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CHAPTER I

INTRODUCTION

Currently, new antimicrobial agents‘nheed. for human due to problems from
resist antibiotic drug action..Drug resistance in.bacteria and the tremendous increase
in the incidence of fungal infection in the world’s population each only underscore
our inadequacy to cope withrthese medical problems. Thus scientists are interested to
discover new compounds form.the new origin of natural sources product.

Endophytes arg microorganisms;which live in the intercellular spaces of
stems, petioles, roots and leaves of pIantS_Which for all or part of their cycle invade
the tissue of living plants and cause unapp;a-rent and asymptomatic infections entirely
with plant tissues (Wilson, 1995)-Fheir reléﬂonship with the host plant are symbiotic
and probably mutualistic (Lu et'al., 2000, StLobeI etal., 2001).

Nowadays studies found that endopﬁ'yfe's are source of new compounds from
natural product for useful-in-pharmaceutical-potentials;-tndustry and agricultural and
the bioactive compounds produced by endophytes have-their have relationships to the
production of bioactive compounds of the host plant. Only these few plants have ever
been completelyistudied relative-totheir-endophytic bielogy (Strobel et al., 2001).

The opportunity-to find new and‘interesting-endophytic fungi is great and the
products that they make are beginning_ to show sofie potential for ruman use.

Endophytesi” are! ithe tgreatest © number [and.’ thes'most biodiversity
microorganisms. Ultimately, biodiversity implies chemical diversity because of the
constant new compounds that exists in ecosystems where the evolutionary race to
survive. Tropical rainforests are a remarkable example of this type of environment.
This gives rise to a high probability that rainforests are a source of novel molecular

structures and biologically active compounds (Strobel et al., 2003).



Melaleuca cajuputi is a Thai medicinal plant in mangrove forest. It has
volatiles from leaves and twigs, and various pharmacological activities. Therefore, it
is interesting to investigate the bioactive compounds from local plants.

In this research, leaves and twigs of Melaleuca cajuputi were used as a source
for isolation of endophytic fungi and some fungi were investigated on their secondary

metabolites.
Obijectives
1. To isolate end i from le wigs of Melaleuca cajuputi.
2. To investigat i oduced by the isolated endophytic fungi.
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CHAPTER I
LITERATURE REVIEW

2.1 Introduction to endophyte

2.1.1 Definition

Endophytes are microorganisms whichlive in the intercellular spaces of
stems, petioles, roots and leaves.of plants which for all or part of their cycle invade
the tissue of living plants and gause unapparent and asymptomatic infections entirely
with plant tissues (Wilson,4995). An endophyte is an organism, often a bacterium or
fungus that lives within a plaat for at le;atst part of its life without causing apparent
disease. Endophytes are ibiguitous atnd have been found in all the species of plants.
Studied to date; however, relationships between endophyte and the host plant are not
well understood. ‘ _

Endophytes may be transmitted etthelr vertically (directly from parent to
offspring directly) or, horizontally (from indfﬁdﬁal to.unrelated individual). Vertically
transmitted fungal | Sndophytes—are —asexual —and traiismit via fungal hyphens
penetrating the host’s seeds (e.g. Neotyphodium). Since their reproductive fitness is
intimately tied to that of their host plant, these fungi are often mutuality. Conversely,
horizontally transmitted fungaliendophytes-are séxval and:transmit via spores that can
be spread by wind and insect vectors. Since they Spread similar to pathogens, often
horizontally.. transmitted ..endophytes .are. closely. related. to “pathogenic fungi
(Saikkonen et al/, 1999).

Endophytes may benefit host plants by preventing pathogenic organisms from
colonizing them. Extensive colonization of the plant tissue by endophytes creates a
"barrier effect", where the local endophytes outcompete and prevent pathogenic
organisms from taking hold. Endophytes may also utilize chemicals which inhibit the
growth of competitors, including pathogenic organisms. Some endophytes could be

reliable sources of materials of the agricultural and pharmaceutical such as Taxol,


http://www.answers.com/topic/organism
http://www.answers.com/topic/bacteria
http://www.answers.com/topic/fungus
http://www.answers.com/topic/plant
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production of Taxomyces andreanae, endophytic fungus of Pacific yew (Stierle,

1993).
2.1.2 Endophytes of plants

Plants are extraordinarily common and widespread source of organic energy,
thus likely that a huge array of fungus interact with plants. A diverse suite of fungus
can be isolated from apparently healthy fissucyand many have never been associated
with disease. Others may cause disease when-environmental conditions change. Yet
others appear to be associated with initial degradation of the leaf following
senescence. Endophytic fungi and host plant relationship are believed to be complex
and probably vary from hest to microbe. Relationship between endophytic fungus and
host plant are hereditaryfone, and that the fungus passes from one generation to
another through the seed. The fungus en:;:ers the seedling from the seed and spreads

throughout the plant, entering new tissues as they arise (Owen and Hundlry, 2004).

2.2 Endophytic fungi S

2.2.1 Definition T

The fungi are found-mside-the host-plant-for-tost of their life cycle and
capable of symptomléss in healthy plant tissues, called “endophytic fungi” (Pereira et
al., 1993; Stone et al., 2004) (Figure 2.1). These fungi are associated with roots,
stems, leaves, flowérs: andy seéds” (Rodrignez et ali;42005)and also a mutuality
relationship with,host plant (Saikkonen et al., 1998). However, endophytic fungi can
be a pathogens.and.saprophytes (Fisher and, Petrini, 1992).. All kind.of plants include
trees, grass, algae ‘and herbs aie Sotirces of the endophytic-fungi’(Huang et al., 2001)

and isolated a lot of endophyte species from a single plant (Tan and Zou, 2001).



Figure 2.1 af sheath cells with endophyte
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endophytic fungi as alkaloid
steroids, terpenoids (sesqugrpens and dite@nes), isocoumarin derivatives, quinines,

flavonoids, Iﬁnwrﬁla@dg{] ﬂ)%ﬁ %ﬂﬂﬂﬂ@j acids and aliphatic

compound. Mofé recently, they reported the phytohormones from endophytlc fungus,
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2.3 Community and ecology

In most cases their relationship with the host plant is symbiotic and probably
mutalistic (Owen and Hundley, 2004). Ecological observations, coupled with
phylogenetic and molecular analyses of foliar endophytic fungi, have provided
glimpses of the degree of specialization between endophytic fungi and host plant

interaction (Saikkonen et al., 2004).
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However, endophytic fungi can be a pathogens and saprophytes (Fisher and
Petrini, 1992). All kind of plants include trees, grass, algae and herbs can be found the
endophytic fungi (Huang et al., 2001) and isolated a lot of endophyte species from a
single plant (Tan and Zou, 2001).

Group of Endophyte in general
2.3.1. Clavicipitales (Endobiotics & Epibiotics) Non-Clavicipitaceous

Endophytes

Included in the -Clavicipitales+(Ascomyeota) are several fungi that form
associations with grasses. Lhe asSociations include a pathogenic epibiotic (outside
living tissue) fungus (€.g..Clavieceps, Myriogenospora), a partly endobiotic fungus
with surface fruiting“struetures (some Balansia spp), and an entirely endobiotic
fungus with unknownsSexual /stages (th__e agronomically important Neotyphodium).
The fungi have the following characteristijéds:{

- annual infection :
- overian parasite : J:!' .

- fruiting body is eitirely funéai?

- found on.many grasses and afe‘w sedges

- seed is replaced by a fungal sclerotium.

A certain degfee of specificity was in the establishment of endophytes in plant
population. Thus, species lists obtained for a given host specific taxa. In the last few
years, commufiitys ordihation) /analyses have) showny that<endophyte community
ordination analyses have shown that endophyte communities are usually specific at
the host.species.level. (Bacon.and White, 2000)

2.3.2. 'Neotyphodium“(Grass | Endephytes). Clavicipitaceous Grass
Endophytes
-systemic infection of leaves, stems and seeds
-perennial
-no sexual stage in Neotyphodium
-plants colonised by either fungus flower successfully

Most investigations on host specific establishment of grass-endophyte

symbioses rely on artificial inoculation experiment carried out by introducing



mycelium in wounds inflicted to the host tissue. Those endophyte communities are
usually specific at the host species level.

In all cases, the fungus contains toxic alkaloids. Thus consumption of the plant
poisons the herbivore. Toxicity is most common where grass is short and growing
rapidly (for example after rain in spring). The signs of consumption include

staggering and unsteadiness. Once the toxin has passed through the system, the

//ngested. (Bacon and White, 2000;
.

e complete life cycle occurs

individual recovers, unless furt

within grasses such as he endophyte fungus grows

between the cells of t it but in return conferring
ction from overgrazing — a

relationship known as symbi Phe (e p hyte life cycle showed in Figure 2.2.

Endophyte is found in
embryn of infected seed

The endophyte grows into
the emerging leaf as the
seed germinates

grows wp the stem

and into the seed
head of the

; f\ ., reproductive plant

Figure 2.2 The endophyte life cycle
(http://www.grasslanz.com/content/endophytes.html)
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Some of fungi may live as saprotrophs which obtain the energy from nonliving
organic materials, dead plants or animals, their parts, or their wastes (Moore-
Landecker, 1982; Garraway and Evans, 1984). When the fungi are associated with
other organisms, in which called “symbiosis” and the partners are “symbionts”
(Moore-Landecker, 1982). Sometimes symbiosis has been comprised to mutualistic,
both partners benefiting (Carlile and Watkinson, 1994) or parasitic that one partner is
absorbed the nutrients from host organisms/(Garraway and Evans, 1984).

The fungi diversity is spreading in'séveral habitats such as terrestrial, aquatic,
animals and plants (Moete-and Frazer, 2002).Fhe plant habitats of fungi include
living vascular plants, dead vascular plants and nonvascular plants (Hawksworth and

Mueller, 2005).

2.4 Biodiversity of gndophyte ’

Endophytes represent a huge diVerJéity of microbial adaptations that have
developed in special and sequestered envirénrhents, and their diversity make them an
exciting fled of study in the search for b'réagtjve compounds and novel sources of
effective new drugs (Owen and -Hundley, 20014) Tropical and temperate rainforests
are the most biologically diverse terrestrialjééb'é}'Istems on.earth. The most threatened
of these spots cover oty 1:44% of the land’s surface; yet, they harbor over 60% of the
world’s terrestrial biodiversity (Mittermeier ef al., 1999). As such, one would expect
that areas having high plant endemism also possess specific endophytes that may have
evolved with the endemi¢ plant species:

Host specialization in highly diverse tropical forests may be limited by the low
local abundance of suitable hosts. Because mafigrove plant, species are a valuable
source of useful metabolites) theit’ endophytes Kave gained morelimportance. For
example research about endophyte in mangrove forest. Suryanarayananand
Kumaresan in 2000 isolated endophytic from ten plants of each host in an estuarine
mangrove forest (south of Chennai, in Tamil Nadu, India). Four halophytes belonging
to three dicotyledon families, Acanthaceae, Aizoaceae and Chenopodiaceae were
screened for the presence of fungal endophytes 36 species of fungi, in groups
Camarosporium, Colletotrichum, Phomopsis, Phyllosticta and Sporormiella. In 2001,

Kumaresan and Suryanarayanan also studied endophytic fungi in mangrove



community from seven dominant mangrove species of an estuarine mangrove forest in
south India Mitosporic fungi, ascomycetes and sterile mycelia were obtained. The
endophyte assemblage of each mangrove species was dominated by different
endophyte species. Then, mangrove plant species are a valuable source of secondary

metabolites from their endophytes that interest.

2.5 Study of bioactive compoundsof endophytic fungi

Many researches of fungal metabolites have been investigated to cytotoxic,
mutagenic, teratogenic, immunosuppressive, enzyme inhibitory, etc. Between 1993
and 2001, 1,500 compounds_wetrefound and more than half of these had antibacterial,
antifungal or antitumor activity(Keller et al., 2005).

Endophytic fungi. an many, ways, have been inquired to novel secondary
metabolites after they werefound in 190__4 by Darnel (Tan and Zou, 2001). Some of
endophytic fungi was prolifi¢ the bioactivgiz (J:‘-ompounds and which a feasibility source

of novel metabolites for mediginal and agriéulthral industrial (Strobel et al., 2004).

#

e My

2.5.1 Antibiotics agents — i
Compounds from endophytic metab(';'ﬁfé have been.observed to inhibit a wide
variety of harmful-disease-causing —agents mnciuding but not limited to,
phytopathogens, bactéria, fungi, viruses and protozoans that affect human and animal

(Strobel and Daisy, 2003).

2.5.1.1'Antimicrobial agent

Cytosporone E was. isolated from the broth of the endophytic. fungi Cytospora
sp. and Diaporthelsp. (was synthesized as la racémic mixture).'The.key step in the
synthesis is the Meyers ortho-alkylation of a chiral aromatic oxazoline. Preliminary

antibiotic activity shows antibiosis against Gram-positive bacteria (Hall et al., 2004).
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HO

O
HO

OH  (CH2)CH3
Figure 2.3 Structure of Cytosporone E
Two new fusicoccane diterpencs, named Pcriconicins A and B, with
antibacterial activities were isolated by  bioassay-guided fractionation from an
endophytic fungus Periconia sp., collected from small branches of Taxus cuspidata.
The structures of the new compounds were deter-mined by combined spectroscopic

methods (Geo et al., 2008):

Peticonicin A T Periconicin B

' 4

Figure 2.4 Structurelsﬁrof Peric;:g;'rijjqin A and Periconicin B

| el

2.5.1.2 Antifungal

Antifungal fnéfabolites extracted from Colleto'tr,iéhum gloeosporioides, an
endophytic fungus in Cryptocarya mandioccana Nees. The strong antifungal activity
against the phytopathogenic fungi Cladosporium cladosporioides and C.
sphaerospermuim of the compounds from endophytic fungi C) gloeosporioides in C.
mandioccana could protect the host by producing metabolites, which may be toxic or
even lethal fo ‘phytopathogens; and highlights) the potefitial ‘of endophytic fungi in
producing bioactive metabolites ( Maysa et al., 2006).

OH O OH O

OH
OH OH
(1) )
Figure 2.5 Structure of affording cis-4-hydroxy-6-deoxyscytalone (1) and (4R)-4, 8-
dihydroxy-a-tetralone(2)
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Glucoside derivatives, xylarosides A (1) and B (2), were isolated from the
broth extract of the endophytic fungus Xylaria sp. PSU-D14 along with two known
compounds, sordaricin (3) and 2,3-dihydro-5-hydroxy-2-methyl-4H-1-benzopyran-4-
one (4). Compound 3 (Sordaricin) exhibited moderate antifungal activity against
Candida albicans ATCC90028 with a MIC value of 32 pg/ml (Pongcharoen et al.,
2008).

HsC

Ry
Hs
1#R;= OH, R,=glu CHO
2.R,=glu, R3= OH 2

Figure 2.6 Structuire of. Xylaroside§ A (1) and B (2) and sordaricin(3)

2.5.1.3 Antiviral y

Two novel compounds in group ‘t'}‘-i'de’pside isomer, called “Cytonic acids A
and B” have been isolated fiom endophytic Jﬁ_fr_igus Cytonaema sp.

The novel tridepside i1semer of Hun;;m cytomegalovirus or hCMV is a
ubiquitous opportunistic pathogen protease'iﬁﬁTﬁit’orS using high throughput screening
(Guo et al., 2000). |~

Figure 2.7 Structure of acids A (1) and B (2)

2.5.1.4 Volatile antibiotic
The phytopathogen, Crinipellis perniciosa, causal agent of Witche’s Broom
disease was inhibited by endophytic fungal community of cacao (Rubini et al., 2005).

Volatile antimicrobials from endophytic fungus, Muscodor albus which isolated from
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small limbs of Cinnamomum zeylanicum or common name called “cinnamon tree”

(Strobel et al., 2001).

2.5.2 Anticancer and antitumor agents

The common endophytic fungi found in the world’s yews are Psetalotiopsis
spp. such as P. microspora that produced paclitaxel, an anticancer agent (Strobel et
al., 1996). Sequoiatones A and B, antitumor metabolites, were isolated from the

fungus Aspergillus parasiticus, a redwood endephyte (Stierle and Bugni, 1999).

Figure 2.8 Structures of Sequoiatones A (1)and B (2)

i

Podophyllotoxin, a precuisor to antiéan.c':er drugs, was produced by endophytic

fungus isolated from.Podophylliim peltatum J("E'y-berger et al., 2006).

OH
y .
4 e
0 g
: o)
HaCO™ ; “OCH3
OCHs

Figure2.9 Structure of Podophyllotoxin from endophytic fungus'\Podophyllum peltatum

2.5.3 Antidiabetic agents
An metabolite, called nonpeptidal fungal metabolite (L-783, 281), was isolated
from an endophytic fungus Pseudomassaria sp. collected from an African rainforest
near Kinshasa in the Democratic Republic of the Congo. This compound acts as an
insulin mimetic but, unlike insulin, is not destroyed in the digestive tract and may be

given orally. Oral administration of L-783, 281 in two mouse models of diabetes
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resulted in significant lowering in blood glucose levels. These results may lead to new

therapies for diabetes (Zhang et al., 1999).

Pullularin A-D : _7 lohexadepsipeptides, were isolated from the

endophytic fungus Pullul Y ted from a leafiof Culophyllum sp. (Guttiferae)

ammnimu %'lail

1:R'=H, RZ= CH, Rﬂ-oH
2H1-CH R2 -c:H R¥= OH
3:R' = H, R:= H, R® = OH
4:R‘-H,H’-{:H3,H3-H

Figure 2.11 Structures of Pullularin A-D (1-4)



2.5.5 Antioxidants agents

The unnamed endophytic fungus from Podophyllum hexandrum was
possessed the metabolite podophyllotoxin that fined application as antioxidant
(Puri, et al., 2006). Secondary metabolite, Graphislactone A, from cultures of
endophyte,  Cephalosporium  sp. IFB-E001  which isolated from
Trachelospermum jasminoides was assayed for in vitro antioxidant activity and
free radical-scavenging agents. The activity of Graphislactone A against DPPH

radicals at ICsy for DPPH radicals was 2.9 ug/mL.(Song et al., 2005).

Figure 2.12 S‘tructur'é'@i’ Graphislactone A

#
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2.5.6 Biological control = .

Fungal endophytes isolated from'iiéaifhy Theobroma cacao tissues were

14

screened in vitro for-antagonism-agamst-major pathogesns of cacao. They showed in

vitro antagonism against Moniliophthora roreri (1rosty pod rot), Phytophthora

palmivora (black pod rot) and Moniliophthora perniciosa (witches broom).

