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CHAPTER |

INTRODUCTION

The development of drug resist@nge,in human pathogenic bacteria such as

mpted an urgent need to'Seasch {0\ 2 & antibiotics. Together with this is
promp rg \ < ics. Tog ith thi
increasing need for more imycotics, eSpeeially as the human population is
encountering more fu LAIDSepidemic and the increased
numbers of patients wi ;ompromised conditions. In

addition, there are not arasitic prolozoan infections,

eif elore needed to search for and
develop new drugs from it 't fces. - e drug-producing microbes
employed for pharmaceutical q Sy probably not only the most important,
but also the most poorly studi_l_ ngi are everywhere, and affect us in

many ways. They ard) ¢ st g€ jof organisms on earth

(Hawksworth, 1991). Vg

¥
nawn to be a rich source of

aceulical inier@. Examples are Penicillium

chrysogenum (penjcillin) E‘eﬂaﬁ'ﬂs orium acfefnonium (cephalosporin), P. griseofulvum
oo, Ed e U SELT R e e
numbers of fungi are over 1.5 miillion specigs, worldwide. Tos date, however,

soro el 12 0NN oo b i g ] b b dsocied i

various higher organisms as either parasites or saprophytes on dead and dying

bioactive compounds \m:h are of phe

biological materials. Cumulatively from previous reports, 5,000 - 7,000 taxonomic
species have been studied and about 4,000 fungal metabolites are describes (Dreyfuss
& Chapela, 1994). Some relatively unexplored fungal groups derived from such
ecosystems, e.g., fresh-water fungi, marine fungi and endophytic fungi which are

potential sources for the production of a diverse array of bioactive metabolites.



Interestingly, particular fungal endophyles are able to produce bioaclive molecules
including a useful anlicancer drug paclitaxel {Taxul"} from a fungal endophyle
Taxomyces andreanae derived from Paciflic yew (Taxus brevifolia) (Strobel and Slierle,
1993) and camptothecin, a drug for treatment of ovarian and colon cancers, from an

unidentified endophytic fungi derived from Nothapodytes foetida (Puri et al., 2005).

Thus, living plants are interesting sour: reening of new microorganisms that may
produce novel functional metabalites. ]f}

nie or part of their life cycles

colonizing inter- and/or i A hyulissues of their host plants and

typically causing no apg way, 1996). Some of these
fungal endophytes prod olve in a host-endophyte
relationship. For example sid), which have both ecological
and biological impacts, i #8§s in leguminous plants and
benefits the hosts to fight again

direct result of the role that ti

(Chomcheon et al., 2005). A
may play in nature, they may

ultimately have application in -1= ae. A worldwide scientific effort to isolate fungal

HIE P
st __,_..- = 2

@y, While there are myriads

F—_-:H ‘endophytes now seem to

endophytes and study e
of epiphytic micrmrg
attract more attention. Tﬁ may De case;since ctme@:ﬁulogical associalions may
have developed between these organisms imstheir respective hosts than the fungal

ooy naifinbdrthe il s b B b roanisms, Henco, e

result of this mayq']}e the production ¢f a greater pumber and divgrsity of classes of
b-momcﬂ diiveb bl e aind ¥l adoe)ofdebich b frfes. n ot o
recent co prehensive study has indicated that 51% of biologically active substances
isolated from endophytic fungi were previously unknown. This compares with only 38%
of novel substances from soil microflora (Strobel, 2003).

In Thailand, there are a few reports on Thai endophytic fungi. For instances,
endophytic fungi were isolated from indigenous dicotyledonous plants at Doi Suthep-Pui
area from the northern Thailand (Lumyong et al., 1997). Wiyakrutta et al., (2004) have



isolated endophytic fungi from 81 Thai medicinal plant species collected from forests in
four geographical regions of Thailand, and evaluated their crude extracts for biological
activities. Chemical investigation of a broth extract of Phomosis sp. that was isolated
from leaf of Urobotrya siamensis led to the isolation of a potent antimycobacterial agent
(IC, 3.3 pM), 3-nitropropionic acid (Chomcheon et al., 2005). Kongsaeree and co-

workers, in 2003, isolated antimalarial di isocoumarins produced by Geotrichum

sp. from Crassocephalum idioidas iene derivalives, cytotoxic
have been isolated from
Hydnocarpus anthelminthigus™Piaetiva é& al, 200Tia, 2008, Chinworrungsee and
colleagues reported abef sieldinl A gloxietcompound, produced by
Hypocreales sp. Klar5 igblatg K -". .‘\>‘ g) Warb. Two antimalarial
ere yproduced by Exserohilum
rostralum which was isolg 0 efnofid sp. {Sappapan et al, 2008). The great
ented, however very little is
known about the fungal endopliytes: packground information led us to speculate

that Thai medicinal plants might : ther source of endophytic fungi with

g

=

biologically active golpp jagf", metabolites of fungal

o e e e e o e e s g

'
ungtisolated from L@e\nbergia philippensis and

Leea rubra will be screened fes their abilities .produce bioactive substances because

o s oufebd b o Wb 3 @ s of

diseases. Until now, there has been mb report on fupgal endophytessisolated from L.

pripperiny Yeord § el himchegn W ) B b new rara

products, éhydmxymethw-:i-melhyi-cyclupenl-z-enone (synthetically known), and cis 2-

endophytes from Thai Mm@l
In this research, Bdoph

hydroxymethyl-3-methyl-cyclopentanone and a known compound, asterric acid, were
isolated from the endophytic fungus, mitosporic Dothideomycete sp. LRUB20, which
was isolated from the stem of L. rubra. Cyclopentanones are useful intermediates in
organic syntheses. The term "white biotechnology™ has been recently introduced for

microbial production of chemical building blocks. We therefore explored bicactive



compounds and other useful substances from Thai medicinal plants (Lindenbergia

philippensis and Leea rubra).
HO =
/l.ol\/\ \/\m\/\/
=
HO NO; OH O
3-Nitropropionic acid

@MﬂQﬂﬂﬂit ih
o AT TS TR e

The objectives of this study are as follows:

1. To isolate endophytic fungi from Lindenbergia philippensis and Leea rubra

2. To isolate and chemically characlerize bioactive compounds from selected
endophytic fungi

3. To identify endophytic fungi based on morphology and molecular methods

4. To evaluale biological activities of the isolated compounds



CHAPTER Il

REVIEW OF LITERATURES

Fungal endopytes live internally, either intercellularly or inlracellularly, and

asymptomatically (i.e. without causing 1,‘ | f tissue damage) within plant tissue
(Figure 2) (Bills, 1996). Endcph ally ground plant tissues, but also
occasionally in roots, and are dislingeshed from """‘-'-ii'u]:ﬁ e by lacking external hyphae or
mantels. They differ from pathae "‘-~.4 ptomatic growth under most
conditions while they, in cog A// / \\\ ied entirely within the substrate
plant and may be either péragifigh grs \ hurtshlp between the fungal
endophytes and its host Plank

mbiosis, or commensalism to

borderline parasitism (Isaaé) 1

@um mmmm ?w —_—
’“““Wﬁ"mﬂim URIINYIAY

anadays research attention is being focused to the endophytic biodiversity

Figure 2

related ecological functions and bioactivities of fungal metabolites.

2.1. Biological survey of endophytic fungi



2.1.1 Distribution and biodiversity
Almost all vascular plant species examined to date were found to harbor
endophylic bacleria andfor fungi (Amold et al, 2000). Moreover, the colonization of
endophytes in marine algae, mosses and ferns has also been recorded. As a maltter of fact,
endophytes are important components of microbial biodiversity. Commonly, several to

hundreds of fungal species can be isolaled from a single plant, among them, at least one

| conditions under which the host is

i endophyte profile may be more
AW yt ay

diversified in tropical areas. Tropicarendop ﬁw could be hyperdiverse with
host preference and spaligks#fie lafgiene .\\: sdingly, endophytes are presumably
ubiquitous in the plant kingdef @ pagulal »\F depandent on host species and

2.1.2 Origin and &

Some phytopat

harmless endophytic fungi a )
symptoms when the host plant is & aed B # d. On the other hand, during the long

e of endophyte origins. Many

hogens which may cause infectious
co-evolution of the {Jl"l (Lol =iigie M;;__;_:__"_;:}i ic mutant may result from
..". £ host calli and endophytes

balanced ﬂﬁlagﬂﬂism anrgrg 7
nduphﬁes and the host calli e *ﬂ

other (Tan an iﬂm of a hypothesis that
the enduphﬂa—hﬁzﬂﬂ m antagonism. Some
naturally rring nonpath ic end es devel n such as some
single loc ﬁum h a mﬁrﬁ ilammall'f inside

the host plant without pathogenic symptoms, but retaining wild-type levels of in vitro

demonsirated that both ete metabolites toxic to each

sporulation, spore adhesion, appressoria formation, infection and hosl specificity (Freeman
and Rodriguez, 1993).
The Acremonium (an anamorph form in the genus Neolyphodium) endophytes,

which usually inhabit tall fescue of Lolium perenne L. (perennial ryegrass) and many cool-



season grasses, are considered mulualistic symbionts of the host grasses. The grass and
the endophytic fungus are so intimalely associaled that they act "as a whole', much like ‘a
single organism’. And, indeed, some of these endophytic Neotyphodium species can only
spread by infecting seeds from the mother plants (Figure 3) (Schardl et al., 2004).

Figure 3 Gt oo ot endopipde grassswmbicdt (Image from University
of Kentucky, http://www.Cas

I
¢
YO (710131 )11 A
subsists enﬁmly:ﬂ\ rces of t. The host fécei efits through increased
powsc NP D £ MiON (110151 e
mmpatitia ifies.

2.1.3 Physiological and ecological roles
Endophytes colonizing inside plant tissues usually get nutrition and

protection from the host plant. In return, they confer profoundly enhanced fitness to
the host plants by producing certain functional metabolites as shown in Table 1.



Table 1 Benefits to the partner

Benefils

Plant Fungus

Increased : - Growth - Refuge

. Repmdﬂc% jr - Nutrition
. &i;"";‘i“ /Zé-:’__ - Transmission

e—
[Table adaptedw el al MWM Science. 9: 276)
77 NN

At
endophytic fungi e.g. cylbkings, pd:}tﬁ%‘-ﬁ& IC{ ud '~.¢{i#&}|. and other plant growth-
promoting substances, an rily *Mﬁé‘

dftake f&ﬂ@l sU

culture broth of G-:':He.'orﬁchum gmsqsf;qﬁqkfﬁ}%phﬂe fungus of Artemisia annua L.,

has also been found to.pg abla to promota tha g callus (Figure 4) (Tan and

enhanced the nutritional ele h as nitrogen and phosphorus. A

Zou, 2001).

Figure 4 An Arfermnisia annua endophyte culture liquid can significantly promote the
growth of host callus incubated on MS medium without (A) and with (B) 10% endophyle
culture liquid (Tan and Zou, 2001)



2.1.3.2 Improvement of the hosts' ecological adaptability
Endophytic fungi are able to improve the ecological
adaptability of hosts by enhancing their tolerance to environmental stresses and resistance
lo phytopathogens and/or herbivores e.g. endophyte-infected grasses usually possess an
increased lolerance to drought and aluminium toxicity. Furthermore, some endophyles can
provide the protection against some nematodes to their hosts, mammal and insect

herbivores as well as bacterial and fungal pélifbgens (Christensen et al., 1997). Some

endophytes are capable of enhaneing the allelogatfiesfiects of their hosts on other species
co-growing nearby, usually b&Ng Coimpetitar(s) ,---=:lg_-.|,:__p' ion and the space. This could

be the reason why some pla \ 3 phytes are usually competitive
i //'y/ \&"\ (Tan and Zou, 2001).

\
In the 1970's, endopiiytic S Wiird nitially i ered only for identification and
classification, riot causing be to plants. Until in the past two

potential sources of novel bioactive

22  Study of bicac

decades, the interest for endophiyhc ot

compounds that exhib such-as-agnibiotic, antiviral, anticancer,

l-"
Jr] aclivities (Azevedo et al.,

)

o SHUEINENTNENT

Antibiotics are low-moldCular-weight .ﬁgamc natura gbducts made by

m.cmamamm ALY 1fa)

1981). Fungal endophytes are a source of these antibiolics which were produced to inhibit

antioxidant, inseclicidal,"&

2000).

isms (Demain,

or kill a wide variety of harmful disease-causing agents including phytopathogens, as well
as bacteria, fungi, viruses, and protozoans that affect humans and animals.

Cryplosporiopsis quercina demonstrated its ability to produce a unique peplide
antimycolic 'cryptocandin' against some important human fungal pathogens such as



Candida albicans and Trichophylon spp. (Strobel et al., 1999). This compound contains a
number of unusual hydroxylated amino acids and a novel amino acid: 3-hydroxy-4-hydroxy

methyl proline (Figure. 5).

Figure 5 Cryptocandin A, @n antifingal Bei tained from the anduphyhc fungus
C. quercina. '

Cryptocandin f; achve .‘. .i‘! enic fungi, for example,
Bolrytis cinerea and Sclefolinia Se aethier j its related compounds, they

are currently being tm‘s:deiad for use against &seases of skin and nails caused by some

s AL BRI WHARE <. rom .

unusual compoundlpossesses potent achwty against F'_*fnc:u.fana oryzaa and some of other
plant—paWﬂTﬁ Q ﬂai W}mmﬂﬁﬂﬂ:ﬂ mst a general
array of hugan pathogenic fungi. Nevertheless, with MICs of cryptocin for P. oryzae being
0.39 pg/mi, it is being examined as a natural chemical control agent for rice blast and is
also being used as a base model to synthesize other antifungal compounds.

A rainforest endophytic fungi Pestalotiopsis microspora is able to produce ambuic
acid, a secondary metabolite with an anlifungal activity. Ambuic acid (Figure 7), a higly

10



funclionalized cyclohexenone, has served as a model to develop new solid-slate NMR

methods for the structural determination of organic substances (Harper ef al., 2003a).

Figure 6 Cryptocin, a telrag

iy
Figure 7 Ambuic acid, an anfite d, produced by P. microspora.

Pestalotiopsis :‘;, sPebtalotiopsis from the Sepik

River area of Papua Ne I ' (Figure 8) and hydroxy-jesterone
W ¥
which exhibit antioomycate‘:ﬁ:vity against a.:;;iriety of plant-pathogenic fungi (Li and

Strobel, 2001). Wﬂwwwmanm synthesis with

complete retention®f biological activity {Hu et al., 2IJD1,'I

Q“M&Nﬂ‘ifu : WTJV]EH&!EI

Figure 8 Jeslerone, a cyclochexenone epoxide from F. jelsteri, has antioomycete
activity.

1



2.2.2 Antiviral activity

The inhibition of viruses is anolher fascinating use of anlibiotic products from
endophytic fungi. Two human cytomegalovirus (HCMV) protease inhibitors, cytonic acids A
and B (Figure 9), have been isolated from the solid-state fermentation of the endophytic
fungus Cytonaema sp. Their structures as p-tridepside isomers were elucidated by mass
spectrometry and NMR methods (Guo et al., 2000a).

0
'\\n
\ (s}
NN
A oH
b ‘ OH
Cytonic acid B
Figure 9 Cytonic acid"A ah inhibitors of HCMV protease, derived
from Cytonaema species.

2.2.3 AnlicanGetactivity-
'r':
The fiest | i T't is produced by endophytes

are Paclitaxel and some of‘|ts derivatives {Flgure 10). Fac: axel, a highly functionalized

diterpenoid, is mﬂw aﬁeﬁ mﬂ litaxel is to preclude

tubulin molecul polymenzmg during the pmcassas of cell dmsmn (Suffness,

™ AHIAND IUAPIADUINE, e

drug) from the endophytic fungus Taxomyces andreanae from its host Pacific yew Taxus
brevifolia. After that, many reports shows that paclitaxel was also found in other endophytic
fungi, for examples, Peslalotiopsis guepinii from Wollemia nobilis (Strobel et al., 1997),
Periconia sp. from Torreya grandifolia (Li et al., 1998a), Pestalotiopsis microspora from
Taxus wallachina (Li ef al., 1998b), Tuberculania sp. from Taxus mairei (Wang ef al., 2000),

12



Aspergillus niger from Taxus chinensis (Wang et al., 2001), and Stegolerium kukenani from
Slegolepis guianensis (Strobel et al., 2001).

Figure 10 Paclitaxel edfty Pacii i endophytic fungi.

A pentacyclic quing e 11), belongs to a group of
antineoplaslic agents with & involving interference with
eukaryotic DNA. Camptothecin @r _; howt strong antineoplastic activity and
were used for the treatment of ski JMoreover, one of the primary cellular
responses o its e nguv rapid ce: syfthesis. Camptothecin also
displays a unique mechaiisi Rk o enzyme topoisomerase
|, which is required for the@ swiveling ana“relaxation o r" uring molecular events, such
as DNA replication and transgription (Puri ef al., 2005).

e

from the wood uf plant native to gnainland Chﬁ Camptalhecwcumma!'a Decne
o) VR GO TR B AR B AR b 2 0
belongs to he family Phycomycetes which was isolated from the inner bark of the plant
Nothapodyles foelida (Wight) Sleumer (formerly Mappia foetida, lcacinaceae) from the

westemn coast of India.

13



Figure 11 Camptothecin, a pentacyclic quinoline alkaloid, is a lead compound for

anticancer drug.

Many alkaloids are alS6"ee “*endophytes. Such fungal genera

as Xylaria, Phoma, Hypoxylon ative producers of a relatively

AN Al nta
large group of substances kud 4/ / ";\'\\1\\\\\ jwhich over 20 compounds are
\\
now known (Wagenaar ef a .l

antibiotic activities, but beCauzé if cdl ' \\\ \

\\\1 ave not been developed into

Pestacin and -:,.as-;u_.r iy obtained from culture fluids of P.

K unds possess antitumor and

pharmaceuticals.

microspora, a fungal ehdo) __,_m -omb rr eaous plant, Terminalia
morobensis, growing in"the S uinea. Both pestacin and
. Isopestacin was proposed
to posses antioxi l%i imi flavonoids (Figure 12).
Indeed, the Hﬂtlﬂﬁ ﬂ ﬁm %%ﬁ ﬂ«imm:ﬂe greater than that
of trolox, a vitamin E danvauve (Harper efal., 2003b). =

N8y

ARIANN I lﬁm

1
isopeslacin display anti I' bial as well as antioxidant EJCE

Figure 12 Peslacin, a melabolite of a fungal endophyte P. microspora, isolated from
1. morobensis.
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2.2.5 Inseclicidal activity

Many reports showed that several fungal endophytes are known to have
anti-insect properties. And even bioinsecticides are only a small part of the inseclicide field,
bul their market is increasing rapidly, for example, nodulisporic acids, novel indole
diterpenes thatl exhibit potent insecticidal properties against the larvae of the blowfly. The
mechanism of action of nodulisporic acid Fiure 13) is by activating insect glutamate-gated

chloride channels. The first nodulisporic 1 F ,./ ] was isolated from an endophyte, a

Nodulisporium sp., from the plam As all around our world worries

J
about ecological damage done , fungal endophytic research
continues for the discovery g

2003).

fe alternatives (Stobel and Daisy

Figure 13 ispori id, i dilerpene, exhibited potent insecticidal
property. ) i
iy

226 Antidia beliﬂ cl

Zhang et a:" 1999) reported compound L-783,281 (Figure 14), a

nonpeptidal funﬂ Wﬁ)@ wmq&*ﬁ ’l"oﬂ % endophytic  fungus

(Pseudomassaria :ﬂ.} collected from an .ﬁfncan rainforest near Kinshas.a in the Democratic

bar mr @ @ freuin mimeti

and may be given orally. Oral administration of

and is not destroyed m the digestive
this compound to two mouse models of diabetes resulted in significant lowering of blood
glucose levels. These results may lead to new therapies for diabetic patients.

227 Immunosuppressive activity

15
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Lee et al. (1995) showed thal the endophytic fungus Fusarium subglutinans,
isolated from Tnplerygium wilfordii, is able to produce the immunosuppressive bul
noncytotoxic diterpene pyrone subglutinol A (Figure 15). Al present, many
immunosuppressive drugs are applied to prevent allograft rejection in transplant patients,
and in the future they could be used to treat autoimmune diseases such a rheumatoid
arthritis and insulin-dependent diabetes.

