiograg$ production where

animal performance is not a fagt@such as residential lawns and golf courses (Funk et al.

1997).



Carroll & Carroll (1978 suggestedhat fungal endophytes of conifer trees might form a

mutualistic association with their host plargsulting in, for examplelecrease palatability

of the needles to herbivorous insects initiated research in thislar&886, Miller reported

that extracts fronanendophyte of Douglafsr, Rhabdocline parkerjiwere toxic to the spruce

budvorm. The extractaugd a redudion in growth rate indicating that the endophyte may

produce compounds that act as antifeedaviiber et al. (2002) demonstrated that spruce

budworm Choristoneura fumiferanaarvae feeding on white spruce needlegé¢a glauca

colonized by rugulosin producing endopls/tead significantly reduced growth over those

feeding on norendophyte infected spruce needles (Fig@e The mean rugulosin

concentration in the needles was found to be
dose response in growth inhibitenb ove 0.5 e€g/ g (Miller et al
OH O OH

Figure 2: Rugulosin



Miller et al. (2009) were also able to show that unlike in fescue or rye grass, transmission of
foliar fungal endophytes d?P. glaucais horizontal rather than verticdEmergingseedlings

are infected by the endophytes of cast needles from the trees around them. It is thought that
the endophytes are among the first saprophytes to colonize the cast needles. When they
sporulate the surounding treesan be infecteqHyde & Soytong 20080ses et al. 2008).
Following forest fires insect damage or afforestation of agricultural landredorestation

with nurserygrown trees, endophytdiversity is greatly reduce@Wilson et al. 1994Miller

2011).

Sumarah et al. (2008¢ported a significanteductionin the growth rate of spruce budworm
larvae being fed a synthetic diebntaining rugulosin.They also observed significant
decreases in larval growth of the hemlock loop@nibdina fiscellda) and spruce budmoth

(Zeiraphera canadengis

Modest antifungal activity was observed in previous studies ofirssdct toxins from white
spruce endphytes including rugulosin (Sumarah et al. 2008; 2010). This suggested that white
pine endophytes might also produce compounds with such biologicatyadtivestigations

into the metabolites produced by foliar fungal endophytes of eastern white Rimes (

7



strobug found potently antifungal compounds, such as pyrenophorol (F&ywaecting the

growth of haploid cultures @accharomyces cerevisiaad the rusMicrobotryum violaceum

(Sumarah et al. 2011). Recently it has also been shown that the antifungal compound

pyrenophorol, isolated from white pine endophytes, is inhibitory to white pine blisteCrust (

ribicola) in liquid culture (Sumarah et.aubmitted.

1.3. PRIMARY AND SECONDARY METABOLISM

The byproducts ofungal metabolismra a wide range of organic compounds including small

primary metabolites, amino and fatty acids, peptides, and secondary metabolites such as

penicillin, zearalenoneand statins. Fungal secondary metabolites account for many of the

lifesaving antibiotics HMG CoA reductase inhibitorgstatins), and have bioactivities that

make them of high value, including in canteatment

Primary metabolites are those metabolites necessary for the growth of an organism, such as

polysaccharides, proteins, fats and nucleic acids. The primary metabolism process is similar

among all organisms (Manitto 1981). Those metabolites that utilize gyrimatabolites as

building blocks, and are not necessary to the overall function of the organism are referred to

as secondary metabolites. Secondary metabolites include compounds such as terpenes,
8



alkaloids, polyketides and pigments. Although secondatglmoétes may not be essential for

the growth and health of the organism they often provide the organism with a competitive

advantage over other species competing for nutrients by eliciting biological activity (Manitto

1981). The secondary metabolites progld and their quantities are thought to be

characteristic of specific species (Hanson 2003). The idea that these secondary metabolites

can be used to distinguish fungal species is called chemotaxonomy.

1.3.1. CHEMOTAXONOMY

Chemotaxonomy is these of metabolites to help separate closely relatedi. While it is

known that many secondary metabolites are produced by various species of fungi, the relative

quantities and profile o number oimultiple secondary metabolites is thought to be specie

specific Frisvad et al. 2008 This is to say that the metabolite profile of a fungus is thought

to be species specifithis has proven to be an effective tool in identification of some fungal

generasuch adAlternaria, Aspergillus Fusarium andPenidllium (Frisvad et al. 20081t can

be seen from the diverse natural produstdatedthat their biogenesis is often complex,

involving more than one metabolic pathway (Manitto 1981).



1.3.2. SECONDARY METABOLISM

Fungal secondary metabolites areostly derived from acetate and shikimic acid.

Sugars

Glycolysis L s| Erythrose-4-phosphate

Aliphatic amino acids |— | Phosphoenolpyruvate ———————| Shikimicacid

T~

Pyruvic acid Aromahcs_ Aromatic amino acids
L (o and p- hydroxy, 1,2,3-trihydroxy)

Acetyl-CoA Mevalonic acid

Polyketides Isoprenoids

Figure 3: Scheme of enzymatic pathways for secondary metabolite production in fungi

(adapted from Dewick 1997; Manitto 1984anson 2003).

Besides its fundamental role in fatty acid synthesis (FAS), the primataboliteacetatas

the most common carbon source for secondary metabolites of the polyketide and terpene

classes. Polyketides are derived from the activated forms of acetic acid; acetyl CoA and

malonyl CoA (Manitto 1981).

10



O O O

)J\SCOA HOMSCOA

Figure4: Acetyl-CoA and MalonylCoA

This bicsynthetic pathway is responsible for the wide variety of secondary metabolites
produced by fungi and bacteria (Manitto 1981ighly reactivepoly-b-ketoacids are formed

by the sequential condensation and addition afifits. This reaction is similar to FAS and is
catalyzed by polyketide synthases (PKS). Unlike in FAS, the growth of the polyketide chain
does not require reduction of the prexgocarbonyl unit to a methylene group. The first C
unit is derived from acetyl CoA while the subsequentidits are derived from malorgoA

(Figureb).
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0
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PSS ><ASCoA MSCOA
H 9/‘ SCoA
%nalonyl-CoA

O O O / co,
WSCOA

poly-B-keto ester

Figure5: Acetate pathway of polyketide biosynthesis (adapted Demvick 1997).

The polyketomethylinic chains readily undergo intramolecular reactidmsning
polyphenolic aromatic structures, polycyclic compounds and cyclic compounds with oxygen
bri dgi ng-pysones (Manits 1981)For examplethe known antifungal compounds

griseofulvin and pyrenophoras well aghe antibacterial erythromycare polyketides

Figure®6: griseofulvin and pyrenophorol
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In fungi, terpenes (or isoprenoids) are also derived froetaée, however are assembled by
the condensation ofsQnits through the mevalonate pathway. Two molecules of aCetl
condense to give acetoaceGbA which then undergoes a reaction with a third aggoA
molecule to give $-3-hydroxy-3-methylglutayl co-enzyme A (HMGCoA). HMG-CoA is

then reduced tdR)-mevalonic acid (Hanson 2003).

Through two successive phosphorylations, mevalonic acid is convertegyphosphate
which then undergoes taans elimination reaction, eliminating the tertiary hydroxyl group
and the carboxyl group to vyield isopentenyl pyrophosphatemg@ylbut3-enyl
pyrophosphate; Hanson 2003). A reactive allylic pyrophosphate is formed when isopentenyl
pyrophosphate isomerizeso t give dimethylallyl pyrophosphate -(Bethylbut2-enyl
pyrophosphate; DMAPP). This reactive pyrophosphate then undergoes an -@atglysed
reaction with isopentenyl pyrophosphate, condensing in atiogad manner and adding &C

unit with the same thstructure (i.e., same reactivity) as DMAPP (Manitto 1981; Figire

The reactive tail can then react further with additional isopentenyl pyrophosphate units

yielding monoterpenes, sequiterpenes, diterpenes, etc.

13
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Figure7: Mevalonate pathway (adapted from Dewick 1997; Hanson 2003)

The mevalonate pathway can lead to open chain terpenes, cyclohexanes (mono
polycyclic), and cyclopentanes as well as other variations of these (Manitto 1981). For
example, the monoterpeneigronellal, and limonene, and the sequiterpene caryophyllene are

all derived (Figures).
14



Figure8: Citronellal, limonene, and caryophyllene.

The shikimate pathway is responsible for many families of natural productsréhatomatic

in nature and are derived from chorismic a@tyure 10) such as aromatic amino acids, and
benzoic acid derivatives. Their structures resemble those of tyrosine and phenylalactine

as the compound tryptophan (Figure .1®any ortho- and para aminc and hydroxy
benzoic acids are also derived from this pathway. The biosynthesis of shikimic acid begins
with the enzyme catalyzed condensation of phosphoenol pyruvate with erytipbssphate
(coming from the pentophosphate cycle) to yie&ptulosonic acid (Manitto 198 Hanson

2003). The phosphate group is then eliminated and the enolate condenses te give 3
dehydroquinic acid which is further dehydrated then reduced to give shikimic acid (Figure

Dewick 1997; Hanson 2003).

15



Figure9: Shikimate pathway (adapted from Dewick 1997; Hanson 2003)

O._ _OH
5\ O
OH OH
: OJW( M
OH 0 HN 2

FigurelO: Chorismic acid and tryptophan
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1.4. METABOLITE ISOLATION & CHARACTERIZATION

1.4.1. ISOLATION

Chromatograph is a useful technique for the separation of compounds from a complex
mixture, such as a fungal extract. Based on the physindl chemical properties of
compounds and their affinities for certain solid phase materials (e.g., silica), a mixture can be
separated into its individual compounds, or at least into mixtures containing fewer compounds
with similar characteristics by selectirige appropriate elution solvent or solvent system
(Harris 2003). Often, when working with complex mixtures such as biologicals, it is
necessary to repeat the technique, varying the parameters until compounds of sufficient purity
for structural charactemion can be obtained or even emplmany chromatographic

techniques in succession.

The most common technique employed in the separation and analysis of low molecular
weight secondary metabolites is revepbase HPLC (Frisvard, 198 Many robust revers

phase HPLC methods are described in the literature for the identification and analysis of
various mycotoxins (Frisvard & Thrane 1987). Using the same HPLC system with a larger

column, sempreparative or preparative HPLC can be used to isolate and pdifydual

17



compounds from a mixture. The larger sized column allows for the introduction of larger

samples into the column. Individual peaks can then be collected once they exit the detector.

Isolation of pure metabolites is essential for structurali@édtion. Once a pure metabolite has

been isolated, mass spectrometry along with 1D and 2D NMR experiments are used to

unambiguously elucidate the chemical structure.

1.4.2. CHARACTERIZATION

1.4.2.1. MASS SPECTROMETRY

The mass of a pure compound is determined using mass spectrometry (MS). Often a gas or

liquid chromatography (GC or LC respectively) system is coupled to a mass spectrometer.

Coupling an LC system to an electrospray ionization (ESI) MS system allowsefeathple

to be dissolved in a solvent, introduced into the LC system, separated into its individual

components and then transferred to the gas phase (without decomposition) and ionized before

entering the mass analyzer (Pavia et al. 2009; Kebarle & V2044€).