The most fcomnon ahfagondistic smechanism™was Simple competition for

substrate. Theys showed clear antibiosis against M. roreri, P. palmivora, and M.

perniciosa,, One. isolate of Trichoderma was obsetved to be. parasitic on M. roreri.

Endophyte species-that'were common ‘in'the host plants'under natural.conditions often

are good colonizers and grow fast in vitro whereas antibiosis producers usually appear

to be relatively rare in nature, tend to grow slowly in vitro, and often are not good

colonizers (Mejia et al., 2008).
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2.5.7 Immunosuppressive agents
For example Pestalotiopsins A and B in culture broth of Pestalotiopsis sp.,
isolated as an endophytic fungus from Taxus brevifolia (or common name Yew tree)

produced immunosuppressive (Pulici et al., 1996).

Flgure 2,43 Structures of Pestalotiopsins A (1) and B (2)

Pestalotiopsis leucaothes, jan endéphytic fungus isolated from Tripterygium
wilfordii, a new source of irmnunomodulé‘;_oi'y compounds for the treatment of human
immune mediated diseasgs. The immunémo‘dulatory effects of three compounds
designated as BS, GS and YS were obtair'ré@ from endophytive fungi (Kumar ef al.,
2005). =g

2.5.8 Insecticite-agents

The bioinsecticidal activities have been found 1 endophytic fungi such as an
endophyte, Muscodor vitigenus from Paullinia paullinioides. This fungus was
presented naphthalenes ansisect repellent=(Daisyer @i.,22002). Another endophytic
fungus, Phomopsis "phaseoli 1solated” from leaf"of the tropical tree produced 3-

hydroxypropionic acid that was nematicide metabolites (Schwarz, 2004).

2.5.9 Endophytes products as other bioactive agents

The fungal neurotoxin, lolitrem B, is an indole diterpene produced by the
endophyte Neotyphodium lolii, which was inhibited ASlo—large conductance calcium
activated potassium channels. This is a new tool for studying the functional properties
of human BK channel expressed in human embryonic kidney cells (Dalziel et al.,
2005). Cytochalasin F, an inhibitor of photosynthesis, was extracted from

Geniculosporium sp. that isolated Teucrium scorodonia (Konig et al., 1999).
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Order: Myrtal@
Family: Myrtacege =Myrtle family 4 »

Genis Wcubled £ St T YW EI 11T

Species Melaleuca cajuputi °Powell — Caj%lt "
LGN T L (LA
Common name: Cajuput Oil Tree, Paper Bark Tree, Swamp Tea, Milk Wood
English: Cajuput, White Tea Tree, White Wood
Indonesia: Kayu putih tree
Malaya: Kelar
Thailand: Samed, Samedkaw, Med
Vietnam: Kayu putih

Distribution: Tropical Asia, Australia, Central America and Florida.


http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Plantae&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Tracheobionta&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Spermatophyta&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Magnoliophyta&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Magnoliopsida&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Rosidae&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Myrtales&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=Myrtaceae&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=MELAL&display=31
http://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=MECA17&display=31
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2.6.2 Description

An evergreen tree or shrub is very common in coastal areas. The woody tree,
with a narrow crown, can reach 25 m in height and 40 cm in diameter. The shrub

straggles along the ground.

Bark: Thick, soft, shaggy, white? }ike paper.

Leaves: 4-8 cm long, 1-2 cm wide,@r/k lining.
i J ;&

Flowers: White,ﬂﬁaa/gﬁ"p‘w' h a fluffof long stamens, copious nectar flow.

Flowering: Two

Honey: Ambe eSdency for further darkening, with a strong
N &

o
/]

iy 4

and distinctive smell.

Figure 2.15 Plant sample Melaleuca cajuputi

A. Leaves and twigs of cajuput tree
B. Flower of cajuput tree (http:// schoolnet.nectec.or.th)
C. Trunk and branch of cajuput tree
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2.6.3 Uses

Shrub: oil extract from the leaves is used in medicine, as an insect repellent,

and in soap manufacturing.

Tree trunks: used in construction and for fuel wood.
Bark: used as smoker fuel. Also used as packing material.

Honey: tens of tones of honey arc harvested from Apis dorsata colonies by the
rafter beekeeping technique~Up-to 100 tones are-harvested by professional Apis

mellifera beekeepers each yecar:

2.6.4 Medicinaltised 1 J

Cajuput Essential oil'is extractedjrom the twigs and leaves of Cajuput tree.
The scientific name of @ajuput tree is Melaleuca Cajuputi. Chief components of
Cajuput Oil are Caryophyllene, . Alpha V'Pinrene, Beta Pinene, Limonene, Alpha
Terpinene, Alpha Terpineol; Gamma Teérpinene, Terpinolene, Terpineol, Cineole,
Cymene, Linalool, Myrcene eté: The proce:;s;sj"éf extraction of Cajuput Oil involves
steam distillation of its twigs and-lcaves, which s quite similar to that of extraction of

Eucalyptus Oil.

1). Antiseptic and Bactericide Thesc are perhaps the most priced properties
of Cajuput Oil. It is verysetficient in fighting infections from bacteria, virus and fungi,
such as tetanus (bacteria), influenza (virus) and- infectious_diseases like cholera,
typhoid. It can be externally applied on cuts and wounds from rusty iron to protect

against.tetanus; untili vaccine s taken.

2). Insecticide and Vermifuge: Very efficient in killing and driving away
insects. Its insecticidal properties are so strong that its diluted solution can be sprayed
or it can be vaporized with the help of a vaporizer to drive away mosquitoes, ants etc.

(of course, not the cockroaches) from the rooms

3). Decongestant and Expectorant: Just like the Eucalyptus Oil, it is also an

expert decongestant and expectorant. Being a decongestant, it gives immediate relief
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in congestion of nose, throat and other respiratory organs as well as in coughs,
infection and resultant inflammation of throat and respiratory tracts such as laryngitis

(for larynx), pharyngitis (for pharynx) and bronchitis (for bronchi).

4). Cosmetic and Tonic: It smoothens and brightens skin and keeps it free
from infections, thus used extensively in cosmetics, anti septic creams. It also tones

up the skin and hence used as a tonic.

5). Stimulant and Sudoerific: It stinnilates the organs, gives a warming effect,
promotes circulation and activates secretions. Being a stimulant, it also stimulates the

Eccrine glands promoting pérspitation and thus serving as a Sudorific

6). Analgesic:It is.analgesic, in nature, for example it reduces feeling of pain.
When applied locally, stichas onan mfeected tooth in case of a toothache or rubbed on
forehead in case of headache or on Sprains, it gives quick relief. If ingested, it can

reduce pain in joints, headache and tnuscles; etc., in case of fever and cold.

#

7). Febrifuge: It helps'reducing feizéﬁ-"by fighting infection as well as by

bringing sweat, which cools down the body. -

8). Carminative: Cajuput Oil can give you a good.relief from the gas trouble
as it has carminative properties. It restricts formation of gas as well as helps remove

the gas already formed in'the intestines.

9). AntigNeuralgic: Neuralgia is a very painful situation in which the almost
the entite oral zone, including.the throat, eats, tonsils, base.of .the nose, larynx and
pharynx ‘and the 'sutrounding areas‘suffer from severe pain’'due t6'compression of the
Gloss pharyngeal or the ninth cranial nerve by the surrounding blood vessels which
tend to swell from chewing, eating, laughing, shouting or any other excitement or
movement in that region. Here Cajuput Oil can give immense relief. It, being an
analgesic, reduces the feeling of pain on the one hand and on the other, cools down or
relaxes the blood vessels reducing their swelling, thereby relieving the pressure on the

ninth cranial nerve, giving immediate relief from the pain.
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10). Other Benefits: Cajuput Oil is Anti Spasmodic and relieves cramps. It,
being a stimulant, acts as an Emenagogue too and opens menstruations. Being a
detoxifier, it helps cure pimples or acne and as an anti inflammatory, gives relief in

inflammation (Patil et al., 2008).

2.6.5 Compounds

Many compounds from M. cqjuputi;were investigated and have been reported
in many research. Nerolidol, an antifeeding sesquiterpene alcohol, farnesol and
geraniol from M. leucadendron (Doskotch ei-al;*1980). Doricin, a compound from
the seed extract, werc. effective antifeedants utilizing larvae of fall armyworm,
Spodoptera frugiperdagand European corn borer, Osirina nubilalis (Powell et al.,
1991). l. i

Crude chloroferm ebtained ursoﬁ}: acid, a triterpene, and methanol extracts
obtained two stilbenes, piceatannol and oféyréseratrol of the fruits of M. leucadendron

strongly inhibited histamine releésé from-i_}éi;t mast cells induced by compound 48/80

or Concanavalin A (Tsuruga etrc‘ll.;-_i'991). : -' 7

lll-"
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Figure 2.16 Structure of biological active constituents from heartwood of M.

leucadendron

Yoshida et al. (1996) reported new hydrolysable tannin which was isolated
from dried fruits of M. leucadendron and characterized as 1,2-di-O-galloyl-3-O-
digalloyl-4,6-O-(S)-hexahydroxydiphenoyl-B-D-glucose, based on the chemical and
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pectral evidence. Nine known hydrolysable tannins, as well as known stilbene

glycosides and triterpenes, were also isolated.

Three novel triterpenoid esters (3f-cis-p-coumaroyloxy-2a-hydroxyursa-
12,20(30)-dien-28-oic acid,cis-and trans-3p-caffeoyloxy-2a-hydroxyurs-12-en-28-oic
acids) were isolated from ethyl acetate fraction of the acetone extract of the leaves of
M. leucadendron and obtained the five known triterpenes, ursolaldehyde, ursolicacid,
2a-hydroxyursolic acid, 3f-cis-p-coumarovioxy-2a-hydroxyurs-12-en-28-oic acid and
3,B—trans—p—coumaroyloXy—2a-hydroxyu1;s—12-en—28-oic acid. The structures of the
new compounds were detesmined by spectral methods to be 35-cis-p-coumaroyloxy-
2a-hydroxyursa-12, 20(30)-dien-28-oic  acid, eis-andtrans-3p-caffeoyloxy-2a-
hydroxyurs-12-en-28-oi¢'acids (I.ec C.K.l‘., 1998a).

R1. R2 R3

1 A OH CHO

2 H OH COOH

g OH COOH

4" "“OH * cis-p-coumaroyloxy COOH
i) G_H_, trans-p-coumaroyloxy COQH
7- < OH . eis-caffecyloxy COOH

Ta OH— Ji-O-methyl—cis—caﬁeoylcxy COOMe

8 OH trans-caffeoyloxy COOH
8a OH di-O-methyl-frags-caffeoyloxy COOMe

Rl R2
6 cis-p-coumaroyloxi- COOH
6a cis-p-O-methyl-coumaroyloxy COOMe

Eigure.2.17 Structure.of triterpenolds from.leaves.of M. leucadendron

The extracted from the leaves of M. leucadendron L., with Me,CO obtained a
new lupane-type nortriterpene and 13 known compounds. Based on chemical and
spectral methods, the structure of the new compound was 28-norlup-20(29)-ene-345,17
S -diol while the known compounds were identified as (2E,6E)-farnesol, phytol,
squalene, all oaromadendrene, ledene, palustrol, viridiflorol, ledol, betulinaldehyde,
betulinicacid,3-acetyl-lup-20(29)-en-28-oicacid,3-oxolup-20(29)-en 28 oicacid, and
platonic acid (Lee C.K., 1998b).
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Figure 2.18 S( ing from leaves of M. leucadendron

The Me,CO
triterpenes,  eupha-7

ucadendron gave four new

J1 _‘4_ 2

20-taraxastene-3R,28-diol(2),3R,27-

W

dihydroxy-28,20-taraxas d3R:h ys 13€ 8)-oleanene-27,28-
dioicacid(4) (Lee et al;1999). & . ...~ \

HOY o

" 1
i 19

Ja R=0Ac

Figure 2.19 Structure of four new triterpenes from heartwood of M. leucadendron
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The novel B-triketone flavanones, leucadenone A-D, have been isolated
from crude acetone extracted of the leaves of M. leucadendron L. The structures of 1-

4 were determined by NMR spectral and X-ray analysis (Lee C. K., 1999).

a-OH- BH B-Ph

o-OH - B-H+  oPh

1
2 .4_
¥ Jjo-OH o-H o-Ph
4 =
4

Figure 2.20 Structuge of four 1 new B- trlketone flavanones from leaves of M.
4 ! leucadendron
M. cajuputi was studled on ant10x1d and antibacterial activities. Dried fruits

were extracted by, solvents to obtam 3 crude extracts, including hexane,

dichloromethane and"methanol crude extracts. Evaluathﬁ_ _of antioxidant activity, the
methanol and crude exf_ract exhibited the highest scavehging on DPPH radical. The
methanol crude also {he highest reducing, power witl; ECsy extract contained the
highest total phenoli¢. compounds. “ Fortested . antibacterial activity using disc
diffusion method against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus; Bacillus, strhtilis cand=Sareinaispyy the dichloromethane~and methanol crude
extracts inhibited the growth of all bacteria tested whereas the ‘hexane crude extract
displayed the inhibitory activity against 3 strains of bacteria, including E. coli, P.
aeruginosa and Sarcinar sp. (Chairgulprasert et al., 2007).
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Table 2.1 Total phenols and ECs values of extracts from M. cajuputi fruits.

MIC {mg/mL.) for bacteria

Extract S aureus  B.subtilis  Sarcina sp. E. coli F. aeruginosa
Hexane - - 40 100 &0
Dichloromethane 40 40 100 40 40
Methanol 100 40 20 40 40

(-) not detected

Table 2.2 The minimum inhibitory concentration (mg/mL) for antibacterial activity
-

of M. cajuputi fruits.

Wl ff 58 ECso(mg/mL)
Crude Extracts #’ E_;; P o _";. 4
(rag GA g olextract) DPPH Reducing Power
Hexane Y B NG W TR 11.10=0.10
Dichlorometha sBof 2 ot = g6k 02 9.73 £ 0.06
Methanol l6g0= 7070, 003=000  026=001

“de il A
el

Pullaput and Other (2067) investigated. the crude hexane extracted from the

leaves of Melaleuca cajuputiz and afforded“s'i{compounds through chromatographic

techniques. Their étfuaures were determined by speéttbscopic data analysis and
comparisons of spectrd_scopic data with those previouély reported, some of which

showed antimicrobial and antimicrobial actiyity (Pullaput et al., 2007).

R2 R
HaCO. OCH; H5C0 o CHs
loio B
Ry Ry

OH o] OH (o]

Compound 1 : Ry =H, Ry, =CH;
Compound 5: Ry = CH;, R, =CH;
Compound 6 : Ry, =H, R, =H

Compound 2 : R; =H, R, = CH;
Compound 3 : R; =CH;, R, = CH;
Compound 4 :R;=H,R,=H

Figure 2.21 Structure of compounds 1-6 of the crude hexane extract from the leaves

of Melaleuca cajuputi
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There are many researches about volatile leaf oil of M. cajuputi (Cajuput oil)
for example in research. Sixteen samples of dried cajuput leaves from 9 provinces of
Thailand, were collected and distillated by Water and Steam Distillation.
Antimicrobial activities of cajuput oils in Thailand were tested using a paper disc
diffusion method against 2 fungi; Trichophyton mentagrophytes and Aspergillus
niger and 2 bacteria; Staphylococcus aureus and Streptococcus sp. It was found that
and there was different in degree of

inhibition. The highest inhibition activity ' was to 7. mentagrophytes and to

AU INENTNEINS
RINNTNUNINYAY



CHAPTER 111

MATERIALS AND METHODS

3.1 Materials and Instruments

3.1.1 Fourier Transform infrared Spectrophoiometer (FT-IR)

FT-IR spectra wererecorded on é Nicolet impact 410 FT-IR. Potassium
bromide (KBr) was used«o form.a pellet with the solid samples. The liquid samples
were recorded as thin fikm ona sodium chloride (NaCl) cell.

3.1.2 Mass spectrometer(IMS) _‘

HRESIMS were peiformed on a Mieromass LCT (LC/MS) at National Center
for Genetic Engineering and Biotechnolggy (BIOTECH), National Science and
Technology Development Agency Building '(_NS-TDA).

3.1.3 Melting point. = ,
Melting points were examined using a Electrothermal Mel-Temp® melting

point apparatus.

3.1.4 Nuclear Magnetic' Resonance Spectrometer (NMR)

'H and **C NMR data were performed on_Varian Model Mercury +400 at 400
MHz for ‘H and~100 MHZz ifor *C. Deuterated solvents chtoraform-d (CDCls),
methanol-d, (CD3;OD), DMSO-ds and deuterium oxide (D,O) were used for NMR
experiments and chemical shifts (3) were referenced the signals of residual solvents at
8§ 7.26 (*H) and 77.0 (*3C) for CDCls, at 4.87 (*H) for CDsOD, at 2.50 (*H) for
DMSO-dg and at 4.79 (*H) for D,O.
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3.1.5 Optical rotation
The optical rotations were measured on a Perkin-Elmer Model 341

Polarimeter, using a sodium lamp at wavelength 589 nm.

3.1.6 UV-VIS spectrometer
UV-VIS spectra were measured in the appropriate solvent and recorded on a

Varian cary 50 probe UV-VIS spectrophotometer.

3.2 Chemicals
3.2.1 Solvent
The solvents used.#or.column chromatography were commercial grade and

were distilled prior to-use.

3.2.2 Deuterated solvents

The deuterated solvenis “for NMR"experiments including chloroform-d
(CDCls), Methanol-d (CD3;@D), DMSO—dg'(‘(‘CDg)ZSO) and deuterium oxide (D,0)
were purchased from Merck. £y

3.2.3 Other Chemicais
- Silica gel 60 (0.040-0.063 mm) No. 1.09385.2500, Merck, Damstadt,
Germany
- TLCaluminium sheets; silicaigel60 &5, (Merck; Damstadt, Germany
- Sephadex LH-20, GE Healthcare Bio-Science, Sweden
- Clorox® (5.25% NaOQCl)

3.3 Plant samples Collection

Healthy leaves of Melaluca cajuputi were carefully collected from 4
provinces; Krabi, Nakhonsithammarat, Phatthalung and Trang. Fresh specimens were
kept in a plastic bag and then immediately brought to the laboratory and processed

within 24 h after collection.
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3.3.1 Isolation endophytic fungi

Endophytic fungi were isolated using the surface sterilization technique which
was modified from the method described by Petrini (1982). Plant leaves and twigs
were washed in running tap water and dried in laminar air flow. The leaves were cut
into a diameter 8 mm and twigs were cut into 10 mm rods. The sample were surface
sterilized respectively in 70% EtOH for 1 minute, a solution of 5% Clorox® for 3
minute and 70% EtOH for 1 minute followed by rinsing twice with sterile distilled
water. The surface sterilized samples were dried.on sterile filter papers and put on
Potato dextrose agar (PBA)-and incubated at-feom temperature. The mycelium
growth of endophytic fungi was.examined every day under a stereomicroscope. The
fungal hyphal tips were transferred to, the new PDA plate and cultured in same

conditions.