Figure 14 Structure metabolite, isolated from

Pseudomassaria sp.

ﬂ‘LJEl’J’VI NINYINT

RN TUAATINERE

23  Plant sources of endophytic fungi
2.3.1 Leearubra

Leea rubra, which is called in Thai as "nszsialu®, “nIzfause”, “1leq”,
“alu”, “nszialu” or “@eausnin”, (Figure 16), is a plant species in the genus Leea



commonly found throughout Northern and eastern Australia, New Guinea, South and
Southeas! Asia and parts of Africa. It is the only genus in the family Leeaceae.

The height of L. rubra is aboul 2 to 4 melers. Leaves are alternately imparipinnate
lype; leaflets have oblong shape wilh lhe width about 4 to 6 cm and 12 to 18 cm in length,
with its stipules forming a sheath. It is inflorescence in leaf-opposed, corymb with light

green corolla. Their fruits have compresse bose shape and will turn dark red or black

Figure 16 The pictu

232 Ungwbarg'a
Lindegbgggia philippensig jBenth, or in Thai name muwu'mu'iﬂ

rave 1 R RI DIR LTI BE VB St o iy

sides, rocky crewc& about 1,200-2,600 mn above sea 'Ig.rel in China {Gugac-ng. Guangxi,
Guizhou, QnWﬂﬁ ‘&’ﬁ’ﬁ:ﬂﬂ‘%ﬂ ‘ﬁ:fé] W,ﬁ@ ﬂiiE;]ines. Vietnam,
and Thailan8.

Lindenbergia philippensis Benth is a perennial tree with stout, erect, straight, much
branched, glandular hairy. It has about 1 m in height. Their stems are terete in shape.
Petiole is about 6-12 mm, and the leaf blades have ovate or ovate-lanceoclate shapes.

Papery leaves are about 2-8 cm, with cuneate shape; their margin are serrate type with

17



apex acule to acuminate. Inflorescences have at terminal with densely spicate-racemose
shape about 6-20 cm. Its bracts are narrowly lanceolate shorter than calyx. Flowering has
with subsessile. Calyx is aboul 5-6 mm, conspicuously 5-veined; lobes subulate-triangular,
as long as lube, apex acute. Corolla are yellow and outside with purple patches, sparsely
hairy; tube aboul 2 limes as long as calyx's size; lower lip long, conspicuously plicate;

upper lip apically subtruncate, sometimes ginarginate. Anthers have long stalked which is

in size.
. T —
Fresh whole planl can be Ciushed wi ri@ibaimount of rice wisky and applied to the
forehead for headache or GemMime . i, 'ch ‘ applied to relieve pain and

inflammation from bums or abscgs: Ihi ant'ca eezed to obtain juice which

Figure 17 Thﬂl u&ld.’r} ﬂﬂmr@%g ﬂ ﬂ ﬁm‘mu‘lﬂ in Thai
R R RARTRL I I B

leaves and !tems of L. philippensis and L. rubra, respectively, these plant species are of
our interest because they have been used in Thai traditional medicine with various
pharmacological activities. Therefore, the present study is involved in the isolation of
endophylic fungi from L. philippensis and L. rubra and the isolation and characterization of

bicactive compounds from the isolated fungi.
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CHAPTER Il

MATERIALS AND METHODS

31 Culture media and chemicals

3.1.1  Culture media
3¢ _ ophytic fungi were Corn meal
agar (CMA) (Difco), Malt ex Gor )W Potato dextrose agar (PDA)
{Merck), Sabouraud’s dexirgsl = - i tract powder (Merck), yeast
extract powder (Merck}, base (agar-agar ultrapure

granulated, Merck). Other myé: r agar (TWA), yeast extract

sucrose medium (agar and br r apek medium (agar and broth) (MCz),
malt extract broth (MEB), ma ract siierhse jroth (MES), potato dextrose broth (PDB),

Sabouraud's dextrose broth (SD 1) phast | 7 (¥YCz), and M1D medium; the

\Z )
3.1.2 Chemi -v

Chemlca sed in this study are as fulloﬂ boric acid (Merck, GR),
ammaonium tartr ﬁ f ), sodium chloride
(NaCl) (Merck, B@sﬂ'ﬂ m lﬂﬁiﬁ‘iﬂmk GR), sodium
acelate im ) anhydrous
(Merck, ﬁcﬁlﬁﬂrﬁﬁd mﬂiﬁrﬁuﬂﬁ Merck. GR),

magnesium chloride (MgCl,) (Merck, GR), calcium dinitrate [Ca(No,),] (Merck, GR),
potassium nitrate (KNO,) (Merck, GR), ferric chloride (FeCl,) (Merck, GR), manganese
sulphate (MnSO,) (Merck, GR), potassium iodide (KI) (Merck, GR), magnesium sulphate
heptahydrate (MgS0,.7H,0) (Merck, GR), potassium chioride (KCI) (RiedeldeHaen, AR),

dipotassium hydrogen phosphate (K,HPO,) (Merck, GR), zinc sulphate heptahydrate
(ZnS0O,.7TH,0) (Merck, GR), copper sulphate pentahydrate (CuSO,.5H,0) (Merck, GR),
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ferrous sulphate heptahydrate (FeSO,.7H,0) (Merck, GR), absolute ethanol (Merck, AR),
95 % ethanol (industrial grade), liquid paraffin (specific gravity of 0.83-0.89, medicinal
grade), dichloromethane (CH,CL) (Labscan, AR), ethyl acelate (EtOAc) (Labscan, AR),
phenol (C,H,OH) (Amersham, AR), Tris-HCI (Sigma), EDTA (Sigma, AR), methylene blue
(Sigma), glycerol (Merck, GR), bromophenol blue (Sigma), chloroform-D, 99.9 atom %D
(Merck), acetone-d;, 99.9 atom %D (Aldsial MSO- dj, 99.9 atom %D (Aldrich), silica
gel 60 (70-230 mesh ASTM, ex LH-20 (Amersham Pharmacia

Biotech Inc.).

Malecular biolog _- B Tedgents used Werewgleoxynucleotide triphosphate
(dATP, CTP, dGTP, and . wpolymerase (FINNZYMES),
Pstl (FINNZYMES), and

3.2 Collection of plant s

Healthy leaves and Dragiehesof 1éabergia philippensis and Leea rubra were
collected from Kanchanaburi and e ovinces, Thailand, respectively. The
fresh-cut ends of plantsamples v ifin fikm and they were placed in

Bolation of endophytic fungi.
" 'in@ h after collection.

zip-lock plastic bags 5‘, fed i a relm
The plant samples mre&d for

33  Isolation wg‘z}% qn {W Ell] ﬂ ‘j
ww '“| T‘E‘Wﬁﬂﬂﬂﬁﬂ The surface

of leaves and branches was sterilized by immersion in 70% ethanol for 1 min, sodium
hypochlorite solution (6% available chlorine) for 5 min, and sterile distilled water for 1
min two times. The surface-sterilized leaves and branches were cut into small pieces
and placed on sterile water agar plates for incubation at 30°C. The hyphal tip of
endophytic fungus growing out from the plant tissue were cut by a sterile pasture pipette
and transferred to sterile potato dextrose agar plate. After incubation at 30°C for 7-14
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days, cullure purity was determined from colony morphology. The fungal isolates were

stored for further study.
3.4  Selection of endophytic fungal isolates

Fungal isolates were selected jfor jchemical investigation if they exhibited

media, i.e. Czapek yeast autelysale-agar, =T apeleagar, malt extract agar, potato
ye | __hﬂ gar, po

dextrose agar, Sabourauds ract sucrose agar, and
screened for antimicrobig
al., 2001). Agar plugs take
inoculated with Staphylogftcu - o £C 25928, Ehierococcus faecalis ATCC

29212, Escherichia coli AJ .m _. Tafs weruginosa ATCC 27853, and

Candida albicans ATCC 90028. %
;’“ -

;ﬁf ".."J"

ion assay (Sriubolmas el

on the test plate previously

35 Screening of se gcle dophvtic funi for ’; production of bioactive
compounds —— 1:""

0

The endophytic I’unga! isolates were g vn in 1-L Erdenmeyer flasks, containing

200 ml of appmﬂeﬂl%%%%ﬁ%ﬂs’] ﬂﬁ at 25°C, the culture

broth was filtered ﬂrough four layers g[ cheeﬁeclnth to remove rnycehum The culture
o eGSR LTI s e
of its 'H NMR spectrum. Scheme 1 summarizes the whole extraction process. The fungal
isolate LRUB20 was grown on Czapek yeas! autolysate medium (CzYA) and M1D
medium (supplemented with 0.5 g/L malt extract) and the isolate LPHIL36 was cullured
on malt extract broth (MEB). They provided high yield of crude extract, and also showed
interesting 'H NMR spectral profiles, (figures 18, 19 and 20), therefore, these

fermentation condilions were selected for further studies.
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Fungal isolates

cultured in

Y
LI

ml of various media (Tables 2 & 3)

1 L Erdenmeyer flask, containing i

ic culture

W e

Mycelia

Culture broth

APEIENINGINT
RTRININNNINYAE

¥

Analysis by "H NMR spectrum

Scﬁamn 1 General procedure for extraction of fungal culture broth
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j-ﬁ"‘.- L )
Figure 18 The 200 Mi# 'NMR (in @BCY) Spéctim of crude extract on CzYA

medium of the endophytic fupBugisé '

zuumm\ﬂnaa

mrx\ ‘ N
L LA r‘,.ﬂ' e e

- ST — R — i
* L] ¢ 0 5 1 v = ] o ppm

Figure 19 The 200 MHz 'H-NMR (in CDCl,) spectrum of crude extract on M1D

medium (supplemented with 0.5 g/L malt extract) of the endophytic fungus isolate
LRUB20



Figure 20

24

3.6.1 Cultivation u}fﬂgl

rﬂmw ﬂiwm AP e po °C for 7 days. Six

pieces (6x8imm°) of the grown n}u]lurﬂ cut from the plate were inoculated into 1-L
=9

_ _ s
AN TN R MR S
or M1D medium (supplement th 0.5 g/L malt extract) for the isolate LRUB20,
and malt extract broth (MEB) for the isolate LPHIL36. Several flasks of culture

were prepared to obtain 5 L of CzYA broth, 3.2 L of MID medium, and 5 L of
MEB.
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3.6.2 Extraction of fungi
The culture broth was passed through four layers of cheese cloth which
were exhauslively pressed. The fillrale was exiracted with an equal volume of

ethyl acetate (EtOAc) for 3 times. The organic layers were combined and

evaporated at 40 C to yield a pxtract. The crude exiract was dissolved in

methanol or methylene chie transferred to a vial. Fungal cells

were sequentially ma H,{'.:I,. respectively, at room
temperature, each gl Zea CI extracts were combined
and evaporated itioned twice with an equal
volume of hexang d with 100 ml of H,0 and
partitioned with EiQ@ ;act. The extractions of the
culture broth and ge| and LPHIL36 are shown in

Scheme 2, Scheme 3 gndiSe

3.6.3 Deposition of fungi

Endophytic fungi; istiate LRU duisolate L PHIL36, were deposited
at the Bfaactiv 01 Microbiology, Faculty of
Science, Mahido ill ore 1 sto -; | (< 1 year), the fungi were

placed in distilled fj,D and for Iongei}erm sturage they were kept frozen at

*mcmﬂﬂuﬁf’mﬂﬂiwmﬂ‘i
ammmmumawmaa
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CzYA broth (5 L) of LRUB20

fillered

Filtrate Mycelia

marcerated

MeOH 2 days
EtOAc layer CH,CI, 2 days
concentrated 2B : bine both ‘El'l-d CH,CI, extracts
filtered and
Broth crude extract

(1,400 mg) T Extract with MeOH
partitioned with

hexane (3 times)

concentrated

AU TR0 e
ndngnay

partitioned (EtOAc) 3 times

' .

EtOAc layer Residue
concentrated

Mycelial crude extract (900 mg)

Scheme 2 Extraction of culture broth and mycelia of the fungus isolate LRUB20
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M1D broth (3.2 L) of LRUB20

filtered
Filtrate Mycelia
marcerated
l MeOH 2 days
EtOAc layer CH,CI, 2 days
_ \J
concentrated and CH,CI, extracts

filtered and
Broth crude extract _ concentrated
(630 mg) 7 Extract with MeOH
=3 ' partitioned with

hexane (3 times)
X ]

1
|
iF

7
]

hd
exane layer

concentrated

AU IMHIE NN R e
RANSRIENINGAY

partitioned (EtOAc) 3 times
EtOAc layer Ftes*:lue
concentrated

Mycelialcrude extract (850 mg)

Scheme 3 Extraction of culture broth and mycelia of the fungus isolate LRUB20
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MEB broth (5 L) of LPHIL36

filtered
Filtrate Mycelia
marceraled
J, MeOH 2 days
E1OAc layer CH.CI, 2 days
v
concentrated and CH,CL, extracts
filtered and
Broth crude extract concentrated
v
(4,500 mg) Extract with MeOH
partitioned with

hexane (3 times)

')

1
|
iF

'I BHEITIB layer
o

concentrated

AUE AN A0 e e
RIA9NS lii'i’ﬁﬁwmé’a

partitioned (EtOAc) 3 times

.

EtOAc layer Residue

concentrated

Mycelial crude extract (1,900 mg)

Scheme 4 Extraction of culture broth and mycelia of the fungus isolate LPHIL36



3.7 Chromatographic techniques

3.7.1  Thin-layer chromatography (TLC)
3.7.1.1 Analytical thin-layer chromatography
Technique : one dimension ascending

Adsorbent : silica gel F,., coated on aluminium sheet (E.

Layer thic

Distance
Temperatur ' ».-‘"ﬂ . srature 25 °C
Detection \ omlinder daylight

‘\\\\

‘inder ultraviolet light at

- 4 and 356 nm

der daylight after spraying
yde reagent or 10% H,SO,

nd heat until color developed

Techniqu IOREscentding

i¥
hdsurbenl : silica gel F.., coated on aluminium sheet (E.

ﬂ‘IJEI’J'VIWﬁWEI'lﬂ‘ﬁ

Lafidr thickness
AR TN ANEINE
Detection : 1. Visual detection under daylight

2. Visual deteclion under ultraviolet light at
wavelengths of 254 and 356 nm



30

3.7.2 Column chromatography
3.7.2.1 Gel filtration chromatography

Gel filler : Sephadex LH-20 (Amersham Pharmacia Biotech
Inc.)
Packing method : Sephadex gel was suspended in the eluent and

laft avernight prior to use. It was then poured
' n and allowed to settle.
Sample loading,. issolved in a small amount of

pplied gently on the top of the

Detecti actions werelexaniiped by 'H NMR (400 MHz)
Nip-layer chromatography.

rck code no. 7734)
Packing method BOH was suspended in the eluent and
jor i@ use. It was then poured
;r ,:'4,- ed to seltle.
Sample -: BWas digt s6lved in eluent, added

with a gmall amount of Silica gel 60H, dried

ﬂ‘utl’;l wﬂﬂ@wg}nﬁmm

‘BO|LII"I'II"‘I=

4 RN ‘iflJFN*W‘P’JHWH@ﬁ B

chromatography and 'H NMR (400 MHz)
speclroscopy.
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3.7.2.3 High performance liquid chromatography (HPLC)

Adsorbent : Reversed-phase column (LichroCARTRP Cm:l

Sample loading : The sample was dissolved in a small amount of
eluent (a mixture of MeOH and H,0) then
injected into the loop of the column.

Flow rate

140 pa8.0 mifmin

Detection balbde array detector

@aphy (MPLC)
nn (LichroCARTRP C,,)
olved in a small amount of
‘MeOH and H,0) then

atp of the column.
Flow rate
Detection rray deteclor

3.8 Structure elucidation

Yo Y]

Structures were B.'lci ated aton ’J one and two dimensional

NMR spectra. Additional mscup.‘c tech ues such as MS, UV-vis, FT-IR, and

p—{ ugﬁ}m@% SN R S e s i

for the structural eﬂ:ldahnn

ARIAININININPNAE

3.841 Nuclear magnetic resonance
'H NMR specira were recorded on a Varian Gemini 2000 spectrometer
operating at 200 MHz spectrometer (with CDCL,, acetone-d, and DMSO-d, as solvents).
'H NMR spectra of pure compounds and all other NMR measurements were performed
on a Bruker AM-400 (400 MHz), a Bruker ADVANCE DRX-500 (500 MHz) or a Bruker
AVANCE 600 (600 MHz) spectrometer. NMR spectrometer was operated at 400, 500 or
600 MHz for proton, and 100, 125 or 150 MHz for carbon, respectively. NMR spe'n;lra of
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pure compounds were processed using Bruker software. NMR spectra were calibrated
using solvent signals ("’C: CDCI, 77.00 ppm, acelone-d, (CD,COCD,) 29.8 and 206.0
ppm and DMSO-d, (CD,50CD,) 39.5 ppm) or a signal of the portion of the partly or non
deuterated solvent ("H: CHCI, in CDCI, d 7.26 ppm, acetone in acetone-d, & 2.05 ppm,
waler (H,0) in acetone-d, O 2.8 ppm, DMSO in DMSO-d, O 2.50 ppm, and water (H,0)

in DMSO-d, 0 3.31 ppm). Structural asgignijents were based on the interpretation of the

spectrometer.

§ nigan Mat GCQ mass

Accurate mass wag ght (TOF) mass spectrometric

technique, using a Micro TOR B F \t Jgnization mode or ESI mode.

3.8.3 Ultraviolet-visible
UV-vis wgpes 3 imadzu UV-vis 2001s

spectrophotometer,

3.8.4 Fourier tranifunn infrared s sor.:'-pyr (FT-IR)

PR B3 e s o

spectrophotometet) Samples for IR ware examined ussng a Unwersal Altenuted Total

TR RETTEIIMNAINY I 8

3.8.5 Optical rotation
Optical rotations were measured with using a sodium D line (589 nm)

JASCO DPI-370 digital polarimeter equipped with a 1 mL cell (cell length 1.00 cm).