18



ESFMS is a useful technique for analyzing high molecular weight biomolecules as well as
small nonvolatile compounds (Pavia et al. 2009). It is especially useful when trying to
characterize unknown compounds since it may not be known if the coipare thermally
stable (Pavia et al. 2009). ESI is a soft ionization technique wHeen operated in positive
mode, often produces the protonated molecular species ([MHd} a variety of different

types of compounds (Smedsgaard & Nielsen 2005).r@ths that are often observed include
[M+H+ACN]", [M+H-H,O]", [M+Na]", and [2M+H]. The mass spectrum analysis can also
provide other useful information about the compound being studied. For example, molecules
containing chlorine or bromine atoms will diay two molecular ion peaks; one for each of

its commonly occurring isotopes. This is referred to as the molecular ion cluster (Pavia et al.
2009). A significantM+2 peak can be observed when either chlorine or bromine is present
since their heavier isgp@s are two mass units heavier than the lighter isotope. The relative
intensities of theM+2 peaks should be consistent with the relative abundance of the isotope
(Pavia et al. 2009). Mass spectrometry is a very sensitive technique, critical to thesasfalysi

secondary metabolites.

19



1.4.2.2. NMR

In conjunction with the mass of the compound, bd& and*H NMR data are necessary to
properly characterize a metabolite. Obtaining a-DERPT spectrum can also be useful since

it can help to assign carbons @saternary, methylene, methilme methyl To be able to
correlate proton signals with their corresponding carbon signals, or to determine whether they
belong to an amine or hydroxyl group, heteronuclear correlation spectroscopy is employed
(Balci 2005). Heéeronuclear chemical shift correlation (HETCOR), or heteronuclear single
qguantum correlation (HSQC) reveal the correlation between protons and carbons with a two
dimensional plot. HSQC is H-detected experiment whereas HETCOR is ade¥ected
experiment{here™*C). Since'H protons are more abundant tHa@ atoms, and have a higher
magnetogyric ratio they are easier to detect and therefore result in a more resolved spectrum
obtained over a shorter period of time (Balci 2005; Pavia et al. 2009). HETCQOIR b® a

more useful technique when the carbon spectrum is crowded and better resolution of that
parameter is required (Pavia et al. 2009). In HSQCthgi$ displays théH spectrum, while

the  axis displays thé®C spectrum. Crosgeaks indicate whit protons are connected to
which carbon atom (Balci 2005). Heteronuclear multim@d correlation (HMBC) shows

two, three and four bond correlations between protons and carbons, suppressing the one bond

correlations (Balci 2005). This gives much neededrmation about the connectivity of

20



carbons idirectly; Balci 2005). Additional 2D techniques such as COSY and NOESY are

often required when analyzing complicated or novel compounds.

1.4.2.3. UWIS

Ultraviolet and visible spectroscopy are of limite@ us characterizing compounds, however,
along with infrared spectroscopy and NMR ganovide valuable structural informatioto
support a ptential structure For example, it is possible to correlate certain absorptions in the
UV-VIS wavelengths range witfeatures such as the presence of alkenes, and carbonyls

(Pavia et al. 2009).

14.24. 1R

Each type of bond in a molecule absorbs a different frequency of energy. Therefore certain
characteristic absorptions in the infrared region (IR) can give valuafdamation on the
structure of the compound being analyzed. For example the presence of a Biostde@h
in the range of 3402400 cm" and a carbonyl stretch between 1730 and 1708 indicates

the presence of a carboxylic acid. Unless two compourdsi@ntical it is not possible to use
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an IR spectrum to identify an unknown metabolite, however it can be used to confirm the

presence of certain chemical features (Pavia et al. 2009).

1.5. GENETIC IDENTIFICATION OF FUNGAL ISOLATES

The genetic identityof fungal isolates was determined by isolating and amplifying DNA

sequence data from the internal transcribed spacer (ITS) region of the rRNA. The ITS

sequence has been established as the primary fungal barcode (Schoch et al. 2012). Where

genetic matches ave not identified performing BLAST searches of the ITS sequence,

attempts were made to identify the species morphologically.

1.6. BIOACTIVITY ASSAYS

Various types of bioactivity assays exish vitro test are easier to perform and less

expensive thaim vivo bioassays. Perhaps the easiest of them #fleipaperdisc agaplate

method (De Beer & Sherwood 1945here are many modifications to this type of assay but

as long as a positive control is used éime established procedure is followed it is of suitable

reproducibility. A compound of interest (or mixture of compounds) is loaded onto a paper

disc and placed onto an agar plate inoculated with a lawn of a microorganism of interest along

with a negatie and positive control. The growth on the plate is observed over a given period
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of time and the inhibition zone is measured. Comparing the inhibition zone of the compound

of interest with the positive control allows for a qualitative comparison of thethibg

A more quantitativen vitro bioassay employing eell suspension of a microorganism in a 96

well microplatecan be used to monitor the effect of a compound on growth over time. This

assay measures thoptical density of a cell suspensi@md isuseful in determining the

minimum inhibitory concentration (MIC) of a compound. The test parameters allow for

quantitative comparison of growth over time with a positive control (Sumarah et al. 2011).

1.7. PROJECT AIM

Research conducted over many yeanggests that the presence of endophytes and the

metabolites they produce can confer tolerance of the host plant towards pathogenic agents

such aLCronartium ribicola(white pine blister rust) and the ins&oristoneura fumiferana

(eastern spruce budwor@anley et al. 2008; Sumarah et al. 2011; Sumarah sitahitted.

Canada's forestry industry contributes to the employment of approximately 600,000

Canadians and accounts for 2% of Canada's glasestic product, however, this industry is
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being thratened (Natural Resources Canada, 20The Canadian forestry industry has been

threatened by the parasitic insects and pathogenic, fsungjh aspruce budworm, pine beetle,

white pine weevil and white pine blister rustmong others. These forest pests have

decreased the quantity of viable trees for harvesting and thus have impacted the export and

production of both primary forestry products (lumber and building materials) and

manufactured wood products. For exampte, i2 01 0, 68% of Quebecos

plantations were found to be infected with white pine blister rust. The Government of Canada

(2011) has noted that due to the effects of white pine blister rust, reforestation of white pine

has dramatically decased and it is no longer seen as a viable commercial source of soft

wood in westernCanada. In terms of mediating the infections of these pests the main

methods currently employed are silvicultural (i.e. pruning), chemical spraying and in the case

of spruce budworm a bieontrol agentBacillus thuringiensis

Based on reports of endophytes providing tolerance of their host plant to fungal pathogens as

well as parasitic insects, it was hypothesized that endophytes of white pinpratce

antifungal corpoundsin planta that helpprovide tolerance of the plant to this or other

pathogens, and that seedlings could be inoculated with a strain of fungi producing these

metabolites without causing harm to the plant itself.
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A collection of 536 foliar fungal enghtnytes were isolated from the needles/6f100 year

old white pine trees from five sites across New Brunswick. Nearly 25% of the strains were

grown in liquid culture and their crude extracts tested for bioactivity against the yeast

Saccharomyces cerewasiand the rust fungublicrobotryum violaceumThose extracts that

displayed bioactivity by inhibiting the growth of the two microorganisms were grown in bulk

quantities. Their major metabolites were isolated using various chromatographic techniques

including column chromatography, and higkerformance liquid chromatography (HPLC) and

their structures elucidated using mass spectrometry, and nuclear magnetic resonance

spectroscopy (NMR).

The results of these studies are reported here.
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2. MATERIALS & METHOD S

2.1. ISOLATION OF ENDOPHYTES, FERMENTATION, AND EXTRACTION

2.1.1. ISOLATION OF PINE NEEDLE ENDOPHYTES

Branches fron¥5-100 year oldwvhite pine trees at five different sites across New Brunswick

were collectedand shipped under cold conditions to the laboratory. A total of 26 trees were
sampled; 6 each at Chipmén4 6 A4 6 4 4. 01 3 0 N Dé&alcolva (04064413, 4662300W) 3, 3 7
66A20657, MD6eBsdal®)( 46 A60630. 7920N , 6afdA 5SQidedrge5 0 7 0 W)
(45A2506173@BL2O.NABHAW) at Sussex (45A44602.316
number ofliving greenneedles were removed from edmtanch; surfaceterilized, bisected

and incubated on 2% malt extr&bifco) agar plates (MEA) at 25°C in the dark.

Surface steriliation was carried out by immersing the neetlied% ethanol for one minute,

and then rinsed with sterile deionized water, followed by amirtute immersion in10%
bleach solutionAfter soaking in the bleach solution the needles were placed in 70%0ktha
once more briefly, and then rinsed with distilled water. Using sterilized forceps each needle
was carefully bisected cresgse then plated on MEA plates for incubation. Needles were

incubated at 25°C + 1°C until growth was observed from the exposelten. The isolates
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were then subcultured and plated onto fresh MEA plates and placed back in the incubator.
Once it was determined that the cultures had grown sufficiently for inoculation of liquid
media they were wrapped with Parafilm and place iefagerated incubator at 9°C = 1°C

until needed.

A collection of 536 isolates @ve obtained from these needles (38, 336, 111, 32 and 19 from
each of the sites respectivel@pproximately 25%of the strains were chosen for metabolite

screening.

2.1.2.FERMENTATION

A plug of mycelium was removed from the agar plate, and placed in a sterile beaker
containing distilled deionized water (5% of the culture volume). The mycelium was
macerated and then transferred to a Glaxo bottle containing 1 L of steriteaR%extract

media for fermentation over 8 week2&fC + 1°C
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Bulk cultures

A first stage fermentation was carried out for bulk cultures to ensure proper growth. Starter
cultures were prepared by macerating a plug of mycelium in distilled deionized waters as
described above. The macerated culture (5% of the culture volume) wasahsferred to

250 mL Erlenmeyer flasks containing 50 mL of 2% malt extract media for fermentation.
These starter cultures were then placed on a rotary shaker until growth was observed. They
were then removed from the shaker and allowed to continue mgowi the dark for
approximately 2 weeks before being macerated and transferred to Glaxo bottles for 8 weeks

of fermentation.

2.1.2. EXTRACTION

The contents of each Glaxo bottle were filtered under suction through a Bichner funnel lined

with a Whatman No4 filter paper. The filtrate was collected and the voluane pH

measured. The cells were collected frozen for future use.

Liquid-liquid extraction

Using a 2 L separatory funnel, the filtrate from each 1 L Glaxo bottle was saturated with

sodiumchloride and chemically extracted with 1 L of ethyl acetate (EtOAkg organic
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phase was collected in 2 L Erlenmeyer flasks, dried over sodium sulfate, and filtered through

a Whatman No. 1 filter paper. The solvent was then evaporated under vacuura sy

evaporator. Once the solvent had been removed the extract was disolve®l nmL 2of

methanol (MeOH), and then filtered through a 020 polytetrafluoroethylene (PTFE)

syringe filter (VWR). Filtered samples were then screened bISCto identifycompounds

of interest and screened for bioactivity.

2.2. BIOACTIVITY SCREENING OF CRUDE ENDOPHYTE EXTRACTS

Crude extracts were screened for antifungal properties using a modified Oxford disc diffusion

assay. A 50 mg/mL sample of each crude extract wagaped in chloroform (for complete

evaporation of the solvent). Using a micropipette>L®f each crude extract was loaded onto

three separate 10 mm Whatman No. 1 filter psped allowed to dry in a sterile environment

overnight. Three replicate discerfpositive and negative controls (nystatin Sigfidrich

and CHC} respectively) were also prepared and allowed to dry overnight.

MEA plates were inoculated with a cell suspension of eifheerevisiaeor M. violaceum

Even coverage of the plate was ensured by usungjrey a sterile bent glass rd@lates were
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then allowed to dry in a sterile environment (approximately 4 hrs) before the discs were

loaded.