3.3.2 Culture media forendophytic fungi -c.-ultivation
Potato Dextrose Agar (PDA) was'used for: the endophytic fungi isolation.
Endophytic fungi morphology observat'ién‘ and determination of antimicrobial
activities of isolated endophytic fungi We}e garried out by culture in PDA, Malt
extract agar (MEA).Corn-meal agar (CMA)','Sabouraud’s dextrose agar (SDA) and
Yeast Extract Sucrose-Agar(YES):
The culture media for bacteria were Nutrient agar (NA). Yeast-malt
extract agar (YMA) was used for growing yeasts. The formula for culture media was

shown in Appendix A.

3.4 Screening of endophytic fungi for antimicrobial activity

Screening of endophytic fungi for antimicrobial activity was tested by dual
culture agar diffusion technique which was modified from the method described by
Weaver et al., 1994.
3.4.1 Cultivation of endophytic fungal isolates

Each endophytic fungus were cultured in five media (PDA, MEA ,CMA, SDA
and YES) at room temperature (at 25-30 °C) for 14 days.
3.4.2 Preparation of test microorganisms

The test microorganisms for antimicrobial activity are listed in Table 3.1
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Table 3.1 Tested microorganisms for antimicrobial activity assay

Type of tested microorganisms | Reference stains

Gram positive bacterium Bacillus subtilis ATCC 6633
Staphylococcus aureus ATCC 25923

Gram negative bacterium Escherichia coli ATCC 25922

Pseudomonus aeruginosa ATCC 27853

Yeast Candida alhicans ATCC 10231

3.4.2.1 Preparation of bacterial inoculums

The test bacteria were Bacillus|subtilis ATCC 6633, Staphylococcus aureus
ATCC 25923, Escherichia“coli ATCC 25922 and Pseudomonas aeruginosa ATCC
27853. Bacteria were grown on /NA: at 37°C for 24 h. Selected single colonies were
inoculated into NB (5.mL)and incubated at 37°C for 4-8 h, depending on the growth
rate. The turbidity of the bacterial suspe'n_sion was adjusted with NB to match the
turbidity of a 0.5 McFarland (OD'0.08-0.1 at 625 nm).

i

3.4.2.2 Preparation of yeast inocutums

Candida albigans ATCC 10231 was éfiﬁwn on. Y MA at room temperature for
24 h. Selected single-colonies were inoculated into YMB' (5 mL) and incubated at
room temperature for 4-8 h, depending on the growth rate. The turbidity of the yeast
suspension was adjusted.with YMB to match the turbidity of a 0.5 McFarland (OD
0.08-0.1 at 625.nm).

The colany forming unit/ml (CFU/ml) values of the test microorganisms used
for antimicrebial assayn.study showmin Fable,3:2

Table 3.2 Quantity of the standardized inoculums of the test microorganisms

Type of tested microorganisms Quantity(CFU/mlI)
Bacillus subtilis ATCC 6633 5.2 x 10°
Staphylococcus aureus ATCC 25923 4.5 x 10°
Escherichia coli ATCC 25922 4.9 x 10°
Pseudomonus aeruginosa ATCC 27853 4.7 x 10°
Candida albicans ATCC 10231 3.9x10°
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3.4.3 Inoculation of the test plate
The test plates were inoculated by streaking the swab across the entire surface.
This was repeated twice, turning the plate 60 degree between each streaking. The

surface of the medium was allowed to dry for 3-5 minutes.

3.4.4 Application of antimicrobial by dual culture agar diffusion technique
The cultures on agars were cut with flamed cork borer (8 mm diameter) and
then placed on test plate. All plates were inetibated at 37 °C overnight. Inhibition

zones were measured in mims:

3.5 Determination of growth profile and antimicrobial activity of culture
filtrate from endophytic fungi isolate PTYL6

Endophytic Jfungi isolate;- PTYL6 was grown in YEA at room
temperature (at 25-30 °C) for 14 days. The égar culture was cut into 75 mm diameter
disks with flamed cork boger. Thiree disks of the agar culture of fungi isolated PTYL6
were inoculated in to 250 /ml Erlenmeyéfifflask (x3) containing 100 ml of YEB
medium. The cultures were incubated at room Jfémperature (at 25-30 °C) under static
condition for 18 days. Y

Mycelia-were-harvested-by filtering through pre-weighted Whatman
no.1 filter paper. The fungal mycelia were dried in oven at 55 °C to dryness and
weighted again. The dried weight of mycelia was calculated.

Thecultures of fungal isolate RTY L6 at various cultivation times were
filtered through,Whatman no.1 filter paper and antimicrobial activity of the filtrates
were examined.against. 5.test. microorganisms, as.presented_in Table 3.1 using agar
well diffusion methods'described by Pereda-Miranda et'al.-(1993).

3.5.1 Preparation of tested bacterial inoculums
The bacterial inoculums were prepared in the same manner as described in
section 3.4.2.1



31

3.5.2 Preparation of tested yeast inoculums

The yeast inoculums were prepared in the same manner as described in section
3.4.2.2
3.5.3 Inoculation of the test plates

Within 15 minute of adjusting the density of the bacteria or yeast inoculum a
sterile cotton swab on a wooden applicator was dipped into the cell suspension which
the turbidity equal to a 0.5 McFarland (OD 0.08-0.1 at 625 nm). The excess fluid was
removed by rotating the swab with firm pressure.against the inside of the tube above
the fluid level. The dried-surface of Nutrient agar(NA) plate for test bacterial and
Yeast-malt extract agar (YMA) plate for test yeast were inoculated by streaking the
swab in three different planes, by rotating the plate approximately 60° each time, to
ensure and even distribution of the inoculums. The surface of medium was dried for

3-5 minutes.

3.5.4 Application of culture filtrate

The NA and YMA plates that Weré already inoculated with tested bacterial
and yeast respectively were cut-with a fIa?net'i' 7 mm diameter cork borer to make
wells in the agar. The culture filtrates (eaéh"ZO plb). were. transferred into the well.
Bacterial plates were incubated-at-37°€ for24-hours-whilé yVeast plates were incubated
at room temperature for 24 hours. Inhibition zone around the well were measured in

mm.
3.6 Identification of the selected endophytic fungi

3.6.1 Marphological identification-of'selected endophytic fungi

Endophytic fungi were characterized on the basis of morphological
identification, macroscopic features (e.g., shape, size, color, margin, pigment) and
microscopic features observed by compound microscopy a stereomicroscopy (e.g.,
spores, mycelia). The fungi were identified as described by Barron (1977), Von Arx
(1981) and Barnett and Hunter (1998).
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3.6.2 Molecular identification of the selected endophytic fungi

selected endophytic fungi were characterized based on morphological
identification in section 3.2.2 and molecular identification. Cultivation of selected
endophytic fungi in PDB (100 mL) at room temperature for a few weeks under static
condition was filtered through filter paper (Whatman No. 1). Mycelia of endophytic
fungi were kept at 4°C for genomic DNA extraction as described by Zhou et al.
(1999).
3.6.2.1 DNA extraction

The mycelia were-homogenized'in 1,000 -pk-of a solution of washing buffer
(0.1 M Tris-HCI (pH 8.0), 2% 2-mercaptoethanol, 1% polyvinylpyrrolidone and 0.05
M ascorbic acid) witha pestle in @ mortar. Then the sample was transferred to 1.5 mL
micro centrifuged tube and a‘mixture of the sample and the washing buffer was
centrifuged at 15,000 g Tor'3 min. Afterr removal of the supernatant, the pellet was
washed 4-5 times using the washing buffer rénd centrifugation at 15,000 g for 3 min.
DNA was then extractéd /from “the washed pellet by adding 700 pL of
cetyltrimethylammonium bremide (CTAB) lysis buffer and incubation in water bath
at 65°C for 1 h followed by extracted twice Wlth a mixture of chloroform and isoamyl
alcohol (24:1, v/v). Fungal DNA was precipitated-in_ice.bath with isopropanol and
centrifuged at 4°C, 8006-rpm-for-10-min-After removal 0f the supernatant, 80% cool
ethanol was added to wash the fungal DNA. TE 100 pL(Buffer solution in molecular
biology, especially in procedures involving DNA or RNA. "TE" is derived from its
components: Tris,@ common pH)bufferyand EDTA) was-added to dissolve the fungal
DNA and kept at -20°C. The genomic DNA was checked by 1.2% agarose gel (ISC

Bioexpress).electrophoresis.

3.6.2.2 Internal transcribed spacer region

The ITS region was amplified in a total volume of 50 pL comprising of
approx. 100 ng genomic DNA, 1x PCR Master Mix (Fermentas), and the primer
ITS1f (Gardes and Bruns, 1993) and ITS4 (White et al.,, 1990). The PCR
amplification was performed in a thermocycler (T Gradient 96, Biometra) with 94°C
for 5 min, followed by 38 cycles of 94°C for 1 min, 51°C for 1 min and 72°C for 1

min, with a final extension of 72°C for 5 min. PCR product was purified and


http://en.wikipedia.org/wiki/Buffer_solution
http://en.wikipedia.org/wiki/Molecular_biology
http://en.wikipedia.org/wiki/Molecular_biology
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Tris
http://en.wikipedia.org/wiki/EDTA
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subcloned with PCR-Script™ Amp Cloning Kit (Stratagene) following the

manufacturer’s protocol.

3.6.4.3 DNA Sequencing

The DNA sequences were analyzed at Macrogen (Seoul, South Korea) using
the same primers as for amplification.
3.7 Cultivation and chemical investigation of the selected endophytic fungi

The culture of the endophytic fungus PTYL6 grown on YEA at room
temperature for 7-14 days-was-cut into-7.5 cm-diameter disks by a flamed cork borer.
Three disks were inoculated«inte’ 250 mL Erlenmeyer flask containing 100 mL of
YEB. After cultivation under static condition at room temperature for 18 days total of
cultured media volume (35 L) were filtered through filter paper (Whatman No. 1).
The filtrate was conceptrated by a rotary;evaporation under reduced pressure at 37°C
and Freeze dryer to give a viscous quUia (2500 mL) and then the filtrate was
partitioned with an equal volume ‘of hexane (x5) and EtOAc (x5) respectively. The
viscous liquid was extracted with MeOH'(Fxf:'{)t The combined MeOH extracts were
evaporated under reduced pressure-to give MeOH crude as brown viscous oil (4.52 g).
After that crude MeQH extract with CH.Cl, : MEOH. = 4.: 1 obtain crude as brown
viscous oil (215 mg)-and-residue-crude-as dark brown-viscous (4.52 g). The hexane
extract and EtOAc extract were evaporated to give hexane crude as brown viscous oil
(215 mg) and EtOAc crude as dark brown viscous (4.52 g).

Fungal mycelia (1585.85 g of wet weight) were ground using blender and
dried in hot air oven at 55 °C then extracted with hexane (x5), EtQAc (x5) and MeOH
(x5), respectively.~After evaporation of the solvents under reduced pressure the
hexane crude, the EtOAc crude and the MeOH crude were obtained as a yellow
viscous oil (1.70 g), as a yellow viscous residue (3.07 g) and as a brown viscous oil
(21.15 g) respectively. Extraction of mycelia and broth of endophytic fungus isolate
PTYL6 were showed in Scheme 3.1. All of the crude was kept in a refrigerator at
-20°C in the dark before further studied.
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3.8 Chemical investigation metabolite from endophytic fungus PTYL6

3.8.1. Chemical investigation of EtOAc extract of mycelia of the fungus PTYL6
During evaporation of the solvent compound 1 was obtained as white-yellow
solids in the crude extract. The white-yellow solids were washed by 70% CH,CI; in
MeOH to give compound 1 as white solid ( 93.7mg). The EtOAc extract (497 mg)
was isolated by silica gel column chromategraphy eluted with increasing polarity
from hexane, EtOAc and MeOH. The similar.fractions were combined on the basis of
TLC profile to give 12 -combined fragtions-as-shoewn in Table 3.3. The combined
fractions 6MyEt-6, 7,78, 9y10 and 11
chromatography eluted byhexane EtOAc and MeOH to afford compound 1 (12.5

was isolated by silica gel column

mg). Total amount of compound /1 from.the precipitate during evaporation of the
solvent and from chromatography was (116.2 mg) which was then characterized by
NMR, MS and optical rotation.

The white solids inyellow liguid oil btained in the combined fractions 6MyEt
3-5 were washed by 90% Hexane'in EtOAtf followed by crystallization from Hexane
and EtOAc to give compound 2{96.2 mg) as \)li}hite solids. Compound was subjected
to spectroscopic analysis including NMR, MS and optical rotation.

Table 3.3 The combined fractions obtained from isolation of the EtOAc extract of

mycelia using silica gel column chromatography

Fraction | Eractions Eluents Appearance Weight
code (mg)
6MyEt-1 1-7 hexane:EtOAC.(95:5)- Y ellow, viscous 225.00
hexane:EtOAc (90:10) liquid
6MyEt-2 8-19 hexane:EtOAc (90:10)- Yellow viscous 36.10
hexane:EtOAc (80:20) liquid
6MyEt-3 20-28 hexane:EtOAc (80:20)- | Yellow viscous 27.10
hexane:EtOAc (75:25) liquid
6MyEt-4 29-35 hexane:EtOAc (75:25) Yellow viscous 25.30
liquid
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Fraction | Fractions Eluents Appearance Weight
code (mg)
6MyEt-5 36-39 hexane:EtOAc (70:30) | Yellow viscous 71.20
liquid
6MyEt-6 40-48 hexane:EtOAc (70:30) | Yellow viscous 112.30
liquid
6MyEt-7 49-59 hexane:EtOAC (70:30)= | Yellow viscous 57.00
hexane:EtOAc (65:35) liquid
6MyEt-8 60-69 hexane:EtOAc (65:35)- | White solid and 93.00
hexane:EtOAc (60:40) brown viscous
LS liquid
6MyEt-9 70-78 hexane:EtOA(_:’ (60:40) Brown viscous 22.00
A liquid
6MyEt-10 79-86 Jhexarie:EtOAC ':(5!5:45)- Yellow viscous 135.20
hexane:EtOAC (J5C55()) liquid
6MyEt-11 87-119 | hexane:EtOAC (%40) Yellow viscous 73.00
EtOAC:MeOH (50:50) | liquid
6MyEt-12 | 120-145 | ETOACMEOH (50:50)= | Yellow viscous 37.50
MeOH (100) liquid

3.8.2 Chemical‘investigation of EtOAc extract of the broth of the fungus PTYL6
The  EtOAc Extract was divided into! five portions inCluding 6BrEt (510 mg),

7BrEt (512 mg), 8BrEt (512 mg), 9BrEt (508 mg) and 10BrEt (507 mg) and then each

portion was subjected to Sephardex LH20 column chromatography eluted with

increasing polarity from MeOH and MeOH/H,O. The similar fractions were
combined on the basis of TLC profile to give 17, 15, 17, 15 and 15 combined

fractions, respectively, as shown in Table 3.4-3.8.
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Table 3.4 The combined fractions obtained from isolation of the EtOAc extract of
broth (portion of 6BrEt) using Sephardex LH-20 column chromatography.

Fraction | Fractions Eluents Appearance Weight
code (mg)
6BrEt-1 1-3 MeOH (100) Brown liquid 47
6BrEt-2 4-5 MeQOH (100) Brown liquid 116
6BrEt-3 6 MeQH (100) Brown liquid 590
6BrEt-4 7-9 MeQH (100Y Brown liquid 230
6BrEt-5 10-11 MeOH.(1.00) Brown liquid 308
6BrEt-6 12-14 MgOH (100)‘1 Orange yellow liquid 103
6BrEt-7 15-17 #MgOH (100)_ © Orange yellow liquid 1080
6BrEt-8 18-20 MgOH.(100) | # Red brown liquid 140
6BrEt-9 21-24 Me@H (100) JJ Red brown liquid 571
6BIEE10 | 2529 | MEOH (100) - | Brown liquid 171
6BIELLL | 30-31 | MeQH (100) 'J-f.-‘;_{, Brown liquid 848
6BrEt-12 32-34 M(_e_Q_H (100) Tq Brown liquid 305
6BrEt-13 35:36 MeOH (100) brown'viscous liquid 251
6BrEt-14 | 37-38 | MeOH : H,0 (90:10) | Brownwiscous liquid | 149
6BrEt-15 39-44 & | MeOH : H,0O (80:20) | brown viscous liquid 114
6BrEt-16 45-70 MeOH : H,0 (80:20) | brown viscous liquid 93
6BrEt-17 70-80 MeOH [ 'H,0 (70:30). | Black viscous liquid 812
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Table 3.5 The combined fractions obtained from isolation of the EtOAc extract of
broth (portion of 7BrEt) using Sephardex LH20 column chromatography.

Fraction | Fractions Eluents Appearance Weight
code (mg)
7BrEt-1 1-3 MeOH (100) Brown liquid 65
7BrEt-2 4 MeOH (100) Brown liquid 15
7BrEt-3 5-6 MeOH (100) Brown liquid 48
7BrEt-4 7-8 MeOH (100) Orange yellow liquid 169
7BrEt-5 9-12 MeQH (100) Orange yellow liquid 41
7BrEt-6 13-15  _Me@H (100)'1 Orange yellow liquid 208
7Bret-7 16-18 MeOH (100) 7‘; Orange yellow liquid 451
7BrEt-8 19-21 MeOH (100) T P Orange yellow liquid 347
7BrEt-9 22-23 MeOH‘(100) 2 r Red brown liquid 1320
7BrEt-10 | 24-28 |MEOH (100) | Red brown liquid 957
7Bret-11 29-30 MeQH (100) ; : ~, | Brown liquid 305
TBIEC12 | 3139 | MeOH (100) T Brown liquid 971
7BrEt-13 40-47 MeOH :.HZO (96:15) _ brown‘viscous liquid 156
7BIEC14 | 4860 | MeOH : H,O (80:20) | Browin viscous liquid | 343
7BIEt15 | 61-70 | | MeOH : H;0 (70:30) | Black viscous liquid | 517
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Table 3.6 The combined fractions obtained from isolation of the EtOAc extract of broth

(portion of 8BrEt) using Sephardex LH20 column chromatography.