3.86 Melting point
Melling points were recorded on a Bichi 535.
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3.9 Isolation of bioactive compounds from endophytic fungi isolate LRUB20 and
isolate LPHIL36

3.9.1 Isolation of secondary metabolites from the endophytic fungus isolate
LRUB20

A crude extract (1,400 mg) of the isolate LRUB20 cullured on CzYA

medium (5 L) was subjecled to S urnn chromatography (CC) (3 x 85
cm), eluted with MeOH, to yielahid i ra Fraction A9 was re-cryslallized
from MeOH to afford aste ACIet 1 7 ""“1-"&‘-'&' AB was further purified by
Sephadex LH-20 CC (3 x 45«6 il e \ OH d. ten fractions (B1-B10) were
obtained. Fraction B6 was afiSin@ubé tled: n, Sephadex LH-20 CC (2.5 x

52 cm) using MeOlHl as a mabilafp = ro fufractions (B;1-B414). Fraction

.
\; -phase column, MeCN:H,O

B,6 was subjecled to semi-gifep@r
(1:1, viv) as eluent, a flow'ratgol 8.0 mL/ agfurnishi ideopyrone C (4; 28.8 mg;
t. 8 min). Fractions B4 and/B5 Were,fobin scted to further CC over silica
gel (2.5 x 40 cm), eluting with a iz H, I, (2:8, viv) to yield ten fractions
(C1-C9). Fraction C4 contained Gethidtapyie 126 mg, while fraction C6 gave
dothideopyrone B (3) ,‘-;T:" preparative TLC using
hexane:acetone (2:1, viv Opyrof .ﬂ D (5) 48 mg. Fraction A11
was re-crystallized from MePH and sub]euteﬁ to preparative TLC eluted with a hexane:
CH.Cl,:acetone [ﬂ HW%W w W]Pﬁﬁn A13 was purified by

a preparative TLCusing acetone: hexane (1:1, viv) as eluent, to yield questin (10) (25
mg), as ) II o uﬂby Sephadex
LH-20 CC 8 x 85 cm), eluted with MeOH, yielding twelve fractions (D1-D12). Fractions
D7 and D8 were combined and subjected to further CC over silica gel (2 x 30 cm),
eluting with EtOAc/hexane (2:3, viv), to yield eight fractions (E1-E8). Fraction E3 gave
methyl asterrate (12) 98 mg. Fraction D4 was subjected to Sephadex LH-20 CC (2 x
100.5 em) to give night fractions (F1-F9). Fraction F7 was separated on a preparative
TLC using hexane:acetone (7:3, viv) as eluent, yielding eugenitin (14) (12 mg), as shown

in Scheme 6.
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For the culture grown in M1D medium (supplemented with 0.5 g/L malt extract,
3.2L), a crude broth extract (630 mg) was purified by MPLC (C,, reversed-phase
column, 3.6 x 46 cm), with a slepwise elution starting with a mixture of MeOH/H,O (1:1,
viv) to MeOH, to afford cis trans-muconic acid (9; 153 mg, f, 22 min) and 6-

hydroxymethyleugenitin (15; 72.3 mg, f, 66 min) (Scheme 7), while a mycelial crude

extract was found to be, as shown MR spectroscopic analysis, a mixture of

triglycerides and falty acids.
_.J

3.9.1.1 Acelyation Ci-dathideopyrone and dothideopyrone D (5)

G A (1, 22 mg), pyridine

' ‘b ) :
(1mL), and acetic anhydgde (347 *\\\k\\ erature for 2 h H,0 (6 mL)
was added to the reactiogffixif _ - ;\\\:\’ :\

ly extracted with CHCI,. The
organic layer was evaporaiéc Ve 33, mg), which was purified by
preparative TLC eluted with _ ‘ 3 (9:1), to afford the acetate 2
(17.8 mg). Acetylation of dothjile o 9 ng) was performed in a similar

manner, yielding the acetate deriva

ﬂuaqwﬂm?Wﬂﬂni
spectm:l&ql’ the jlacetalta derivative revealed a pseudo mugﬂc;f:z

389.1382 [M + Ci] (calculated for C,H.,CIO,, 389.1367) shown in Figure L49 (Appendix
C). A structure of a diacetate derivative was assigned by analyses of the 'H NMR, °C
NMR, HMQC, and HMBC spectral data, as shown in Figures L50 to L54 of Appendix C.
On the '"H NMR and "C NMR spectral data of the diacetate derivative are follows: 'H
NMR (CDCI,, 400 MHz) & 6.16 (1H, s, H-5), 5.37 (H, t, J = 6.7, H-1"), 4.90 (2H, s, H-1"),
3.88 (3H,s, 4-OMe), 2.07 (3H, s, 1'-CO,Me), 1.99 (3H, s, 1"-CO,Me), 1.83 (2H, m, H-2'),
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1.21 (8H, m, H-3', H-4', H-5' and H-6'), 0.81 (3H, 1, J = 6.7, H-7"); "C NMR (CDCl,, 100
MHz) 8 171.0 (C, 1"-CO,Me), 169.9 (C, 1-CO,Me), 168.4 (C, C-6), 163.8 (C, C-4), 162.7
(C, C-2), 100.5 (C, C-3), 94.4 (CH, C-5), 72.3 (CH, C-10), 56.8 (CH,, 4-OMe), 56.1 (CH,,
C-1"), 32.1 (CH,, C-2'), 31.5 (CH,, C-5'), 28.7 (CH,, C-4'), 24.9 (CH,, C-3'), 22.5 (CH,, C-
6'), 20.9 (CH,, 1"-CO,Me), 20.8 (CH,, 1"-CO,Me), 13.9 (CH,, C-7').

6,R=Ac
7.R=(S)-MTPA
8. R = (R)-MTPA
;:.f\’%‘% £ =
\‘Mﬁ'\ : ¥ 5 r
\\'\\

The diacetate def _ 5 60! - 58 oil, and the ESI-TOF mass
spectrum suggested the ar mw -- %k, calculated for C,H,CIO,,,
641.2729), exhibited in Figufé L85 ( frenidi and "C NMR spectral data of

the diacetate derivative 6 (CDCI, /At *f' 7.::‘ ollows: 8 6.20 (2H, s, H-5 or H-5""),
542 (2H, t, J = 6.7, H-1" or 3 or H-1"""), 3.92 (6H, s, 4-OMe or
4"-OMe), 2.12 (6H, 5 ;_-,,.,-. e or 1 .r.:_:;:;::;;;:l.s.i- 2' or H-2""), 1.28 (16H,
m, H-3" or H-3"", H-4' of ~“’* : ‘: ), 0.88 (6H, t, J = 6.7, H-
7" or H-7""); “C NMR (CD ‘n, 100 MHz) & 1599{0 1-cO,Me or 1""-CO,Me), 168.3 (C,

MRS <1732/ 841 ol
RO WL T9 111+l (1111

1""-CO,Me), 13.9 (CH,, C-7' or C-7'). The 1D NMR and 2D NMR spectral data of the
diacetale derivative 6 are in Figures 56 to 59 of Appendix B.

3.9.1.2 Preparation of (R)- and (5)- MTPA esters of 5
The reaction mixture containing dothideopyrone D (5; 3 mg), (R)-

(+)-0-methoxy-O-(trifluoromethyl)phenylacetic  acid (MTPA; 139 mg), N{[3-



{dimelhyllamimpmpﬂ}-m'-ethylcarmdiimide hydrochloride (12.6 mg), and a catalytic
amount of N,N-(dimethylamino)pyridine was dissolved in 4 mL of methylene chloride
(CH,CL), and heated unit reflux began, this being maintained for 4 h. The reaction
mixture was added to H,0 (5 mL) and extracted with CHCI, (5 mL). The mixture was
purified by preparative TLC, using EtOAc-CH,CI, (1:4, v/v) as an eluent, lo give the (R)-
MTPA ester (4.5 mg). The (S)- MT AR . was prepared in the same manner;

//)—]ﬂ-memaxyﬂ-{tﬁﬂuummethyl}—

dothideopyrone D (5) was sieaclec

The ESI-TOF mass™&pc it \\ er (7) revealed a pseudo
molecular ion peak at Mz 096870/ \.“\b- or CH,,Fs0,; 955.3703)

S} MTPA ester (7) (CDCL,,

400 MHz) are as follows (@atafoghall ofa mblecule \\ H, m, aromatic signals of
MTPA), 7.43 (3H, m, aromalit siindls o lATEA), 6.23 (1, saH-5), 5.67 (1H, I, J = 6.4, H-
1, 4.54 (2H, s, H-1"), 3.83 (§ 352 (3H, 'br @ OMe of MTPA), 1.94 (1H, m,

si@nals of H-3" and H-4'), 1.23 (2H,
5 (3H, 1, J = 6.9, H-7’). The 'H NMR

H-2"a), 1.60 (1H, m, H-2'b), 1.28 (477 ﬁ'*' i

m, H-4'), 1.23 (2H, m, H-5'), 1.23. ﬁ, ';,;[
spectrum of the methyl gster (¥} s in Fig  Le

The ESI-TOF ‘V-‘ 1"‘ (8) revealed a pseudo

I"

2055.3610 [M + H]' (calculated fHCJH, F,0., 955.3703), as
shown in Figu ’ﬁﬂ ri e (R)-MTPA ester (8)
(CDCl,, 400 Mhﬂ ﬁuﬁ Wa Wﬂﬂjﬁ .51 (2H, m, aromatic
signals of MTPA), 7.44 (3H, m , aromati€ si s nals of MFRA -5), 5.72 (1H, ¢,
J =861, ﬁ*ﬁ%ﬁ ﬂ ﬁm{ mgﬂ M glﬁf E:lne of MTPA),
1.95 (1H, m H-2'a), 1.60 (1H, m, H-2'b), 1.29 (4H, m, overlapping signals of H-3' and H-
4'), 1.25 (2H, m, H-4"), 1.25 (2H, m, H-5'), 1.25 (2H, m, H-6"), 0.88 (3H, t, J = 6.7, H-T").

molecular ion peak at

The 'H NMR spectrum of the methy! ester (8) is in Figure L62 of Appendix B.

The structures of the isolated compounds and their derivatives of LRUB20 are

shown in Figure 21.
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Crude broth extract of LRUB20 grown on CzYA medium (1,400 mg)

Sephadex LH-20
100% MeOH
AB La
Sephadex LH-20 . : 1 PTLC (1:1)
100% MeOH it MeC! hexane/acetone
v
Questin (10)
25.0 mg
B4 & BS 36
smgal (2:8)
Sephadex LH-20
100% MeOH
ﬂ U El P El'm ne
3.6
ARVNIN NN 'laEl
Dothideopy¥one A (1) Dothideopyrone B (3) Dothideopyrone D (5)
126.0 mg 12.0 mg 48.0 mg HPLC 1:1
MeCN/H,0
v
Dothideopyrone C (4)
28.8 mg

Scheme 5 Isolation of a broth extract of LRUB20 cultured on CzYA medium



Crude mycelial extract of LRUB20 grown on CzYA medium (300 mg)

Sephadex LH-20
100% MeOH

D?J.DEI

D4
Silica gel (2:3)
EtOAcHexane
.‘:?'
Methyl asterrate (12)
98.0 mg

Eugenitin (14)
120 mg

Scheme 6 Isolationofam D grown on CzYA medium

.;f:' |;‘
..i

Crude broth Eﬂ?‘acl of LRUB20 cunured on M1D medlum (630 mg)

ﬂuEl’JVIEW%WEI']ﬂ’i

MeOHM,O (1:1) to MeOH

q TSI

Cis, trans-muconic acid (9) 6-hydroxymethyleugenitin (15)
153.0 mg 723 mg

Scheme 7 Isolation of a broth extract of LRUB20 grown on M1D medium



39

OMe
F‘w"IﬁJj\/V\/\ G/I“]\/W\
gEheT Sy o e
OR, OH
1.Ry=H,Rp=H 4

2, Ry=Ac, Ry = Ac
3,Ry=H,Rz=Me

AULINENININT

@@lﬁﬂﬂi JuyF wmﬁ%

12, R =Me

Figure 21 Structures of the isolated compounds and their derivatives
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3.9.2 Isolation of secondary metabolites from the endophytic fungus isolate
LPHIL36

A crude brath extract was subjecled to Sephadex LH-20 CC (3 x 90 cm),
eluted with MeOH, to yield 14 fractions (A1-A14). Fractions A8-A11 were combined and
further purified by Sephadex LH-20 CC (3 x 90 cm), eluted with acetone:MeOH (1:1),

and twelve fractions (B1-B12) were ohlaired. Fractions BS and B6 gave corynether A

(20, 460 mg), while fractions B8; BS and BAW gfulained corynesidone B (18, 1.2 g).
Fractions A5 and A6 were combiied H d subj _,Ehadex LH-20 CC (3 x 48 cm),

eluted with 100% MeOH,

erght f {: ©9=G8).. Fractions C2 and C3 were
combined and purified bySED Latlol 1 E2 (0 &\ "":\" ‘&) using MeOH as a mobile
-

as fufther purified on preparative

phase to obtain eight frag
) _- 140 mg of diaryl ether (22).

TLC eluded with hexane;

Fraction C5 was subjected \ JA.5 cm), eluted with MeOH, to

provide nine fractions (E1-E8). abtiots 5 and E6 were combined and purified on

preparative TLC using hexang #;.,. ACe 2:281) as eluent, yielding 89 mg of
i amadsa

corynesidone A (16), as shown in ‘ﬁ- = 8. Aetude extract of mycelia was found to be
a mixture of fatty acidg ajdd N 4
:.,;.— 7
Matl‘nylaﬁ@uf corynesidones G) and B &}. corynether A (20), and
diaryl ether (22)

ﬂ %‘B ’ﬂ w H%ﬁ w Eﬁﬁ’ﬂtﬁF (1 mL) was added

K,CO, (20 mg) an M&I (0.3 mL), and the mixture wa'.:'- left stirring ah}mm temperature
= 2 QARA A AR HID RS 00
subsequently washed with H,O (5 x 8 mL), to afford a methylated derivative 17 (6.9
mg). Methylation of corynesidone B (18) (20 mg), corynether A (20) (10 mg) and diaryl
ether (22) (16 mg) were performed in a similar manner as that of 16, yielding methylated
derivatives 19 (17.5 mg), 21 (8.2 mg), and 23 (13.5 mg), respectively. The structures of
compounds and their derivatives isolated from the isolate LPHIL36 are shown in Figure

22.
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Crude broth extract of LPHIL36 grown on MEB medium (4.5 g)

Sephadex LH-20
100% MeOH

A5 & AB AB - AN

Sephadex LH-20 (1:1)

acelone/MeOH
c24&
Sephadex LH-20
100% MeOH
v
D3 Corynesidone B (18)
PTLC (2:2:1) #2900 mg
o a e Cl/acelo
v
Diaryl ether (22)
40 mg
Scheme 8 Isolatighipf aBroth extract f | oon MEB medium.
. Y |
* "R1 =H, RlEH, Ry = H, Ry = H
RO ‘ 17.R1=H, Rz =Me, R3 =H, Ry =Me

48R ﬂHHz Hﬂg (:GUHR.‘ H
P 1) PRI e

21, Ry =Me, Rz =Me, Rz = Me, Ry = Me

Ry0 o
22,Ry=H,Rp=H,R3=H
R,0 Ry 23, Ry = Me, R; = Me, Ry = Me

Figure 22 Structures of compounds and their derivatives isolated from LPHIL36.



3.10  Physical properties of bioactive compounds

3.10.1 Dothideopyrones A (1) of the fungus isolate LRUB20

uv : A .. (log €) in methanol; Figure L1 in Appendix B
248 (3.2), 299 (4.1)
IR Y P

ESI-TOF MS

Optical ro

3.10.2 Dothidéen ot the-fungus isotate- CRUB 20
3 Gure L12 in Appendix B

I

233 (3.0), 299 3 7)

ﬂuﬂﬂﬂﬁiﬁﬁe‘i’*&l@l’ﬂ@

3400, 2025, 1687, 1551 466, 1395, 1230 1083, 800
A IR TERAN T8
miz 307.1516 (found) El
307.1521 (calculated for C, H,,0,Na)
Optical rotation: [} -45 (c 0.15, CHCl,)
"H NMR :0,, (ppm), 400 MHz, in CDCI,
see Figure L15 in Appendix B
“C NMR : 8, (ppm), 100 MHz, in CDCI,
see Figure L17 in Appendix B



43

3.10.3 Dothideopyrones C (4) of the fungus isolate LRUB20
uv - ... (log €) in methanol; Figure L25 in Appendix B
207 (4.4), 228 (4.0), 299 (3.9)
IR .Y __ em’; Figure L26 in Appendix B
23403, 2927, 1694, 1643, 1563, 1466, 1390, 1269, 1227,

ESI-TOF MS

C,,Hy,0OgNa)

T

3.10.4 Dothideopyrones C ﬁ— & fungus isolate LRUB20
uv L~ (log fe] S L38 in Appendix B
Y]
IR :I Bl s gure £39 in Appéndix B

¢ ~.3389, 2927, 1687, 1640, 1561, 1466, 1393, 1270, 1229,

ﬂutl’.'lﬁﬁlaﬁmﬁw gIN3

OF MS  : miz; Figure L40 in Appendix B
ARAINTHRRH NG 8
545.2727 (calculated for C4H,,0,Na)
'H NMR : §,, (ppm), 400 MHz, in CDCI,
see Figure L41 in Appendix B
“C NMR : 8, (ppm), 100 MHz, in CDCl,
see Figure L43 in Appendix B
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3.10.5 Corynesidones A (16) of the fungus isolate LPHIL36

uv : A, (log €) in methanol; Figure P1 in Appendix B
222 (4.12), 267 (3.80)
IR : ¥, ..cm’; Figure P2 in Appendix B

3373, 3253, 2924, 2854, 1693, 1615, 1459, 1380, 1354,
1343, 1204 1252, 1218, 1146,1092, 283, 845, 732

ESI-TOF MS  : izt Fi l\ Lf %n{ima
3 _"_ - .'I (

\\\H

C1sH1:0)

m.p.
'H NMR . A
“C NMR
3.10.6 Cmymldunasﬂt ------ 5. isolate LPHIL36
uv gufé P24 in Appendix B
Y. .n‘"d
b |
IR J 1 ¥ g CIT L FIGUIE 128 in Appendix B

¢ 23241, 2924, 2883, 1703, 1687, 1616, 1460, 1370, 1306,

ﬂ W W BV e ka3

ES!- OF MS  : m/z; Figlire L26 in Awndlxil El
A9 RINFAURNNYIA
331.0454 (calculated for C,H,,0,)
m.p. 1 212-214 C
'H NMR : 8, (ppm), 400 MHz, in acetone-d,
see Figure P27 in Appendix B
“C NMR - 8. (ppm), 100 MHz, in acetone-d,
see Figure P28 in Appendix B
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3.10.7 Corynether A (20) of the fungus isolate LPHIL36

uv oy s (lOg E) in methanaol; Figure P42 in Appendix B
221 (3.87), 282 (3.18)
IR ¥ ___cm’”; Figure P43 in Appendix B

ESI-TOF MS

m.p.

'H NMR

“C NMR

3.10.8 Diaryl gther
w7 B4 P62 in Appendix B
) s omes) |
l"ﬁ"" cm'"; FigueesP63 in Appendix B

ﬂ u El }%EMQ%HM1§Q 1264, 1206, 1147,

1122, 051, 1027, 96Z, 834, 800, 737068
A RARAN TSR
miz 281.0590 (found)
281.0581 (calculated for C, H,,0,Cl)

'H NMR : O, (ppm), 400 MHz, in acetone-d,
see Figure P65 in Appendix B

“C NMR : 8, (ppm), 100 MHz, in acetone-d,
see Figure P67 in Appendix B

3.11 Determination of biological aclivilies
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3.11.1 Antimicrobial assays
Antimicrobial aclivity of isolated compounds against particular
microorganisms was determined by a broth microdilution test as described in the

Clinical and Laboratory Standards Institute (CLSI, formerly NCCLS) M7-A4 and M27-A2

methods.
3.11.1.1 Test mi
The in Vitre.antimicrotslaetlity tests were performed by using
standard lest microorganisms _asJeitys: : ' e bacteria (Staphylococcus

aureus (MRSA 384) and
% bacleria (Escherichia coli

ATCC 25922 and Pseudomdhag! aérdginssa ATOC and a yeast fungus (Candida

3.11.1.2 Prépagtion.ofbacteniahand yeast inocula
eller Hinton agar (MHA) for 24 h at
37 °C. Selected fresh sing into 5 ml of tryptic soy broth and

incubated in shaking] Gt rbidity of the bacterial

suspension was adjusteﬁilt

McFarland standard (OD 0‘1 at 625 nm). Th the suspension was diluted 1:100 with

Mueller Hinton bﬂ‘l %E}J}ﬁﬂww El ’] n ‘j

Yeast mr&lgmwn on SDA sla.ot at 25 °C for 24 h. The ll..ll'bldlty of the yeast

e ARG EURA I BT 0

McFarland%tandard. The final inoculum suspension was diluted 1:1000 with RPMI 1640

i ;j o match the turbidity of 0.5

medium to contain 1:(1!‘.'.‘! - 5x1USCFUImI.
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3.11.1.3 Determination of minimum inhibitory concentration (MIC)
Solution of a test compound in DMSO (25.6 mg/ml) was diluted
with MHB or RPMI 1640 for assays of antibacterial or antifungal activity, respectively.
The test compound was prepared at the concentration ranges of 0.5 to 256 pg/mL.

Ampicillin and nyslatin were used as posilive controls for bacleria and yeasl,

WCEHHHHM that inhibits growth of test

100 I §PMI 1640 containing the test
compound were dispensed®fio_eqLt wall of sterle otiter plates (96-flat-bottom

respectively. MIC is defined as the |

microorganisms.