S cerevisiaecultures were prepared by placi@@5 g/Lof dry yeastto an Erlenmeyer flask

containing sterile water and 1 g(it)-D-glucose The flask was then placed on a rotary shaker

and allowed to incubate for 16 hrs (overnight).

M. violaceumcultures were inoculated using a sterile loop. A small amount afigidungus

was transferred to a 250 mL Erlenmeyer flask containing sterile 2% MEA liquid media. The

rust culture was left to incubate28°C + 1°Cfor approximately 10 days before use.

Once the plates were dry the paper discs were arranged (4 to a plate to ensure adequate

spacing) and then the plates were incubat@baf + 1°C overnight.

Each plate was observed and any growth inhibition noted. Extracts displaying antifungal

activity againstS. cerevisia®r M. violaceumwere candidates for bulk growth and metabolite

isolation.
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23. METABOLITE ISOLATION AND CHARACTERIZATION

2.3.1.VACUUM CHROMATOGRAPHY

A flash chromatography column was prepared in a Whatman No. 1 filter paper lined Buchner

funnel. The funnel was packed witlilica gel (230400 mesh, 4 3 & md, Calelon

Laboratories)silica powder, covered with another filter paper and saturated @ktl;.

Crude extract was dissolved in MeOH in a 100 mL rebatlom flask. A slurry of silica was

mixed in and the solvent evaporaigsing a rotary evaporator. This allowed for the extract to

be fully adsorbed to the silica before being loaded onto the flash chromatography column.

The solid extract was covered with another filter paper before being ekiteglvacuunwith

a gradienpf hexanes in EtOAc, and then MeOH in EtOAc.

The fractionated mixture was then analyzed byMSE to identify fractionsof interest, and

depending on the composition was either separated further by column chromatography

followed by semipreparatory HPLC adirectly to semipreparatory HPLC.

2.3.2.FLASH COLUMN CHROMATOGRAPHY

A chromatography column was prepared by creatgitiga gel slurry (230-400 mesh, 4®3

e m, 4 pdaledon Laboratories) in chloroform (CHYCIThe slurry was poured gently into
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the coumn to avoid the production of air bubblasd packed with gentle forced air. The

column wasthen washed with CHgland then prepared by running an adequate amount of

the first solvent mixture through. Crude extract was dissolved in an appropriate soérent

loaded onto the column.

The column was then eluted with a gradienthekanes in EtOAc, followed by MeOH in

EtOAc under forced air.

Fractions were collected in 10 mL glass cuvettes. Like fractions were combined and the

solvent was evaporated und&icuum using a rotary evaporator.

2.3.3. SEMIPREPARATIVE HPLC

Semipreparative HPLC was performed using an Agilent 1100 HPLC systemawisiiiable

wavelengthdetector and a SUPELCO Ascentig €olumn (5>m, 25 cm x 10 mm) (Supelco,

Bellefonte, PA, USA) in gradient mode. A gradieaivent systenof 10-95% acetonitrile in

deionized water and water at a flow rate of 4 mL/fon 20-25 minutes was used. The

gradient system and run time was adjusted per fraction in order to establish lsetterore

of peaks.
32



2.3.4. MASS SPECTROMETRY

Compounds were analyzeding a Waters 2795 separations module LC system conrtected

a Waters 996 diode array detector and Micromass Quatro on a Phenomenex Kigetix C
column (2.6>m, 100 A, 100 x 4.60 mm) usiragetonitrile and water (with formic acid 0.1%
v/v) as solvent system in linear gradient mode from 5 to 100%i&vemin at a flow rate of

1.0 mL/min.

High resolution ESMS spectra were recorded using a Bruker MaXis 4G ultraregblution
quadrupole tire-of-flight mass spectrometer (McMaster UniversityCompounds were
analyzed on a@ionex 3000 ultimate HPLC system equipped with a multiple wavelength
detector, coupled to a Bruker MaXis 4G ultrahigisolution quadrupole timef-flight mass

spectrometergperating in positig electrospray ionization mode).

Multiple Reaction Monitoring mode (LBIS/MS) was employed to analyze and quantify
griseofulvin in fungal extract® griseofulvin standardSigmaAldrich) was used for method
development. The precursor ion (m/z 353, [M+H]+, retention time 8.51 min.) was selected
for in the first quadrupoledaughter ions were generated at a cone voltage of 40 V and
collision energy of 20 VThe daughter ions monitorederem/z 165 andm/z215. The first
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trangtion was the most abundant product ion and was used for quantificatidn 165,
quantifier), whereas the second ion (m/z 215, qualifier) was used for confirmation purposes.
Quantitative analysisvas performed by comparison of theantifier peak area tihat of an

external griseofulvin standard using Masslynx V4.0 software.

2.3.5. NMR

'H and **C NMR spectra were measured at 400 and 100 MHz on a B#OKer
spectrophotometer.Some samples were run on Bruker AVANCE IlI 700MHz
spectrophotometelCD;OD, CD;CN, CDCkL or CD;COCD; (CDN Isotopes, Point€laire,
Quebec) were used as NMR solvents apédctra were referenced to the appropriate solvent

peak.

2.3.6.1R, UV-VIS and OR

IR (film) spectra were meased using a Varian 1000 HR.

UV-VIS (MeOH) spectra were recorded arVarian Cary3 UV-visible spectrophotometer

scanning from 190800 nm

Optical rotations were determined using an Autopol IV polarimeter (Rudolph Analytical, NJ).
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24.BIOACTIVITY SCREENING OF PURIFIED METABOLITES

The compounds isolatedvere testedfor antimicrobial activity againstPseudomonas

fluorescens(ATCC 12633),Bacillus subtilis(ATCC 23857), andS. cerevisiag in vitro.

Assays were performed in 9ell polystyrene microplate§.he bacteria were inoculated and

grown in 5 dL yeast extract, 1@/L peptone, and 16/L NaCl. S. cerevisiaavas inoculated

and grown in 1g/L yeast extract supplemented with @fl. glucose Compounds were

individually tested a60, 100 and 500>M in 96-well microplates(Sterile Falcon 33072

Microtest9, Franklin Lakes, NJ)The compoundsvere dissolved in DMSO, and a XL

aliquot of each individual metabolite solution was added to 20M®f bacterial or yeast

suspension. Chloramphenicol was the positive control for the bacteriahestsystatin for

the yeast assays; DMSO was the negative control. The assays were perfdripkchite and

incubated at 2Z& on a rotary table shaker, providing gentle agitation (700 rpm). Optical

density (OD) measurements weadken hourlyat 600 nmwith a Molecular Devices Spectra

Max 340PC reader (Sunnyvale, CA, USA) taken hourly. OD data were analyzed by ANOVA

foll owed by Tukeybds test for significant di

control (DMSO).
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3. RESULTS

3.1 SECONDARY METABOLITES OF ENDOPHYTE ISOLATE T5.1B.1 (Xylaria
speciedDAOM 242771)

Endophyte strain T5.1B.1 was isolated from a surface sterilmed neede harvested at

Deersdale, New Brunswick and identified asydaria species based on its ITS sequence.

An initial screening of the crude extract thie cultureindicated the presence of antifungal

compounds. The culture waabsequentlgrown in bulk (10 L) for metabolite isolation.

Column chromatography was carried out on the crude EtOAc extract. Magbiofrs were

then purified by reversphase sermpreparative HPLC. Each major metabolite isolated was

structurally characterized using mass spectrometry, NMR, UV, OR. Where possible the data

were compared to literatuvalues

The major metabolites isdatd fromXylaria speciedDAOM 242771were porric acid C1),

4-hydroxy-5-(hydroxymethyl}3-methoxy6-((3-prenybxy)isobenzofuraii(3H)}one (2),

(ethyl  3,6dimethyt4-prenyloxy)2-O-b-D-glucopyranosyl)benzoate (3) and 5,5-
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[oxybis(methylene)]bigurfuryl alcohol (4). Additionally, griseofulvin was identified and

quantified as a minor metabolites of this strain.

3.1.1 Porric acid C 1):

Figurell: Porric acid Q1)

37



Tablel: *H and ((CH)FCO, 400 MHz) and®C NMR ((CHF)FCO, 100 MHz) for {)

Position  Uc DEPT- uH (J, Hz) HMBC COSY
Q

1 1109 (C)
2 118.3 (CH) 6.77 (d, J = 2.7, 1H) c-1 H-1
3 159.3  (C)

4 102.6 (CH) 6.68(d,J=2.6 Hz, 1H)

4a 1395 (C)

5a 1657  (C)

6 99.0 (C)

7 101.9  (CH) 6.43(d,J=2.1,1H)  C-6, G9, 6COOH

8 1542  (C)

9 105.4  (CH) 7.34 (br s, 1H) C-6,G7, C1 H-7

9a 1396 (C)
9 1107 (C)

1-CH;  25.7 (CHy) 2.76 (s, 3H) C-1, G2, G9a H-2, H-9
6-COOH 166.4  (C)
6-COOH 11.94 (s, 1H)

3-OH 9.61 (br s)

8-OH

Compound(1) was isolated as a pale yellow amorphous solid (1.4 mg). The molecular
formula G4H:00s was determined based on the molecular ion peak [M-atin/z 258.96
(IM+H]" calcd for G4H1005 259.05). The UWIS spectrum of compoundl) showed

absorption maxima at 334, 300, 289, 256, and 238 nm.

The®™®™c NMR spectrum displayed fourteen signal
159. 3, ua 154. 2, a 139. 6, a4 139. 5, ad 110. 9,

118.3, @2.1®5.a&nd 1101.9), arnHNMRemectronedisplagdd at U
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seven signals; a sharp singlet at 11.94 suggesting the presence of a carboxylic acid, four
aromatic protons atJd .84 Kbr I=RI2IHARNIG. &8 7 (7
a 6. 433 (1d,61 Hz) , a singlet met hyl signal e
suggestive of a phenol functionality. A ca
11.94 is consistent with a carboxylic acid. Both #& NMR and’H NMR suggest the

presence of two aromatic rings. Theoupling constants between2H(6.77)and H4 (6.68)

indicate ametarelationship; consistent with a 1,2 ,4@rasubstituted ring. Proton-H ( U

7.34) appears as a broad singlet, however the aromatanprb/ appears as a doublet<

2.1 Hz, 1H) indicating ametarelationship as well and thus a second 1,2dtgsubstituted

ring. The unsaturation degree suggests that the two aromatic systefusearéo a central

furan, forming a dibenzofuraskeleton A deshielded quaternary
consistent with direct attachment to an oxygen atomipsscarboxylic acid and para

hydroxy group. HMBC correlations frotie proton afi 6.43(H-7) to C-6, and the carbonyl

at 0 166 . & adgacegtdoed. The chierhical shift of the aromatic carboré G5

s hi el de dind(suggegsdthalthe aromatic ring is substituted@tb the carboxylic

acid group HMBC correlations betweeH-7 and t he ar omati ®),anet hi ne
well as fromH-9 to G6 suggests they are located on the same aromatic ring. Therefore the
remaining two aromatic methines (U 118.3 ant
ring. Due to themetarelationship already established between the aromaticimasththe
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phenolic carbon at-8uabf84thei seavandgmpédenasi €

25. 7 showed H

C«

assigned as G . A met hyl group at
carbons at 0 136. 5-2 Based orltie&heicaliftivf tiede @arbdnsit and C
was determined that they were9@, G2, and C1 respectively. fie remaining oxygenated
guaternary c dsassigmed astGa and the3gRatenary carbontall0.7 is

assigned as-Gb.