Fraction | Fractions Eluents Appearance Weight
code (mg)
8BrEt-1 1-5 MeOH (100) Brown liquid 135
8BrEt-2 6-7 MeOH (100) Brown liquid 1243
8BrEt-3 8-10 MeOH (100) Orange yellow liquid 274
8BrEt-4 11-15 ~{*MeOH (100) Orange yellow liquid 501
8BrEt-5 16-18 MeQH (100) Orange yellow liquid 568
8BrEt-6 19-20 _«Me@H (100)} Orange yellow liquid 501
8BrEt-7 21 MeOH (100)“ « Red brown liquid 93
8BrEt-8 22-24 MeOH (100) d P Red brown liquid 1304
8BIELO | 2527 /| MeOH (100) . | Redibrown fiquid 668
8BrEt-10 | 28-30 |MEOH (100) | Red brown liquid 1468
8Bret-11 31-32 MeQH100) = 3, | Brown liquid 494
8BIE-12 | 3335 | MeOH (100) .| Brown liquid 51
8BIEt-13 | 3638 . |MeOH (100) | Brown'Viscous liquid | 95
8BIEL14 | 3940 | MeOH : H,0 (90:10) | Browin viscous liquid | 186
8BIEt-15 | 41-42 | MeOH: H;0 (80:20) | Brown viscous liquid | 78
8BrEt-16 43-44 MeOH : H,O (80:20) | Brown viscous liquid 387
8BrEt-17 45-70 MeOH *H,0 (70:30). | Black viscous liquid 2241




40

Table 3.7 The combined fractions obtained from isolation of the EtOAc extract of broth

(portion of 9BrEt) using Sephardex LH20 column chromatography

Fraction | Fractions Eluents Appearance Weight
code (mg)
9BrEt-1 1-9 MeOH (100) Brown liquid 730
9BrEt-2 10-11 MeOH (100) Brown liquid 1100
9BIEL-3 12-18 | MieOH (100) Brown liquid 590
9BrEt-4 19-24 ~*ieOH (100) Yellow liquid 941
9BIEt-5 25-28 | MeOH (100) Yellow liquid 209
9BrEt-6 29-37 _#Me@H (100)} Orange yellow liquid 45
9BrEt-7 38-39 MegOH (100) 7‘-; Orange yellow liquid 39
9BrEt-8 40-43 MeOH (100) T P Yellow liquid 120
OBIELO | 4449 /| MeOH (100) . | Yellow liquid 201
OBrEt-10 | 50-55 MEOH (100) | Yellow liquid 214
OBrEt-11 | 56-62 | MeOH (100) " J Yellow liquid 140
OBIEt-12 | 6367 | MeOH (100) T Yellow liquid 208
OBIEL13 | 68:70 | MeOH : H,0 (90:10) | Yeliow liquid 210
OBIEL14 | 71475 | MeOH : Hy0 (80:20) | Yellowliquid 101
OBIEt-15 | 76-80 | | MeOH : H;0 (70:30) | Brown viscous liquid | 953
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Table 3.8 The combined fractions obtained from isolation of the EtOAc extract of broth

(portion of 10BrEt) using Sephardex LH20 column chromatography.

Fraction | Fractions Eluents Appearance Weight
code (mg)
10BrEt-1 1-7 MeOH (100) Yellow liquid 260
10BrEt-2 8-11 MeOH (100) Brown liquid 450
10BrEt-3 12-18 MeOH (100) Brown liquid 350
10BrEt-4 19-20 MeOH (100) Yellow liquid 1160
10BrEt-5 21-36 | MeOH (100) Yeliow liquid 340
10BrEt-6 37-42 Me@H (100)} Orange yellow liquid 195
10BrEt-7 43-48 MeOH (100)© « Brown liquid 290
10BrEt-8 49-53 MeOH (100) ’ P Brown liquid 260
10BrELO | 54-58 /| MeOH (100) = | Brown liquid 350
10BrEt-10 | 59-61 MEOH (100) Brown liquid 250
10BrEt-11 62-64 MeQHA{100) 7. 3, | Brown liquid 150
10BIEt-12 | 6567 | MeOH (100) T | Brown liquid 320
10BrE-13 | 68-72 | MeOH : H,0 (90:10) | Yellow liquid 235
10BrEt-14 72-778 MeOH : H,O (80:20) YeIIdW;quuid 278
10BrEt-15 79-80 ; MeOH : H;O (70:30) | Brown viscous liquid 352

3.8.3 Chemical investigation of MeOH crude ‘extracted from culture broth of the
fungus PTYL6
The"MeOH ‘extract-of ‘broth (38.23 ' ¢) ‘was re-extracted with'a 4:1 mixture of

CH,Cl, qand MeOH followed by evaporation of the solvents to obtained
CH,Cl,:MeOH (4:1) extract (521 mg). The MeOH crude extracted was then separated

by Sephardex LH20 column chromatography eluted with increasing polarity from
MeOH to MeOH/H,0. The similar fractions were combined on the basis of TLC

profile to give 14 combined fractions as shown in Table 3.9.
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Table 3.9 The combined fractions obtained from isolation of the CH,Cl,:MeOH (4:1)
extract of the MeOH extract of broth using Sephardex LH20 column

chromatography.

Fraction | Fractions Eluents Appearance Weight

code (mg)
6BrMe-1 1-10 MeOH (100) Brown liquid 13
6BrMe-2 11-13 MeOH (100) Brown liquid 1025
6BrMe-3 14-16 MeOH (100) Brown liquid 51
6BrMe-4 17-19 MeQOH (100) Brown liquid 490
6BrMe-5 20-21 Me@H (100)) Brown liquid 52
6BrMe-6 22-25 [ #MgOH (100) * & Brown liquid 21
6BrMe-7 26-27 MeOH (100) f’ 4 LBrown liquid 45
6BrMe-8 28-29 MeQ@H (100) i_ | Yellow liquid 59
6BrMe-9 30-33 fMEOH (100) Red brown liquid 39
6BrMe-10 34-35 MeOH{(100) : -4, | Red brown liquid 15
6BrMe-11 36-37 MeOH(100) T Brown liquid 15
6BrMe-12 | 36-49 | MeOH : H,0 (90:10) | BrownTiquid 29
6BrMe-13 | 50-55. | MeOH : F,O (80:20) | Black liquid 21
6BrMe-14 56-70 ' | MeOH T H,O (70:30) | Black liquid 53

3.8.4 Chemicalinvestigation of portion 6BrMr of the residue from re-extraction
of MeOH'extract of the broth of the fungus PTYL6 with a 4:1 mixture of

CH2C|2 and-MeOH

The residue (37.5 g) from re-extraction of MeOH extract of the broth of the
fungus PTYL6 with a 4:1 mixture of CH,Cl, and MeOH was divided into three
portions including 6BrMr (989 mg), 7BrMr (1005 mg), and 8BrMr (1008 mg). Each
portion was separated by Sephardex LH20 column chromatography eluted with
MeOH and MeOH/H,0 (90:10). The similar fractions were combined on the basis of
TLC profile to give 17, 15 and 15 combined fractions, respectively, as shown in Table
3.9. The combined fractions 6BrEt6-7, 7BrEt4-5 and 8BrEt4-5 eluted by MeOH (100)
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were precipitated from 10% H,O in MeOH to give compound 3 (116.2 mg) as white

solids. Compound 3 was characterized by NMR, MS and optical rotation.

Table 3.10 The combined fractions obtained from isolation of portion 6BrMr of the

residue from re-extraction of MeOH extract of the broth of the fungus
PTYL6 with a 4:1 mixture of CH,Cl, and MeOH using Sephardex LH20

column chromatography.

Fraction | Fractions Eluents Appearance Weight
code (mg)
6BrMr-1 1-2 Me@H (100)} Brown liquid 25
6BrMr-2 3-5 MeOH (100) : & Brown liquid 680
6BrMr-3 6-7 MeOH (100)F _ Brown liquid 51
6BrMr-4 8-10 MeQH (100) T | Brown liquid 490
6BrMr-5 11-12  fMgOH (100) “ | Brown liquid 52
6BrMr-6 13~ | MeQHi00) ‘J Brown liquid 21
6BrMr-7 14-17 MeQH {100) ~ .| Brown liquid 45
6BrMr-8 | 1822 | MeOH (100) | Yellow iquid 59
6BrMr-9 23-24 | MeOH (100) Red brown liquid 39
6BrMr-10 25-26 ; MeOH (100) Red brown liquid 15
6BrMr-11 27 MeOH (100) Brown liquid 15
6BrMr-12 28-30 MeOH (100) Brown liquid 29
6BrMr-13 31-39 MeOH (100) Black liquid 21
6BrMr-14) 1 740430 4 MeOH(100) Blackligaid 53
6BrMr-15 44-50 MeOH : H,0O (90:10) | Black liquid 17
6BrMr-16 51-57 MeOH : H,O (80:20) | Black liquid 23
6BrMr-17 58-60 MeOH : H,0 (70:30) | Black liquid 12
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Table 3.11 The combined fractions obtained from isolation of portion 7BrMr of the

residue from re-extraction of MeOH extract of the broth of the fungus
PTYL6 with a 4:1 mixture of CH,Cl, and MeOH using Sephardex LH20

column chromatography.

Fraction Fraction Eluents Appearance Weight
code No. (mg)
7BrMr-1 1-3 MeOH (100) Brown liquid 25
7BrMr-2 4-5 MeOH (100) Brown liquid 680
7BrMr-3 6-7 MeOH (100) Brown liquid 51
7BrMr-4 8-10 Me@H ' (100)} Brown liquid 490
7BrMr-5 11-12 MeOH (100)* & Brown liquid 52
7BrMr-6 13-14 MeOH (100) ” 4 Brown liquid 21
7BrMr-7 15-16 MeQH (100) 'r, ? Brown liquid 45
7BrMr-8 17-18 JFMEOH (200). - | Yellow liquid 59
7BrMr-9 19 MeOH(100) Red brown liquid 39
7BMi-10 | 2021 | MeOH{100) | Red brown liquid 15
7BIMr-11 | 22-26 [MeOH (100) | Browsiquid 15
7BrMr-12 | 27-85. | MeOH (100) Brow liquid 29
7BrMr-13 | 36-38 | | MeOH : H,0 (90:10) | Black liquid 21
7BrMr-14 39-45 MeOH : H,O (80:20) | Black liquid 53
7BrMr-14 39-45 MeOH H,0 (80:20) [Blackliquid 75
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Table 3.12 The combined fractions obtained from isolation of portion 8BrMr of the

residue from re-extraction of MeOH extract of the broth of the fungus
PTYL6 with a 4:1 mixture of CH,Cl, and MeOH using Sephardex LH20

column chromatography.

Fraction Fraction Eluents Appearance Weight
code No. (mg)
8BrMr-1 1-2 MeOH (100) Brown liquid 25
8BrMr-2 3-7 vieOH (100) Brown liquid 680
8BrMr-3 9-12 MeOH (100) Brown liquid 51
8BrMr-4 13 Me@H (100)} Brown liquid 490
8BrMr-5 14-15 MeOH (100)* & Brown liquid 52
8BrMr-6 16-17 MeOH (100) " 4 Brown liquid 21
8BrMr-7 18-19 MeQH (100) 'r ? Brown liquid 45
8BrMr-8 20-24 MEOH (100). Yellow liquid 59
8BrMr-9 25-26 MeOH(100) 74, Red brown liquid 39
8BrMr-10 20-21 MeOFRH100) = : Red brown liquid 15
8BrMr-11 | 22-26 | MeOH (100) | BrownTiquid 15
8BrMr-12 | 27-85 | MeOH (100) Brown liquid 29
8BrMr-13 | 36-38 | | MeOH : H,0 (90:10) | Black liquid 21
8BrMr-14 39-45 MeOH : H,O (80:20) | Black liquid 53
8BrMr-15 46-70 MeOH H,0 (70:30); | Black liquid 17
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3.9 Antimicrobial activity

3.9.1 Paper disk diffusion method

The disk diffusion method (Jorgensen, 1999) was used to determine the
antimicrobial activity.

1). Preparation of samples

The isolated metabolites were weighed and dissolved in 1 mL of a solution of
10% DMSO and 0.5% Tween 80 in sterile disulledwater.

2). Preparation of bacterial inoculum

Bacterial inoculum was-prepared as the same manner described in 3.2.3.3.2.

3). Preparation of yeasiinoculum

Yeast inoculumiwas prepaied as the same manner described in 3.2.3.3.3.

4). Inoculation of the test plate -

Bacteria and yeast were inoculat;tjd{ in the same manner as described in
3.2.3.3.4.

5). Application of secondary metabt:;l__ﬂge_s

A solution of the isolated metabolités;'lflo ML) was pipetted into the 7 mm
diameter sterile paper disks (Whatman) wh'i';:'ﬁ"We're allowed to dry in the sterile Petri
dish. Then the paper-disks-were-placedon the test plate. Bacteria plates were

incubated at 37°C whife yeast plates were incubated at room temperature for 24 h.

3.9.2 Bioautography method{(Rahalison et:al:;,1991)
3.9.2.1 Preparation of test microorganisms
1). Preparation, of bacterial inoculums
The' bacterial finoculums ‘were' prepared.in 'the' same manner as
described in section 3.4.2.1.
2). Preparation of yeast inoculum
The yeast inoculum was prepared in the same manner as described in
section 3.4.2.2.
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3.9.2.2 Preparation of test sample

20 x 20 cm Silica gel 60 sheets (Merck, Darmstadt, Germany) were used.
Samples were prepared in concentration 10 mg/ml, sport 10 pL in each sample with
capillaries (0.1 mg/spot). TLC plates were developed with a 4.7:0.3 mixture of CHCI3
and MeOH and dried under air flow.

3.9.2.3 Spayed test microorganism

The developed TLC plates were sprayed With test microorganism prepared in
section 3.8.1. The TLC piates were them‘incubated-ifn-a water-vapor chamber (high
humid condition) at room temperature for 24 h. Inhibition zone on the TLC plates was
visualized by spraying M Tirreagent (methylthiazolyltetrazolium bromide) on TLC
plates followed by drying under air flow.. -
3.9.3 Evaluation of anatimicrobial act‘ivify of pure compound by Minimum
Inhibitory Concentration Method (MIC)-'('Jo'rgensen, 1999)

Minimum inhibitory concentratidﬁf(MIC), in microbiology, is the lowest
concentration of an antimicrobial that Wl" inhibit the visible growth of a
microorganism after. overnight  incubation. “Minimum inhibitory concentrations are
important in diagnagstic-taboratories-to-confirm resistarice, of microorganisms to an
antimicrobial agent and also to monitor the activity of new antimicrobial agents
(Andrews, 2001). The procedures of MIC were described below.

1). Rreparation.of samples

1 mg of pure compounds and antibiotic drug standards were dissolved in
2 ml of 10.%.DMSQ. in.sterile. distilled water. Antimicrobial (Streptomycin) and
antifungal (Ketoconazole) agents'were used as positive controls.

2). Preparation of bacterial inoculum

Bacterial inoculum was prepared as the same manner described in
3.2.3.3.2.

3). Preparation of yeast inoculum

Yeast inoculum was prepared as the same manner described in 3.2.3.3.3.


http://en.wikipedia.org/wiki/Concentration
http://en.wikipedia.org/wiki/Cell_growth
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4). Inoculation of the test plate
Bacteria and yeast were inoculated in the same manner as described in
3.2.3.3.4.
5). Assay procedure
Solutions of pure compounds and antibiotic drug standards were diluted
with Nutrient broth (NB) and Yeast-malt extract broth (YMB) for assays of
antimicrobials activity. A solution of pure gompounds (50 pL) was dispensed into
each well in sterile 96-well plates. Fifty pioithe final adjusted microbial suspension
was inoculated into each-well.-One hundred- pik-0f medium only was used as the
growth control. A 100 pL volume of medium and microbial inoculums mixture acted
as the growth control. Micrebial 96-well plates were incubated bacteria at 37°C while
yeast plates were incubated«@t roon temperature.
6). Reading ofi@ntimigcrobiails aésay
Antimicrobials agtivities weré"z_dae-termined by measuring the turbidity of
each well in the microtitre plates by usi-n'g’-'Sunrise micro plate reader (TECAN,
AUSTRIA) before and after incubation. Thé:k_)west concentration of pure compounds
showed complete inhibition "of growth was recorded as minimum inhibitory

concentration (MIC). i fIE



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Isolation of endophytic fungi

The healthy and mature leaves of ‘Melaleuca cajuputi were collected from 4
provinces. Isolation of endophytic fungi using.surface sterilization (Petrini 1982) was
performed by soaking 1n 90% EtOH for 1 minute, in a solution of 5% NaOCI
(Clorox®) for 3 minutes, in"90% EtOH for 1 minute and rinsing twice with sterile

distilled water to give fifty'Six€ndophytic fungal isolates as shown in Table 4.1.

Table 4.1 Number of endophytic fungi iselated from leaves of Melaleuca cajuputi

Powell.

Province Krabi Nakhon-« | -Phatthalung Trang Total(isolate)

(Code) sithammarat }«

Part of tree (KB) (NS (PT) (TR)
(Code) ol
Old Leaves (OL) 3 5 -- 5 20
'Young Leaves (YL) 4 4 6 5 19
Twigs (TW) 3 7 4 3 17
Total(isolate) 10 16 17 13 56

4.2 ldentification and classification of endophytic fungi

Each fungal isolate was grown on 5 agar media, Potato Dextrose Agar (PDA),
Malt extract agar (MEA) Corn meal agar (CMA), Sabouraud’s dextrose agar (SDA)
and Yeast Extract Sucrose Agar (YEA) for 14 days at room temperature. A total of 56

isolates of endophytic fungi were classified using colony morphology such as sexual
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state, spores (sexual and asexual). Fifty six fungal isolates were identified as
Alternaria sp. (1 isolates-KBOL3), Aspergillus sp. (1 isolates-TRTWS3),
Colletotrichum sp. (1 isolates-NSYL4), Fusarium sp. (5 isolates-PTOL6, PTOLSG,
KBYL3, NSTW1 and NSYLD5), Pestalotia sp. (5 isolates-PTOL1, PTOL3, PTYL3
and KBYL4), Phomopsis sp. (4 isolates-KBOL2, NSTW6 , TROL4 and TRYL4 ) and
the fungi in Xylariaceae family (6 isolates), while other isolates of endophytic fungi
were classified as mycelia sterilia due to no.conidia or sporulate produced by those
fungi. The results of the identification of the encophytic fungi from 4 provinces were
shown in Table 4.2.
Table 4.2 Identification"@i€ncophytic fungi

Spgcies Number of endophytic
fungi (isolates)

Mycelia Sterilia : 33
Alternaria sp. 1 il
Aspergillus sp. | 1
Colletotrichum sp. 1
Fusarium sp. .- 5
Pestalotia-sp: 5
Phomaopsis sp. il
Xylariaceae 6

Total 56

4.3 Screening the secondary metabolite production of the endaophytic fungi

Antimicrobial ‘activity of 56 endophytic fungal isolates grown on Potato
Dextrose Agar (PDA), Malt extract agar (MEA) Corn meal agar (CMA), Sabouraud’s
dextrose agar (SDA) and Yeast Extract Sucrose Agar (YES) were examined against 5
tested microorganisms (Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC
25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and
Candida albicans ATCC 10231) using dual agar diffusion method with diameter 75

mm (Jorgensen, 1999). The results were shown in Table 4.3. The number of
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endophytic fungi isolates from four provinces which produced antimicrobial
metabolites was presented in Table 4.4 and Figure 4.1.
Table 4.3 Dual agar diffusion assay on antimicrobial activity of metabolites

produced by endophytic fungi.