A 50-pl volume of M

wells) for the evaluatio livities, respectively. Sterile

compound-free medium€8 M of DMSO was dispensed
in the growth control d yeas! suspensions were
inoculated into each well espectively. Compound-free
MHB and compound-free RE - and 200 pl were used as the
sterility control. The experime . After incubation at 37 °C for 24
h, a 20-pl of p-nudcmtruteirazaliu J—% ‘J mg/ml) was added into each well.
The antibacterial and an 'ted for 1 h and 24 h,
eI R

would pﬁent the development of a

e B VYIS WE TS

Antlmalanal activity, anticancér activity amth cancer cherfioprevention were

miuataﬂtm%&im mum qi’g]nﬂq a %j-d Details of

each bmassay are described below.

respectively. Growth i V—-

violet. Compounds that - ibit microbial gro

ange from colorless to

3.11.2 Antimalarial activity
3.11.21 Parasite culture
Human erythrocytes (type O) infected with Plasmodium
falciparum strain 94, (Chloroquine resistant) was maintained in continuous cullure,

according to the method described by Trager and Jensen (1976). RPMI 1640 culture
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medium (Gibco, USA) supplemented with 25 mM of HEPES (Sigma, USA), 40 mg/lL
gentamicin sulfate (Government Pharmaceutical Organization, Thailand) and 10 mL of
human serum was used in continuous culture.

Before starting the experiment, P. falciparum culture was synchronized by using

sorbitol induced hemolysis according to the method of Lambros and Vanderberg (1979)

. ’Wled for 48 h prior to the drug testing to

suspensinn of 0.5% - 1%

to obtain only ring-infected cells and t

avoid effect of sorbitol.

The experiments
infected red blood cell ere suspended with culture
medium supplemented 1[:-% cell suspension. The
parasite suspension was*put il ’ 50 pL in each well and then
added 50 pL of variousgtessdnic 1 : gS@ parasite suspensions were
incubated for 48 h in the alfos

After 48 h incubalj ixed by adding 0.25% (viv)

glutaraldehyde (Sigma) in phgSphgt

35 b 5) and these were kept for DNA

staining.

31122
N
glutaraldehyde-fixed samle were Wwe

ometric analysis

%% £:d blood cells from each
ed once with F@ and resuspended in PBS
containing propidium iodid€ (Bl) (Molecular Praibe) at a final concentration of 10 Ho/mL,

and held for at @1 u ﬁ]ngﬁﬂ ﬂni uﬂlnﬁm with 488 nm. Red

fluorescence was delented at 585 nm#Red blood cells were gated qguthe basis of their
ovars o G ok lad ob. o I fhros. sre
and anaryzad Percent parasitemia, fluorescence intensity, and any abnormal
fluorescence pattern were obtained from an integrated fluorescence histogram between

the test and the control sample (chloroquine hydrochloride, IC, = 2.98x10" M).

3.11.3 Anticancer activity
The MTT assay (Carmichael et al., 1987; Doyle and Griffiths, 1997,

Mosmann, 1983; Tominaga et al., 1999) was applied for the evaluation of cytotoxicity
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against HeLa (human cervical carcinoma), HuCCA-1 (human cholangiocarcinoma),
HepG?2 (human hepatoblastoma carcinoma), T47D (hormone-dependent breast cancer),
MDA-MB231 (hormone-independent breast cancer), $S102 (human hepatocellular
carcinoma), A549 (human lung adenocarcinoma), and MRC-5 (normal embryonic lung
cell) cancer cell lines. Cells were plated in a 96-well microplate (Costar No. 3599, USA,

100 pl/well at a density of 5 x10°-2 1C Il), and incubated for 24 h at 37 °C

under 5% CO, and 95% humiditys \ pounds at various concentrations

were added to the cell lines; ther for 48 h. Cell viability was
determined by staining w Tt fimelhylithiazel-2-yl)-2,5-diphenyltetrazolium
bromide]. The MTT stocksBlULgR L3 NGl « "-\'*. garethin phosphate buffered saline

(PBS), which was diluteg

leukemia cell) and MOLE-3 ( B " ll line) cancer cell lines,
was evaluated using tham‘l'f riffiths, ﬁgﬂ. Cells were plated in a
96-well microplate, as ménlaned above, the tested compounds al various

concentrations w m &Lnﬁ Mm‘ﬁﬂher for 48 h. A dye

solution was prepar&d by mixing 5 mLf XTT (2,3-hiss(2-methoxy-4-ritpo-5-sulfophenyl)-
2t tradil A @R Souban ¥ I Wbt TGN LEhr nenaine
metl'lnsulia?e solution (0.383 mg/mL). The dye solution (50 pL) was added lo cells,
which were further incubated for 4 h. The plates were read on a microplate reader
(Molecular Devices, CA, USA) at the wavelengths of 492 and 690 nm. Eloposide and

doxorubicin were used as the reference drugs.
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3.11.4 Cancer chemoprevention
Aclivity of cancer chemoprevention was evalualed based upon 6
independent models, including DPPH (scavenging of diphenyl picrylhydrazyl radicals),
XXO (scavenging of O, generating by xanthine/xanthine oxidase), IXO (inhibition of

xanthine oxidase), HL-60 antioxidation (inhibition of TPA-induced O, generation in

differentiated HL-60 cell), ORAC (oxyge ical absorbance capacity-against ROO),
and inhibition of aromatase (CYR18). W

.-"E-"u mrdlng to Gerhauser et al.

‘_ ‘ ed  with 1, 1-diphenyl-2-

arating azan form which was
LY \\

(2003) with some modl

picrylhydrazyl (DPPH)
measured photometrical 400 pM DPPH solution was
pipetted in 96-well plate. 8 ‘Blank or 10 mM Vitamin C as
positive control was mixed. \‘\ in, the optical density (OD) at
515 nm wavelength was measiifed __ : T reatler. Percentage of scavenging of
DPPH radical (% scavenging) .-_'_, F"’W at ing the equation shown below. The
samples which contain-$cavenging activity hi 90% were further analyzed the
value of 50% inhibito :-!"; -?f"

Ascorbic acid was usec II the reference compound, e:&iting an IC, value of 21.2

AULINENINYINS
ama"@ﬁ‘?ﬁﬁ‘ﬂ Vot &

3.11.4.2 HL-60 antioxidant by reduction of cytochrome C differentiation
of HL-60

ed using Microsoft Excel.

uM.

The differentiation of human promyelocytic leukemic cells (HL-
60) to granulocyte was performed following the method established by Takeuchi et al.

“(1994) with minor modifications. 2.5x10° cells/mL of HL-60 were differentiated with
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culture medium containing 1.3% DMSO and incubated in CO, incubator at 37 °C for 4
days. The differentialed cells were harvested by centrifugation and washed twice with
Hank's balanced sall solution, containing 30 mM Hepes (pH 7.8) and resuspended at
concentration 1x10° cells/mL.

HL-60 antioxidant assay

Inhibition of duced superoxide radical formation in

differentiated HL60 was performgd C of cytochrome ¢ reduction (Pick

and Mizel, 1981). For this asss ted sample in H,O or 10% DMSO

as negative controi was i 0 p \ 1L cell suspension in 96-well

Qis
N

hWHEB as added to sample and
RN

o e D ositive control and then 75

plate. After incubation
negative control while a
HL of 4.17 mg/mL cytoc tion, 25 pL of 0.55 mg/mL
12-O-tetradecanoylphorbo e mixture was incubated at
37 °C for 30 min. The reg€li 3ping on ice for 15 min. After
centrifugation at 2000 rpm for atant was aspirated and the
optical density (OD) was measure ith a microplate reader. Percentage of
inhibition of TPA-indyCg yfMhibition) was calculated
using the equation shéwi REJnhibition of TPA-induced
superoxide radical formdlibn activily more 0% wereﬁrther investigated, and IC,,

value was Cﬂmplﬁd using Micsosoft Excel.

JHINTNINYINT
% Inhibition 6100 — (ODS4PIE) 1o

ammmmumwmaa

Cell viability assay

Since some samples exert high toxicity, cell viability was
examined in parallel to avoid false positive resulls. Cell viability was measured
fluorimetrically by enzymatic hydrolysis of the fluorogenic esterase substrate calcein
AM. For this assay, the cell pellel after HL-60 antioxidant assay was collected by
centrifugation, washed twice with PBS and then added 50 pL of warm 0.25 pM calcein
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AM. The fluorescence was continuously measured every 1 min for 10 min using an
excitation wavelength of 485 nm and an emission wavelength of 520 nm with cutoff 515
nm using a microplate fluorescence reader. Percentage of cell viability (% cell viability)

was calculated from V_,, by the following equation.

" vas generated by the
xanthinefxanthine oxidase gt Superox \\ uidreduce XTT to form a water
soluble formazan. The amgdh Re determined indirectly by

measuring the formazan prog

clion for XXO model

eroxide anion was performed by
} yas done as described by Ukeda
et al. (1997) with somaswadifications. The prempccoptzimingA40 pL of 50 mM NaHCO,
buffer, pH 9.4, 20 pL of 8 T,’-: A, 20 pL of 0.25 mM XTT

- i
and 10 pL of sample or 10 pL of pure DMSO as negatiue control or 2 mM allopurinol as

positive control q-nﬂ?matad with 20 pL of
150 mU/mL xan ﬁ uffer aﬂackgmugj The kinetic measuremant was
immedlaleq q ﬁe 20 seconds.
Percentag mg QHE'M% ’YJQ :JI @Elltﬂd from the

following equation.

following the formazan product o§%I1:

% Scavenging = 100 — (V p Of sample)

100
(V,..of DMSO) &
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Measurement of uric acid formation for IXO model

Xanthine oxidase activity was determined by quantifying the
amount of uric acid produced from xanthine. This method was previously described by
Nagao et al. (1999) with some modifications. The premix containing 130 pL of 50 mM
NaHCO, buffer, pH 9.4, 20 pL of 0.5 mM xanthine, 20 pL of EDTA and 10 pL of sample
or 10 pL of pure DMSO as negative cg J'

pr 2 mM allopurinol as positive control was
4 with 20 pL of 150 mU/mL xanthine
oxidase and then immediatelyfigastired a LnElGeal 295 nm for 5 min, every 30

seconds. Percentage of i atendd inhibition) was quantitated

and calculated from the

3.11.44 M i tadigal abserbance capacity assay (ORAC)

' nce capacity assay (ORAC) was
developed by Cao and Prior (1998} . aining 175 L of 75 mM phosphate
buffer, pH 7.0, 10 y '-‘i;;;;:;::a;.';.;.'_'._:;:.‘;:;::;:;;;::;;;;;;:;:'.v:wef' dilution sample or
DMSO as negalive conlfgho @l Was preincubated at 37 °C

for 10 min. The reaction Was initiated by addilion of 15 'J of 255 mM AAPH as ROO
- - ,
generator. The Wuﬂﬁcﬂmw{ﬂﬂme microplate reader
at 37 °c measuring al excl ation nm and emission nm with cutoff 530 nm. The
¢
e T3 () \0h (2013 4
automatically:

The final results were expressed as ORAC units, where 1 ORAC unit equals the
net protection of fluorescein produced by 1 pM trolox, a water soluble vitamin E analog.
Scavenging capacities =1 ORAC unit were considered as positive. The ORAC values

were calculated using the equation shown below.,



(AUCsample - AUCblank)
(AUCltrolox - AUCblank)

ORAC=

3.11.4.5 Aromatase (CYA19) inhibitlion assay
Aromatase inhibitory assay was performed according to the
method reported by Stresser et al. (2000), using CYA19fmethﬂxy-4—triﬂﬁummeth~,rl-

coumarin (MFC) high throughput in ing kit (BD Biosciences, Woburn MA
USA). The reference compoung, lly exhibits the ICy, value of 2.4
uM.
3.12  Classification of t 20 and LPHIL36
3.12.1 Convent
ates were grown on six and five
different media, respectively, incl &1“ n meakagar (CMA), malt extract agar (MEA),

potato dextrose agar, (RD

(YCzA) and yeas! extiaél
1l

temperature they were phd ugra' ed. Colony morphology L’- specimens such as shape,

A] yeast Czapek agar
”L for 14 days at room

size, color, margﬁulﬁ en‘ and others were dkdmined

JANENINENS

3. 1 1.2 Microscopic miorphology &=,
QR AT RH AR b vt o
and small alﬂ{.‘.ﬂﬁ of sterilized banana leaves at room temperature for 2 months. Fungal
spores and fruiting bodies appearing on the banana leaves were examined by light

microscopy.
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3.12.2 Molecular method
3.12.21 DNA exiraction

Both LRUB20 and LPHIL36 isolates were grown on potato
dextrose broth at 25 °C for 7 days. The mycelia were harvested by centrifugation and

washed 3 limes wilh sterile distilled water llets were lyophilized and then ground

into fine powder using a mortar a powder was further subjected to
DNA extraction.

The ground myceli 1 5 ml microcentrifuge tube
and subjected to DNA (1990). A 400-pl volume
of lysis buffer (Appendi mixed with vortex until
*~ or 1 h. A 400-pl volume of
- 4 w & and the tube was inverted

- T (Sigma 202MC) for 15 min at

being homogeneous. The,
chloroform: phenol (Appeng
several times. The mixture
room temperature. The aquea - ohiase coptaining the DNA was transferred to a
new tube. Then, 10 plof 3 M sodiu aclded to the aqueous phase followed
by 0.54 volume of cold o ol géiftly and DNA precipitate
was spun down at roofe :,f' The pellet was washed

||
bom tempdature to dryness. The DNA

pellet was resus ed in 16(3 TE (10mM Tri€UACI pH 8.0, 0.1 mM EDTA) buffer.
?T NENINEIND

3.1 2 2 Polymerase ghain reaction APCR) amplification

Q W'\ a \W}ﬁ?ﬂd 'ﬁ %q 'ﬂ Miﬂﬁnﬁ (Figure 23)

were arnph by PCR using the forward primer ITS5 and the reverse primer IT54, while

once with cold 70% eth before leaving =

primers NS1 and NSB were used to amplify 18S region of rRNA gene according to White
et al. (1990). The primer sequences are shown in Table 2. Oligonucleolide primers were
synthesized using ABI FRISMT“* DNA/RNA synthesizer model 392, Perkin Elmer, by the
Bioservice Unit (BSU) at the National Center for Genetic Engineering and Biotechnology
(BIOTEC). The reaction mixture was prepared on ice. The amplification reaction was

performed in the total volume of 50 pl: 2 ngfpl of template DNA | 0.5 mM of each primer,
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0.2 mM of individual dNTP, 3 mM of MgCl,, 50 mM KCI, 10 mM of Tris-HCI at pH 8.8 and
1.0 U of Tag DNA polymerase (Appendix A). For each test, a primer negative control
was included without template DNA. Ice-cold PCR reaclion tubes were transferred to an
Eppendrof Mastercycler Gradient PCR machine.

The thermal cycling program was as follow: 3 min initial denaturation at 95 °C,

followed by 30 cycles of 50 s denaturatio 35 °C, 40 s primer annealing at 48 °C, 50 s

extension at 72 °C, and a final 10min extensie .

SR reaction were examined by
electrophoresis at 80V (8
EDTA (TEA) buffer (Appefitlix A0

in_ift @ 4% (WW)ragarose gel in Tris-acetate-

\ after staining with ethidium

bromide (0.5 pg/ml).
31223
islhg minicolumns (Wizard® PCR
Preps DNA Purification System@Prog 1Ct . e manufacture's protocol (Guo
et al., 2003). Primers NS1, NS2, N 1':*' NS8, N86, NST7, and NS8 and IT54, and ITS5

were directly subjected Jo

ITS2 regions, w ;

34 TRNA and the ITS1-5.85-
ed Purified PCR products

and reactions were resolved

on the ABI Pmrﬁ)ﬁ {Elic An I! r (ﬁii i ncﬁ his was done at the
Bioservice Unit ( Y a miilfilo tﬁﬁi e i and Biotechnology
(BIOTEC).

ARIAINTUURIINYA Y

3.1;.3 Phylogenetic Analysis

were sequenced using :m terminator Cycle sequencing,

185 and ITS1-5.85-1TS2 DNA sequence were used as query sequence
to search for similar sequence from GenBank using BLASTN 2.2.10 (Altschul et al.,
1997). Sequences similar to the query sequences were obtained and used for
subsequent phylogenetic analyses. DNA sequence alignment and identity were
performed and determined, respectively, using ClustalW (1.82) mulliple sequence
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alignment program (Thompson et al, 1994), The alignment results were adjusted
manually where necessary to maximize alignment using BioEdit. The alignment data
were subsequenlly used for maximum-parsimony analysis in which searches for most
parsimonious trees were conducted with the heuristic search algorithms with tree-
bisection-reconnection (TBR) branch swapping in PAUP® (v 4.0b10) (Swofford, 2003).

For each search, 10 replicates of random slgnwise sequence addition were performed

and 100 trees were saved per replicate. Ganf fgfedreated as missing data. Character

states were treated as unordesed. Slatisti &ﬂr the internal branches was
e
estimated by bootstrap a

NS1

18S ribosomal 28S ribosomal
RNA gene RNA gene
ITS4
) PCR protocols: 316]

Figure 23 Locatiof O -rﬂ‘ ds NS8 primers. The

arrow heads represent t?‘&‘ end of each primer. LIJ

AULINENINYINS
ARIAATUAMINYAE



Table 2 Primers for amplification of ribosomal RNA genes of fungal isolales

LRUB20 and LPHIL36

rRNA GenePrimer” Product Size (bp)’ | Tm (°C)°
Nuclear, ITS
ITS5 GGAAGTMAAGT - 65
~ 620
ITS4 TCCTCCGCTJAT ¢ 58
Milochondrial, 185
NS1 68
~ 2280
NS8 57

* Primers ITS5 and & d NS8 and reverse primer.

® Product sizes are agprofi A genes of Saccharomyces
!
omd -”\,,‘r minus the primers.

einkolh and Wahl (1988).

cerevisiae; the size of the regig

“ Tm's were calculated b

| ;f:' ) ;‘
] U

ﬂ'lJEl’JVIEWIﬁWEI’]ﬂ’i
’Qﬁﬂﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Isolation of fungal endophytes

Endophytic fungus LPHIS olated Si@Mm _apparently healthy leaves of a
Thai medicinal plant, LIABEABEG AhiloBEASE (Cham.) Benth. [H]. (family

Scrophulariaceae) collected. ailand. This fungal isolate

was grown on five differcat™ / i wzapek yeast autolysate agar
(CzYA), malt Czapek agar l/ ’\ -. ar (| DA}. Sabouraud's dextrose

shown in Figure 24, whilethe o1 u.

agar (SDA), and yeast ex \days at room temperature, as
\\ 3,00t ained from the healthy twig
of the plant Leea rubra Blufme £x Spleng. (f Le8aceae) collected from the forest
areas of Pitsanulok Province, T f‘-"-: jurity was determined from colony
morphology, as demonstratedsOf-Brevious

heon, 2004 (in Master's

thesis).

ﬂ‘IJEI’J'VIEWIﬁWEI'lﬂ‘i
ammﬂimumawmaﬂ
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. . Reyersesn
IR Y YN CIN A €
. 211 6

Sl = 1
& N r = -
= F e ] i E r
1"k | L N 1 L L |

Figure 24 Colony morphology of endophytic fungus isolate LPHIL36 on five
mycological media. Cullure: top left, Czapek yeast aulolysate agar (CzYA); top right,
malt Czapek agar (MCzA); boltom lefl, polato dextrose agar (PDA); botlom middle,

Sabouraud's dextrose agar (SDA) and bottom right, Yeast extract agar (YEA).
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4.2 Structure elucidation of the isolated compounds from endophytic fungal isolate
LRUB20

We recenlly isolated the endophytic fungus LRUBZ20 from a Thai medicinal plant,
Leea rubra Blume ex Spreng (family Leeaceae). Based upon analysis of the DNA

sequences of the 185 and ITS region of the ribosomal RNA gene, the fungus LRUB20 is

potentially a new species (see
can produce a large amount (gram -L G oxymethyl-3-methyl-cyclopent-2-
enone, a useful scaffold for arga nthegis 2 LS, 1IN derivative, 2-hydroxymethyl-

3-methyl-cyclopentanone shi A5 (| \:" at al., 2006).