A search of the literature revealéaat this compound, known as porric acid C has been
reported as a phytochemical @éfllium porrum (Gardenleek; Carotenuto et al. 1997).
Comparison of théH and**C NMR as well as HMBC and COSY correlations shows close
agreement. The UVIS spectrum was also compared and was in perfect agreement with the

literature value (Carotenuto et al. 1997).
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3.1.2. 4hydroxy-5-(hydroxymethyl}3-methoxy6-((3-prenyloxy)isobenzofuran
1(3H)-one @)

OR: %§2®B)(c 0.15, CH;OH)
UV-VI S ( MeRHI) o P3Hth)(57%), 217 nm (562)

5|

Figure 12 Structure of 4dhydroxy-5-(hydroxymethyl}3-methoxy6-((3-
prenybxy)isobenzofurati(3H)-one @)

Table2: *H and ((CH)FCO, 700 MHz) and®C NMR ((CH)FCO, 176 MHz) for compound
2

Position ic  DEPTQ Uy (3, Hz) HMBC COSY

1 128.8 (C)

2 154.6 (C)

3 120.4 (C)

4 160.1 (C)

5 99.0 (CH) 6.87 (s, 1H) C-3,G6, 6CO

6 125.2 (C)

16 66.6  (CHy) 468 (d, J =6.48,2H) C-2',G3', G4 H-2'

26 120.5  (CH) 5.48 (t, J = 6.48, 1H) H-1'

30 138.7 (C)

40 18.3  (CHh) 1.77 (s, 3H) c-2', G3, G5'

50 25.8  (CHh) 1.78 (s, 3H) C-2', G3, G4
1-COCH:O 56.0  (CHy) 3.50 (s, 3H) 1-CHOCH;
1-CHOCH;  103.0  (CH) 6.38 (s, 1H) 1-CHOCHjs, 6-CO

3-CH, 59.3  (CHy) 5.01 (s, 2H) C-2,G3,C4
6-CO 168.2 (C)
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Compound 2) was isolated as a white amorphous s@licc mg) A molecular formula of
Ci15H180- (degree of unsaturation equal to seven) was established based on the ion peak
[M+H] " observed am/z295.09 (calculated [M+H]for CisH150, 295.11). The UV spectrum

displayed absorption maxima at 217 nm and 293 nm.

Thirteen carbon signals were observed onfBeNMR spectrum of compoun@)( Based on

a DEPFQ experi ment it was possible to assign
120. 5, 103. 0, and 99.0), t wo met hyb&and (0 6
18. 3), and eight guaternary carbons (0 168.
120.4).An aromatic hydroxymethyltd(59.3, 4 5.01, s, 2H) anda methoxy group {{ 56.0, U

3.90, s, 3H) were observed@he methyl group$l-4 6 H-Bd sdchHMBE correlations to

the quaternary carbon® 6, t he-2rhet hainmde tG e oxyhe&naTlka preath
signal of H1 6 4.68id,J = 6.48 Hz, 2H)appears as a doublet, consistent with attachment to
C26, whol @pplear s548st,]=a6.48 Hzj 1pl)COSY cdrreélations were also

observed betweenthemethinHb 1@ . HThi s i s consi stent wi t h

ThelH NMR spectrum di spl ay e d6.88(#b;g, 1) rindicainga mat i c

pentasubstituted somatic ring (accounting for four degrees of unsaturation). An HMBC
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correlation was observed betweerbthnd two quaternary aromatic carbon8 @nd G6, as

well as a carbonyl carbon at 1 6 Bhe ydroxymethyl protona t 5.01 (s, 2H) displayed

HMBC correlations tahe quaternary aromatic carbo@s3, G2, and G4. A cross peak was

observed betweeH-1 6 a-& Thes€observations indicate the hydroxymethyl group was

located at €3, the prenyloxy at & and an hydroxyl group at-£ An HMBC correlation

between theacetal proton ati6.38and t he carbonyl at 0 168. 2

correlate to G indicates the presence of a second ring structure; accounting for the

remaining two degrees of unsaturation. Sineb Was observed to have a coatento C-6

and the carbonyl it is determined thatGs the location of substitution of the carbonyl and

therefore Cl i s assigned as 2) is ltieefor8 .hydrGxg3np o u n d

(hydroxymethyl)3-methoxy6-((3-prenybxy)isobenzofuraii(3H)-one.
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3.1.3 [(ethyl 3,6 dimethyl-4-prenyloxy)}2-0O-b-D-glucopyranosyl)benzoateB)

OR: ?§18.75 (c 0.16, CEDH)
UV-VI'S ( MeRQHDaog a0) 249 nm (5.84), 218 nm

5'

Figure13: Structure ofl(ethyl 3,6dimethyt4-prenyloxy}2-O-b-D-glucopyranosyl)benzoate]
(3).
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Table3: H and ((CH)FCO, 700 MHz) and®C NMR ((CH)RCO, 176 MHz) of compound
)

Position ic PEPT H HMBC CosY
Q (J, H2)

1 1538 (O
2 1235 (C)
3 1355 (C)
4 1108 (CH) 6.72 (s1H)  3-CHs, C-2, C6
5 1506 (C)
6 1187 (C)
7 105.3 (CH) 4.49(d, 7.1, 1H) c1 H-8/H-9
8 753 (CH)  3.43(m,2H)o C9 H-10
9 776 (CH)  3.43(m,2H)o C9 H-10
10 719 (CH)  3.26 (m, 1H) C9 H-8/H-9
11 775 (CH) 3.18 (m, 1H) C-10
16 66.1 (CHy) 4'612(g’)6'30’ C-2,C3', C5 H-4', H5'
26 1209 (CH)  5.50 (m, 1H) C-4', G5 H-1'
36 1380 (C)
46 183 (CH) 1.79(d,6H)o C-2',C3,C5' H-1', H-2"
56 258 (CHs) 1.79(d,6H)o C-3, G4 C5 H-1', H-2"

2-COOCHCH; 14.4 (CHs) 1.34(t, 7.1,3H) 2-COOCH,CH; 2- COOCH,CHs
4.23 (m, 1H)  2-COOCHCHs,

2-COOCH,CH; 61.6 (CHy) 436 (M 1H)  2-COOCHCH, 2- COOCHCH;
2-COOCH,CH; 170.4 (C)
6-CHs 9.3  (CHy) 2.18(s,3H)  C-1,G5,C6
3-CHs 20.1 (CHy) 229 (s,3H) C-2,G3,GC4 H-4
3.54 (m, 1H) H-11, 13OH
11-CH, 633 (CHy) 3.73 (M, 1H) H-11, 1tOH
11-OH 3.29 (m, 0.5H) H-11

Compound 8) was isolated as a white amorphous solid (2.4 mg). A molecular formula of
C,2H300, and thus a degree of unsaturation equal to severstalished based on the ion
peak [M+HT] observed am/z441.13 (calculated [M+H]for CxH3,09 441.2080). The mass
spectrum displayed another significant peak at m/z 279u@fgesting the loss of 1&~altons

from the parent ion, indicating the presenta hexose unit attached to an aglycone moiety.
45



The UV spectrum displayed absorption maxima at 218 nm and 249 nm. Absorption at 249 nm
may indicate the presence of an aromatic ring substituted with eledtioirawing

substituents such an alkyl ester\({iaeet al. 2009).

Thirteen carbon signals were observed onfBeNMR spectrum of compoun@)( Based on

aDEPFQ experi ment it was possible to assign
120.9, 110.8, 105.3, 77.6, 77.5, 75.3, and 71.9), threemethye (U 66. 1, 63 . 3,
met hyl (u 25. 8, 20. 1, 18. 3, 14. 4, and 9. 3),
C406 abhd £howed HMBC correlati-86s thbhet2het guat
and the oxygenated methylenel@® . protbnesignal of HL 6 4.610d,J = 6.30 Hz, 2H)

appears as a doublet, consistent with attachmeni2ZaddG who | applear s as a m
5.50, m, 1H) COSY correlations were observed between the methylehebH a-2 d, Ha's

wellas H4 6 a-% @lesthblishing a prenyloxy fragment.

The aromatic region of théd NMR spectrum of compoun@®) revealed one singlet aromatic
prot on at4), indicting7tt® preddnce of a pestdstituted aromatic ring. The
met hyl gr ou p.29@3CH;} dsplayedHMBC cbrrelations to €, G-3 and G4

while, H4 showed HMBC correlations to the methyl gr@#@Hs, C-2, and G6; indicating
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that the methyl group is substituted aBC Anot her m218I6LCH;) dplagedp a't

HMBC correlations to €, G5, and C1 indicating it is also substituent of the aromatic ring

and substituted at-6.

Four oxygenated methines and an acetal were

105.3 respectively; consistentith a hexose unit. The doublet of the anomeric proteh Ha t 0

4. 49 has a coupling con slinkedc glucopyfanosyl. moietyH z ,

Compound 3) is therefore assigned as [(ethyl -8lignethyt4-prenyloxy)2-O-b-D-

glucopyranosyl)benzoate].

3.1.4.5 5-[oxybis(methylene)]bisfurfuryl alcohol (4)

Figure 14: Structure d,5[oxybis(methylene)]bigurfuryl alcohol(4).
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Table4: *H and ((CH)FCO, 700 MHz) and*C NMR ((CH)FCO, 176 MHz) forcompound

4
Positiort Uc DEPT-Q UH (J, HZ2) HMBC
2 156.8 (C)
3 108.3 (CH) 6.22 (d, 2.7, 2H) C-4, G5, G2
4 111.0 (CH) 6.32 (d, 2.8, 2H) C-3, G5, G2
5 152.1 (©)
6 64.1 (CHy) 4.42 (s, 4H) C-6, G4, G5
7 57.3 (CHy) 4.50 (s, 4H) C-6, G3, G2

* carbonsand protons associated with positits” of Figurel4 are equivalent to tha-7

positions shown.

Compound(4) was isolated as an amorphous colourless $6l#l mg) A molecular formula
of C12H1405 was assigned td based on then peak observed at/z22104 [M+H-H,0]" in

combination with*C NMR spectral data.

Both the®*C and’H NMR spectra of4 indicate a symmetric compoursliggesting the

chemical possesses dimeric framework The *C NMR spectrum displayed six signals
includingt wo oxygenated quaternary carbons at 0 1
and U 108.3, and two oxyme'HNVR specteum displayedi 6 4 .
four signals integrating for fourteen protons consistent with the molecular formula.

These data suggested the monomekisicloselyrelated to a furfuryl alcohaubstitutedwvith

an hydroxymethymoiety. This observatiomvassupported by the COSY correlation observed

betweenH-3 (U J& 2.2 Piz)and H4 ( U, J& 2.8 Piz) and HMBC correlation
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between H3 to G2 (11 156.9, C-4 ((1111.0 and G5 (U 152.1); and H4 to G2 (1 156.8, C-3

(0 108.3 and G5 (U 152.7). Based on the molecular weight it was established thab-the

hydroxymethylfurfuryl alcohoting system was repeated anddged atC-5 to form the ether

bond.Compound4 is assigned a5,5-[oxybis(methylene)]bidurfuryl alcohol This compound is

well known and synthesizegls a starting materiain the synthesis of fullerenes and cyclic

polyethersThe spectroscopic data werensistent with théterature(Timko et al. 1977).