Code of Culture Inhibition zone diameter (mm) against tested microorganisms*
Isolated medium B. E. coli P. aeruginosa | S.aureus C. albicans
Endophytic subtilis ATCC ATCC 27853 ATCC ATCC
fungi” ATCC 25922 25923 10231
6633
KBOL1 CMA - - - - 2.10
KBOL2 SDA - - - 1.45 2.00
MEA 1.40 0.90 - - -
KBYL1 YEA - - - - 1.0
KBYL3 MEA 1425 2.05 1.80 1.55 1.70
NSOL1 SDA 180 1350 1.30 1.40 1.25
NSYL3 SDA 5 - 1.65 - 1.50
YEA - - - - 1.20
NSYL4 YEA 1,80 180" 1.00 - 1.60
PTOL4 SDA 1.60 - - - 2.10
PTOL5 MEA - 1.00 44 - - 2.30
YEA 2:90 < - - -
PTOLG6 YEA .79 ., 3l i - - 2.05
PTYL1 YEA - L.30¢ 1.00 - -
PTYL2 PDA 140 e - - 1.80
CMA - aimariid - - 1.80
PTYL3 CMA - — - - 1.60
MEA =L i L - 1.60
PTYL5 MEA - - - - 1.10
PTYL6 MEA-. = 1.90 = : - 2.00
TROL1 CMA - 2.10 2.00 -
TROL2 MEA - - 110 - 1.80
TROL3 MEA 1.90 - - 0.90 -
SDA - - 0.80 - -
TROLS5 PDA - - - - 1.05
SDA - 1 - - 1.20
YEA - - - - 1.55
TRTW1 YEA - - 1.30 - -
TRTW?2 YEA 0.90 1.05 1.00 1.00 0.80
SDA 1.60 i 1160 - 1.70
TRYL1 MEA - - - - 1.85
TRYL2 MEA - - - - 1.20
TRYL3 YEA - 0.90 - - -
TRYL4 SDA - - 1.40 - -
TRYL5 PDA - - - - 0.90

* The inhibition diameter was an average of horizontal and vertical diameter and diameter of the fungal
mycelia on gar was 7.5 mm; symbol “-” means no inhibition zone;

# The codes for the fungal isolates: the first two letters denote the abbreviation of provinces (see Table
4.1); two letters after the abbreviation of provinces denote part of plant (see Table 4.1) and number
denote isolate number. For example, PTYL6 denote isolate number 6 isolated from young leaves of
plant collected from Phatthalung province.
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Table 4.4 The number of endophytic fungi isolates from four provinces producing

antimicrobial metabolites.

Percentage of active

Number of endophytic

Number of

Province

isolates (%)

fungi which exhibited

endophytic

antimicrobial activities

fungi

40
18.75

47.06

10
16
17
13
56

Krabi

Nakhon sithammarat

Phatthalung

84.62

11

Trang
Total

26
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Figure 4.1 Isolates of active and inactive of endophytic fungi isolate inhibiting

antimicrobial activity from four provinces.
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Table 4.5 Number of endophytic fungi produced antimicrobial metabolites against 5

microorganisms.

Test microorganisms Number of active | Percentage of active
isolates isolates (%)
Gram + Bacillus subtillis 9 16.08
bacteria
Staphylococcus aureus 6 10.71
Gram — Escherichiacoli 11 19.64
bacteria
Pseudomenas.aeruiginosa 10 17.86
Y east Candida albicans 20 35.71
40 F— A
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§ 30
2
(1}
o 25
2
>
T 0 T o101 OH O
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s
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B.subtilis E.coli P.aeruginosa S.aureus C.albicans
Test microorganisms

Figure 4.2 Percent of active of endophytic fungal isolates inhibiting antimicrobial

activity against five microorganisms.
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Figure 4.4 Metabolites of endophytic fungal isolates cultured on five media

exhibiting antimicrobial activity against each test microorganism.
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(B) PT'G'I’_‘:‘%ga;inQ' st Candida albicans

(C) TROL1 against Escherichia coli and Pseudomonas aeruginosa

Figure 4.5 Dual culture activity assay of endophytic fungal isolates PTYL6, PTOL5
and TROLL1 cultured on five media exhibiting antimicrobial activity

against test microorganisms.
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Potato Dextr@ﬁ‘(P DA)—J ~Malt extract agar (MEA)
- ’ﬂ..‘_‘_'

Yeast Extract Sucrose Agar (YEA)
Figure 4.6 Colony of endophytic fungus isolate PTYL6 grown on 5 agar media for 14

days at room temperature.
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4.4 ldentification of the endophytic fungi PTYL6

PTYL6 was identified based on fungal morphology and analysis of the
DNA sequence of the ITS region. Fungal isolate PTYL6 produced microconidia and
macroconidia (Figure 4.6) which was identified as Fusarium sp. (Fournier and Magni,
2002)

Figure 4 é‘,-offéhpﬁy ngus isolate PTYLG
Micro omdlax I_\_Qa ocenidia (B)

L 1'

" ] -11.!“
‘jJ.'?'.!‘-'. i

Total DNA was ex&é—éﬁi-fr@l mycelium grown in PDB followed
in 3.2.4.1. Primers ITS1f andJTS&_jNerem.amplify the 1TS1-5.8S-1TS4 region
from total DNA extgi_a&ted The ther follows: 94°C for 5 min,
followed by 38 cycles of 94°C for 1 min nd 72°C for 1 min, with a
final extension of 7241 for 5 min. The amplified DPU}\ was purified and directly

subjected to s éienm yMacrOﬂﬁoﬂJSouth Korea fﬁusmg the same primers as

for amplificat gdw &J ,a gnllar sequences in the

GenBank.

R L T—

shown ifi Figure 4.3. The nucleotide sequence data of PTYL6 was submitted in the

-

=

DDBJ/EMBL/GenBank nucleotide sequence databases with the accession numbers
EF 453121.1. A blast search was performed to find a similar sequence to ITS region
of fungal isolate PTYL6 in the GenBank DNA database. The ITS region of isolate
PTYL6 was similar to 93% identity of Fusarium sp. Alignment data of ITS region of
isolates PTYL6 was showed in Appendix D.



AGGGGTTTTA CGGCAGGGGA CCGGTCCAAC

ACTACGTCTA
GCCATACGGT
ATGACGCTCG
GTTCAAAGAT
CATTTCGCTG
AAGTTTTAAC
TTTAATGGGG
AGGTAAGTGC
TGTTCACATG
GTTCACCAAC

GAGTGTGAAC
AGGCCCCCAA
AACAGGCATG
TCGATGATTC
CGTTCTTCAT
TTATTTAGTT
CGCCGGCGGEG
ACTACAGGGT
GGGTTTGGGA
GGAGACCTIG

CGACTCCGCC
CGCTAAGCAA
CCCACTAGAA
ACTGAATTCT
CGATGCCAGA
GTAATTCAGA
CINACOCEIG
AGGTACGACC
GTTATAAACT

TAATAGGCGA
ACTAATTTTA
CAGAAGGCTT
TACTAATGGG
GCAATTCACA
ACCAAGAGAT
TATCCAGTAA
CCTACCGGGT
CGCCGAGGCA
CTTTAATGAT

FTACGACTT . 37

5°TTAAGTTCAG CGGGTATTCC TACCTGATCC GAGGTCAACC TTGATAAATT

GATAATATTT
AGGGGCTACC
AAGGGTTGAA
CGCAATGTGC
TTACTTATCG
CCGTTGTTGA
TTAAACAGAG
AGGCACTTAC
ACGTTAGGTA
CCCTCCGCTG
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Figure 4.8 Nucleotidesequences of partial 18S region, complete ITS region of the
isolate PTY 6. S

4.5 Growth profile and biological ractivit;}-_.test of culture broth

#

4.5.1 Growth profile and antimiicrobial acii\}ffy test of PTYLG culture broth

The endophytic fungus PTYté'was cultured into 250 mL flask
containing 100 mL ‘of-YEB and culture under static.condition at room temperature for
18 days. The culture Broth was filtered through filter paper (Whatman No. 1). The
mycelia were measured the cell mass and antimicrobial activity of fermentation broth
was examined using agar well.diffusionsmethed,(Jorgensen, 2999) in 7.5 diameter of
each well against *5" microorganisms.” The results-are’ presented in Table 4.6, and
Figure 4.9 and 4.10.
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Figure 4.9 Growth profilerof PTYL6 and antimicrobial activity of its fermentation broth
Table 4.6  Biological & aciivity test 6{_ PTYL6 culture broth against tested

microorganisms

PTYL6 Inhibition zqn,e’t_ﬁameter',(_r.‘rgr},]) against tested microorganisms*
culture 8 g pilis E.coli | P.aeruginosa | S.aureus | C.albicans
broth ATCC 6633+  ATCC ATCC 27853 ATCC ATCC10231
(days) ) 25922 {25023
8 L 1.00 - 4. 0.80 1.50
10 - 1.10 - ' 1.00 1.50
12 - - 1.20 - . 1.10 1.90
14 1.10 1.20 1.00 1.10 1.80
16 1.20 1.20 1.00 1.20 2.00
18 1.30 1.20 120 1.20 2.00
20 1.20 1.10 1.10 1.20 1.95
22 £10 0.80 110 140 2.00
24 0.80 0.80 0.80 0.680 1.70
26 0.90 0.80 0.80 0.90 1.80
28 0.80 0.80 0.80 0.80 1.50
30 0.80 0.80 0.80 0.80 1.80
32 0.80 0.80 0.90 0.80 1.60
34 0.80 1.00 0.80 0.80 -
36 0.80 0.90 0.80 0.80 -
38 0.80 1.00 0.80 0.80 -

- 2 no inhibition zone: *Activity was determined by agar well diffusion method
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Candida albicans
Figure 4.10 Metabolites in PTYL6 culture broth against tested microorganisms using
agar well diffusion method
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4.6 Chemical investigation of the metabolites of the fungi PTYL6

After the endophytic fungus PTYL6 was cultivated in yeast extract
sucrose broth (YEB) under static condition at room temperature for 18 days the whole
culture (35 L) was filtered through filter paper (Whatman no. 1). The filtrate (~35 L)
was concentrated by rotary evaporator under reduced pressure and by freeze dryer to
obtain 2500 mL of the concentrated filtrate and then partitioned with an equal volume
of hexane, EtOAc and MeOH, respectively, After removal of the solvents hexane,
EtOAc and MeOH extracts were obtained-in"4.51 g, 25.89 g, 5.21 g and 38.23 g,
respectively. The MeOH.¢crude extract'was-further-extracted with a 4:1 mixture of
CH,Cl, and MeOH followed.by removal of the solvent to yield 5.21 g of a CH,Cl,-
MeOH (4:1) extract and 3221 g of residual MeOH extract, respectively.

Fungal mycelia were/ dried: in hot air oven at 55 °C for 24 hours and
extracted successively with hexane, EtOAc and MeOH to give the hexane extract
(1.70 g), as yellow viscaus oil, the EtOAC éktract (3.07 g) as orange viscous residue
and MeOH extract (21.15g) as brown viscous oil respectively. Extraction diagram of

mycelia and broth of endophytic fungus PTYL‘6 were shown in Figure 3.2

4.6.1. Characterization of compouhd S

Compoungd-i-was-ebtatned-from-precipiiation during evaporation of the
solvent of the EtOAc extract of mycelia and from the elution of column
chromatography with 40% hexane in EtOAc (combined fractions 6MyEt 6, 7, 8, 9 and
10) and further! purified by wwashing /with 70%>to-50% hexane in EtOAc, give
compound 1 as a,white solid which'was soluble in EtOAc, CHCI; and MeOH

[ 49" (c.0.2,CHCI3)

"H-NMR spectrum: 8 (CHCl3, 400 MHz) 0.643 (2H, d, = 6.4 Hz),
0.721 (2H, d, J = 1.9 Hz), 2.111(1H, hept, J = 6.8 Hz), 2.885 (1H, s), 3.14 (3H, dd, J
= 2.8 Hz), 4.522 (1H, brs), 7.059 (1H, d, J = 5.6 Hz), 7.237 (1H, d, J = 5.6 Hz) and
7.244 (1H, s) ppm.

3C-NMR spectrum: & (CHCls, 400 MHz) 13.94, 17.49, 29.34, 31.31,
36.32, 62.30, 80.68, 127.68, 128.21, 128.62, 128.69, 129.61, 134.85, 166.03, 167.62
ppm.



mobile phase and the spot was visualized with UV lamp (254, 365 nm).

Table 4.7 *H, *C and 2D (HMBC) NMR data for compound 1
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R¢ 0.43 developed on silica gel TLC using 60% hexane in EtOAc as the

N 5 HMBC
Position o (int.. mult., J in Hz)* (Ho>C)

1 - N - -

2 166.03 co - -

3 80.68 CH 2.91 (1H, 9) C-7,C-8,C-9
4 - N - -

5 167.62 co 454 (1H, brs) -

6 62:30 CH 2.13(1H, hept, 6.8) -

7 2987 GH 2.78 (1H, s) C-8,C-9

8 17.49 CHs 0.74.(2H, d, 7.2) C-3

9 13.94 . CHay 0.66 (2H, d, 6.8) C-3

10 36132 "~ CH, | 816(1H,dd,238,14) | C-12,C-12',C-5

; .+ | 3.22 (obsecued by the
- - 0 residual solvent of -
o CD;0D)

11 134:85 o/ - -

12 128.69 ~— CH | 7.08(1H,d,5.2) -

12' 12961 “F CH | 7.08(1H,d,5.2) C-12, C-14
13 127.68 . |- CH | . 7.26(2H,d,5.6) C11, C-13
13’ w2821 | CH | 7.264(2H;d 56) -

14 - 128.62 CH 7:26-(LH, d, 1.6) C-12'
Me-N | CHs 2.95(2H, s) -

The information from 'H-NMR, *C-NMR and 2D-NMR (HMBC techniques)
were used to assist.the interpretation of compound 1.

6-benzyl-3-isopropyl-1-methylpiperazine-2,5-dione

Figure 4.11 Structure of compound 1.
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4.6.2 Characterization of compound 2

Compound 2 was obtained from the elution of column chromatography
with 85% hexane in EtOAc and further purified by washing with 90% hexane in
EtOAc to give compound 2 as a white solid and dissolved in EtOAc, CHCI; and
MeOH

[]5) —129° (c 0.2, CHCly)

'H-NMR spectrum (CHCl3, 400 MHz) (Figure D 1-3)important peaks at
dn 5.56, 5.38, 5.19 and 5.18 ppm, six methyl gretps at o4 1.03, 0.93, 0.90, 0.82, 0.82
and 0.62 ppm, a proton of CH-OH at 3.63 and proton of methylene and methane at
2.47-1.24 in the ring and side chain.

B3C-NMR speCtrum (CHCls, 100 MHZ) (Figure D 1-3) important peaks
showed six olefinic carbons at oc 441.37, 139.77, 135.56, 131.94, 119.37 and 116.26
ppm, six methyl carbons at 6g 21.09, 19.§:6,e19.65, 17.61, 16.27 and 12.04 ppm and a
carbon of heteroatom CO-OH at 70,44 ppf_ni :

El MS spectrum at m/z = 396§nd the molecular formula is CpgHy40

Rt 0.87 developed en silica gel--:ﬁLgC using 60% hexane in EtOAc as the
mobile phase and the spot was vistialized WEEJV lamp (254, 365 nm).

Compound 2 shoWéd spectral déta identical to that of ergosterol which is
reported in the Iiteratljre. The 1H-NMR signals of compound 2 and ergosterol are
presented in Table 4.8.



Table 4.8 Comparison of 1H-NMR spectrum of compound 2 and ergosterol.

Position Compound 2 Ergosterol
1 38.35 38.4
2 31.97 32.0
3 70.44 69.5
4 40.77 40.5
5 139476 140.5
6 119.56 119.2
7 116.25 116.5
8 141,37 140.4
9 4621 46.3
10 37.01 37.0
11 21.09 21.0
12 39.05 39.2
13 42.80 42.8
14 '55.69, 54.4
15 L, 2298 4 22.9
16 28.29, 28.1
17 55694 4 55.8
18 204, 11.6
19 = 15.8
20 FESTNPRE 40.3
21 19 S 19.2
22 13194 #132.0
23%= 135,55 - 135.8
24 %l 42.80 428
25 33.07 33.0
26 19.64 19.5
27 21.09 20.8
28 17.60 172

64

After.elucidation of compound.2 by the.chiemical shift.on.*H-NMR spectrum

of compound 2 and'ergosterolwere‘compared signal by signal. This result indicated

that the structure of compound 2 is identical to ergosterol. Thus, it could be concluded

that compound 2 was ergosterol. The structure is presented in Figure 4.12.
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HO
Figure 4.12 Structure of compound 2.

Ergosterol is a component of fungal cell membranes, serving the same
function that cholesterol serves in animal cells. The presence of ergosterol in fungal
cell membranes coupled with its absence in‘antmal.eell membranes makes it a useful
target for antifungal drugs. Ergesterol iJs also present in the cell membranes of some
protists, such as trypanosemes.(Roberts et. al., 2003).