Figure 25 f' yaToxXy lu’",, t-2-enone (A) and 2-
hydrﬂxymelhyl-ﬂ-methyl-ﬁlup anone. Seconddry metabolite from the
fermentation of fungal isolatg LRUB20

ﬂ‘lJEI’J‘VIEWIﬁWEI'm‘i

Because, me LRUBZ20 fungus ia potentially a new species, w& have extended
or oGy LB PRI ST I B v
crude extrdet of the endophytic mitosporic Dothideomycete LRUB20 cultured in Czapek
yeast autolysate medium was separated by Sephadex LH-20 and silica gel column
chromatography, preparative TLC, and semi-preparative C18 reversed-phase HPLC,
furnishing four novel pyrone derivatives, dothideopyrones A-D (1, 3, 4, and 5), together
with known fungal metabolites questin (10), asterric acid (11), methyl asterrate (12),
sulochrin (13), and eugenitin (14). However, the LRUB20 fungus cultured in the M1D
medium (Strobel et al., 1996) supplemented with malt extract produced two known
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compounds, 6-hydroxymethyleugenitin (15) and cis,trans-muconic acid (9). The
chemical structures of the isolated compounds were elucidated by spectroscopic

methods and comparison with literature values.

4.21 Structure elucidation of dothideopyrone A (1)

Dothideopyrone A™(1) #vas isolated,; lofless ofl and the APCI-TOF mass

spectrum (Figure L3 in Appeng Lafevedl seudo molecular ion peak at m/iz
ks 9] o ; :
271.1540 [M + H]' (calculated for&Z EL 0. 2F14646). The IR spectrum (Figure L2 in

=
Appendix B) of dothidegpyrone: ﬂ’ ..-‘" ands for hydroxyl group at 3373

a¥atm

cm' and a conjugated ;-: ony-ar-tose ¥ i '#‘ (Figure L1 in Appendix
B) exhibited a maximum Bisorptio st 'H: of a pyrone.
The 500 MHz 'H N&l& spectrum {Flguril’.d in Appendix B) of dothideopyrone A

(1) in CDCI, demﬁ%ﬁd}% ﬂwﬁo‘w E}-ﬂ%‘. .44), an oxygenated

sp’ methine (5, 4.46), a methoxy gmuﬁ (8, 3.92), an uxygenaled methyle-ne (8, 4.48),
= RS UUNIINGNG,

:3%25 MHz NMﬂspectrum of dml;;]ﬂpwz;l #:E(I‘I} in CDC%]{FIQUI'E LS in
Appendix B) gave fourteen carbon signals, which were classified by DEPT 135 (Figure
L5 in Appendix B) and HMQC spectral data (Figure L6 in Appendix B) as two methyl
carbon signal at 8 13.9 (C-7'), and 56.7 ppm (4-OMe); six methylene carbon signals at
d 225 (C-6'), 24.9 (C-3'), 28.9 (C-4"), 31.6 (C-5"), 35.3 (C-2') and 54.3 ppm (C-1"); two
methine carbon signals at & 70.5 (C-1'), and 92.8 ppm (C-5); four non-protonated
carbon signals at & 103.6 (C-3), 165.2 (C-2), 167.7 (C-4) and 169.1 ppm (C-6).
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The 'H-"H COSY analytical spectrum of dothideopyrone A (1) in CDCI, (Figures
L10 in Appendix B) assisted the assembling of a partial structure from C-1'to C-7". The
complete e assignments were established from the HMBC spectrum (Figures L7 in
Appendix B) showing the following long-range correlations; H-7' (6 0.86, t, J = 6.7 Hz) to
C-6' (b 22.5) and C-5' (6 31.6); overlapping signals of H-4', H-5', and H-6' (& 1.25, m) to
C-7' (& 13.9), C-6' (6 22.5), C-3' (b 24.8
m) to C-4' (§ 28.9), C-5' (5 31.6)C
1.82, m) to C-3' (8 24.9), C-4"(bwek

' (6 31.6), and C-2' (6 35.3); H-3' (& 1.40,

7.9) to C-3' (6 24.9), and : hi speetial Batasestablished a partial structure
of dothideopyrone A (1),

rl
u
Figure 26 The parﬁﬂtmcmre of dothideopyrone A (1) from C-1"to C-7"

AUHINININGINT

Analysis o HMBC spectrum showed correlations from H-5 (& 6.44, s) to C-1' (&

€
GC W DN} e 1501 S
167.7); from H-1' (0 4.40, dd, J = 4.0 and 7. ) toC5 ( .8) a 169.1); and
from H,-1"(5 4.48, s) to C-2 (& 165.2), C-3 (6 103.6) and C-4 (& 167.7). These

correlations established the positions of the subslituents on the pyrone ring, as

summarized in Figure 27.



: as linked to the pyrone unit
at C-6 as evident from the AMBE gofelationsiof §-1 ahd W2’ to C-6 (Figure 28).

—_— HMBC

OH =

H 5 it
Figure 28 HMBC captilations between the 1-heptanol &

ol SR NS N Foe 2 o e

hydroxyl groups at C-1' and C-1" (Figdre 29), configging the presence of two hydroxyl
o ARG 3 0 A TANE TR E
~

o

:gment and pyrone unit in 1

iy ‘& 8
OAc

Figure 29 The diacetate derivative (2) of dothideopyrone A (1) -
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Upon the basis of these data, the gross structure of dothideopyrone A (1) was
established. Assignments of all 'H and “C NMR spectroscopic signals for dothideo-
pyrone A were made by analysis of 'H-'H COSY and HMBC spectra summarized in
Table 3.

Table 3 The 'H, "C, - i GOSY 208 HI 3C spectra data of dothideopyrone A
(1)in CDCI, NE PO\

e WL\
Position 8, 8, multipicityid;  (HZ)MGOSY [ to H) HMBC (H to C)

2 1652 y R .
e <9

3 1036 = : s
(b A ]

a 1677 4 :

5 928 L7 ] 2.1".1,3,4,6

6 1691 | - -

705 «dd, 4.0and 7.9 o 3,2,5,6

. BUBINENTHEADT 0

1.82, m (H2'B) 1,3, H-2B
QTR0 9N B0 U PRE A 8-
28.9 125, m 6,352

5 316 125, m ’ r 8

6 225 125, m 7 7,45

7 139 0.86,1,6.7 6 65"

1" 543 4.48, s . 3,2,4

4-OMe  56.7 3.92, s - 4




4.2.2 Structure elucidation of dothideopyrone B (3)

Dothideopyrone E wiSebblained as “eolorless oil, and this metabolite
possessed the molecular Torgudie & 4140, ks 'd ducedfron APCI-TOF mass spectrum
(Figure L14 in Appendix B), ion peak at m/z 307.1561 [M +

Na] .

The 'H NMR speg B93) revealed signals for an

A

isolated sp” methine (3, 6.340f afl oxygenatedis \ \ind (5, 4.36), two methoxy group

\
(8, 3.33, and &, 3.87), an @ 4.25), and a hexyl moiety (5, 0.81-

1.79), as shown in Figure L ﬁﬂf‘gﬂ;r k. The “C NMR spectrum of the
dothideopyrone B (3) eggiained 15 linas (Figure L1795 ABBehdix B), and the DEPT data

established the presan .;l { 85 w0 methines, and four non-

protonated carbons (Fidtre L18 in Appendix B). The “4_'H cosy spectrum of
dothideopyrone exhi ‘tﬁ li - il ure from C-1' to C-7'
(Figure L24 in Aﬁw T elmﬂ?mcﬁlﬂhm tﬂﬁ:ﬁlaﬂuns from H-5 to
C1', C4e 6, jﬁ g ’Tﬁ and C-1",
Y R e R s

correlations eslablished the positions of the substiluents on the pyrone ring. The side
chain in 3, 1-heptanol, was also linked to the pyrone unit at C-6 as evident from the
HMBC correlations of H-1" and H,-2' to C-6 (Figure L20 in Appendix B). These
spectroscopic data of dothideopyrone B (3) were similar to those of dothideopyrone A

(1), except for the presence of additional methoxy signals in dothideopyrone B (3). In
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the HMBC spectrum, 1"-OMe protons (8, 3.33) correlated to C-1", indicating that
dothideopyrone B (3) was a 1"-O-methyl derivative of dothideopyrone A (1).

Protons and carbons in dothideopyrone B (3) were assigned by analysis of 'H-
'H COSY and HMBC spectra, as summarized in Figure 30 and Table 4.

Figure 30

AULINENINYINS
ARIAATAUNNINGIAY
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Table 4 The H, °C, 'H-'H COSY and HMBC speciral data of dothideopyrone B
(3) in CDClI,

Position &, HMBC (H to C)
2 164.6 -
3 101.3 »
4 169.1 =
3 924 2,1",1",3,4,6
6 169.2 =
L i 708 3,256
¥4 355 3,416
3 25.0 4.5, 2,1
4' 28.9 al2l.m 6", 3, 5, 2
. GUHIRENTNGINT e
121, me ?' 4' &'
ﬂw@aﬂnﬁmmaﬂmaﬂs-
19 4.25, s 3,2,4
4-OMe 56.8 387, s - 4

1"-OMe 584 333, s - 1




69

4.2.3 Structure elucidation of dothideopyrone C (4)

-_ﬁ'
Dothideopyrone C sess wil, and the APCI-TOF mass
spectrum suggested the gigl®

The 'H NMR spg

methine (8, 6.40), an oxygénaléd

n CDCI, consisted of sp
methoxy group (8, 3.92), two
oxygenated methylene (3, hylene (overlapping signals of
.38 to 2.40 and §,, 2.53 to 2.55),

three protons at §,, 1.28, 6, ‘
a0 }3 ated in Figure L28 (Appendix B).

and two sp’ methyl (5,, 2.20

The C NMR spectrum of the dolhidespyr

,s..":ﬁ' ne€ (4) contained 21 lines (Figure L30 in

‘“5

Ming shown in Figure L31 in

Appendix B), and ii-* of three methyls, nine
methylenes, two methifite

- H | [
Appendix B. I |

iF

Based upon the I-i' “C NMR spgetral data, dothideopyrone C (4) was a

sematv ot LRI B DYV TS PN Somcre o comonre

(4) established theq&h'ucture of a segmgnt A, as shu in Figure 31.

ammﬂimumawmaﬂ
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s — Bold lines are from 'H-"H COSY correlations
—=  HMBC correlations

indicated additional signal ghagicledskc o axymethyl-3-methylcyclopent-2-
enone unit. The 'H-"H COSY spgtira s <camen, B esteblished the correlation between
H-4"" and H-5"". The complete °C'a f this segment were established from
the HMBC spectrum shaying following for riels ns; H-4"" (5 2.53 to 255)
to C-5" (8 34.5), C-2"{(GF TS0 0} CB "3 208.6); H-5" (5 2.38 to
2.40) to C-4" (8 31.7), @ (8 S a@ H-6" (8 4.20) to C-2" (5
136.9), C-3" (5 177.5), andrGal"™ (5 208.6); agg H-7" (5 2.20) to C-4"" (& 31.7), C-2"

(6 136.9), C-3" ﬂ%ﬁl‘%ﬂ H%Eﬁiw&’g} ﬂe@lhat 6. (177.5) of the

C-3"" double bo n the segment B was mgnlf'carﬂ shifted dwn@d similar to the
cao R RTPEERHELI I 443 P B s
analysis d‘ the 2-hydroxymethyl-3-methylcyclopent-2-enone in*a form of 2.4-
dinitrophenylhydrazone derivative confirmed the structure of the 2-hydroxymethyl-3-
methylcyclopent-2-enone (see reference information, Chomcheon et al, 2006). The
segment B was therefore proposed on the basis of the above NMR data as depicted in
Figure 32.
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. — Bold lines are from 'H-"H COSY correlations
==  HMBC cormelations

Figure 32 Assignmeat®! (e L F CO HMBE correlations of segment B

The HMBC specty ed correlations of H,-1" to
C-6", and H,-6"" to C-1",
the 2-hydroxymethyl-3-methylFcy

6" ether linkage between
‘a dothideopyrone A (1) unit

(Figure 33). The gross structurg (was demonstrated in Figure 33.

The 'H-"H COSY and HMBC speclz=: . assignment of all proton and carbon

signals for dothideopyrofe £
s | T

s O - — = HMBC

e

1‘

@a IH] ”El .
ammnmuﬁmmaﬂ

Figure 33 A gross structure of dothideopyrone C (4)
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Table 5 The 'H, C, '"H-'H COSY and HMBC spectral data of dothideopyrone C
(4) in CDCI,
Positon 8. &, multiplicity, J,,,,(Hz) COSY (Hto H) HMBC (H to C)

2 1646 - - -

3 1013 -

4 169.2 -

5 92.6 1,1'.3,4,6

6  169.2 -

: i 70.8
2t 35.5

3! 25.1
4' 29.0
5’ 32.0
6" 22.6
i 14.1

" 612 L7

4-OMe 56.8
b 208.6

2* ﬁﬂ‘lJEl’JVlElﬂﬁWEl']ﬂ’i

3" 1? D

32,6
3,416

47.8% 3"
8!,/2%. 852
7.6,.3.4
T4 5]
&', 5'
3. 2.4, 6™
4

9 Wﬂ?ﬁﬂﬂﬁﬁﬂﬁﬂ% T

6" 60.9
i 17.7

2 33-2 4{] m 4!‘" 4m Bm 1 1
4.2(], 5 = 1". 2m‘ 3'". L
2.2{]. S = 41"' 2"1" 3'.",, 1|r|
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4.24 Structure elucidation of dothideopyrone D (5)

OoH
R B A a0 0 e
o
[}
-
The 'H NMR spectiant Llenf dothie \:‘h 50 (5) demonstrated signals of

a Epz methine (5, 6.35),% b, #132), a methoxy group (8,
3.85), an oxygenated me

L41 in Appendix B). The

(6,, 0.80 to 1.74) (Figure
gopyrone D (5) showed 14
lines (Figure L43 in Appe dala established the presence of two
methyls, six methylenes, two

Appendix B). Based on thes

ated carbons (Figure L44 in

dothideopyrone D (5) was a

derivative of dothideopyrone A _ ﬁ;, : nideopyrone D (5) has a molecular

formula of CogH,,0,, a$ B '

Y]

-Ji,. hossessed a homodimer
Pt
i

dirgl data, while 14 carbon

signals were observe -"‘y_"@
H

structure. i

The HME?rﬁ i ﬂlﬁm ﬂﬁaﬁ f!ﬂblished the ether
linkage of the 1' n Lit | na, lshowing correlations from
H,-1"to C-1""" and from 3—1 """ to C-1"%as shown in Bigure 34, o/

ARIANNTIUARTIINEIR



Figure 34

Figure 35 The chemical structure of multiforisin D

Proton and carbon signals for dothideopyrone D (5) were assigned by analysis
of "H-'H COSY and HMBC specira (Figure 36 and Table 6).
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Table 6 The 'H, “G

—= HMBC correlations

Figure 36 The HMBC agewH=FLCOSY copelations.afidothideopyrone D (5)

(§) in CDCI,

Positon 8, &, mullipiiciy o 7‘ 08 (H to H) HMBC (H to C)
2 1649 s :
3 1013 .
4 1694 -
5 9290 ettt Y] 21" 1.3.4.6
6 1694 | . ,"}3 .
1 706 432,dd40and81,, 3,2,6
2 ﬁﬂﬂ?ﬂﬁ%ﬁﬂﬂ@ﬂ? Bikitie

1.74, m{Hgﬁ} (I 3'H2*
WA IN TN TN 1=
120, m 6,35, 2

5 317 1.20, m - 76,3, 4"
6 225 1.20, m 7 7,4, 5"
7 140 0.80, 1, 6.7 6 6, 5
1" 613 432, - 3,24, 4107

4-OMe 569 3.85, s - 4

Compound 5 has C2 symmetry, so NMR data for the two halves are identical.

i,

— Bold lines are from 'H-"H COSY correlations

dl data of dothideopyrone D



76

4.25 The absolute configuration of dothideopyrones A-D

Figure 37 Ad Valures [Ga

Dothideopyrones A c iral secondary alcohol unit,
and all exhibited similar be absolute configuration of
dothideopyrones A-D was agligfied by appligation|of the modified Mosher's method
(Dale and Mosher, 1973)" a _ was selected as a model
compound. (S)-MTPA (7) and (R)-M I 3} ester® (Figure 38) of dothideopyrone D (5)
were prepared. The Ag va MTPA,. esters indicated the S-
configuration at C-1' gmmw"”_l' €[37). Based on the similar

negative specific rotatio '3’ the ak of G41' in dothideopyrones A-D

iF

(1, 3, 4, and 5) was also aswrnad to be S.

ﬂ‘IJEI’J'VIEWIﬁWEI'm‘i

= (S)-MTPA 8, R = (R)-MTPA

Figure 38 The (S)-MTPA (7) and the (R)-MTPA (8) esters of dothideopyrone D (5)
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426 Structure elucidation of cis,frans-muconic acid (9)

Compound 9 was oBfIREE"SS while so B*ESI-TOF mass spectrum of this

compound displayed the f {2.141.0187 [M+H], calculated

for 141.0193) (Figure L67 4 BSerption band at 1693 em’

suggested the presence of 3 Appendix B).

R
The 'H NMR spectrdi #f feomboufdie) s \- our sp- methine protons

including H-5: 8 6.05 ppmifddd & 114 0.9°0 A Hz): B-2°'6 6.23 ppm, ddd, J = 15.5,
0.8, 0.8 Hz); H-4: & 6.88 pprA, and H-3: 8 8.46 ppm, ddd, J
=155, 11.5, 1.1 Hz). The " AIMA -*E‘:';;mr Ld six signals at , 124.5 (CH, C-5),
128.9 (CH, C-2), 138.8 (CH, -M 8 {GH, 7 (C, C-6), and 166.3 (C, C-1)

ppm. The IH NMR a -'Té“:f‘.‘.’,,n“? STl iy mrerat e a T e — ‘ FI'QUFB L67 and FlQUI"E
LE9 of Appendix B, respe

i U

The 'H-"H COSY spe?trum of compnund (9) indicated that H-5 to H-4, H-4 to H-5

iGN S PG WHATY

Analysis ofl) HMBC expanment (Figure LT2 in Appendix B) assisted in

assignm H k@cwmm idbrﬂgT‘leE‘ erved: H-5
(ﬁED5}aﬂ 138.8), C-4 (0 140.8), and C-6 (6 165.7); H-2 (5 6.23) to C-3 (& 138.8),

C-4 (8 140.8), and C-1 ( 166.3); H-4 (8 6.88) to C-5 (5 124.5), C-2 (6 128.9), C-3 (8
138.8), and C-1 (§ 166.3); H-3 (5 8.46) to C-5 (8 124.5), C-2 (§ 128.9), C-4 (5 140.8), and
C-1 (6 166.3).

In addition, compound 9 was methylated to yield a dimethyl derivative (Figure
L74 in Appendix B) which demonstraled the molecular formula C,H,,0,, calculated by
APCI-TOF mass spectral data, as shown in Figure L75 (Appendix B). Accordingly, this
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metabolite possibly presents two carboxylic groups in the structure. On the basis of
these spectral data, compound (9) was identified as cis,trans-muconic acid. It is to be
noled thal lo date, only a monomethyl ester of cis,cis-muconic acid isolated from a
marine sponge Plakortis simplex has been reported as a natural product (Shen et al.,
2001). To our knowledge, the present work is the first report on nalurally occurring

mucaonic acid.