3.1.5 ANTIMICROBIAL ASSAYS

Compoundsl-3 were tested foin vitro antimicrobial activity againg®. fluorescens(ATCC

12633, B. subtilis (ATCC 23857), ancs. cerevisiaeusing the 9éwvell microplatetechnique

described by Sumarah et al. (201Antimicrobial OD data were analyzed by ANOVA

foll owed by Tukeybés test for significant

control (DMSO).

49



0.35

0.3
0.25
2
2 0.2
3 =—DMSO
.795 == Chloramphenicol
8— 0.15 =#=Compound 1
=@-Compound 2
0.1
0.05
O
-1 1 3 5 7 9

Time (h)

Figure 15: Effect of compounds2 at 100>M on cell growth oB. subtilis
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Figure 16: Effect of compounds2 at 500>M on cell growth oB. subtilis

Compoundl significantly inhibited growth oB. subtilisat a concentration of 108M and

above p = 0.003).
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Figure 17: Effect of compounds2 at 100>M on cell growth ofP. fluorescens.
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Figure 18: Effect of compounds2 at 500>M on cell growth ofP. fluorescens.

Neither compound nor 2 inhibited growth ofP. fluorescensip to concentrations of 500M.
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Figure 19: Effect of compourglat 100>M on cell growth ofP. fluorescens.
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Figure 20: Effect of compourglat 500>M on cell growth ofP. fluorescens.

Compound3 did not inhibit growth ofP. fluorescengat concentrations up to 560/1.
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Figure 21: Effect of compouriglat 100>M on cell growth oB. subtilis.
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Figure 22: Effect of compouriglat 500>M on cell growth oB. subtilis.

Compound3 did not inhibit growth oB. subtilisat concentrations up to 5601.
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Figure 23: Effect of compounds3 at 100>M on cell growth ofS. cerevisiae.
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Figure 24: Effect of compounds3 at 500>M on cell growth ofS. cerevisiae

Compoundsl-3 did not exhibit any growth inhibition o8. cerevisia@t concentrations up to

500>M.
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3.2. SECONDARY METABOLITES OF ENDOPHYTE ISOLATE SG-6 AND SG-15
(UNIDENTIFIED Dothidiomycete, DAOM 242779 AND DAOM 242780)

The crude extract of isolate S&5wasdisplayedstrong antifungal activityagainst bothS.

cerevisiaeand M. violaceum The inhibition zone using the modified Oxford disc diffusion

assaywas geater than nystatin at 2 mg/nfapproximately 1 cm)it was therefore chosen for

further study.

Flash chromatography of the crude EtOAc extract followed by reydrase serqpreparative

HPLC led to the isolation of six major metaboljtedR)-2-methyt2,3-dihydrobenzofurasa-

carboxylic acid %), (R)-6-hydroxy-2-methy}2,3-dihydrobenzofurasl-carboxylic acid ),

(R)-5, 7-dichloro-6-hydroxy-2-methyt2,3-dihydrobenzofura-carboxylic acid 7), (R)-5,7-

dichloro-6-methoxy2-methyl2,3-dihydrobenpfuran4-carboxylic acid 8), 4-

(methoxymethyh2-7-dimethyt9H-xanthene(9), and 6-ethylidenecyclohex-enel,2,3triol

(10).
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3.2.1 (R)-2-methyk2,3-dihydrobenzofuram-carboxylic acid b)

OR: #§i@JL(c0.27,CEOH) ,%*p 54 ]c 1.1, ChCly)

UV-VIS (MeOH): amax (log 217 nm (2.68)

HO O

Figure25: Structure ofR)-2-methyt2,3-dihydrobenzofura-carboxylic acid5).

Table5: *H (400 MHz) and™C NMR data (100 MHz) focompoundn CDCls (5)

Position Uc DEPT-135 Uy (J, Hz) HMBC COSY
2 76.1  (CH)  4.73(tq, 6.4, 1H) CHs-2, H3
3 348 (CH)  293(d, 7.3,2H) CHs2, G2, G3a, H-2, H-7
C-4, G7
3a 1085  (C)
4 1395  (C)
5 116.4 (CH)  6.90(bd, 8.4, 1H C-3a, G7 H-3, H-6
6 136.3 (CH)  7.41(dd, 8.4, 7.4, C-4, G7a H-5, H-7
1H)
7 1180 (CH)  6.69 (dd, 7.4, 0.7, C-3a, G5 H-3, H-6
1H)
7a 1624  (C)
CHs:2 209 (CHj)  1.54(d, 6.3, 3H) C-2, G3 H-2
COOH-4 1701  (C)
COOH-4 11.03 (s, 1H)
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Compoundb was isolated as a pale yellow amorphous 98i&d mg) A molecular formula of
C10H1003 was determined based on the [M¥lgpak atm/z179.0715 (calculated [M+Hfor
C10H1005 179.0708). The UV spectrum displayed an absorption maximum at 217 nm. The IR
spectrum displayed a broad absorption peak at 3400 andl a peak at 1723 &inconsistent

with the OH and a carbonyl stretch of a carboxylic acid, respectivéhe IR specum also

displayel sp’ C-H stretches at 2926 ¢hand 2855 cr.

The®C NMR spectrum displayed ten peaks; four
108.5), four methine (U0 136. 3, 118. 0, 116. 4,
c ar b o34.8) ((determined using thH NMR spectrum, HSQC and a DERB5
experiment). ThéH NMR spectrum displayed seven signals (integrating for ten protons); one
free hydroxyl 9sp,r otttorne eata rtio malt.iOc3 afeJt=84, A4 pr ot
Hz), 6.90 pd, J=8.4Hz),and 6.6, J= 7. 4, 0.7 Hz), aplJ=GAYymet hi
Hz), and two met hydlJeT.8Hzp Bahtthéti and 3T INMRi spextra9 3 (
support the presence of an aromatic ring. The magnitude of the coupling constants between
the proton H5 and H6, and between 48 and H7 are characteristic ofJ, or anortho
relationship on an aromatic ring. COSY correlations between tterpH6 to each of the

protons H5 and H7 also supports this determination. Therefore, the substitution on the

aromatic ring must be of a 1,2(8substitution. The chemical shift for the methine prote@ H
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IS consistent withan ether and the splittingpattern (a triplet of quartets) indicates coupling

with five adjacent protons. This is consistent with the oxymethine being next to both a

methyl group (CH-2) and a methylene group {8). The proton signals for both Gt2 and

H-3 appear as doublets, sagtjing coupling to the methine COSY correlations between

these protons are consistent with this determination.

Six aromatic carbon signals were observed in the aromatic region 6fGhes pect r um

(

162.4, 139.5, 136.3, 118.0, 116.4, and 108.5); three methine and three quaternary, supporting

the conclusion of a trisubstituted aromatic ring. The highly deshielded quaternary caraon C

is consistent with an aromatic carbon withipso ether, while the quaternary carbonr4ds

consistent with an aromatic carbon withipso carboxylic acid group (using common shift

parameters of substituted benzenes; Bal ci

is consistent with a carboxyliciaad . Ther ef ore the remaining

therefore assigned as3a, constructing at 2s@ihydrobenzofuran framework. Based on the

HMBC correlation data between-6land G7a, and H6 and G4 as well as the chemical shift

of C-4 it is deermined that the compound isnZethyl2,3-dihydrobenzofuras-carboxylic

acid and not 2Znethyl2,3-dihydrobenzofurafy-carboxylic acid. If compoun& was the 7

carboxylic acid form, the chemical shift of the carboxylic acid substituted aromatic carbon (C

4) would be expected to be much lower due toipise carboxylic acid group and thatho
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ether group (using common shift parameters of substituted benzenes; Balci 2005). The
stereochemistry of the methygroup at G2 was assigned d&after comparison othe optical

rot at Pro=n54.1 [ U, ChCly)) with the closely related compounB)2-methyt2,3-

di hydr ob e o203 fcd,rCHQL] 84 Figure6) (MangaSanchez et al. 2010).

Compoundb is therefore assigned a){2-methyt2,3-dihydrobenzofurasl-carboxylic acid.

O

Figure26. Chemical structure oR)-2-methyl-2,3-dihydro-1-benzofuran
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3.2.2 (R)-6-hydroxy-2-methyl-2,3-dihydrobenzofuram-carboxylic acid 6)

OR: %§-41(c 1.5, CHOH)

UV-VI S ( MeRQHDaog a0) 269 nm (2.20), 230 nm

Figure27: Structure of R)-6-hydroxy-2-methyl2,3-dihydrobenzofuram-carboxylic acid §).

Table 6:'H (400 MHz) and*C NMR data (100 MHz) focompound6) in CD;OD

Position Uc DEPT- iy (J, Hz) HMBC COSsY
135
2 772  (CH) 4.69 (m, 1H) CHs-2, H3
3 35.5 2.92 (dd, 16.4, 3.6, H-2, H3
(CHy) 1H) CHs-2, G2, G3a, G4,
2.84 (dd, 16.4, 10.9 C-5 H-2, H3,
1H) H-5

3a 1015 (C)

4 1435 (C)

107.8  (CH) 6.21 (d, 2.3, 1H) C-3, G3a
165.6  (C)

7 1022 (CH) 6.20 (d, 2.3, 1H) C-3a, G5, G6
7a 1641  (C)

o Ol

CHs2 209 (CHy) 1.54 (d, 6.4, 3H) C-2,G3 H-2
COOH- 1703  (C)
4
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Compoundb was isolated as a pale yellow amorphous 9@id mg) A molecular formula of
C10H1004 was determined based on the [M¥lgpak atm/z195.0659 (calculated [M+Hfor
C10H1004 195.0657). The UV spectrum displayed absorption maxima at 269 and 230 nm. IR
spectrum displayed a broad peak at 3431 amd intense absorption at 1633 toonsistent

with the carbonyl stretch @ conjugated carboxylic acid.

Ten carbon signals were observed on'fie NMR spectrum; five quaterl
164.1, 143.5, 101.5), Lhreenmetmerithg!| (Gald®dnNS
met hyl ene (U 35.5) c *HNMR spectuheHS@C and snDEAB5U S i n g
experiment). TheH NMR spectrum displayed six signals, integrating for a total of eight
protons,; t wo aromad,dx 2med hiHan)e dam®.3 k), Ghe2A ((
oxymet hi ne m)aone methyene6vlith the two protons resonating at separate
frequenci @dgJ=ofl 6l 42 . 932 6( ddlx=-)16.4 0P HiH), ald.a8ndthyl(

gr oup ad J=U6.4Hz).Both the'H and®*C NMR spectra of compouriwere very

similar to compounds indicating that the two compounds were structurally similar. In
contrast to théH NMR spectrum o6, only two aromatic proton signals were observe#, in
integrating for one each (B and H7). The magnitude of the coupling constant between

these two aromatic protons is consistent wiftl ar ametarelationship, indicating a 1,2,3,5

tetrasubstituted aromatic ring. Thereforef Gnust be substituted. Aoxygenated methine
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proton peak is observed in thel NMR spectrum (€) with a similar chemical shift and
splitting pattern as was observed5n The complicated splitting pattern indicates coupling
with five adjacent protons; consistent with being bevéhe methyl group G2 and the
methylene group Q. The methyl proton peak (G+2) appears as a doublet, which suggests
that it is connected to the methine2CAs in 5, the *C spectrum shows six peaks in the
aromatic chemical shift range; two methiraesl four quaternary. Evidence from both tf@

NMR and'H NMR spectra are consistent with a tetrasubstituted aromatic ring. A highly
deshielded quat er ICQOHY) ircther’® NMR spectrun is dodsBtens  (
with the presence of a carboxylecid, as in compoun&. The chemical shifts of the
quaternary carbons-Za and G4 are consistent with an aromatic carbon withipso ether
group, and an aromatic carbon withipso carboxylic acid group respectively, as was seen in
compound5. The quaar nary carbon at U 1656,@&ndithe t her
downfield shift indicates direct connection to an oxygen atom, specifically an alcohol group
(consistent with the molecular formula). Splitting of the methylene protons3as @herefore

likely due to the influence of thgara-substitution of the alcohol group to-6C Based on the
HMBC correlation data between8and C3a, and & it is determined that compouBdas

the same 2;8ihydrobenzofuran framework & Comparison of the optical rotation of

compoundé ( [*JE -4.1 [c 0.1, CHOH]) to compound5 indicates that it is alsdR.
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Compound 6 is assigned asRj-6-hydroxy-2-methy}2,3-dihydrobenzofurasl-carboxylic

acid.