Smith and.Kora" (1968)-Report, the sterol fraction of Acanthamoeba
(Neff) contains 60% 7—dehydrostigmasfefbl and 40% ergosterol. The sterols were
characterized by infrared and uItraviolet'-épectroscopy, gas chromatography, specific
reactions, and massspectralianalysis. Stef_als constitute 5% of the lipids and 15% of
the neutral lipids in this species. > J,

In 2006, He et al report,-e:'-d_,_}ergosterol is produced by fungi,
Saccharomyces cerevisiae YEHS6 (pHXA_E)_éw_ith increased capacity of ergosterol
formation was constrlicted by cbmbined over-expression of sterol C-24(28) reeducates

and sterol acyltransferése in the yeast strain YEH56.

4.6.3 Structure elueidation of compound 3

Compound 3 was obtained from the elutian of column chromatography
with 100% MeOH and further purified by washing with 10% H,O_in MeOH to give
compound-3:as a wiite'sohd and dissolved in MeOH"and DMSO-

'H-NMR spectrum (DMSO, 400 MHz) 5.46 (1H, dd, J= 0.60 and 2.6 Hz,
5-H) and 7.40 (1H, d, J=5.6, 6-H ) ppm;

BC-NMR spectrum (DMSO, 100 MHz) (8, ppm): 100.7 (C-5), 142.7 (C-
6), 152.0 (C-2) and 164.3 (C-4) ppm;

R¢ 0.67 developed on silica gel TLC using 80% CHCI;3 in MeOH as the

mobile phase and the spot was visualized with UV lamp (254 nm).


http://en.wikipedia.org/wiki/Fungus
http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/Cholesterol
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Antifungal_drug
http://en.wikipedia.org/wiki/Trypanosome
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The EI-MS mass spectrum (HR/ES-TOF MS spectrum) of compound 3
showed [M+H]" m/z: 113.0370; cal 113.0351

The information from 1H-NMR, 13C-NMR and 2D-NMR including gHMBC,

gHMBC and gNOESY techniques were used to assist the interpretation of

compound 3. The 1D and 2D NMR data of compound 3 are presented in Table 4.9.

Table 4.9 Data 1D and 2D of compound 3

13
y ¢ TH-NMRY
Position | NMR gHMBC gCOoSsY gNOESY
(8)
(8c)
1 NH 10.88 - H-6 H-6
2 152.0 £ - - -
3 NH 14.04 - - H-6
4 164.3 . - - - -
5.46 (#H; dd, J=0.60 A
5 100.7 and 206 Hz./5-14), C-4,C-6 H-6 H-6
740 (IH; d,d=56p § C-2,C-
6 142.7 6-H) ‘) 4,05 H-1,H-5 | H-1,H-3,H-5

After elucidation of compound;stij the data 1D and 2D of compound 3

result indicated that the structtre of compd[]h‘d—iB'is identical to uracil. Thus, it could

be concluded that compeune-3-was-brach—-he-structure-is presented in Figure 4.12.

@

| NH
o
H

Figure 4.13 Structure of compound 3.

4.7 Antimicrobial activity test

4.7.1 Paper disk diffusion method

Crude extract were evaluated the antimicrobials activity against 5

microorganisms by the disk diffusion method (Jorgensen, 1999). The result was

showed the diameter of inhibition zone (mm) in Table 4.10.
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Table 4.10 Antimicrobial activities of the extracts of mycelia and culture broth of the
fungi PTYL6.

Crudes (conc;
100 pg/mL
/disk)

Inhibition zone (mm)”

B. subtilis

E. coli

P. aeruginos

S. aureus

C. albicans

Mycelium

Hexane

Mycelium
EtOAc

1.40

ekl

1.40

1.50

1.80

Mycelium
MeOH

1.00

1.00

0.80

1.00

Broth

Hexane

0.80

Broth
EtOAC

1.50

1.10

1.50

2.00

Broth
MeOH

1.50

1.00

1.50

1.40

Broth

residue

1.20

1.10

1.10

1.20

10%DMSO in
H.O

* Antimicrobial aetivities were performed by paper disc diffusion assay

# The inhibition diameterwas an/average lof harizontal and vertical diametér and diameter of paper disc
was 8 mm; symbol“-" means no inhibition zone.

4.7.2 Minimum inhibition concentration methods

Compound 1, 2 and 3 were further determined minimum inhibition

concentration (MIC) using microdilution method (Jorgensen, 1999)

The concentration of all compound were investigated as 250 pg/mL and then

dilution two-fold to 0.0488 pg/mL (last concentration). MIC result were exhibited the

lowest concentration of pure compound showing complete inhibition of growth (Table

4.19).
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Table 4.11 Minimum inhibition concentration (MIC) of compounds 1-3"

Test MIC (pg/mL)"*

microorganism Compound 1 Compound 2 Compound 3
B. subtilis 3.91 250 -

E. coli 7.89 250 -

P. aeruginos 31.25 - -

S. aureus 31.25 l‘ )’/// -

C. albicans 1563 -

_ —

Minimum inhibition conce@t) was‘fietermlrm‘y‘ﬁ'nl'godllutlon method (Jorgensen, 1999)

# R
- means no inhibition zony’

4.8 Antimicrobial activi omi ngd fractions rom isolation of EtOAc
extract, CH,Cl,-MeO éi:fale:rd" MeOH extract residue of broth
The combine om |so Atlen of EtOAc extract, CH,Cl,-MeOH (4:1)
extract and MeOH -extract reS|dUe éf broth by Sephadex LH-20 column
ed b}r TLG’fgeveloped by CHCl;-MeOH (4:1) and
Mmed @}blo&utography method (Rahalison et
., 1991). Also minimum |nh|b1tpn concFﬁfa‘ﬂon (MIC) of those combined fractions
was determined usmy microdilution method (ﬂqe_eﬁ 1999). The results were
presented in Flgure9-4f14 4.18and Table 4.12. _’,w" B

ly U
" ‘*Wc*"*r e

1
BANYA Y

I e e

2 537%801011°12'13 P41516.0

-,

chromatography were

antimicrobial metabolites

Staphylococcus aureus Candida albicans

Figure 4.14 Bioautography of the sixth portion of the combined fractions from the
isolation of EtOAc extract of broth.
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Staphylococcus aure!i.._q Candida albicans

Flgure 4.15 BloautograWeve hp

d@combined fractions from the

B e

Fa Sl s 0 Rl

Staphylocoé s 2
Figure 4.16 Bioautography of the eighth

isolation of EtOAcC ex l act of broth.

Staphylococcus aureus Candida albicans
Figure 4.17 Bioautography of the ninth portion of the combined fractions from the

isolation of EtOAc extract of broth.
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Staphylococcu?‘; ’ - mlda albicans

h ortlon of th€‘Comb|ned fractions from the
isolation of EtOAc e L 72 2% -

Figure 4.18 Bioautogt:

Staphylococcus aureus Candida albicans
Figure 4.19 Bioautography of the combined fractions from the isolation of CH,ClI-

MeOH (4:1) extract of broth
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From bioautography of the combined fractions from the isolation of CH,Cl,-
MeOH (4:1) extract of broth as shown in Figure 4.19, it showed that the antimicrobial
metabolites were at Ry 0.78-0.57 and 0.63-0.28.

Staphylococcus@ureus | : " Candida albicans

Figure 4.20 Bioautograp Sixt ,:' Qrtion bined fractions from the

isolation of MeOH extract residus

[

AR 0.

isolation of MeOH extract residue of broth.
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Staphylococcus aureus 2 ~  Candida albicans

Figure 4.22 Bioautogra(‘ ht pohid,x the combined fractions from the
- LN
isolation of MeOH extrac AN

the isolation of CH,Cl,-MeOH
it howed that the antimicrobial

From bioautography
(4:1) extract of broth a
metabolites were at Ry 0.78-0.

Minimum inhibition conc-eﬂﬂeatlo

z.l‘f’
/ﬁ\of those combined fractions was
determined using mic l_iodllutlon‘l‘néfhodf(\lo 'WQ) The results (Tables 4.12)

showed that those cOrfbined-fractions-were-active-against aphylococcus aureus and

Candida albicans. The fractions ere ac gail taﬂuylococcus aureus and

Candida albicans with MIC 25-50 ug/mL. However some active fractions were

o S"WTJET 5 ‘WET’W‘?W AN 11

compounds.

AR ANNIUNAINYIAY
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Table 4.12 The minimum inhibition concentration (MIC) using microdilution

method of combine fraction from broth extract.

Fractions Antimicrobial activity Fractions Antimicrobial activity
S.aureus C. albicans S.aureus C. albicans
6BrEtl - - 7Bret12 - -
6BrEt2 - 3 7BrEt13 2 -
6BrEt3 - 5 7BrEt14 - -
6Bret4 - - J T7BIrEt15 -
6BrEts - 2 SBrEtt - -
6BrEt6 - 7 '| 8BrEt2 - -
6Bret7 50 30" 8BrEt3 - -
6BrEt8 - 1 8Bret4 - -
6BrE9 25 25 4 eBiEG - -
6BrEL10 25 25/ < {4 [T gBIEG - -
6BIrEt11 25 50 [ " BBIEL/ 500 100
6BIELL2 : = | SBIE® 100 50
6BrELL3 i 2 T 8BiED i .
6BrEt14 -~ = 8Bret10 - 25 25
6BIELL5 : : 8BrELLL | - i
7BrEt1 - - 8BrEt12 50 50
7BrEt2 1 - 8BrEt13 500 100
7BrEt3 - - 8BrEt14 500 100
7BrEt4 - . 8BrEtlS = -
7BrEts 200 200 8BrEt16 - -
7BrEt6 200 200 8Bret17 - -
7BrEt7 25 25 9BrEt2 25 200
7BrEt8 25 25 9BrEt3 50 100
7BrEt9 25 25 OBrEt4 25 200
7Bret10 - - 9BrEt5 - -
7BrEt1l 25 50 9BrEt6 - -




Table 4.12 (Continued)
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Fractions Antimicrobial activity Fractions Antimicrobial activity
S.aureus C. albicans S.aureus C. albicans

OBrEt7 500 200 6BrMe7

9BrEt8 100 200 6BrMe8 50 50
9BrEt9 - - 6BrMe9 50 25
9BrEt10 - - 6BrMel0 25 25
9BrEt1l - 3 6BrMell 25 50
9BrEt12 - . o6BrMel2 50 25
9BIEt13 - = 7| S eBrveis 50 50
9BrEt14 - 2 6BrMel4 - -
OBrEt15 . 7 A eevin . :
10BrEt1 - y 6Brvr2 - -
10BrEt2 500 200 6BrMr3 - -
10BrEt3 50 50 |, 6BrMra - -
10BIEH : | oBIMIB : -
10BIEt5 - LG - -
10BIEt6 | 500 200 | g7 : -
10BrEt7 - - 6BrMr8 |- - -
10BrE8 i - 6BIMIO |© 200 50
10BrEt9 - - 6BrMr10. - -
10BrEt10 - - 6BrMr11 200 25
10BrEt11 1 7 6BrMr12 200 25
10BrEt12 - - 6BrMr13 200 50
10BrEt13 i Y 6BrMrl4 500 50
10BrEt14 - - 6BrMr15 - -
10BrEt15 - - 6BrMr16 - -
6BrMe2 - - 6BrMr17 - -
6BrMe3 - - 7BrMr1 - -
6BrMe 4 100 100 7BrMr2 - -
6BrMe 5 100 100 7BrMr3 - -
6BrMe6 50 100 7BrMr4 - -




Table 4.12 (Continued)
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Fractions Antimicrobial activity Fractions Antimicrobial activity
S.aureus C. albicans S.aureus C. albicans
7BrMr5 - - 8BrMr3 - -
7BrMr6 - - 8BrMr 4 500 50
7BrMr7 500 50 8BrMr 5 - -
7BrMr8 - - 8BrMré6 - -
7BrMr9 500 BrMr7 - -
7BrMr10 100 — r8 - -
7BrMril 100 - -
7BrMri12 100 /f 1 100 50
7BrMr13 100 I 100 25
7BrMr 14 - ek - -
7BrMr 15 - 7 ‘[;-f: - -
8BrMrl - - 3BrMr - -
8BrMr2 - i o ‘J:;‘ N U - -
daabd <
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y
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CHAPTER V
CONCLUSION AND DISCUSSION

The endophytic fungi from Melaleuca cajuputi leaves and twigs. Plant
samples were collected from 4 provinces; Kiabl,.Nakhon sithammarat, Phatthalung,
and Trang. The total of 56-endophytic-fungi-isolates-were characterized on the basis
of morphological identification,~microscopic and macroscopic features. Fifty six
fungal isolates were “ideniificd as Alternaria sp. (1 isolates), Aspergillus sp. (1
isolates), Colletotrichum sp: (1" isolates); Fusarium sp. (5 isolates), Pestalotia sp. (5
isolates), Phomopsis sp: (4. dsolates) and %he fungi in Xylariaceae family (6 isolates).
Other isolates of endophytic fungi were clas;ified as mycelia sterilia.

The metabolites In gulture*broth pf;brdjurced by 56 isolates of the endophytic
fungi were examined the antimicrebial acﬁvifli} against 5 microorganisms using an
dual agar diffusion method. The fungal isolate were.examined antimicrobial activity
using dual culture agai-diffuston-technique-in-5 strains fOr test antimicrobial activity.
The results shows thatantimicrobial activity of fungal were 16.08%, 10.71%, 19.64%,
17.86% and 35.71% for Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC
25923, Escherichia cali ATCC 25922,/ Pseudomenas-aeruginosa ATCC 27853 and
Candida albicans ATCC 10231, respectively. TheSe indicated that C. albicans was
more sensitive to the isolated.endophytic fungi.than other. tested microorganisms. The
fungus PTYL6 was interestedfor study to isolated’antimicrobial‘compound because it

exhibited activity against E. coli and C. albicans with clear zone 19.0 and 20.0 mm

respectively.

Endophytic fungi, PTYL6 were selected for the further study because it
exhibited activity against E. coli ATCC 25922, B. subtilis ATCC 6633 and S. aureus
ATCC 25923. Based on morphology, the fungi isolate PTYL6 were found as the
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family Fusarium. Sequence analysis of the rDNA, partial 18S ITS region of the
isolates PTYL6 were 531. bp, respectively. The sequence results suggested that
PTYLG6 should tentatively be Fusrium sp.

Isolation secondary metabolites from mycelia MeOH extracted, broth EtOAc

extracted and broth hexane extracted of PTYL6 which was found a new compounds;

Y]
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All of media were add distilled H,O to a final volume of 1 liter and
steriled in the autoclave at 121°C for 15 minutes. The broth media did not add the

agar in the formula.

1. Corn meal agar (CMA)
Suspened 17.0 g in 1 liter distilled H,O

2. Malt extract agar (M E@”y/
Malt extracts

2009
Peptone 109
Glucose 2009
Agar 1509
3. Nutrient agar (NA)
Peptone 509
Beef extract 3049
Agar 15.0 ¢
4. Potato dextrose aga
Potato (pelled and ¢ 200.0 g
Glucose 20.0 g

. AUEAINENINEINT .
L gy Kbk in a1 01 |/

5. Sabouraud’s dextrose agar (SDA)
Peptone 10.09
Glucose 40.0¢
Agar 1509



6. Yeast extract sucrose agar (YES)
Yeast extract
Sucrose

Agar

7. Yeast-malt extract agar (YMA)
Malt extract

Yeast extract
Peptone
Glucose
Agar

AULINENINYINS

s

PIAATUAMINYAE

2009
15.09g
1509

3.0¢9
3.0¢
5049
10.0g
15.09g
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Table A.1 Charateristics of colony and identification endophytic fungi from leaves
and twigs in Pattalung province.

Isolate Fugal Media | Gro Endophytic fungi characteristics
specie wth
rate
(mm | Colony characteristic Colony colour Colour
/day) pigment
production on
the media
DA L0 e ot clevaon | VT Black
Mycelia | MEA™| 0.7 . Gray Black
PTTW1 - Absence of elevation
sterilia | SDA| 07 : Gray Black
Absence of elevation i
CMAS" 07 4/ Absence of elevation White !
YES | #0.7 : White Yellow
PDA | 04 Cottony White orange Light orange
Mycelia MEA"| 0.4 C_(_)ltto_ny Wh!te orange L!ght orange
PTTW?2 sterilia SDA |04 - Cottony White orange Light orange
CMA " 04 Cottony White Light orange
YES | /0.3 | Absence of elevation White Light orange
PDA | 0.3 Powdery White -
Mycelia MEA™—0:3 Powdery | White -
PTTWS3 sterilia SDA | 04 Powdery White with purple Brown red
CMA | 03 Powdery White -
YES 0.4 Powdery White -
PDA | 0.8 | Absence of elevation | Gray with black
Mycelia MEA | 0.8 | Absence of elevat!on Gray W!th black
PTTW4 Mo SDA || 10.8 (| Absence of elevation |- Gray with black
CMA | 0.8 | Absence of elevation |~ Gray with black
YES | 0.8 | Absence of elevation | Gray with black
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Isolates Fugal Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic | Colony colour | Colour pigment
/day) production on
the media
PDA | 05 White Light yellow
Pestalo- MEA | &R Absenc:CeO(tjt‘OQI);zvation Wh!te Light yellow
PTOL1 tia sp SDA ["05 2 Cofttony White Orange yellow
' CMA | 04 Cattony White Light yellow
YES 0:3 White Orange yellow
Cottony
1
PDA . 04 -Cottony White Light yellow
PTOL?2 Mycelia | MEA™ | /0.4 Cottony. W_hite _ Light yellow
sterilia | SDA 4 0.4 Cottony Gray with white Orange
CMA" | 0.2 Cottony White -
YES | 04 | "Absenceofelevation White Light yellow
‘ ¥/
Tl
PDA | 05 | Cottony White
Pestalo- MEA | 05 Cottony Wh!te -
PTOL3 tia sp SDA | 0.5 Cottony A White Brown red
" | CMA | 0.4 | Absence of elevation | /|  White i
YES| 0.5 Cottony White Brown yellow
PDA | |70.6 /1| fAbsence:ofelevation White Yellow
Mycelia MEA. | ©0.6 || lAbsenceof elevat!on Gray -
PTOL4 sterilia SDA | 0.6 | Absence of elevation Gray brown Light orange
CMA L. 0.5 . Absence.of.elevation White -
YES (| 10.5 {| Absence of eleyation Light pmk Light yellow
PDA | 0.5 | Absence of elevation White -
Mycelia MEA | 0.4 | Absence of elevat!on Wh!te -
PTOLS sterilia SDA | 0.4 | Absence of elevation White Brown
CMA | 0.4 | Absence of elevation White -
YES | 0.2 | Absence of elevation White Light yellow
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Isolates Fugal | Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic | Colony colour | Colour pigment
/day) production on
the media
PDA | 0.5 | Absence of elevation | Red with white Red
Eusa. MEA |.0.5 | Absence0f elevat!on Red Red
PTOL6 rium sp SDA “}=0:5 Absence of elevation Orange Orange
" | CMA=0.4.Absence of elevation White -
YES_4#0.5 Abse,lnce of elevation | White orange Light orange
: :
Mycelia PDA 4" 05 AbsenBé of elevation White
sterilia MEA [ £0.5 ___ABsenge of elevat!on . White -
PTOL7 SDA 4I' 0.5/ | Absence of elevation Light brown Brown
CMA" | 0.5 | .~ Cottony White _
YES I 04 “| Ahsence of elevation White Light yellow
ol
PDA | 04| Cotiony White Orange yellow
Mycelia | VEA 0.4~ Absence of elevation )’ White :
PTYL1 sterilia SDA | 0.3 | Absenceof elevation -~ White Orange yellow
CMA | 0.3 Cottony 1. White :
YES | 0.2 | Absence of elevation™ White Yellow
PDA | |7 0.7/ | ‘Absence-of elevation White Yellow
Mycelia MEA< | ©0.7 | "Absence‘of elevat!on Gray -
PTYL2 sterilia SDA | 0.5 | Absence of elevation Gray brown Light orange
CGMA 4= 07 4+ Absenee-of-elevation White -
YES || 05 || Absence of elevation Light pink Light yellow
PDA | 05 Cottony White -
Pestalo- MEA | 05 Cottony _ Wh!te -
PTYL3 tia sp SDA | 0.5 | Absence of elevation White Brown
' CMA | 0.4 | Absence of elevation White -
YES | 0.5 | Absence of elevation White Light yellow
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Gro
Isolates Fug_a : Media | wth Endophytic fungi characteristics
species
rate
(mm Colour pigment
Ida Colony characteristic | Colony colour production on
y) -
the media
PDA | 04 Coitony Red with white Red
Mycelia MEA |.0.4 Cotieny Red Red
PTYL4 sterilia SDA =04 < Cottony Orange Orange
CMA==0.4 Cottony White -
YES_4#0.3 *. Cottony White orange Light orange
: :
PDA 4 04 Cottony White Light yellow
Mycelia | MEA | /0.4 eq_tony White :
PTYL5 | sterilia | SDA /| 0.4 Cottony Light orange Brown red
CMA"| 0.4 | ~ ~ Cottony White :
YES JF 088 “| Absenceofelevation White Light yellow
id
PDA | 04 | Cottony White Light yellow
Fusa. | MEA | 047 | Absence of elevation | Red Red
PTYLG6 rium sp SDA_+ 0.3 ' Absence of elevation 5/ Light orange Orange yellow
| CMA | 0.3 | Absence of elevation L White Light orange
YES 0.2 White Brown red