Complete assigniments of,ph '. and geuums of cis,trans-muconic acid (9) are

afa' from 'H-'H COSY correlations

Figure 39 The corelatiofts REREE-t “and HMBC spectra of cis.trans-

muconic acid (9)
A
] U

Table 7 The H G H- H COSY and HMB{: speclral data of cis,lrans-muconic

acld{B}lnacamrﬂiﬁuﬂq vl E]'ﬂﬁw Ennﬁ

g ®
2 128.9 6.23, ddd, J= 15.5,0.8,0.8 3 34,1
3 138.8 B.46, ddd, J=155,11.51.1 2,4 5241
4 140.8 6.88, ddd, J=11.5,11.5,0.8 3.5 5.2.3.6
5 1245 6.05, ddd, J=11.4,09,09 4 3,4,6
6 165.7 - - =
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4.2.7 Structure elucidation of known metabolites

Chemical structures of known compounds, questin (10), aslerric acid (11),
methyl asterrate (12), subchrin (13), eugenitin (14), and 6-hydroxymethyleugenin (15)

were elucidated by comparison of their NMR data with literature values. ‘H. and °C

Questin (10) was i 2/ jorange ,a. | gedles, and APCI-TOF MS
suggested the molecular Ul G, 055 The ectral data (DMSO-dj, 400
MHz) are as follows: & 13.2 1 8 (1H, d, J = 2.2), 7.11 (1H,

s,),6.82 (1H, d, J = 2.2), 3.88

\- NMR data were consistent

with literature values (Kimura gf al

Asterric acid (11) was isold {‘E__.,.. d, and APCI-TOF MS suggested the
molecular formula C,,HO,. T H acejene-d,, 400 MHz) are as
follows: 8 7.06 (1H, d, L~ 2B ST (TH Oy F=2BIBAREIY 9. 5.91 (1H, s), 3.81 (3,
8), 3.74 (3H, s), 2.10 {3 5). The ta o w consistent with literature
values (Jaih et al., 2002). ¢

AUIAINYNINGING

Methy! asteMate (12) was |saiat§d as white snhd and APCI TDF MS suggested
o roe QARAQAP TOU UAAR B0
as follows: 8 11.32 (1H, s, OH), 8.89 (1H, s, OH), 6.91 (1H, d, J = 2.8), 6.83 (1H, d, J =
2.8), 6.38 (1H, s), 5.85 (1H, s), 3.90 (3H, s), 3.75 (3H, s), 3.64 (3H, s), 2.10 (3H, s). The
'"H NMR data of 12 were consistent with literature values (Jaih ef al., 2002).

Subchrin (13) was isolated as yellow amorphous solid, and APCI-TOF M5
suggested the molecular formula C,;H,,0,. The 'H NMR spectral data (DMSO-d,, 400
MHz) are as follows: & 11.43 (2H, s, OH), 9.89 (1H, s, OH), 6.81 (1H, d, J = 2.1), 6.67
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(1H, d, J = 2.1), 6.27 (2H, s), 3.63 (3H, s), 3.62 (3H, ), 2.14 (3H, s). These 'H NMR data

were consistent with literature values (Shimada et al., 2003).

Eugenitin (14) was isolated as white crystalline solid, and APCI-TOF MS
suggested the molecular formula C,H,,0,. The 'H NMR spectral data (acetone-d,, 400

w—
6-Hydroxyme j ‘ \\\ solid, and APCI-TOF MS

speeiral data (CDCI,, 400 MHz)
4.79 (1H, s), 3.92 (3H, s),

suggested the molecular
are as follows: & 13.03 (154
2.37 (3H, s). These 'H N
2002).

ature values (Feng et al.,

The chemical structures are depicted in Figure 40.

|
4. ) O OH

0o~ o
LR
(5
HO &

.
—

]
-1
|

o
ROT S0 0707

1)

AU INENIneIng”

13 14, R = Me
15, R = CH,OH
Figure 40 The chemical structures of known metabolites separated from the fungal

LRUBZ20.
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4.3  Struclure elucidation of the isolated compounds from endophytic fungal isolate
LPHIL36

A crude broth extract of the endophytic fungus Corynespora cassiicola
(LPHIL36) was separated by Sephadex LH-20 and preparative TLC to yield new
depsidones 16 and 18 named corynesidopgsA (16) and B (18), respectively and diaryl

ether 20 named corynether A (20}, 1€ 2ther i gw natural product, diaryl ether 22

from the endophytic fungus Gmeassic ] _ : e chemical structures of the
hytic fungus Gseassiicola -

isolated compounds we | analyseS™olulhie NMR spectral dala and

physical properties. s

1

o U ANEDNEINT . s e
N 1SNl pIY iR (a1

Appendix B) of corynesidone A (16) revealed absorption band for a conjugated
carbonyl at 1693 cm' and the "C resonance at 8, 163.3 suggested the presence of a
carbonyl of an aromalic ester, as shown in Table 8.

The 400 MHz 'H NMR spectrum (Figure P4 in Appendix B) of corynesidone A
(16) in acetone-d; showed signal attributable to: 8§, 2.37 ppm (3H, s, ArCH,), §, 2.39
ppm (3H, s, ArCH,), 8, 6.52 ppm (1H, d = 2.8, ArH), §,, 6.53 ppm (1H, d = 2.8, 0.7, ArH),



and §,, 6.60 ppm (2H, br s, ArH). These spectral data revealed that corynesidone A (16)
had two pairs of meta-coupling aromatic protons.

The 100 MHz C NMR spectrum of corynesidone A (16) in acetone-d, (Figure
P6 of Appendix B) revealed fifteen lines, which corynesidone A (16) were classified by
DEPT 135 [Figure P7 of Appendix B) and HMQC spectral data (Figure P8 in Appendix

non-protonated carbon signal C-6), 142.1 (C-5a), 144.9 (C-
9a), 145.1 (C-1), 154.5 (C-8 63.3 ppm (C-11).
The NOESY spectrlr ‘/ sido acetone-d, (Figure P16 of

7k

Appendix B) established -2 to H-12 (Figure 41).

e “FT‘IIE‘I"?’%‘I“ETWWMT]‘?
' % embled the
structure ui:purynes‘iﬁnﬁ ?I'EH‘?.L following Iung range orre atic-ns H-2 (8

6.66) lo C-3 (6 162.4), C-4 (5 104.7), C-11a (8 112.8), and C-12 (& 20.2), H-4 (& 6.66)
to C-2 (6 115.5), C-3 (& 162.4), C-4a (& 161.5), and C-11 (6 163.3); H-7 (& 6.53) to C-5a
(8 142.1), C-8 (b 154.5), C-9 (6 104.9), and C-13 (& 15.1); H-9 (8 6.52) to C-5a (b 142.1),
C-8 (8 154.5), and C-9a (8 144.9); H,-12 (8 2.39) to C-1 (5 145.1), C-2 (6 115.5), and C-
11a (8 112.8); and H,-13 (& 2.37) to C-5a (& 142.1), C-6 (4 131.3), and C-7 (d 113.5),
as shown in Figure 42. |
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—= HMBC

Figure 42 Long-range com S frc spestrum of corynesidone A (16)

Assignments of al ascopie signals for corynesidone A

(16) were made by analysis Y gnd HMBG sp \ 'summarized in Table B.

However, these of the C-11 ester carbonyl
on the structure of corynesitiong AN16).°T s'tompo was methylated to give a di-O-
methyl derivative (17), confighing asanaBiof twolhy@roxyl groups in the chemical
structure of corynesidone A (16.

Di-O-methyl desii owiidviscous oil and the ESI-

i

TOF mass spectrum of 'f?ii‘“t- , 4 a-pseudo molecular ion peak
J

at m/z 301.1064 [M + H .Scafculatad for C,;H,,0,, 301.1 076) shown in Figure P18
=

(Appendix B). In IET . . - ative (17) showed a
four-bond cmlﬁ Fw cuﬂrmm:ﬂ‘i Figure 43}, which confirmed the
position er, ‘i . (fjjT - n that H-H
muplingﬁ:ﬁ:]aa Mtgm -.EII::I]:@ Merefore, "J,

correlations for n = 3 are very weak or non-observable (Griesinger et al., 1994). The
observation of longer range "J,, couplings could be possible for compounds with either
few or no H-H couplings, for example, the observation of *J, and 'J, couplings in

excelsione, a depsidone from an unidentified endophytic fungus (Lang et al., 2007).



Table 8 The 'H, C, NOESY and HMBC spectral data of corynesidone A (16) in

acetone-dj

0

Position &, ": “' T 2] S¥a. HMBC (H to C)
1 =
2 3, 4, 11a, 12
3 =
4 2,3,4a, 11a
4a -
Ba -
(3] f -
7 11351 6.53(0d 28 /| 5a8,913

1545 ¢ &,

3 ﬂummmwmnﬁ?m
wmwmuum'mmaﬂ

1a 1128
12 20.2 2.39(s) 2 1,2,11a
13 151 2.37 (s) 4 5a, 6,7
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—= HMBC

Figure 43 Long-rang correlali N figelral data of di-O-methyl derivative
(17) from H,-12 to C-11

The NOESY spectru 7) demonstrated correlations
from 3-OMe protons to \ to H-7 and H-9, readily
placing the methoxy groUpsg Y (the hydroxyl groups in
corynesidone A 16) (Figura®4)#Th€ andVis NOESX cordlalions also implied that the two
aromatic parts were linked efthe } 3 : 0alC-11 or at C-5a/C-11 and C-
9a/C-4a. Fortunately, the key NOES | .-13 to H-4 was observed for

both corynesidone A (16), as and its methylated derivative,

Figure 44 The correlations NOESY spectrum of di-O-methyl derivative (17)

Upon the basis of these speclroscopic data, the structure of corynesidone A

(16) was secured as shown. Prolons and carbons in corynesidone A (16) were assigned
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by analysis of 'H-"H COSY and HMBC spectra (Table 8). It should be noted that di-O-
methyl derivative (17) was synthetically known (Sala and Sargent, 1981), however,
comparison of the 60 MHz 'H NMR spectroscopic data ambiguously confirmed the
structural identity of this derivative. Analysis of NOESY and HMBC spectra assisted the
assignment of proton and carbon signals in di-O-methyl derivative (17) (Table 9). It is
worth noting that structural elucidation 9f o, aled depsidones, i.e. corynesidone A

(16), needs analysis of HMBCyang

-1ﬂ..£ fhectral data of its corresponding

methylation product, in ordeéfteslecate psiibstituents (particularly on the

hydroxyl positions) and the imke sﬁ':'"-'?f‘;ﬁ ‘

AULINENINYINS
AR TN TN
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Table 9 The 'H, "°C. NOESY and HMBC spectral data of di-O-methy! derivative
(17) in CDCI,

Position 8, HMBC (H to C)
1 1455 e '

2 1140 3,4, 11a, 12
3 1630 -

4 1035 2,3, 4a, 11a
42 163.1 s

5a 1428y =

6 13187 :

7 127 52,8, 9,13
8 1565 ¢ao -

. AU IR IEan ...
9

’Q*W'Pﬁﬂﬂ‘iﬁuuﬁﬂ'ﬂmﬁﬂ

119.5
12 215 2.50 (s) - 1,2,11, 11a
13 16.2 2.43 (s) + 5a, 6,7
3-OMe 55.6 3.83(s) 2,4 3

8-OMe 55.7 3.74 (s) 7.9 8




4.3.2 Structure elucidation of corynesidone B (18)

g (o)

Corynesidone B .- < pale browi:salid, and the ESI-TOF mass

spectrum revealed a molec a protonated molecular ion

peak at m/z 331.0454 [M i B). The IR spectrum of

corynesidone B (18) displaygl absgrition 1 ‘1ar a carboxylic acid (1703 cm’') and
an aromatic ester carbon i : ' : = dix B).
The 400 MHz 'H NMR Specidirt of @drynes doné B (18) contained only four

signals, all singlets: two sp’ singlet e and 6.78 ppm, and two sp’ singlet

methyls, 8, 2.31 and 2.70 ppmg@s stiowt: i Fi Appendix B).
Analysis of “"C} ; - ff’ff'-‘""’*"""“‘“—‘—":};g igure P28 to Figure P30
in Appendix B) establis : ixlees ! olecul r!J onsisting of two s;::-= methyl
rbons: & 12.5 (C-12), and14.1 C-13), two sp’ methine carbons: & 104.1 (C-4),
carbons ( ]and'.ﬂ ppm ( ]!‘\ﬁ’rosp methine carbons (C-4)

and 106.4 ppm ﬁuﬂ@%ﬁWQﬂﬁ:n 112.9 (C-11a),

128.1 (C-1), 133.5 {&-6), 141.6 (C-2), 1;1’2 .8 (C-5a), 1493 (C-3), 149.4 (cuga} 155.0 (C-
o 03 R TP EASHCT W 85 Y Bre =
172.0 indicdled the presence of a carboxylic acid functionality in corynesidone B (18).

The NOESY spectrum (acetone-d;) (Figure P35 of Appendix B) showed the
correlation from H-4 to H-13, as demonstrated in Figure 45.



— NOESY

Figure 45 MNOESY correlations.

"(Figure P31 in Appendix b)
showed correlations fronT™H-4 4 28, §-4a ~ d, H-9 to C-5a, C-7, C-8, and

The HMBC experin

C-9a; H,-12 to C-1, C-28nceC- M & Find H.413 10'C'8a, €%, and C-7. Similar to the
previously reported depsitiong, 2007), there were no H-H

couplings for corynesidong® B 41§ hagelan ted that longer range "Jm

L
couplings could be obserbl Iﬁ: A

couplings, e.g., from both H-4f@8ng A2 1o 1 %1 1'@ster carbonyl and from H-9 and

. Indeed, there were ‘J,

H,-13 to C-14 carboxylic acid ca -yﬁ% i

each aromatic ring. Th&<'H-"C long-range correlalionshol.¢orynesidone B (18) in
e ————————————,

itions of ester and carboxylic acid in

acetone-d; are depicte

Figure 46 Long-range correlations from HMBC spectral data of corynesidone B

(18) in acetone-gj



Assignments of all 'H and "C NMR speclroscopic signals for corynesidone B
(18) were made by analysis of NOESY and HMBC spectra summarized in Table 10.

Table 10 The 'H, C, NOESY and HMBC spectral data of corynesidone B (18) in

acetone-dj
Position L HMBC (H to C)
1 128.1 -
2 141.6 -
3 149.3 Z
4 104.1 2,3,4a, 11, a
4a 155.0 -
5a 142.8 =
: mﬂuﬂqwﬂwswaﬂnﬁ -
7
L AN AN
, WA ﬂJ ﬁlﬁag
9a 149.4 -
1 161.6 - - -
11a 112.9 = = =
12 12.5 2.31 (s) - 1,2,11, 11a
13 14.1 2.70 (s) 4 5a,6,7, 14

14 172.0 - - -




9

Methylation of corynesidone B (18) yielded a tetra-O-methyl derivative (19)
whose molecular formula was eslablished as C,H., O, by ESI-TOF mass spectrum, as

shown Figure P36 in Appendix B.

The NOESY specjgdim [l w. gy IEigure P41 in Appendix B)
displayed correlations be \ en'8-OMe and H-9, and between

—— NOESY

lr'
]

B g
e EHERY ATNEINS
ARAAIAIUNBAINUARED s

B) were EJ(hItJIIEd from 2-OMe to C-2; 3-OMe to C-3; H-4 to C-3, C-4a, C-11a, and C-11
(‘J5.): 8-OMe to C-8; H-9 to C-5a, C-7, C-8, C-9a, and C-14 ('J,); H-12 to C-1, C-2, C-
11a, and C-11 {'Jm}: and H;-13 to C-5a, C-6, C-7, and C-14 {‘Jm}; COOMe to C-14. The

'H-""C long-range correlations from the HMBC spectrum of tetra-O-methyl derivative (19)
in CDCI, are shown in Figure 48.
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—= HMBC

Figure 48 iEaE fromh \"‘"“"‘_tﬁl data of tetra-O-methy/
derivative (19) in CDCI, \

On the basis of lieseSpéchic . heéinical structure of tetra-O-
. \l,' ! ".._I-...
methyl derivative (19) was glicg al 3z iatlis H}" Ssigmments of proton and carbon

A cca\
signals for tetra-O-methyl deij : s [19).arE sUMMma \; Table 11.

|

i "
T

; =
1

AULINENINYINS
ARIANTAUNING 1A Y
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The 'H, “C, NOESY and HMBC speciral data of tetra-O-methyl derivative

Table 11
(19) in CDCI,
Position 8
1 136.5
2 145.2
3 156.8
4 101.7
4a 158.7
5a 142.9
6 129.2
T 120.9
8 163.7
9 102.0
9a

13
14
2-OMe
3-OMe
8-OMe
COOMe

13.3
136
167.3
60.3
56.0
56.3
52.4

¢ 567 ()

“ﬁ‘IJEI’J‘i‘IEWIﬁW El']ﬂ’i

1629

‘“’Qﬁﬂﬁﬂﬂ‘imuﬁﬂﬂmaﬂ

2.41 (s)
2.40 (s)
3.73 (s)
3.90 (s)
3.77 (s)
3.91 (s)

HMBC (H to C)

2,3,4a,11, 1a

5a, 7,8, 9a, 14

1.2, 11, 11a
5a, 6,7, 14

2
3
8
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4.3.3 Structure elucidation of corynether A (20)

Corynether A (20) igh|dléd a=-brown solid, "afd its molecular formula was
determined as C,,H,,0; frg -
289.0720 [M-H], calculatedfor £..

The 'H NMR spé

\, observed ion peak al m/z
\ gure P44 in Appendix B).

A (20) exhibited signals
alis protons (& 5.91, 5.96, 6.03 and
D.24 ppm) (Table 12), while the °C

corresponding to two pairs of
i
6.22 ppm) and two singlet methyis={E2
NMR, HMQC, and DEBT sg svealed the presence two sp’
5/102.4, 106.3 and 111.6
ppm), and nine nnn~pmg1ale : 'J 6.8, 137.3, 152.1, 154.8,
156.7, 157, and  173.5 ppm). The L o NMR resonance at 8. 173.5 indicated the

vt 1 QBTN T . . o

DEPT spectra are mthures P45, P46, ?? and P48, rmpechvely. in ﬁﬂ]endlx B.

R RANERTE D YRR pes rom oo

HMBC spéctrum (Figure P50 in Appendix B) showing the following long-range

methyls (5 16.7 and 205 PP foursp

correlations; H-3 (85.91) to C-1 (5123.8), C-2 (5156.7), C-4 (§157.1), and C-5
(6 111.6); H-5 (8 6.22) to C-1 (5 123.8), C-3 (3 101.9), C4 (8 157.1), C-6 (5 136.8), and
C-8 (8 20.5); H-3' (6 5.96) to C-1' (8 137.3), C-2' (6 152.1), C-4' (5 154.8), and C-5'
(8 106.3); H-5' (5 6.03) to C-1" (8 137.3), C-3' (5 102.4), C-4' (5 154.8), C-6' (5 131.4),
and C-7' (8 16.7); and H,-7' (8 2.16) to C-1'(8 137.3), C-5' (8 106.3), and C-6' (5 131.4).
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The 'H-"C long-range correlations from the HMBC spectrum of corynether A (20) in
DMSO-dj are demonstrated in Figure 49,

Figure 49 Long-range, afinfs from .}\:‘-{t fal data of corynether A (20)

Although the "C NMF -1 implied that the carboxylic

acid may be situated at"C- giaavaild # spectroscopic data could not

conclusively establish the structu Eﬁ{’r‘ff 0), particularly on the positions of

T

ether linkage and free hydro gether A (20) was subjected to

methytation to yield a (§1z ezl

= CHs5 LY

MR

Tetra-O-methyl derivative (21)

Tetra-O-methyl (21) was obtained as yellow viscous oil. The molecular formula
was determined to be C,H,,0, by positive ESI-TOF MS (found 369.1309 [M + Na]’,
calculated for C,gH,,0,Na, 369.1314).
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The NOESY correlation from 4-OMe to H-3 and H-5; from 2'-OMe to H-3'; and
from 4"-OMe to H-3' and H-5' readily indicated the 12 ether linkage in tetra-O-methyl
derivative 21 (Figure P60 in Appendix B). The HMBC correlations from H,-8 to C-1, C-5,
C-6, and C-7 (' Jeu) and from COOCH, to C-7 and C-1 ( Jew) unambiguously assigned
the position of ester carbonyl (C-7) in tetra-O-methyl derivative 21 (Figure PGB0 in

Appendix B), and thus establishing th xvlic acid position in corynether A (20).
Both NOESY and HMBC correlation derivative 21 are summarized in
Figure 50.
—  NOESY
— = HMBC
V7 ‘,f.""
Figure 50 NOESY ar A ; ira=0-methyl derivative (21)

s iF

B TN T o

corynether A (20) 4§ shown; proton and carbon signals in corynether A (20) and tetra-O-
o/

¢ o
MOS0 4 N 47 D 5
and Table gl3, respectively. It should be noted analysis and HMBC

spectra of the corresponding methylated product is crucially necessary for structure
elucidation of hydroxylated diaryl ether.
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Table 12 The 'H, “C. NOESY and HMBC spectral data of corynether A (20) in
DMSO-d,

Position 3 HMBC (H to C)

1 123.8 e
2 156.7 -
3 101.9 1,2,4,5
4 157.1 -
5 1116 1,3,4,6,8
6 136.8 -
7 173.5 -
8 20.5 -

4-OH .75 (br s) -
y mﬂumwﬂmwmn‘i -
o 152, 1 ;
a-ammﬂwumfmmaaf s
4' 154.8
5/ 106.3 6.03 (br s) - 158 4L 6, T
6’ 131.4 - - -
i 16.7 2.16 (s) - oo

2'-OH - 9.04 (br s) - -

4'-OH ~ 9.37 (br s) - -
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Table 13 The 'H, “C, NOESY and HMBC spectral data of tetra-O-methyl derivative
(21) in CDCI,
Positon &, HMBC (H to C)

1 115.9 -

2 161.2 -

3 97.6 1,2,4,5

4 157.2 -

5 107.7 1,3,4,6,8

6 138.5 -

7 168.4 .