3.2.3 (R)-5,7-dichloro-6-hydroxy-2-methyl-2.3-dihydrobenzofuram-carboxylic
acid (7)

OR: %§=015.6 (c 0.4, CEOH)

UV-VI S ( Mga@H)ogae U): 271 nm (3.0), 238 nm

Figure 28: Structure of(R)-5,7-dichloro-6-hydroxy-2-methyt2,3-dihydrobenzofurasa-

carboxylic acid 7).

Table7: *H (400 MHz) andC NMR data (100 MHz) focompound7) in (CDs),CO

Positon Uc DEPT-135 Uy (3, Hz) HMBC COSY
2 760  (CH) 4.78 (m, 1H) CHs-2, H3
3 32.7 2.82 (dd,17.1, 115, 1H) CHs-2, G2, G3a, H-2, H3
(CH,) C-4, G7

3.27 (dd, 17.1, 3.3, 1H) C-3a, G4, G7,  H-2, H3
3a 101.9  (C)
4 1375  (C)
1083  (C)
157.8  (C)
7 1121 (C)
7a 1592  (C)
CHz2 20.8  (CHy) 1.52 (d, 6.3, 3H) C-2,C3 H-2
4-COOH 170.3  (C)

o Ol
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Compound7 was isolated as a pale yellow amorphous 9dlil mg) A molecular formula of
C10HgO4Cl, was determined based on the [M+hteak atm/z262.9893 (calculated [M+H]

for CioHsO4Cl, 262.9878). The UV spectrum displayed absorption maxima at 271 and 238
nm suggesting the presence of a carboxylic acid. IR spectrum displayed a broad peak at 3410
cm’ indicating the presence of an alcohol group and intense absorption at 1642 cm

consisent with the carbonyl stretch of a conjugated carboxylic acid.

Ten carbon signals were observed onf@ NMR spectr um; seven qua
159. 2, 157. 8, 137. 5, 112. 1, 108. 3, and 101.
andonemetly (U 20. 8) ( u'$iNNMR specaumaHSOC andha DERBS
experiment). Four proton signals were observed onHH¢MR spectruni attributed to one

met hyl grod,p= aé. 31 Hz)52 dne met hyl enddJgroup v
17.3, 3.3) add= 0172.18,2 1(1.5) , and odnle28eBothi ne g
the 'H and**C NMR of compound’ were very similar to compoursland6 indicating that

all three compounds are structurally similar. In contrast tdthMR spectrum of and6,

no aromatic proton signals were observed7inAn oxygenated methine proton peak is
observed inthdH NMR spectrum at 0 4. 738with acdimiles e t o
splitting pattern; indicating coupling with five adjacenbfons and consistent with being

between a methyl (C#R2) and methylene group {8). The protons on the methylene carbon
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at 0 32.7 are split into tdbI=selp/arlat e3.d3o utz;
2.82,dd, J=17.1, 11.5 Hz) as was seier6. The CHp e a k @, J2 6.36H2) affpears as a

doubl et, which suggests spl it t5thedC spgctrumhe me
shows six peaks in the chemical shift range for an aromatic ring; all six are quaternary.
Therefore, basedn evidence from théH and**C NMR spectra it is determined that the
aromatic ring of compoundi s f ul ly substituted. A quatern:
3¢ NMR spectrum indicates the presence of a carboxylic acid, as in compoLimel
quaternarxc ar bon at 0O 159.2 is consi ploetmetgroupi t h an
and the quaternary <carbon at U4 137.Psoi s col
carboxylic acid group as was seen in compo&nd The quaternary <carb
consistent with an oxygenated aromatic carbon and assigneebasvi@ile the quaternary
carbons at u 108.3 and U0 112.1 are consi s
confirmed using common shift parameters distituted benzenes; Balci, 2005) and therefore
assigned as-6 and G7. Based on the similarities of th#C and'H NMR data to compound

5and6 It is determined that compourfchas the same 2dhydrobenzofuran framework &s

and6. Comparison of the ojetal rotation of compound ( [*W ¥ -15.6 [c 0.4, CHOH]) to

compound5 indicates that it is alsoR). Compound7 is therefore assigned a®){5,7-

dichloro-6-hydroxy-2-methyt2,3-dihydrobenzofuram-carboxylic acid.
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3.2.4 (R)-5,7-dichloro-6-methoxy2-methyl2.3-dihydrobenzofuram-carboxylic
acid (8)

OR: ?3§=0110.3 (c 1.7, CkDH)

UV-VI S ( Mga@H)oga U): 268 nm (1. 8)

HO  ~O

Figure 29 Structure of (R)-5,7-dichloro-6-methoxy2-methyt2,3-dihydrobenzofuras-

carboxylic acid 8).
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Table8: *H (400 MHz) andC NMR data (100 MHz) focompound8) in CD;CN

Position  Uc DEPT- uH (J, Hz) HMBC COSY
135
2 743 (CH) 453 (m, 1H) CHy2,
3
3 339 272 (dd17.0, 11.6, 1H) CHs-2, G2, G5,G  H-2, H3
(CHy) 7
3.19 (dd, 17.0, 2.8, 1H) C-5, G7 H-3

3a 1168  (C)
4 139.9  (C)
5 113.2  (C)
6 158.9 ©
7 115.8 (C)
7a 154.9 ©

CHs2 206  (CHy) 1.43 (d, 6.3, 3H) C-2,G3 H-2
COOH- 1619  (C)
4
CHO-6 624  (CHa) 3.88 (s, 3H) C-6

Compound8 was isolated as a pale yellow amorphous s@&l7 mg) It was assigned the
molecular formula GH;1004Cl, based on the [M+H]peak atm/z 277.0044 (calculated
[M+H] " for C11H1004Cl, 277.0034. The UV spectrum displayed an absorption maximum at
268 nm suggesting. The IR spectrum displayed a broad peak at 3Z0ihdioating the
presence of an alcohol group and intense absorption at 1698amsistent with the carbonyl
stretch of a conjugated carbdixyacid. Comparison of thtH NMR and™*C NMR spectra of
compound8 to the spectra of compounds?7 indicates structural similarities between the

compounds. Thé’C NMR spectrum displayed el even

pe e

158.9, 154.9, 139.9, 1168 , 115. 8, and 113.2), one met hi ne

and two methyl (U 62. % NMR$pectun HSQG and DERR t a

135 experiment). As in compouri®l no aromatic proton signals were observed in'the
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NMR spectrum, hoever six carbons in the aromatic range were observed iFGhBMR
spectrum; indicating a fully substituted aromatic ring. Based on the similar carbon and proton
shifts observed in th#H and**C NMR spectra 08 as compared to compoun®&, as well as

the similar HMBC and COSY correlations observed it was determined that comd alswl

has a 2,3lihydrobenzofuran framework. However, an additional oxygenated methyl carbon
peak was o0628edvédethyll @) AntHMBG comretationitoCx. 8 8
indicated that the OH group at@had been replaced by a methoxy group. Again, comparing
the optical rotation oB to the other three compounds, compo@id assigned as_}-5,7-

dichloro-6-methoxy2-methyl2,3-dihydrobenzofurai-carboxylic acid.

3.2.5 4-(methoxymethyl}2-7-dimethyk9H-xanthene 9)

UV-VI S (Me@H)og a0) 285 nm (3.03), 229 nm (3.

Figure30: Structure of 4dmethoxymethyb2-7-dimethyt9H-xanthene ).
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Table9: *H and (CROD, 400 MHz) and*C NMR (CD;OD, 100 MHz) for9

Position Uc DEPT-135 Un (3, Hz) HMBC COSY
1 1290 (CH) 6.86 (d, 1.8, 1H) CHa-2 H-9
2 1292  (C)
3 1320 (CH) 6.91 (bs, 2H) CHs-2, G9

coincident with H8
4 128.3 (©)
4a 151.8  (C)

5 1158 (CH) 6.66 (d, 8.1, 1H) C-6, G7 H-6

5a 152.7  (C)

6 1287 (CH) 6.81(dd,8.1,1.8, 1H H-5, CH-7
7 1303 (C)

8 131.8 (CH) 6.91 (bs, &) CHs-7, G9

coincident with H3
8a 130.0 ©

9 311 (CHy 3.81 (s, 2H) C-1, G4a, G8 H-8
9a 1253  (C)
16 721 (CHp) 4.48 (s, 2H) C-1, G2 6 ;4a, G9a,
206 582 (CHy) 3.36 (s, 3H)
CHs2 20.6 (CHy) 2.17 (s, 3H) C-1,C3
CHs7 20.6 (CHy) 2.19 (s, 3H) C-7,C8 H-6, H-8

Compound9 was isolated as a pale yellow ¢d.1 mg)and assigned the molecufarmula
Cy17H10, based on the [M+H]peak atm/z 255.1346 (calculated [M+H] for Ci7H10,
255.1385). The UV spectrum displayed an absorption maximum at 268 nm. The IR spectrum

displayed spC-H stretches at 2963 and 2928tm

The®® NMR spectrum di splayed sixteen peaks; !
130. 0, 129. 2, 128. 3, and 125. 3), five met hi

met hyl (d 52. 8, and 20. 6) and two medtbyhyl ene
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HSQC and aDERPL 35 experi ment) . HSQC <correlations
20.6 to two sets of methyl protons at U 2.19
methyl carbons. ThéH NMR spectrum displayed nine signals inteipg for eighteen
protons,; three mef2y ¢, agrradgp,s tawo Umedt. Byl ene ¢
7216 and31.19 , and f our ar o nbstwb coingdenbdigoais)s6.88¢ U 6 .
J=1.8 Hz), 6.81dd, J= 8.1, 1.8 Hz) and 66 (d, J = 8.1). Both théH and**C NMR spectra

suggest the presence of two aromatic rings. The protediaitl H5 are in arortho position

to each other based on the coupling constants observed, whilald® shows coupling to a
metaproton with a couling constant of 1.8 Hz. This is consistent with a }iPigubstituted

aromatic system. Based on the splitting of the aromatic protd),(iHalso couples to meta

aromatic proton, suggesting that the second aromatic ring is of a 4gtra&ibstitted

nature. Based on the HMBC correlations between the methylene proton8 andH the

aromatic carbons 8 and Cl1 it is determined that-Q is in between the two aromatic ring
systems@rtho to the methine carbons-&and CG1). Also, the HMBC correlatin between the

methyl group protons (C#R and CH-7) to G1 and G8 respectively indicates that they are
alsoorthoto the methine carbons. Two oxygenated aromatic quaternary carbons are observed

at 0 152.7 and 151. 8 f or micahshiftsaf cxrtoomstddanchsa st r |
were compared to the chemical shifts of the similar compounda@ithene as reported by

Osborne et a1999, and Dradi and Gat{iL975, and were found to be consistent. A methyl
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signal at ad 72.1 is consistent with direct
signal at 0 58.2 is consistent with the chen
HMBC correlation of HL 6 2 ® , G4h,dG9aGnd Gl it is deternmed that G4 is the

location of substitution of the methoxymethyl group, thus leading to the determination that

compoundb is 4-(methoxymethybh2-7-dimethyl9H-xanthene.