8 20.0 1.6, 8;7
COOMe  51.1 i
4-OMe ¢ 366(s)

v wﬂuﬂqwﬂwswaﬂni -

o

? ’Qﬁﬁl mr‘rﬁmmwma EI Bife

4

5

6

7
2'-OMe
4'-OMe

157.3
106.7 6.34 (d, 2.1) - 13, 4,6, 7
133.1 . - -

16.2 2.13(s) - 1,5, 6'
56.1 3.72 (s) 3 :

55.5 3.80 (s) 3,5 7
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4.34 Structure elucidation of diaryl ether (22)

Diaryl ether (22) wasi€0latéa'as pale b “ sCougoil and its molecular formula
C,H,,0, was deduced fig SIAT w 2R spectrum of diaryl ether
(22) exhibited absorptiongBands fof M hing) and 2923 cm” (CH
stretching of aromatic). The £5I4CF - ) -i u capic of 22 are shown in Figure

The 'H NMR spectrum (@ce a1 {Eigte PGS nAppendix B) of diaryl ether 22

revealed the presence of two coup ._wr*-"-----
¢ .H..-f

"

2.9 Hz), three aromatioyprg (5, 6.03, ppa), two singlet methyls (3,

protons (8, 6.25 and 6.35 ppm; J, ; =

1.98 and 2.17 ppm), .'-q,z'.j—_”‘ "7 and 8.23 ppm). Analyses
of the "C, DEPT, and HIIRC spe
possessed 14 carbons attgibutable to two spy methyls, five sp” methines, and seven

ﬂbuma;qﬁg AT ———

Figure P67, Flgure 68, and Figure P63«{(Appendix Bhraspectwely

ﬂ m Mﬂ@wm 'W'ﬁ@ %}E‘ }ﬂ Her 22 showed

correlationd from H-2 to C-1, C -3, C4, and C-6; H-6 to C-1, C-2, C-6, and C-7; H,;-7 to C-

) @icaled that this compound

3 ("J,), C-4, C-5, and C-6; H-2'to C-1', C-3', C-4', and C-6'; H-4' to C-2', C-3', C-6, and
C-7'; H-6' to C-1', C-2', C-4', and C-7"; H;-7" to C-1' ('4,,), C-3' ('J,), C-4', C-5', and C-
6'; 3'-OH to C-2', and C-4', as shown in Figure 51.

Analysis of the 'H-"H COSY spectrum of diaryl ether 22 in acetone-d, (Figure
P74 in Appendix B) showed the correlations from H-2 to H-6, H-2' to H-4" and H-6', and
H-4" to H-6", while the NOESY spectrum (Figure P75 of Appendix B) demonstrated the



100

correlations from H-6 to H,-7, and H-7' to H-4' and H-6'. Both NOESY and COSY

correlations are depicted in Figures 52.

_ = HMBC
Figure 51 Long-rangé’coffcldlighs o BC spe traliciata of diaryl ether (22) in
acetone-dj | -

—  NOESY

‘a o
AUYINENINEINT
Figure 52 Théltorrelations of 'H- I-}CDSY and hEESY spectra of diaryl ether (22)

ARIAINIUNRINYIA Y

Assignments of H and "C NMR signals for diaryl ether 22 are summarized in
Table 14.
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The 'H, C, NOESY and HMBC spectral data of diaryl ether (22) in

1aﬂuEI’JYIEWI§WEI']ﬂ’§

Table 14
Acetone-d;
Position O
1 154.8
2 101.4
3 150.6
4 133.1
5 1324
6 108.1
7 15.4
1-OH -
3-OH
T
2' g9. 1

81

6.25 (dd, 2.182.1)

HMBC (H to C)

1,3,4,6

s 1,3.4.6

5 ammnimumfmmaﬂ

4'
5!
El
?'l‘

3'-OH

109.2
139.8
106.8
20.6

6.28 (m)

6.13 (m)

2.17 (s)
8.23 (br s)

4I‘I ﬁ\‘

28180
1!'. Ef‘ Sl. ?‘l’
4!" 5". al‘
2'4'
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Diaryl elther 22 was a demethyl derivalive of 2-hydroxy-4-methoxy-6-
methylphenyl 3-hydroxy-5-methylphenyl ether (Cannon et al., 1972; Sargent ef al,
1971), also known as LL-V125a, a fungal metaboliie of the order Sphaeropsidales
(McGahren et al., 1970). However, LL-V125a was incorrectly identified as 2-hydroxy-6-
methoxy-4-methylphenyl 3-hydroxy-5-methylphenyl ether (McGahren et al., 1970); it was

MHz 'H NMR spectrosc ' fiatyl ethier. 22"Was available in the literature
(Cannon et al., 1972; Sa 7). Furthern \(Ore parison of such NMR data

was not sufficient to ¢ TeSiiet alsi y ol diaryether, particularly on tha
assignment of aromatic : cture of diaryl ether 22
the corresponding methy d and subjected to NOESY
analysis

Methylated derivative (23) le yellow solid. The molecular
formula was determined to be Cyt of its ESI-TOF MS spectrum, as

ammmfﬁumawmaa

Methylated derivative (23)

The NOESY correlations from 1-OMe to H-2 and H-6; from 3-OMe to H-2; and
from 3-OMe to H-2' and H-4' readily indicated 1'/4 ether linkage in methylated derivative
(Figure 53), and thus confirming the structure of diaryl ether 22. Assignments of 'H and
“C NMR signals in methylated derivalive 23 are summarized in Table 15. The 1D NMR
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and 2D NMR spectroscopic data of methylated derivalive (23) are shown in Figure P77
to Figure P80 of Appendix B.

—— NOESY

ﬂ'LlEl’J‘VIEWIiWEI’]ﬂ‘i
’Qﬁﬁﬁﬂﬂ‘iﬁuuﬂﬂﬂmﬁﬂ
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Table 15 The 'H, "C, NOESY and HMBC spectral data of methylated derivative
(23) in CDCI,
Posiion &, &, (H16H) HMBC (H to C)
1 157.0 y
2 97.9 1,3,4,6
3 153.0 -
4 135.3 -
5 133.1 =
6 106.2 1,247
7 16.4 4,56
1-OMe  55.5 J 3.81 (s) 2, 6% 1
30Me  56. ¢ ﬁiw} & 3
b ,EQE‘HEI MUNINEINT
2 1 6 ﬁ a /1 3 4, 6
, AEATHTHARIINY 1Y
4' ! 107.6 | 6.34 (m) - s i
5' 140.2 > . :
6' 107.7 6.22 (m) - L
i 21.8 2.25 (s) - 4' 5" 6'
3-OH  55.2 3.73 (s) 2, 4 3
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4.4 Biological activities of the isolated compounds

4.4.1 Bioactivities of metabolites and their derivatives from the endophytic
fungus LRUB20

The isolated substances, dothideopyrones A-D (1, 3, 4, and 5), together with

seven known compounds, includingcisi nic acid (9), questin (10}, asterric
acid (11), methyl asterrate, (12)," suldefiff_13), eugenilin (14), and 6-
hydroxymethyleugenitin (1 (2) and (6), were tested for

biological aclivities. The biolgges] ifized in Tables 16, 17, and 18.

Table 16 Cytotoxic agiiVity® of gompounds’ 156 15 against nine cancer cell
lines
CElw 3 3 (5 " s Etoposide’
Dovorubicin®

Hela >50 =50 =50 >50 180 =50 o.04*

(#4.2) (£0.01)

HuCCA-1 =50 >50 =30 50 =40 =50 042

[ﬂ".tt]

lepGi >50 250 »50 =50 208 =50 0.8

n;su: (40,04

4D =30 50 =50 =50 =50 0.04*

(;l A} (#0.01)

MDA-MBZI =50 =50  >50 ND . { 500 >50 =50 020"

i i ] ) (x0.0) (40.00)

Si02 > >50 a0 ND ) ; L = - i I

# (#49) (10.00)

Asdg =50 50 »m ] ; k] = > 38 2 - oar

AN HeNINDRS

HIL-60 w8 412 ] [ A ‘ i 89 = e 082

(£34) QU L1} (407} 43, (337 (43 (40.04)

MOLT-3 =50 189 263 ND 138 L1 s =50 1187 164 148 s 0.0

(#0.3)  (409) (#0.9)  (+0.4) 03 S (#033) (08 (£1.)  (210)  (20.00)

- -

c*‘nulangiuca"cinoma cancer cells; HepG2 = human hepatocellular liver carcinoma cell line; T47D =
human mammary adenocarcinoma cell line; MDA-MB231 = human breast cell line; 5102 = human
liver cancer cell line; A549 = human lung carcinoma cell ling; HL-60 = human promyelocytic
leukemia cell line; MOLT-3 = T-lymphoblast (acute lymphoblastic leukemia) cell line.

"ND = Not determined

“Etoposide, and “doxorubicin were standard drugs.
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Table 17 Antiviral, antifungal and antimycobacterial activities of compounds 1 and
4

Biological activity Compound 1 Compound 4
Antiviral {% inhibition)

- HSV-1 35-50% (moderately active) Inactive

Antifungal (IC,,, pg/mL)

- Candida albicans 50
Antimycobacterial (MIC, jig —
- Mycobacterium .Eu =200
For anti-HSV-1 test, & 4 05202 pgimL.

For antifungal test, . IC,, = 0.042-0.058 pg/mL.

For antimycobacteri ), and isoniazide (INH) were

used as positive control; MIC = @10

Table 18 Antimalarial acti ﬁr;;‘ Jigmitalciparum) of compounds 1, 4, 10, 11
and 12 :

ﬂumwwwmm
Qﬁﬂﬁﬁﬂﬂﬂﬁﬁ@fﬂﬂ?ﬁﬂ

Dah roartemisinnine was a positive control (IC,, = 4.00- 4.30 pg/mL).

The isolated compounds and derivatives were evaluated for cytotoxicily toward
nine cancer cell lines (Table 16). Compounds 1-4 and 9-15 were either inactive (at 50
pg/mL) or showed only weak activity (14.8-45.0 pg/mL) towards some cell lines (Table
16). Dothideopyrone D (5) and its acetale derivative 6 exhibited moderate cylotoxic
activity (8.6-25.0 pg/mL). In addition, compounds 1, 4, 10, 11, and 12 were found to
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exhibit only weak activity or were inactive against olther activities tested (Tables 17 and
18). Previous reports have demonstrated that many pyrones are not cytotoxic (Zhan et

2007). However, members of this class show phytotoxic activity (Pedras and
Chumala, 2005), inhibitory effects on NF-kappaB (Folmer et al., 2008), and interactions
with the GABA-A receptor (Boonen and Haberlein, 1998). Questin (10) was recently
found to be an inhibitor of Cdc25B phosphiatage (Choi et al., 2007).

Interestingly, the LRUB20 fungus cullde: 1D medium (supplemented with
0.5 g/L malt extract) prod -muconic acid (9), up to 47.8
mg/L. Generally, cis,cis muconic acid are known
metabolites from the (or derivatives) in living
organisms, including h 2007; Yoshikawa et al.,
1993), and thus are en e contamination in living
organisms (Melikian et al., ardley-Jones ef al., 1991). To
date, only a monomethyl es ‘ISplated from a marine sponge
Plakortis simplex has been ct (Shen et al., 2001). To our
knowledge, the present work is 1 naturally occurring muconic acid.

Interestingly, a prior reppe

egred Escherichia coli can
catalytically convert ;F- ""# aths and Frost, 1994)

{Scheme 9). Cmsequen such muconic acid producllu ;i ltlated an environmentally

compatible synthe w an im ie e production of nylon
6.6, gelatin, jams@ ﬁm EJ ﬁgﬂﬁiﬁ ir al., 2002, Thomas
et al, 2003). The current industrial production ofadipic acid invalves benzene, a

Cﬂfﬂlﬂﬂgﬂﬂdw q a”q;}!m u“ﬂq m EEI rLaSEJlﬂQ material.
Hydmgenatlnn of benzene to produce cyclohexane is followed by air oxidation to yield a
mixture of cyclohexanol and cycclohexanone (Scheme 10). Nitric acid oxidation yields
nitrous oxide (N,O) as a byproducl, which contributes to both ozone depletion and
global warming. Owverproduction of cis,trans-muconic acid (9) through a genetic
manipulation of the LRUB20 fungus, by analogy to that for the genetically engineered E.

coli (Draths and Frost, 1994), is a challenging research approach to be pursued. Based
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upon this invesligation, endophytic fungi could prove to be potential sources of
industrial chemicals, and may therefore offer potential ulility in the field of white

biotechnology.

OH oH
o O E. coli W , OB
= OH - J -._I ‘ H.mc‘/_.‘\zf
OH OH OH
D-glucose cis,cis muconic acid
Pt H
2
50 psi
Hoog ™ ~">~CO0H
adipic acid
Scheme 9  Synthesis of adij 3 : @ as a slarting material (adapted
from: Draths and Frost. 1994 J. Am Chem
OH

O g
- AUBAREIN TN

MND

ammﬂimumfmmabm w00ps

HDGEWGDDH

120 - 14I]psu

adipic acid

Scheme 10  Synthesis of adipic acid using benzene as a starting material (adapted
from: Draths and Frost. 1994 J. Am. Chem. Soc. 116: 399)
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4.42 Bioactivities of metabolites and their methylated derivatives from the
endophytic fungus LPHIL36

The isolated natural substances and their methylated derivatives (16-23) were
evaluated for cancer chemopreventive properties (Table 19), i. e. measuring radical

scavenging, antioxidant, aromatase (CYP19) inhibitory, and cytotoxic activities (Table

Z

Table 19 Radical scaxgngids-antic fﬁmatasa inhibitory activities of

depsidones and diaryl e

Compound  Radical sca o iﬂﬂw 3\\ K‘\.\W“a ) Aromalase inhibition

T sl
DPPH  XXO ll J 5'-‘ ‘“ﬂ'&\ (ICyq, M)
16 >250 5.30
18 22.4 =25
19 >250 >25
20 182.4 _ >25
22 >250 >500 421.4 #ﬁ,;"‘_ﬂ“ >25
23 5250 89 ND

940

* Resulls were exp s:u:_t;:_' ; Hﬂ Is the net protection of -
phycoewﬁrinpmducedbyﬁbi e 1l

e LR D I LIILS I 812 P ettty

the scavenging 2.3‘-diphenyl—14picmh5drazyl (DPPH).free radicals witty an IC,, value of
2. 0 0] GO o VA1 9 B st 2.
not inhibit !uperoxide anion radical formation in the xanthine/xanthine oxidase (XXO)
assay, while corynesidone A (16) inhibited xanthine oxidase (IXO) with an IC,, value of
19.1 uM (Table 19). None of the tested compounds could suppress superoxide anion
generation (at 100 pM), induced by 12-O-tetradecanoylphorbol-13-acetate (TPA), in
differentiated HL-60 human promyelocytic leukemia cells (Table 19). Interestingly,
nalural products, corynesidones A (16) and B (18), corynether A (20), and the diaryl
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ether 22 show potent anlioxidant activily, exhibiling oxygen radical absorbance capacity
(ORAC) 4.3-5.9 units, while the methylated derivatives 19 and 23 did not showed this
activity (Table 19), It is clear that hydroxyl groups in depsidones (16 and 18) and diaryl
ethers (20 and 22) are required for antioxidant property. Corynesidone A (16) inhibited
aromalase activity with an IC,; value of 530 uM (Table 19), comparable to that of

ketoconazole standard (IC,, 2.4 uM). ds 16-23 exhibited only weak cyloloxic

activity or were inactive (at 50 pgt cell lines (Table 20). However, a
derivative 23 exhibited moderateseyli

20).

lues of 1.4-9.0 pg/mL (Table
Moreover, fungal and B (18), and diaryl ether
(22) had mild antibacteri and 18 exhibited potent
antimethicillin-resistant gt dus saureps dcliyy, Comparable to ampicillin, as
shown in Table 21.

In general, natural co e Sory i &8 A (16) and B (18), corynether A
- exhibited antioxidant activities.

iy activity with an 1C,, value of 5.30

(20), and diaryl ether 22 were #ielatives
Corynesidone A (16) exhibited arc

uM; this activity magniitide N2 ion aromatase inhibitor

el

0 4 tivities of corynesidone

drug, aminoglutethimide
A (16) are interesting furmons because this dua biu!ogifm activity may be useful for
cancer chamnprﬁ:ﬁun. ;ﬁﬁulaﬂy for bred&¥ cancer. A recent study showed that

bibrdche ool sk G ich{ehadr oxice mediaed

plasmid DNA damage and induce @poptosis inghuman melanama cells, whose

mectanshlofatoh G Wefh bk oA el B soces

reactive nitrogen species (Russo et al., 2008). Some fungal depsidones showed better

depsidones and

superoxide anion scavenging activity than quercetin (Lohezic-Le Devehat et al., 2007);
however, a few depsidones showed moderate antioxidant activity (Hidalgo et al., 1994).
Previous reports also demonstrated that fungal depsidones exhibited cytotoxicity
(Bezivin et al., 2004; Pittayakhajonwut et al., 20086) and antibacterial activity against

methicillin- and multidrug-resistant Staphylococcus aureus (Kokubun et al, 2007).
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Several nalural products are known to be aromatase inhibitors (Balunas et al., 2008;

Paolelta e! al., 2008); however, to our knowledge, aromatase inhibitory activity of

depsidones has never been reported to date. This is, therefore, the first report on anti-

aromalase activity of nalural depsidones.

Table 20 Cytotoxic activity of comp ' ’ i3 16-23

Cell line o : mean (ts.d.), n=3

16 ﬁ Etoposide”/
/M \?\\ \\_"\L Doxorubicin”

Hela 22.50 275  0.12
(£2.21) (£1.06) (+0.04)°

HuCCA-1 >50 >50  0.40
(0.11)"

HepG2 17.50 400 023
(+3.54) (#1.41) (x0.00)"

T47D >50 >50  0.04
(20.01)°

MDA-MB231  >50 9.00 0.8
(0.00) (+0.00)"

5102 44, D[I." 50 45.00 25.00 1.40
ﬂ u@fa NUATNENT wm o

A549 >50 3300 >50 4630 >50 0.39
ammnwmmwmaa -

17.54 0.61
(#1.73) (£1.52) (£0.26) (£1.86) (£1.55) (£0.10) (+0.05)"

MOLT-3 1226 1471 >50 1249 >50 961 3462 141  0.02
(£0.06) (+0.54) (£0.33) (£0.21) (£1.22) (£0.04) (+0.00)"

MRC-5 >50 >50 >50 >50 >50 >50 >50  >50  >50""

*Etoposide and "doxorubicin were standard drugs.
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Table 21 Antibacterial activities of corynesidones A (16) and B (18), and diaryl ether
22
Compound Antibacterial (MIC, mM)
Enterococcus faecalis Methicillin-resistant S. aureus  S. aureus

Corynesidones A (16) 0.50 0.25 0.25
Corynesidones B (18) 1.0
Diaryl ether (22) 2.0
*Ampicillin (M) 3.13

*Ampicillin was standard drugs”

AULINENINYINS
ARIANTAUNING 1A Y
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4.5 Classification of the endophytic fungi isolate LRUB20 and isolate LPHIL36

Conventional and molecular methods were applied to classify the isolate

LRUB20 and isolate LPHIL36.