3.2.5 6-ethylidenecyclohex-enel1,2,3triol (10)

OR: ?§=014.6 (c 0.3, CHOH)

UV-VIS (MeOH): amax (log § 233 nm (2.05)

HOV 3> YOH

Figure31: Structure ob-ethylidenecyclohex-enel,2,3triol (10).
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Table 10 'H and (CDCi, 400 MHz) and*C NMR (CDCk, 100 MHz) for 6
ethylidenecyclohex-enel,2,3triol (10)

Position Uc DEPT- uH (J, Hz) HMBC COSsYy
135
1 81.2 (CH) 5.01 (m, 1H) C-2,G5,G6 OH-1, H-2
2 68.9 4.30 (dd, 5.1, 3.7, C-1, G5, G6 H-1, H-3
(CH)
1H)
3 73.3 (CH) 4.82 (m, 1H) H-2, OH3, H
5
4 124.7  (CH) 6.12 (m, 2H) C-5, G6
coincident with H7
5 128.5 (CH) 5.74 (d, 2.4, 1H) C-1, G2, C3 H-1, H3, H-8
6 144.9 ©
7 131.6 (CH) 6.12 (m, 2H) C-5,G6, CG8 H-8
coincident with H4
8 18.7 (CHy) 1.81 (d, 4.5, 3H) C-6, G7 H-7
OH-1 1.96 (d, 5.7, 1H) C-1,G2,GC6, G H-1
8
OH-3 2.20 (d, 7.3, 1H) C-2,G3,G5 H-3

Compoundl10 was isolated as a white amorphous s¢did8 mg)and given the molecular
formula GH1,0; based on the [M+H]peak atm/z157.0856 (calculated [M+HJor CgH1,03
157.0865). Based on the molecular formula, a degree of unsaturation of three was calculated

for compoundLO.

The®®c NMR di splayed eight signal s; one quater
124. 7, 81. 2, 73. 3, a n d (aé @&ternined byaHEQC andh BEP™Me t hy
135). The*H NMR spectrum displayed eight signals, integrating for a total of eleven protons.

Based on the HSQC and DERB5 experiment it was possible to determine that the proton
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si gnal r)tintegratieg.fotwd protons, belonged to two separate methiBased on
integration of the'H spectrum, HSQC and a DERAB5 experimentthe remaining seven

proton signals wre determined to be as followsscour met hi ne p,JdeRdns at
Hz), ©&J545B1) ( &J=.68.24 (Hz) dd J=rbd, 3.0 Hz}, ong thethyl

gr oup adJ=@5Hz), 8nd two free hydroxylgrospg 2 d, 29 (. 3 Hz) and
(d, J= 5.7 Hz). No aromatic protons were observed ortithMR spectrum. The protoris-

7, H5 and H4 are consistent with olefinic protons, indicating the presence of two double
bonds. Based on the unsaturation degree of three, it is therefore determined that the
compound must have a ring structure. HMBC correlations betwegrtdHG7 and G6 as

well as the HMBC correlations of-A to G8, G6, and Gl indicate the presence of an
ethylidene moiety, substituted at the quaternary carbdh The downfield shift of &
indicates that it is part of a ring structure; forming a substitutetbltggane. The methine
protons H3, H-2 and H1 are shifted downfield from expected, consistent with being attached

to an alcohebearing carbon atom. COSY correlations from kb H2, from H2 to H1 and

H-3 indicate that the alcohol groups are adjatergach other, with @ being between @

and G3. The relative stereochemistry of compouhdas established by consideration of
coupling constants of protorlBased on the coupling constants 62HJ = 5.1, 3.7 Hz) it can

be said that it has an axequatorial relationship with either-# or H3, howeverdue to the

unresolved nature of thiéd NMR signals for H1 and H3 it was not possible tdetermine
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which of the two was in the axial position and which was in the equatorial position.
Additionally, the difference between the two coupling constants also suggests that one of the
protons is in the axial position and the resulting coupling constaft=05.1 Hz is due to
flexibility in the ring structure at @. This flexibility dlows for H-2 to be in either the
equatorial or axial position as the ring alternates between a planar and a twist chair
conformation. Further NMR data could not be obtained tdirrorthe geometry of HL and

H-3 due to degradation of the compoun@dompound 10 has been assigned as 6

ethylidenecyclohex-enel,2,3triol.
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3.2.6. Comparison of metabolite production between strains DAOM 242779 and
DAOM 242780

A comparison of the majometabolites isolated from straifid3AOM 242779 and DAOM

242780was carried out. The results of this comparison can be found in Table 11 below.

Compoundss-8, and 10 were identified in both strains, whereas the xanth@naevas only

identified from strairDAOM 242779

Tablel1l: Metabolite production of strains DAOM 242779 and DAOM 242780

Strains 5 6 7 8 9 10
DAOM ++ ++ ++ +++ ++ ++
242779

DAOM +++ + + ++ - +
242780

(+), < 0.5 mg/L; (++) > 2 mg/L(+++) > 5 mg/L

3.2.7. ANTIMICROBIAL ASSAYS

Compound$-9 were tested foin vitro antimicrobial activity againg®. fluorescens(ATCC

12633, B. subtilis (ATCC 23857), ancs. cerevisiaeusing the 96wvell microplate technique

described by Sumarah et al. (201Antimicrobial OD data were analyzed by ANOVA

fol owed by Tukeyds test for significant di f f

control (DMSO).
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Figure 32: Effect of compounds9 at 50>M on cell growth oB. subtilis
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Figure 33: Effect of compounds9 at 100>M on cell growth oB. subtilis

Compounds, 6, and7 displayed significant bioactivity against the gram positive bacReria
subtilis at a concentration of 58M; p = 0.000,p = 0.005, and = 0.001respectively An
inhibitory effect was also observed for compouBidand9 againstB. subtilisat 100>M; p =

0.003,p = 0.000, angb = 0.000respectively
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Figure 34: Effect of compounds9 at 100>M on cell growth ofP. fluorescens.
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Figure 35: Effect of compounds9 at 500>M on cell growth ofP. fluorescens.

None of compoundS-9 were shown to inhibit growth d®. fluorescenst concentrations up

to 500>M.
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Figure 36: Effect of compounds9 at 100>M on cell growth ofS. cerevisiae.
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Figure 37: Effect of compounds9 at 500>M on cell growth ofS.cerevisiae.

None of compoundS-9 were shown to inhibit growth @&. cerevisia@t concentrations up to

500>M.
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3.3. IDENTIFICATION AND QUANTITATION OF GRISEOFULVIN IN __ Xylaria SP.

The known antifungal compound, griseoful\{ifigure 6),was previously isolated in the Miller
laboratory from an endophyte &inus strobusGenetic identification of the species using the

ITS sequence revealed a number of endophyte strains isolatedofvéine same species;
including strain T5.1B.1. An analysis of the crude extracts of these strains was carried out using
LC-MS in Multiple Reaction Monitoring (MRM) mode. Table 12 displays the results of this

analysis.

Table 12: Quantitation of griseofutvproducingXylaria sp.

Concentration of
griseofulvin (mg/L of

Collection site (NB) Strain ID DAOM No. culture)
Chipman CH-3 242568 2.8
Doaktown DT-1 242569 0.2
Doaktown DT-14 242775 2.0
Doaktown DT-41 242776 3.3
Doaktown DT-53 -

SaintGeorge SG8 -
Deersdale T2-1A-1 -
Deersdale T3-1A-2 242759 4.7
Deersdale T3-2A-2 242761 1.1
Deersdale T3-2B-1 242767 0.6
Deersdale T4-2A-3 242769 4.8
Deersdale T4-3A-2 242770 0.1
Deersdale T5-1B-1 242771 +
Deersdale T5-4B-1 -
Deersdale T6-3A-4 242772 0.01
Deersdale T6-4A-2 242773 2.4
Deersdale T6-4B-2 242774 9.7

LOD = 0 .-7=neggtivelfar griseofulvin, "+" = positive but below limit of quantitation,

mg/L = mg/Glaxo bottle / 1 L of fermentation broth
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4. DISCUSSION

It has been establishadtrees, just as in grassiémt the presence of endophytes growing within
the plantimproves fitness by increasinglerance tansector deer herbivoryMiller et al. 2008

Larkin et al. 2012and may also provide tolerance to fungal pathog@asley ¢ al. 2009.

Todd (1988) demonstrated that Rouglas fir needle endophyte associated with increased
tolerance to a needle damaging insect. Workiity strains of this fungus from Oregadiller
reported that extracts werexic to the spruce budwor@liller 1986). Research to see if foliar
endophytes of conifers in the Acadian Forest shared this toxicity to the spruce budworm began
shortly afterwards (Miller 2011)Calhoun et al. (1992) were the first to report on etaholite
isolated from foliarendophytes obalsam fir. Approximately a decade lataroculation ofwhite
spruceseedlings with a rugulosiproducing endophyteas shown taffect the growth of spruce
budworm larvaeSome of the metabolites of spruce endophytes were also antifungadlirnggcl
rugulosin Breen et al. 19555umarah et al. 20Q0&umarah et al. 20L0Extending this work,
Sumarah et al. (2011) reported the isolation of antifungal metabolites from endophytes of white
pinecollected at one site in NB. The present studies exteatdvork based on a collection from

five different sites across soutasterr\B.

A representative selection of this collectiorasascreened forantifungal activity against.
cerevisiaeand M. violaceum Ten major metabolites were isolated from tdifferent fung

species, Xylaria sp. and an unidentified Dothidiomycete possibly representing gyerus and
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speciesn the family Massarinaceaén addition, strains oKylaria species derived from needles

that produce the known antifungal compoungapfulvin were found at four of the five sites.