451 Conventional method

The endophytic lungub.u IBEEJ grown on potato dextrose agar
(PDA) had a gray velvety cul@mduc Gleristic brown spores, as shown

Figure 54. However, this fungus s LR 'E?DW&IOD any fruiting body when

\Wanana leaves, a condition

an (Sriith &g Onions, 1990).

grown for 2 months on w

suggested for promoting fg

9

q

Figure 54 Conidia (arrow) of endophytic fungus isolate LRUB20

Endophytic fungus isolate LPHI L36 grew on PDA as brown velvety colony.

Conidiophores were pale brown and formed singly with successive cylindrical
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proliferations. Conidia (52-124 x 7-10 um) were in chains, obclavate to subcylindrical
with 4-10 pseudosepta. These correspond well wilh the characteristics of Corynespora

cassiicola (Ellis, 1971) (Figure 55).

A

FF T

Figure 55 Conidia (&few) of é_@wc fungus isolate LPHIL36

‘-".hq
o

Further e jically ¥ the, endophytic fungal isolates
LRUB20 and LPHIL36 wa}e carried outl with molecular method by determining the
F-

nucleotide sequﬁﬂo&lz?dﬁ Eﬁjwﬂ&%ﬁﬂ .ﬁum‘fﬂ TA gene. Nucleotide

sequences of 183 and 5. region is highly conserved, and it is used for the
¢

e NI T ) 15—

variable internal transcribed spacers were us phylogenetic

analysis al lower taxonomic levels (order to species) (Mitchell et al., 1995).
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4.5.2.1 The PCR product of 185 and ITS1-5.85-ITS2 region of rRNA
gene
PCR conditions were optimized to amplify rRNA gene of the
isolates LRUB20 and LPHIK36. The primers NS1 and N58 (White et al., 1990) were used
to amplify the 185 rRNA gene from total DNA extracts of the isolate LRUB20. While the

oligonucleotide primers ITS5 and ITS4 (Whitg et al., 1990) were used to amplify a DNA
§45-1TS; ind of 285 rRNA genes of the isolate
LPHIL36. The optlimized PCR.cOmoitic 35 described in the material and

o —

method section. The sizes escampared with APst1 molecular

markers. The PCR produgis ANA of isolate LRUB20 and
isolate LPHIL36 were fg 1800 bp and 600 bp,

respectively.

4.5.2.2 Nuc!
LRUBZ20 and phylogenetic

|85 rRNA gene of isolate

S8 PCR product amplified from

chromosomal DNA of isolate LR 3 bp. This comprised partial 185
rRNA gene sequence, i-;_“ Wbt e Figare o, 1:'..‘
The partial 185 0 was used as the query

It was found that

Acrospermum cﬁﬁﬁﬂ WWWE closest matches. A

total of 20 known dplecies (Table 22) w1th relative hlgh % identity (92- HE%,'I were selected

’“”’“""”ﬁ’ﬁ‘ﬂ"ﬁ“ﬂﬂ‘ifu UAAINYINY

sequence lo search for srmﬁar saquences from GenBank.



101
201
301
401
500
601
701
BO1
901
1001
1101
1201
1301
1401
1501

1601

e v [ et e W b e e A R e e e

10 20 30 40 50
GTCTAAGTAT AAGCACTCAT ACTGTGAAAC TGCGAATGGC TCATTAAATC
AGTTATCGTT TATTTGATAG TACCTTACTA CATGGATACC CGTGGTAATT
CTAGAGCTAR TACATGCCAA AMACCCCGAC TTCGGAAGGG GTGTGTTTAT
TAGATARAAR ACCAATGCCC TTCGGGGCTG CTTGGTGATT CATGATAACC
AARCGAATCG CATGGCCTTG AGCCGGCGAT GGTTCATTCA AATTTCTGCC
CTATCAACTT TCGATGGTAG GATCTGGGCC TACCATGGTA TCAACGGGTA
ACGGGGAATT AGGGTTCGAT GAGCCTGAGA AACGGCTACC

ACATCCARGG ool \CCCAATCC CGACGCGGGG
AGGTAGTGAC ‘ ; CTTGTAATTG
GAATGAGTAC AGGGCAAGTC
TGGTGCCRAGC TATTAARGTT
GTTGCAGTTA TGACCGGTCC
GCCTTACCGC GGCAARCCGC
ATGCCCTTCA TTTGARRRRR
TTAGAGTGTT CATGGAATAA
TAGAATAGGA  CCGCCGTAAT
GATTAATAGG 5 AGAGGTGARA
TTCTTAGACC GCCAAGGATG
TTTTCATTAA GATCAGATAC
CGTCGTAGTC GGCGACGTTC
CAATTATGAC TTTGGGTTCT
GGGGGGAGTA ACGGAAGGGC
ACCACCAGGC CGGGGARACT
CACCAGGTCC CTCTTTCTTG
ATTTTGTGGG AGTGATTTGT
CTGCTTAATT ATAGCCAGGC
TCGCTTTGGC CTCAAGCCGA

TGGAAGTTGG AGGCABR > RGGTCIG! . A TGTTCTGGGC
CGCACGCGCG LT 4 ICCTTGTTCCG
AGAGGTCTGG TCTTGT—TRAR | ATAGAGCATT
GCAATTATCG %€ PEDW TGTCATCAGC
ATGCGTTGAT ‘ G TCGCTACTAC
CGATCGAATG GCH ’HGTGAG GCGTTCGGAC TGGCTT AGGTTGGCAA
CGACCACCCG GAGC GTTCGTC% CTTGGTCATT TAGAGGAAGT

msTcﬁﬁU?ﬂHﬂﬁWﬂﬂﬂi

116

50
150
250
350
450
550
650
7150
B850
950
1050
1150
1250
1350
1450
1550

1650

Figure 56 Nu eotide sequence gf the partlahﬂs rRNA geng, of the LRUB20

woe ) WIANTIEU URINYINEY
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Table 22 Twenty known species (taxa) with relalively high sequence similarily lo

isolate LRUB20 selected for phylogenetic analysis

Known species Taxa (GenBank) Accession number
1 Acrospermum compressum AF242258
2 AF242259
3 AF438180
4 AJ496241
5 AYTB9295
6 AJ496240
fi AY942193
& AY942187
9 AY942191
10 M63096
11 AY357277
12 AF238302
13 ABO21676
14 A, AF320009
15 Ascﬁnu woc I AF010590
16 Rhyncfpﬁmum seca.'.tsi te 788 AY038583
v PSRN G 1)
Sagenome.-‘.'a gmsegwnd;s CBS 426 67 24591

’ﬂ TEERS BANAS) 71217 &P"EP“

Talaromyces byssochlamydoides IAM 13445  AB023950

Figure 57 shows % identity between partial 185 region of LRUB20 and the 20
reference taxa. It was found that the isolate LRUB20 had relatively higher sequence

similarity to those.of Acrospermum compressum and A. gramineum in the family
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Acrospermaceae, subphylum Pezizomycotina, phylum Ascomycota with 96% identity

than with other sequences.

LRUB 20

9% | A. compressum

9% | 97 | A. pramineum

93 | 92 | 93 | J siamensiae

93 | 93 | 95 | 94 | 1. variabilis

94 | 94 | 95 | 94 | 97 | H. abietis

93 |94 |95[|94| 98|97

93|93 |95 94|99 |97

93|93|95|94|99 |97

93|93 |95]|94 |99 |97

93|93 |94 |92]|95]95

|| M| M| T

93|93 |94 |92|95] 94 o8

93|93[95]|94|98 97|99

93|93 |94 | 9295|9498

93|93 | 94|94 | 98|96 |98

93|93 | 94|93 |9 |9 |9

93|93 |94 |92 |94 |94 |94 93 | 8 verticillata

93 |93 (94 |92 |94 |94 | 94 199 & priseoviridis
93| 53|93 [92]|94]|93 |94 93198 (98| p varioii
92|93 |94 |92 | 94|93 | 94 9399|9999 | 1 pyssochlamvdoides
Figure 7 The alifigaBatecoms P caRtaa BERaiiab BB fRNA gene sequence of

the isolate LRUB20 and 24 re

e AN AT 2

species by Clustalyv multiple allgnment program and by manually were used lo analyze

R WA mw e
consensusgtrees with 655 sleps lree length, with consistency mdex , retention index

(RI) and rescaled consistency index (RC) of 0.0678, 0.7494, and 0.5034, respectively.
Evolution of isolate LRUB20 was found to be most closely related to A. compressum and

A. gramineum with 99% bootstrap support, as shown in Figure 58.
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Saccharomyces cerevisiae
Candida allociferrii
Jahnula siamensiae

[ LRUB20

_[ Acrospermurm compressum
Acrospermum gramineum

Hyphozyma variabilis

» Ascozonus woolhopensis

helebolus stercoreus

l"h‘\‘\\ Slebolus globosus

JNN\'””zzﬁmm
\\\\: rebolomyces lactosus

“\“*,.ﬁ.. :,

astomyces dermalitidis

Paracocoidioides brasiliensis
lelichyces capsulatus

Bhamella verticillata
Sa, a griseoviridis

I

F.aramfamywes variolii

ﬂuﬂqwﬂwﬁ 2 3% ymscctamycios
Foue 5% wﬂﬁ‘&ﬂﬁ‘ﬁﬁaﬁm 34 S5ty He} generated

from the 18S rRNA gene sequences of 23 taxa [consistency index (Cl) = 0.6718,
retention index (Rl) = 0.7494, rescaled consistency index (RC) = 0.5034, tree length =
655 steps) showing the evolutionary relationship of LRUB20 with Acrospermum
compressum and A. gramineum. The numbers at internal node indicate the
percentages of trees from 1,000 boolstrap replications. Saccharomyces cerevisiae and

Candida allociferrii were used as oulgroups.



120

Itis to be noted thal microscopic morphology of LRUBZ20 differs apparently from
that of Dactylaria (the anamorph of A. compressum) and Virgariella (the anamorph of A.
gramineum) (Webster, 1956; Tubaki, 1958). On the basis of the current Ascomycota
systematics (Eriksson, 2006), LRUB20 is tentatively classified as a mitosporic species
member of Dothideomycetes el Chaetothyriomycetes incerlae sedis, class

Dothideomycetes, subphylum Pezizomyc a. In an attempt to classify LRUB20 to lower

taxonomic level, the ITS1-5.8 used as query sequence. The

highest ITS sequence similarit only 78% to Mycoleptodiscus
lerrestris, a mitosporic incertae sedis, subphylum
Pezizomycotina (Chor ggesling that LRUB20 is
potentially a new speci ITS sequence of LRUB20
have been submitted to DQ381536 and DQ384608,

respectively. The culture o @ ": Vas  Geposited at the MIM Laboratory,

45231 45 /ad 285 sequences and

complete ITS1-5.8S-ITS
oo
DNA of isolate LPHIL36 led in a 49? . This comprised partial of the 185

- mmﬂew@m &%W%ﬁ% p—

shown in Figure 5

R FTHNAR B B oo

the isolate 1PHIL36 was 100% homology to those of Corynespora cassiicola reference

dpliylogenetic analysis

sauct @plifmd from chromosomal

strains (CBS1, GenBank Accession No. EU364555; ATCC64204, GenBank Accession
No. AY238606).
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185
CTGOGGARGG ATCATTAJSS

I1TS1 5.8
BN A AC TTTCAACAAC GGATCTCTTG GTTCTGGCAT

CGATGAAGAR CGCAGCGAAA TGCGATHR GI@TEAATT GCAGAATTCA

;
GTGAATCATC GAATCTTTGA AC n:EE' ‘ﬁr g TATTCCTTAG

5.8S ="
GGCATGCCTG TTCGAGCGTC - e o e MRS

/i L WS
lffﬂﬁ\\.\ 8

2 CTCG

N

Figure 59 Nucleotide & fﬁﬁ .".=’ i egquence, complete ITS1-5.85-

ITS2 sequences, and partial #B5E ”* i the Isolate BPHIL36

Based on microscopic ma ;
S e f i

ribosomal RNA gena,}ﬁ;gim this endophytic fungu Adantified as Corynespora

FX]

cosporomycetidae, order

mcteristics and DNA sequence of the

cassficola LPHIL36 ir€lass

orynesporascaceae. The ITS1-%S ITS2 DNA sequence of
the isolate LPHI ﬂr ft e Accession number
of FJ225970. Thﬁﬁ ﬁbﬂﬂ% %’wﬁiﬁwﬁepﬂsned at the MIM
Laborato rtment of Microbiology, Mahidol Unigersity, Thailand®/

AR SRR Y e

many crop planls including tomato (Lycopersicon esclentum Mill) in Australia, India,

Pleosporales, and famu!yl

Cuba, and Romania (Oluma and Amuta, 1999). The fungus has also been cited as a
serious pathogen of soyabean (Glycine max L.), Phaseolus spp. in Canada (Seaman el.
al., 1965), cassava (Manihot esculenta L.), rubber (Hevea braziliensis L.) in Brazil and
Indonesia (Janqueira el. al., 1985) and altacks the leaf, stem and root of Vigna sinensis

L., Arachis hypogea L., and Sesamum indicum L. in the USA. Despite the fact that these
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evidences of plant pathogenic nature of C. cassiicola, the LPHIL36 is considered to be
an endophytic fungus because it is capable of living as a symplomless endophyte for
prolonged periods within its host plant, Lindenbergia philippensis (Cham.) Benth. [H].
(family Scrophulariaceae).

AULINENINYINS
ARIAATAUNNINGIAY



CHAPTER V

CONCLUSION

The endophytic fungus isolate BRUBRO was isolated from the surface-sterilized
ng " ihe present investigation, eleven
metabolites were obtained frogillisgungal, four new pyrone derivatives,

dothideopyrones A-D (1, 374, /} } \\\““"--.. pounds, cis,trans-mucaonic
acid (9), questin (10), 2 / / h \ (12), sulochrin (13), and
eugenitin (14), and 6-hy@fo: / \\ \

ngus was fermented on

I: _ LT *\ ] -~ the first report on a naturally
occurring muconic acid, afbiomagker : '_ 15 ‘after exposure to benzene and
: 5 f - Ja

phenol. Dothideopyrone D (3) age ig F, & gerva \ 6 exhibited moderate cytotoxic

e 7

both CzYA culture broth &

activity. Although the cytotoxic/Pragedies of ated compounds are not promising,
the LRUB20 fungus can produce ¢ ﬁhu >3 ’;f _ igh yield (47.8 mg/L). The latter is
an important f___--- nmental studies. Fhe fungus LRUB20 could
also produce a gram & ": : "‘ lopent-2-enone, a useful

ssis (Chomcheon et al., 2006); f he LRUB20 fungus is a
potential fungal gt ﬁi{ ology. Microscopic
murphmogically.ﬂﬁl mﬂ “mﬂ:ﬁn DNA sequences of
the 185 a m WUM fungi in
the Genﬂq-ﬁ ﬁ?ﬁ iﬁ ’ﬁmﬁwﬂ new species

and it was tentatively characterized as mitosporic Dothideomycete LRUB20.

scaffold for organic syrt¥

The endophytic fungus LPHIL36 was separated from the apparently healthy
leaves of a Thai medicinal plant, Lindenbergia philippensis (Cham.) Benth. [H]. (family
Scrophulariaceae). Three new compounds, corynesidones A (16) and B (18), and
corynether A (20), together with a known diaryl ether 22, were isolated from this fungal
endophyte cultivated on MEB medium. Corynesidone B (18) could scavenge DPPH free
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radicals at the same aclivily as that of ascorbic acid. All isolated natural products (16,
18, 20, and 22) showed potent antioxidant activity, as revealed by ORAC assay.
However, the isolated metabolites and their methylated derivatives (16-23) neither
inhibited superoxide anion radical formation in the XXO assay nor suppressed TPA-
induced superoxide anion generation in HL-60 cell line. In addilion, corynesidone A (16)
was found to be an aromatase lnh" showing comparable activity to the first

n microscopic morphology and
analysis of the DNA sequgi rS2wibasomal RNA gene region, this
fungal isolate was in the family

Corynesporascaceae.

. %
]
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APPENDICES

APPENDIX A

1. Media

1.1 Yeast Extract S
Yeast extract
Sucrose
Agar
Distilled water

1.2 Malt Czapek

Czapek stock s' af A

F o
Czapek stock solution B

Sucrose "'"'f"'"-.".__. A
Malt Extra v,
Agar "[

Distilled water ugt

*’“"ﬂﬂﬁﬁ“@"ﬂ EWI?W BN
ammnimum?ﬂmaﬂ

Feso,.TH,o
Dissolved in distilled water up to
Keep in a refrigerator

Czapek stock solution B

KHPO,
A solution

20g
150 g
159
1L

50 mi
50 ml
30 g
409
15g
1L

40g
1049
1049
002¢g
100 ml

204q
1.0g



B solution
Dissolved in distilled water up to
Keep in a refrigerator

A solution

ZnS0,.TH,0

Dissolved in distilled waterwp to
B solution
Cu50,.5H,0

1.4 Potato De
Potato

Dextrose -_-i
W

ounghg 81991871 SN

JRTMIa AN S

1.6 Malt Extract Agar (MEB)

Malt extract

Peptone

10g
100 mi

1.0g
100 mi

1.0g
100 mi

40g
10g
15g
1L

200g
2049
15g
a I

49 g
20g
15g
MK

200g
1.0g

138
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Glucose 20049
Distilled water up to 7
1.7 M1D Medium (Pinkerton and Strobel, 1976)
Ca(NO,), 1.2 mM
KNO, 0.79 mM
KCl 0.87 mM
MgSO, 3.0mM
NaH,PO,H,0 0.007mM
FeCl, 0.0074 mM
MnSO, 0.03 mM
ZnSO,.H,0 0.0087 mM
H,BO, 0.0022 mM
KI 0.0045 mM
Sucrose 87.6 mM
Ammonium Ta 27.1mM
Yeast Extract 05¢g
Soytone 10g
Distilled walgT 1
M1D medium was Sbipple
w»ﬂwwﬂmw N9
K,HPOLU 1.0g
FRIGIA T UM TN N oo
Yeast extract 50¢
Sucose 300¢g
Agar 15g
Distilled waler up lo s [0
Czapek concentrate
NaNO, 3009

KCl 509
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MgS0,.7H,0 50g
FeS0,.7H,0 01g
Dissolved in distilled water up to 100 mi

Keep in a refrigerator

1.9 Water Agar
Agar 15g
Distilled water up 1L
2. Reagent and buffer
2.1 Lysis buffer
Tris-HCI ( 50 mM
EDTA 50 mM
sSDS 3%
1%
F:'_
2.2 Chiorofrom : = satt 7 T viv
‘a W
“ERREETNUNINEING
Tri 10 mM

APt TAI NN A Y™

2.4 Gel loading buffer
Bromophenol blue 0.25%
Sucrose in water 40% (wiv)
Store temperature at 4°c
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2.5 5-X Tris-Borate-EDTA (TBE)

Tris base 54 g
Boric acid 2759
0.5MEDTA pH B.0 20mi

The working solution was 1X TBE, diluted with four volume of distilled
waler.

2.6 10X Buffer
Tris HCI pH 100 mi
KCL 500 mM
Triton X-1 1%

2.7 2mM dNTP (dA
dATP 100 mM
dcTP 100 mM
dGTP 100 mM
dTTP 100 mM
Mixed eguz BMICNTP, then dilute to 2

mM dNTP with sterile do ."'l: distille

s

¥
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Figure L13

Figure L14 ESI-TOF spectrum of dothideopyrone B (3)
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Figure L22 Expansion of Figure L20
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Figure L67 400 MHz "H NIMR (EDCE) spaciiili of s ifans-muconic acid (9)
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Figure L81 UV spectrum of methyl asterrate (12)
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Figure L89 400 MHz 'H NMR (DMSO-d,) spectrum of sulochrin (13)
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