Various species in th¥ylariaceaeare known to produce anumberof metabolites that can be
grouped as follows dihydroisocoumarins and derivativesuccinic acid and derivatives,
butyrolactonescytochalasinssesquiterpene alcohglgriseofulvin andgriseofulvin derivatives,

naphthalene derivatives, and long chain fatty agidsalley & Edwards 1999)

Severalmetabolites have been identified fromn§i in the family Massarinacea@cluding
bioactive Massarilactones A and B, rosigenin analogues and aromatic polyketides (Oh et al.,
1999, 2002, 2003), spiromassaritone and massariphenone Madhalb et al., 2007), the anti

fungal compound keisslone (Liu et al., 203

The isolation of metabdis from three antifungal extracts from white pine endophytdded
the compounds porric acid C 1), 4hydroxy5-(hydroxymethyl}3-methoxy6-((3-
prenybxy)isobenzofurarl(3H)}one  (2), (ethyl 3,6dimethyt4-prenyloxy}2-O-b-D-
glucopyranosyl)benzoat€) and 5,5-[oxybis(methylene)]bigurfuryl alcohol (4) from Xylaria
speciesDAOM 242771 (Figure 37) From an unidentified Dothidiomycete (DAOM 242779 and
DAOM 242780) the metabolitdR)-2-methyt2,3-dihydrobenzofura-carboxylic acid %), (R)-6-
hydroxy-2-methyt2,3-dihydrobenzofura-carboxylic acid 6), (R)-5,7-dichloro-6-hydroxy-2-

methyt2,3-dihydrobenzofura-carboxylic acid 7), (R)-5,7-dichloro-6-methoxy2-methyl2,3-
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dihydrobenzofuraid-carboxylic acid §) were isolated 4-(methoxymetkl)-2-7-dimethyl9H-

xantheng9), and 6-ethylidenecyclohex-enel,2,3triol (10) (Figure 3B).

Figure38: Isolated metabolited{10).

Compoundil, porric acid Chas previously reportedls a phytochemical afardenleek Allium
porrum) (Carotenuto et al. 1997Compound! is a weltkknown starting materiah the synthesis
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of fullerenes and cyclic polyethe(3imko et al. 1977) Compounds5 and 6 have previously
been reported as synthetic intermediates in the systloésiovel insecticidaNGtertbutyl-NO
benzofuran carbohydrazide derivatives (Huang et al. 2011). The remaining com@dndad

7-10) arenewly described secondary metabolites and are reported here for the first time

Many of thecompounds isolatedave a furan or dibenzofuran group as part of their structure
(compounddl-2, and4-8). Benzofurans and their derivatives are commaoeaported metabolites

of bacteria and fungi, including endophytes (Findlay et al., 1997; Xia et al., 2011). They are
knownto have a wide range of bioactivities, including antiproliferative (Chen et al., 2002; Zeng
et al.,, 2012), antitubercular (Huang et al., 2008),-iastctan (Findlay et al., 1997) and
antimicrobial (Boonphong et al., 2007) effedsie to their biologickactivities, benzofurans and
dihydrobenzofurans have beehthe interest to synthetic chemis(§ilveira and Coelho, 2005;
Richard et al., 2009). Chlorinated benzofwane alsorelatively common as natural products

For example the known antifungal mpound griseofulvinwhich was first isolated from
Penicillium griseofulvuniOxford et al., 1938) and later from a fédylaria species (Whalley and
Edwards, 1995), as well from endophyKglaria (Park et al., 2005). Other related chlorinated
compounds suchs geodin have also been reported (Raistrick and Smith et al., 1936) reported.
The dihydrobenzofurans reported here are relatively simple and may be intermediates of

metabolites not produced under the conditions tested.

Porric acid C, 1) was reported by Carotenuto et al. (1997) to have an inhibitory effect on the

growth of Fusarium culmorunwith an ED50 value between 20 and 3§mL. In our hands,
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porric acid C did not display any antifungal activity agafistereivisiagchowever it wa shown
to have an inhibitory effect against the bact@&iasubtiliswith an MIC of 25.82 >g/mL (p =
0.003).Compound also exhibited an antibacterial 8asubtiliswi t h an MI C pZ9. 20 ¢

0.005).

Compounds, 6, 7, and8 displayed significantibactivity againsthe gram positive bacteri.
subtilis with a minimum inhibitory concentration MIC) & . 91 € g/ mL, 9.71 ¢€g

egnL,and2 7. 71 € g/ mL p=06€80p e @005,p= €.00¢% anflp = 0.003.

Substitution of the aromatic moiety Bfwith two chlorine atoms and/or a hydroxyl group to give
6, and7 conserved the bioactivity, whereas methylation oftiadroxyl group(8) reduced the
bioactivity slightly leading tohigher MIC of 25.5 mg/L. These obarvations suggest that the

degree and nature of substitution are critical for biological activity.

Compound9 has a xanthene structure. While xanthoftesivatives of $1-xanther9-one are
well known as secondary metabolites of fungi, xanthanesesscommonly reportedHowever
a few have beernreported as metabolites of plants (Cao et al. 200&sters & Brase 2011;
Shrestha et al. 2011y heir synthesis is an actiVield since natural product xanthederivatives
have been reported to exhibit antican (Chatterjee et al., 1996), snalkatvenom
(Selvanayagam et al. 1996) and cytotoxic activity (Huang et al.,; ZBitiOet al., 2010; Wu et

al., 2005). Only one report of a xanthene as a natural product from fungi was identified in the
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literature; paraolin 7 isolated fromParaphaeosphaeria nolingé=B-E011), arendophyte of the
wormwood plantArtemisia annua(Ge et al. 2006). Compoun@ is believed to be the first

example of a natural product xanthene having an unmodifiex®thene skeleton.

An inhibitory effect was also observed for compo@againstB. sultilis with anMIC of 25.43
e g/ (pl= 0.000).The positive controlchloramphenicol hasnaMl C of O 8 B.g/ mL

subtilis (Citron & Appleman 2006)

The polyoxygenated derivativeported herel(Q) is structurally similar to the gabosin@sgroup

of natural products containing a polyhydroxylated methyl cyclohexane system as their basic
structure (Bayor& Figueredo, 2013)Similar compounds have been isolated from bacteria in the
generaStreptomyceas well as from fungi, including endophytes, and from plants (Starks et al.,
2012; Qin et al. 2010; Venkatasubbaiah et al.1994). Polyoxygenated derivatives having
demonstrategarious biological activities, including antibacterial praer (Tatsuta et al. 1974),
antirtumor (Kupchan et al., 1969; Takeuchi et al. 1975) and antiproliferative activity on NCI
H460 and M14 cancer cells (Starks et al., 2012), as well as antimicachiaty (Wirasathien et

al., 2006). Due to their wide rangg biological activities their synthesis is well researched

(Shing and Tam, 1998).

A comparison of the metabolites of two different strains of the unidentified Dothidiomycete,

strain DAOM 242779 and DAOM 242780, was carried @ufferences in metabolitproduction
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were observed between the two straifise xanthene derivativ®) wasnotisolated ordetected
in the extract of DAOM 242780; however all of the other compounds were identified in similar
guantities (Table 11) Compound8 was isolated from the extract of DAOM 242780 in

abundance, while compouidvasthe major metabolitesolated from DAOM 242779.

None ofthe compounds describddl-10) displayedany growth inhibitionagainstPseudomonas

fluorescen®r S. cerevisiaat tesedconcentrationssp t o 500 ¢ M.

Although the crude extract of DAOM 24277Xy(aria sp.) and those of DAOM 242779 and
DAOM 242780 (unidentified Dothidiomycete) were shown to be antifungal againstSoth
cerevisiaeand M. violaceumin a papeidisc agaiplate screening assay, none of doenpounds
isolated displayed antifungal properties. This suggests that either the antifungal metabolites
produced by these fungi are very minor and could not be isolated using the procedures described
here, or that the antifungal activity observed was duea toombined effectof multiple

metabolits acting together.

Griseofulvin was first isolated fromenicillium griseofulvuniby Oxford et al. in 1938. éivever
its antifungal properties were not estabéd until later (Brian et al. 1949; Gentles 1958; Blank
& Roth 1969). Griseofulvin has also been isolated as a metabolitefent Xylaria species,
including an endophyte @&tbies holophyllgManchurian fir; Whalley and Edwards, 199%ark

et al., 200%. Griseofulvin is toxic tamanyplant pathogens including various rusts and is used as
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an antifungal drug to treat dermatophytic infecti(ibekker 1963Blank & Roth 1969; Aly et al.
1994;Parket al. 2005) The mechanisnof action is still unclear, but was originally thought to
affect formation of chitin in the cell wall sincenly fungi seemed to be affecteapwever it is

now thought tointerfere with microtubule assemblgnd - influencing cell division and

outgrowth of hyphal tipgBorgers 1980; D&anto 2010).

Griseofulvin was previously isolated from a foliar fungal endophyte of white pieEdrland
2013)and16 additional endophyte strains were identified as the same sjpesied on their ITS
sequencesThese were cultured and tlreude extrac were analyzed by L-®S in MRM mode

(Table 12). Thirteen of the seventeen samples were found to contain griseofulvin in amounts
ranging from near the detection limit of &7g /tol4.8 mg/L (mean concentration 2.5 mg/mL).
Yields observed were comparable to those obtained by Oxford et al. 1938 (~0.2 mg/mL).
Griseofulvin producinglylaria strains were identified at four of the five collection sites, and alll

but four of the sixteen strains were found to produce griseofulvin loeske@-MS/MS analysis.

It should be noted that griseofulvin did not display any antifungal activity againstrevisia®r
antibiotic activity againsB. subtitlisor P. fluorescenst concentrations tested up to 54 in

either the papedisc agaiplate method or the 9&ell microplate bioassay. Future woik
screening endophytewed to investigate the use of other bioassay models to ensure that the
possibility of identifying bioactive endophyte strains is increageldlitionally, where possible

the fractionation process might be aided by an antifungal screening assay. That is to say that

following fractionation of the crude extract, each resulting fraction should be screened in the
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same manner as the crude extract. This will ensure that metaloldgian is carried out on

antifungal fractions.

Besides the ten metabolites reported hether metabolites wer@resent in the extracts,
however their structures either remain partially characterized or they were isolated in such

limited quantitieghat characterization was not possible.

So far, the screening of foliar conifer endophytes of white and red spruce, as well as white pine
has identified endophytes producing mixtures of highly bioactive compounds. Toxicity of
metabolites produced by thesteains has been established hiatlitro andin vivo (Miller et al.

2002; Sumarah et al. 2008). It has also been established that inoculation of seedlings with these
endophytes results in a systemic infection of the seedling (Sumarah et al. 2005esEmE@ of

the endophyte can be measured by monitoring the concentration of toxic secondary metabolites
in the needles over time as the tree grows, or it can be measured by -<inkgche
immunosorbent assay (ELISA); using antibodies to detect proteingispedhe endophyte of
interest (Sumarah et al. 2005). The measurement of the metabolite in the need|edbitseH
sensitive techniques also a very laborious effort since rugulosin is a pisetasitive compound

and chemical extractions must red out in darkness.

Recently the development of a quantitative tetake PCR method to detect the presence of the

endophyte at levels below the detection limit of the chemical method has been described. Using
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this method it was found that the preseraf the endophyte and its secondary metabolite
rugulosin were present in the crown of a white spruceitte@teen years post inoculation with

the endophytéFrasz et alin press) This study suggests that the use of endophytes to provide
nursery growrseedlings with a natural tolerance towards herbivorous insects and possibly fungal

pathogens is promising.

The foliar fungal endophytes of white pine discussed here will be inoculated into seedlings of
white pine, and challenged with the fungal pathogéite pine blister rust to determine whether

these strains will provide an increased tolerance to the pathogen.
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COMPOUND 1 (Porric acid C)
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13C-NMR spectrum of compounti ((CHF)FCO, 176MHz)
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HMBC of compoundl ((CHF)RCO, 700 MH2)
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COMPOUND 2 (4-hydroxy-5-(hydroxymethyl)-3-methoxy-6-((3-prenyloxy)isobenzofuran
1(3H)-one)

Mass spectrum afompound?
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3C-NMR spectrum otompound? ((CHF)FCO, 176 MHz)
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