Absence of elevation
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Table A.2 Characteristics of colony and identification endophytic fungi from leaves
and twigs in Krabi province.

Gro
Isolates Fug_a : Media | wth Endophytic fungi characteristics
species
rate
(mm Colour pigment
Ida Colony characteristic | Colony colour production on
y) :
the media
PDA | 0.6 Coitony Black
Mycelia | MEA |.0.6 | Absence0i-elevation Black -
KBTW1 | Sterilia | SDA “}+0:6 | Absence of elevation Black
CMA="0.5._Absence of elevation Black
YES 405 Absepce of elevation | Gray with white
:
Mycelia PDA 4" 0554 FAbsence of elevation White
Sterilia MEA [ £0.5 ,‘_Absem‘:e of elevat!on White -
KBTW2 SDA 4I' 0.5/ | Absence of elevation Brown Brown
CMA" | J0.5 | Absenceofelevation White
YES Jf 04 Absenq'e’pf‘elevation White -
akd v ol
PDA | 04 Cottony White Light orange
Mycelia MEA |04~ Cottony -~ White -
KBTW3 sterilia SDA | 04 Cottony 4 =/ Light orange Orange yellow
CMA | 04 Cottony White -
YES | 03 Cottony Light pink Light yellow
PDA | |0.6/| tAbsence-of elevation White Yellow
Mveceli MEA- | 0.6 | 'Absenceof elevation Gray -
KBOL1 stgfﬁi;a SDA | 0.6 | Absence of elevation Gray_brown Light orange
EMA - 05 4+ Absence.of-elévation White -
YES || 0.6 || Absence of eleyation [ White,with pink | Light yellow
PDA | 0.6 | Absence of elevation White -
Phomo- MEA | 0.5 | Absence of elevat!on White o
KBOL2 DSis Sp SDA | 0.5 | Absence of elevation White Light pink
" | CMA | 0.5 | Absence of elevation White -
YES | 0.6 | Absence of elevation White -
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Isolates Fugal Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic Colony colour Colour
/day) pigment
production on
the media
PDA | 0.4 | Absence of elevation White
Alterna- MEA |.0.4 [ Absence0Of elevat!on White -
KBOL3 fia sp SDA “=0:5 Absence of elevation Orange Orange
' CMA="0.5._Absence of elevation White .
YES 405 Abse_pce of elevation | Brown with white |  Brown red
:
“Cottony .
Mycelia PDAGY 8 —Lottony Wh!te
sterilia | MEA f03 Cottony _White Brown
KBYL1 SDA 4 04 AT of Slevaiion Light brown
CMA™ .0 Absencelofielevation White -
YES JF O e e White Orange
i Yl yellow
% e _:_'_ﬁ _:__ J: n o
PDA | 04 Cottony White ellow
Mycelia MEA (04" | Cottony i ~ White )
KBYL2 sterilia SDA | 04 Cottony 4=/ Light brown Brown red
CMA | 04 Cottony White .
YES 0.3 | Absence of elevation™ White . White
] i Light orange
PDA | |1 0.5 Cettony White
Fusa. MEA- | ©0.5 Cottony Wh!te -
KBYL3 fium sp SDA | 05 Cottony White Brown red
= EMA =~ 05 Cottony White -
YES || 0.5 || Absence of eleyation White Light yellow
PDA | 0.6 Cottony White -
Pestalo- MEA | 05 Cottony Wh!te -
KBYL4 tia sp SDA | 05 Cottony White Brown red
' CMA | 05 Cottony White -
YES | 0.5 | Absence of elevation White Light yellow
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Table A.3 Characteristics of colony and identification endophytic fungi from leaves
and twigs in Nakhon sithammarat province.

Isolates Fugal | Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic Colony colour Colour
/day) pigment
production on
the media
PDA .0.5 Cotiony Light brown Black
Mycelia MEA =05 < Cottony Brown Brown
NSOL1 sterilia SDA=*0.5 Cottony White Black
CMA 0.5 Cottony White White
YES #05 | Cottony White and black Black
PDA | /06 | Absence of elevation White -
Mycelia | MEA 4| 0.6/ | “Absence of elevation Red Red
NSOL2 | sterilia | SDA" | /0.6 | Absenceof elevation Yellow Black
CMA | 0.6 *| Absence ofelevation | Whiteand black :
YES | 0.6 |~Absenceof elevation | Whiteand black Black
i - )]
PDA {105 | Stroma . White black
Xylaria MEA | 05 Stroma ' White black
NSOL3 s SDA | 0.5 Stroma White Brown
P- CMA | 05 Stroma White
YES | 04 Stroma ~ White
PDA- | 0.7 Stroma White Black
¥ MEA | 0.7 Stroma White black Black
Xylaria .
NSOL4 & SDA: 4~ 0:7 Stroma White
r CMA || 04 Stroma White -
YES 0.7 Stroma White
PDA | 06 Stroma White i
Xylaria MEA | 0.6 Stroma White Ora-nge
NSOL5 SDA | 0.6 Stroma White I
| cmA | 06 Stroma White yetlow
YES | 05 Stroma White i
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Isolates Fugal Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic Colony colour Colour
/day) pigment
production on
the media
PDA | 0.4 | Absence of elevation | Black with purple
Fusa- MEA |.0.4 [ Absence0f elevat!on Black wit_h purple -
NSTWL | . 5p SDA =04 Absence of elevation White Black brown
" | CMAw=p™0.2.~_Absence of elevation White Black
YES_0.2° i Absence of elevation | White with black | Light orange
:
PDA 4 06/ |/ Absence of elevation Black Black
Mycelia | MEA | /0.6 __Absen—'e of elevation Black Black
NSTW2 | sterilia | SDA 4 0.6/ | Absence of elevation Black Black
CMA" | J0.6" | Absenceofelevation Black Black
YES | 06 Absenqé’pf’elevation Black Black
akd vl
% e _:_'_ﬁ _:__ J: n
PDA | 0.5-| Absence of elevation White
Mycelia | VEA 057 | Absence of elevation I White -
NSTW3 | oritia | SPA 05 Absence of elevation § .~ White Black
CMA | 05 | Absence of elevation |  White :
YES | 0.5 | Absence of elevation”|  Light brown Black
PDA ||70.7 cottony Gray Black
Mycelia MEA- | 0.7 Cottony Gray T
NSTW4 sterilia SDA | 0.7 Cottony Gray Light pink
EMA 4~ 0:6 Cottony Gray -
ES 04 Cottony Gray
PDA | 0.6 | Absence of elevation White -
Mycelia MEA | 0.6 | Absence of elevation .Whit(_e -
NSTW5 sterilia SDA | 0.6 Cottony Light pink Orange
CMA | 0.6 | Absence of elevation White -
YES | 0.5 | Absence of elevation White -
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Gro
Isolates FUQ."’“ Media | wth Endophytic fungi characteristics
species
rate
Colour
/((;231) Colony characteristic Colony colour pro%ll?::i?)?]t on
the media
PDA | 0.6 Caoitony Black purple
Mycelia MEA | 0.6 Cottony _ Black purple -
NSTW6 sterilia SDA =05 Absence of elevation White Black brown
CMAw05_+ - Absence of elevation White Black
YES 0.3 |“ Absence of elevation Black white Light orange
!
PDA 4" 0/ /| /Absenee of elevation White Light brown
Mycelia | MEA™ | /0.4 | Absence of elevation White -
NSYL1 | sterilia | SDA 4 04 /| “Absence of elevation White Brown red
CMA"| 0.4 | Absence ofelevation White -
YES | 04 | Absenceofelevation White Light yellow
sl ¥/
PDA | 05 | Cottony White
Pestalo. | MEA {1057} Cottony | White
NSYLZ | " sp SDA | 0.5 | Absence of elevation | - White Brown
' CMA | 0.5 | Absence of elevation .| White ]
YES | 0.4 | Absence of elevation White Light yellow
PDA ' |" 0.7 Cottony White orange Orange
Mycelia MEA“| 0.7 Cottony White orange Light orange
NSYL3 sterilia SDA | 0.7 Cottony, White Orange
CMA 404 Cottony White -
YES || 104 [} Absence of elevation White
PDA | 0.6 Cottony Brown white Brown red
Colletot | MEA | 0.6 Cottony Yellow white Yellow
NSYL4 | richum | SDA | 0.6 Cottony White brown Brown red
sp. CMA | 0.5 | Absence of elevation White -
YES | 0.5 | Absence of elevation Brown red Brown red




Table A.4 (continued)
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Gro
Isolates Fug_al Media | wth Endophytic fungi characteristics
species
rate
Colour
/((;231) Colony characteristic Colony colour pro%ll?::i?)?]t on
the media
PDA | 0.6 | Absence of elevation Purple black
Fusariu MEA |.0.6 | Absenceof elevat!on Purple _black -
NSYL5 | 5p SDA “=0:5 Absence of elevation White Brown
' CMA=*0. 5.+ Absence of elevation White Black
YES 03" i Absence of elevation Black white Light orange
|

Table A.5 Charateristics.of colony and id"eﬁ'tification endophytic fungi from leaves
and twigs in Trang province Vo

\ 4
J
Isolates Fugal | Media | Gro | - .. Endophytic fungi characteristics
species wth | * ;r’* .
rate |aid dla
(mmy7-Colony characteristic | Colony colour | Colour pigment
[day) | = - production on the
=t o media
PDA | 05 Stroma White Black with white
Xylaria MEA | 0.5 Stroma Wh!te -
TROL1 sp SDA | 05 Stroma s White Orange yellow
' CMA | .0.3 Stroma White Light yellow
YES | |70.8 Stroma White Light yellow
RPDA, 4 05 Stroma White -
Xylaria | IMEA | 0.5 Stroma White -
TROL2 sp. SDA | 0.3 Stroma White -
CMA | 05 Stroma White -
YES | 0.2 Stroma White -
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Isolates Fugal Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic | Colony colour | Colour pigment
/day) production on
the media
PDA 0.4 Stroma White Brown Brown red
Xylaria | MEA 04 Strema Wh!te
TROL3 0.4 Stroma White
sp. SDA .
a3 -/ Stroma White
CMA 03 Stroma White
YES .
\
PDA 05 ‘Cottony wﬂ:ig )
Mycelia | MEA™| 0.5 Cottony : )
TROL4 sterilia. | SDA | 0.5 Cottony wﬂ:ig
CMA"| 05 Cottony Whit ]
YES |/ 04 .| ‘Absence ofelevation Ite orange
' ".j_;f.-__.
PDA | 05 Cottony White i
Mycelia MEA | 0.5 ¢+ Cottony- Wh@te -
TROLS5 sterilia SDA| 0.5 Cottony White Brown red
CMA——05 Cottony White -
YES, | 0.5 | Absence of elevation- |~ White Brown red
PDA | |20.5 .| Absence of elevation White Orange yellow
Xylarid MEA | 0.5 || /Absence of elevation White Orange yellow
TRTW1 s SDA | 0.5 | Absence of elevation Light brown Orange
P- 1 cMA | 03 | Absence of elevation White
5S 0:3 7| 1Absence of elévation White Brown orange
PDA | 0.5 | Absence of elevation White -
Mycelia | MEA | 0.5 Cottony White Light yellow
TRTW2 | sterilia | SDA | 0.3 Cottony White brown Orange
CMA | 05 Cottony White -
YES | 0.2 | Absence of elevation | White and black Orange
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Isolates Fugal Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic | Colony colour | Colour pigment
/day) production on
the media
PDA | 06 Gottony White Yellow
Aspergi- MEA | 0.6 Coitoay Wh_ite green
TRTW3 llus sp SDA |..0.6 Catlony White green
" | CMA =06 + Cottony Whitegreen
YES«#*0.6.+{_Absence of elevation White green
|
PDA" | 0.4 .Cottony White Light brown
Mycelia MEA I 04 “Cottony White -
TRYL1 | 25 | SDA™ f04 Cottony White Brown
CMA /& 04 Cottony White -
YES" | J0.4 | Absenceof elevation White Light Yellow
: 7/
PDA | 0.4° Cottony White Yellow
Mycelia | MEA | 04. Cottony ~ White -
TRYL2 sterilia SDA [+ 04" Cottony Light Brown Light Brown
CMA | 04 Cottony 4/ White White
YES | 0.3 | Absence of elevation | White and black | Light Yellow
PDA¢|=0.4 Cottony White Yellow orange
Mycelid MEA |7 0.4 Cattony _ _ White -
TRYL3 sterilia SDA- | 10.4 | 'Absenceof elevation Light Brown Orange
CMA | 0.4 | Absence of elevation White Light orange
YES, .+ 0:3 4+ Absence-of-elevation White Light orange
PDA | 0.6 Cottony White -
Phomo- MEA | 0.6 Cottony Wh!te -
TRYL4 . SDA | 0.6 Cottony White Brown red
PSISSP- | =MA | 05 | Absence of elevation White -
YES | 0.5 | Absence of elevation White Light brown
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Table A.5 (continued)
Isolates | Fugal | Media | Gro Endophytic fungi characteristics
species wth
rate
(mm | Colony characteristic Colony colour Colour
/day) pigment

production on

the media

White
Mycelia Wh!te
TRYL5 sterilia White
White
White
CMA (Corn : Agar), MEA (Malt Extract Agar), PDA (Potato

Dextrose Agar) SDA" (
Sucrose Agar)

Y]

§
AULINENINYINS
AN TUNN NN Y




AULINENINYINS
AR TN TN



103

Infens.
0%

0.87
061

0.4

02

00

% %80 % ¥ me

AL INNINGANS
RINNINUNINYAY

0]



104

ppm (f1)

7.0

W':W_o SliL]

Figure C 1-2'H{NMR of Compound 1

ARIRNNIUARING”

1.0 0.0

v0T



105

Ov6'ET [ — =
€8Y'LT -3

78€'67 ———__

S0'1E -— ||

Tce9e

165621 K
K

VEBVET

600'99T — —__
G69°L9T

8¢

AN TR EN NN

AN

ppm (t1)

105



106

- — 0.0

#
A

— 1.0

# 20

—3.0

—4.0

—5.0

—6.0

y ﬂuﬂqwﬂﬂswaﬂnﬁ -
mmmnmynmmmaEJ oo

FigureC 1

MMJL

90T



107

R — ]

s = :

S AUUANININGANT -

"
B ma

RIFRIHIATINYAE

L0T



L

NS

Ao fig e

200 150
ppm (f2) “

o

ol ﬂﬁ%iﬁ“ﬁﬁﬁ*ﬁﬁmaa

:—o.o
:— 1.0
:— 2.0
:— 3.0
:—4.0
:— 5.0
:— 6.0

—7.0

pBeo (f1
T

108

80T



109

+MS, 0.5-0.5min #(34-35)

miz

LG9V LS8

A
—

Intens 4
%105

1.0+

0.8+

0.6

0.4
0.2
0.0 I i

109



T T ‘
6

AULANYNINEINT
ARGINIMIALINYNY

110

07T



111

ANNAY

|
C

)

i

A9

ChAN

TG29TT —
T9S'6TT - —

Ov6'TET ———
9VG'GET ——

092°6€T ——
TLETVT —

\
150
ppm (t1)

111



112

ol

=
o

N
=}

w
o

»
o

o
o

o
o

\
N
=}

: ﬂ‘lJEl’J‘VIEWlﬁWEI’]ﬂ‘i

[ ppm (t1

I I I ‘ I I I I ‘ I T I ‘ I I " I ‘ I I I T I I ‘ \ I I ‘ I I I I ‘ I

S T dheos it o MpiRy - ¢

4%



MJMMJ

AULINENINYINS

- NNy

ound 2

113

eTt



114

bl |

ML

| ﬂuﬂqwﬂwswawni e

’51 W ﬁ@ﬂc‘iﬂ&ﬁd&&?@ mn a El

vT1



qungnine:

115

GT1



116

\
200 159 ~ ”

QGRS A

oT1



117

—0.0

.
-
)
|
ﬂuﬂqwﬂﬂswaﬂnﬁ N
wm(amaguggg.gynwgnmaﬂ -

LTT



118

r i
j |
{ ) i
~m
TN
T
N o 0] Iy w N = 3
| | | \ | | L

!

lqm MASINEATNEN R

8TT



e

119

F2 |
(ppm)
'
2
-
a4
.
6
7
8
97,
- 1
] ol ¥
3 ¢ a o/
e BREINHNINYIMAT w0
220 200 140 o 6 a0 20 8]

F1 (ppm)

ARSI &

6TT



AULINENINYINS
AR TN TN



121

Sequences producing significant alignments:
EF453121.1

Fusarium sacchari strain NRRL 43543 internal transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partial sequence
_869 86993%0.098%

AM162684.1

Uncultured Fusarium sp. 5.8S rRNA gene, ITS1, 26S rRNA gene (partial) and ITS2, clone
(23)27
_869 86993%0.098%

EU687129.1

Fungal endophyte isolate 516B 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S.ribosomal'RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal-RNAgene, partial sequence
_863 86393%60.098%

EU091040.1 '

Fusarium subglutinans isolate F2 internal transcrlbed space 1 gene, partial sequence; 5.8S
ribosomal RNA gene and‘internal transcribed qucer 2, complete sequence; and 28S
ribosomal RNA gene, partial'sequence }

_863 86393%0.098% v

EF453174.1

Gibberella moniliformis strain/ NRRL 43697 mternal transcribed spacer 1, partial sequence;
5.8S ribosomal RNA gene and inteinial ranscribed sbacer 2, complete sequence; and 28S
ribosomal RNA gene, partial sequence =
_863 86393%0.098% el

EF453161.1

Fusarium sp. NRRL 43682 internal transcribed spacer 1, partial'sequence; 5.8S ribosomal
RNA gene and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
_863 86393%0.098%

EF453141.1

Fusarium sp. NRRL 43658 internal transcribed spacer 1, partial sequence; 5.8S ribosomal
RNA gene and internal transcribed spacer 2, completessequence; and 28Ssribosomal RNA
gene, partial sequenca
_863 86393%0.098%

EF453140.1

Fusarium sp. NRRL 43657 internal transcribed spacer 1, partial sequence; 5.8S ribosomal
RNA gene and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
_863 86393%0.098%

EF453139.1

Fusarium sp. NRRL 43656 internal transcribed spacer 1, partial sequence; 5.8S ribosomal
RNA gene and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
863 86393%0.098%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=149798224&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=90855313&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=193246522&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=156510688&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=149798277&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=149798264&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=149798244&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=149798243&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=149798242&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=9
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EF453124.1

Gibberella moniliformis strain NRRL 43547 internal transcribed spacer 1, partial sequence;
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partial sequence
_863 86393%0.098%

AY188916.1

Gibberella fujikuroi 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1,
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partial sequence
_863 86393%0.098%

EU151483.1

Gibberella moniliformis strain'VP2 18S ribosomal RNA"gene, partial sequence; internal
transcribed spacer 1, 5.8S.ribosomal'RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal-RNA«gene, partial sequence
_861 86193%0.097%

EU151482.1 '

Gibberella moniliformis strain SA3 18S nbosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribesomal RNA gene and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partlal sequence

_861 86193%0.097%

EU151481.1 ¥,

Gibberella moniliformis strain P11, 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8 ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene partlal sequence

861 86193%0.097% =

EU151480.1

Gibberella moniliformis strain GE1 18S ribosomal RNA gene,-partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_861 86193%0.097%

EU151479.1

Gibberella moniliformis strain CHI1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribedispacer 2, complete
sequence; and 28S ribos@mal’'RNA gene, partial’sequence
_861 86193%0.097%

EU151478.1

Gibberella moniliformis strain CA2 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
861 86193%0.097%

EU151477.1

Gibberella moniliformis strain SGV1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
861 86193%0.097%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=149798227&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=37778808&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741788&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741787&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741786&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741785&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741784&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741783&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741782&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=18
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EU151475.1

Gibberella moniliformis strain LO1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
861 86193%0.097%

EU151474.1

Gibberella moniliformis strain FR3 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
861 86193%0.097%

EU151473.1

Gibberella moniliformis strain"CH2 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8Sribosomal'RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal-RNA«gene, partial sequence
_861 86193%0.097%

EU151472.1 '

Gibberella moniliformis strain SAL4 18S nbosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribesomal RNA gene and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partlal sequence

_861 86193%0.097%

EU151471.1 ¥,

Gibberella moniliformis strain V1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8 ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene partlal sequence

861 86193%0.097% =

EU151470.1

Gibberella moniliformis strain BM1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_861 86193%0.097%

EU151469.1

Gibberella moniliformis strain CM3 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribedispacer 2, complete
sequence; and 28S ribos@mal’'RNA gene, partial’sequence
_861 86193%0.097%

EU151468.1

Gibberella moniliformis strain A1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
861 86193%0.097%

EU151467.1

Gibberella moniliformis strain A1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
861 86193%0.097%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741780&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741779&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741778&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741777&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741776&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=23
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741775&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=24
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741774&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741773&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741772&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=27
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AF455450.1

Gibberella sacchari isolate wb395 small subunit ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene and internal transcribed spacer 2,
complete sequence; and large subunit ribosomal RNA gene, partial sequence
861 86193%0.097%

AY898260.1

Gibberella moniliformis strain CNFM 960508 internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
_861 86193%0.097%

AY898259.1

Gibberella moniliformis strainnCNFM 960507 internal.transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transeribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
861 86193%0.097%

AY898258.1

Gibberella moniliformis strain CNFM 960506 internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence ,. p
861 86193%0.097% |

AY898257.1

Gibberella moniliformis strain CNFM 960505 mternal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence ’
_861 86193%0.097%

AY898256.1

Gibberella moniliformis-strain"CNFM-960504 internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal“transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
_861 86193%0.097%

AY898255.1

Gibberella moniliformis strain-CNFM 960503 internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
_861 86193%0.097%

AY898254.1

Gibberella moniliformis strain CNFM 960502 internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
861 86193%0.097%

AY898253.1

Gibberella moniliformis strain CNFM 960501 internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
861 86193%0.097%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=21666881&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585574&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585573&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585572&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585571&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=32
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585570&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=33
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585569&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585568&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585567&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=36
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AY898251.1

Fusarium subglutinans strain ATCC 38016 internal transcribed spacer 1, 5.8S ribosomal RNA
gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence
861 86193%0.097%

AY898250.1

Gibberella fujikuroi strain ATCC 26263 internal transcribed spacer 1, 5.8S ribosomal RNA
gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence
861 86193%0.097%

AY898249.1

Gibberella fujikuroi strain ATCC 52539 internal transcribed spacer 1, 5.8S ribosomal RNA
gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence
861 86193%0.097%

X94175.1

Fusarium napiforme 18S rRNA gene (partial), 5.8S rRNA gene, 28S rRNA gene (partial),
internal transcribed spacers (17S1) and internal transcribed spacer 2 (ITS2)
_861 86193%0.097% ,.
X94168.1 .

Fusarium sacchari 18S rRNA gene (partial), 5.8S rRNA gene, 28S rRNA gene (partial),
internal transcribed spacer 4 (1TS1) and internal transcribed spacer 2 (ITS2)
861 86193%0.097% —

i

X94166.1 T

Fusarium verticillioides 18S rRNA-gene (partial), 5.8S rRNA gene, 28S rRNA (partial),
internal transcribed spacer 1 (ITS1) and internal transcribed spacer 2 (1TS2)

861 86193%0.097%

FJ612907.1

Fungal sp. ARIZ B086 18S ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA.gene, and internal transcribed spacer 2, complete sequence;
and 28S ribosomal RNA gene;partial sequence
_859 85993%0.097%

U61682.1
Fusariim neacerasiinterhaltranscribed spacér ribosomallRNA
859 85988%0.099%

FJ744110.1

Gibberella circinata isolate 361-1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_857 85793%0.097%

EU314981.1

Gibberella moniliformis isolate FKCB-001 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_857 85789%0.099%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585565&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585564&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=38
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=58585563&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=1122869&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=1122875&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=1122878&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=223006275&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=43
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=3320356&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=224831485&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=45
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164654215&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=46

126

EU314975.1

Gibberella moniliformis isolate FKCB-009 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_857 85789%0.099%

EF556217.1

Gibberella moniliformis strain bxg41213 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_857 85789%0.099%

AY904065.1

Fusarium oxysporum 18S ribesomal RNA gene, partial-sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene; and internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partialssequence
_857 85789%0.099%

AM162679.1

Uncultured Fusarium sp. 18S rRNA gene; 5.8S rRNA gene, 1TS1, 26S rRNA gene (partial)
and ITS2, clone (59)3 "
_857 85793%0.097%

DQ369912.1

Zea mays cultivar line T66 internal transcribedtsp'acer 1, partial sequence; 5.8S ribosomal
RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence
857 85793%0.097% —

i

DQ297573.1 -

Fusarium sp. ZMS-555-17 18S ribosemal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence;
and 28S ribosomal RNA-gene; partial sequence
_857 85789%0.099%

DQ297572.1

Fusarium sp. ZMS-553-16+18S ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal:RNA"gene;jand; internal transcribed spacer:2, complete sequence;
and 28S ribosomal RNA gene, partial sequence
_857 85789%0.099%

DQ297571.4

Gibberella moniliformis isolate ZMS$=537-10A 18S ribosomal RNA gehej partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_857 85789%0.099%

DQ297570.1

Gibberella moniliformis isolate ZMS-301-5 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_857 85789%0.099%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164654209&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=47
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=146706441&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=62860580&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=90855308&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=88696953&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=51
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272598&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272597&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=53
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272596&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272595&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=55
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DQ297559.1

Fusarium pseudonygamai isolate ZMS-539-10B 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence

_857 85789%0.099%

DQ297554.1

Fusarium napiforme isolate ZMS-299-4 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_857 85793%0.097%

DQ297553.1

Fusarium napiforme isolate ZMS-295-2 18S ribosomal-RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal'RNA gene, partial sequence
_857 85789%60.099%

AF158314.1

Fusarium sp. NRRL29124 18§ riposomal RNA.gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence;
and 28S ribosomal RNA.gene, partial sequenéé i
_857 85789%0.099% )

AF158313.1 o] 4.4
Fusarium sp. NRRL29123 18S fibosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence;

and 28S ribosomal RNA gene, partial sSequence =
857 85789%0.099% =

EU151476.1

Gibberella moniliformis-strain-NOVb1-18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5:8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_856 85693%0.097%

EF577235.1

Fusarium proliferatum small subunit ribosomal-RNA gene, partial sequence; internal
transcribed spacer|1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and large subunit ribosomal RNA gene, partial sequence
_856 85693%30.097%

AY533376.1

Gibberella moniliformis small subunit ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and large subunit ribosomal RNA gene, partial sequence
_856 85693%0.097%

DQ297555.1

Fusarium napiforme isolate ZMS-303-6 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_856 85693%0.097%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272584&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=56
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272579&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272578&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=58
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=7106217&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=59
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=7106216&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=60
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157741781&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=61
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=156946262&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=45479262&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272580&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=64

128

X94167.1

Fusarium subglutinans 18S rRNA gene (partial), 5.8S rRNA gene, 28S rRNA gene (partial),
internal transcribed spacer 1 (ITS1) and internal transcribed spacer 2 (ITS2)

856 85693%00.097%

FJ614644.1

Fusarium sp. ATCC MYA-3973 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

FJ614643.1

Fusarium sp. ATCC MYA-3972 18S ribosomal'‘RNA0ene, partial sequence; internal
transcribed spacer 1, 5.8S ribesomal RNA gene, and.internal transcribed spacer 2, complete
sequence; and 28S ribosomal'RNA gene, partial sequence
_852 85289%0.099%

EU977254.1 .

Fungal endophyte sp. PL#27C internal transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence
_852 85289%0.099%

FJ466709.1 )

Fusarium oxysporum voucher UEFMGCB '529 48S ribasomal RNA gene, partial sequence;
internal transcribed spacer 1;5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene partlal sequence
_852 85293%0.097%

> A4
FJ440700.1 =
Gibberella sp. FE 180 18S ribosomal RNA gene, partlal sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partial-sequence

852 85289%0.099% -

EU835475.1

Gibberella moniliformis strain.L1 internal transeribed spacer 1, partial sequence; 5.8S
ribosomal RNA generandrinternalitranscribed, spaceri2, complete sequence; and 28S
ribosomal RNA gene, partial sequence
_852 85289%0.099%

EU272509.1

Fusarium proliferatum isolate 2705718S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

EU272508.1

Fusarium proliferatum isolate 2704 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=1122877&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=65
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=223036769&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=66
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=223036768&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=220967529&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=217331371&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=69
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=215397879&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=70
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=194277484&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=168829564&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=72
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=168829563&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=73
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EU272500.1

Fusarium proliferatum isolate 2696 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

EU714385.1

Gibberella sp. F14 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1,
5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partial sequence
_852 85289%0.099%

EU714384.1

Gibberella sp. F7 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1,
5.8S ribosomal RNA gene, and'internal transcribed spacer 2, complete sequence; and 28S
ribosomal RNA gene, partialssequence
_852 85289%0.099%

EF694636.1

Fusarium sp. VegaE1-24"internal transcribed spacer 1, 5.8S ribosomal RNA gene, and
internal transcribed spacer2, complete sequence

_852 85289%0.099%

EU314979.1 -

Gibberella moniliformis isolate FKCB-006 ‘185 ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partlaf sequence
_852 85289%0.099% s
EU314972.1 - -

Gibberella moniliformisiisolate FKCB-002 18S nbosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5:8Sribosomal-RNA gene; and internal transcribed spacer 2, complete
sequence; and 28S ribosoemal RNA gene, partial sequence
_852 85289%0.099%

EU314969.1

Gibberella moniliformisisolate, FKEB-005{18S«ribasomal RNA gene;partial sequence; internal
transcribed spacer 1, 5.8S ribasomal RNA genheyand internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

EU314968.1

Gibberella moniliformis isolate FKCB-008 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

EF505493.1

Uncultured endophytic fungus clone 66-17-11 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=168829555&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=74
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=189309506&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=75
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=189309505&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=76
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=157419188&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=77
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164654213&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=78
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164654206&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164654203&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=80
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164654202&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=81
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=154002524&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=82
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EF505471.1

Uncultured endophytic fungus clone 37-18-45 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
852 85289%0.099%

EF505469.1

Uncultured endophytic fungus clone 37-18-23 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

EF505462.1

Uncultured endophytic fungus clone 35-13-27 18S ribesomal RNA gene, partial sequence;
internal transcribed spacer 1,'5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28Stribosomal RNA gene, partial'sequence
_852 85289%0.099%

EF556212.1

Gibberella moniliformis strain bx041208 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S gibosomal RNA"gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal:RNA gene, partlal sequence
_852 85289%0.099% )

EF534189.1 ;

Gibberella moniliformis strain bxgq33108 lnternal transcnbed spacer 1, 5.8S ribosomal RNA
gene, and internal transcribed spacer 2, complete sequence

_852 85289%0.099% s
EF483929.1 ' Y-

Gibberella moniliformis: strain bxq512 internal transcrlbed spacer 1, partial sequence; 5.8S
ribosomal RNA gene, complete sequence; and-internal transcribed spacer 2, partial sequence
_852 85289%0.099%

DQ297569.1

Fusarium subglutinans isolate. ZMS-547-14 18S, ribosomal RNA gene, partial sequence;
internal transcribed spacer [1,75:88 ribosomal RNA genepandiinternal-transcribed spacer 2,
complete sequence; and28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

DQ297568.4

Fusarium subglutinans isolate ZMS=541-11.18S ribasomal RNA gene, |partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

DQ297567.1

Fusarium subglutinans isolate ZMS-309-9 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

DQ297563.1


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=154002502&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=83
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=154002500&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=154002493&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=146706364&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=86
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=145909942&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=87
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=134303362&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272594&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=89
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272593&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=90
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272592&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=91
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272588&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=92
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Fusarium pseudonygamai isolate ZMS-559-19 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

DQ297562.1

Fusarium pseudonygamai isolate ZMS-557-18 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_852 85289%0.099%

DQ297561.1

Fusarium pseudonygamai isolate ZMS-545-13B/18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1,:5.8S ribosomal RNA“gene;and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA geng, partial'sequence
852 85289%0.099%

DQ297560.1

Fusarium pseudonygamaisisolate ZMS-543- 13A 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1,/6.88 ribesomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence

_852 85289%0.099%

AF158306.1 .

Fusarium sp. NRRL25622 18S ribosomal RNA gene partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence;
and 28S ribosomal RNA gene, partiat sequence
_852 85289%0.099% ity

AY428795.1 - -

Gibberella moniliformisi strain FV4773 18S rlbosomal RNA genge, partial sequence; internal
transcribed spacer 1, 5:8Sribosomal-RNA gene; and internal transcribed spacer 2, complete
sequence; and 26S ribosomal RNA gene, partial sequence
_852 85289%0.099%

AY428794.1

Gibberella moniliformis strain V5146 18S ribosomal RNA gene;ypartial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA geneyand internal transcribed spacer 2, complete
sequence; and 26S ribosomal RNA gene, partial sequence
_852 85289%0.099%

FJ605250.1

Gibberella moniliformis isolate UFMGCB 1229 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
_850 85093%0.097%

EU314989.1

Gibberella moniliformis isolate FKCB-004 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete
sequence; and 28S ribosomal RNA gene, partial sequence
_850 85092%0.097%


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272587&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=93
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272586&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=94
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83272585&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=95
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=7106209&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=96
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=41056292&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=97
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=41056291&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=220961778&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=99
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164654223&dopt=GenBank&RID=VYW90V8D014&log$=nucltop&blast_rank=100
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Fusarium sacchari strain NRRL 43543 internal transcribed spacer
1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

Length=1047

Score = 869 bits (470), Expect =0.0
Identities = 491/500 (98%), Gaps = 6/500 (1%)
Strand=Plus/Plus

Query 31 CCCCTGTG-
ACATACCAATTGTTGCCTCGGCGGATCAGCCCEETECEGGTAAAACGGGAC 89

CLECECE TECECEEETETE TP PR R R R L T T
Shjct 21
CCCCTGTGAACATACCAATTGTTGCCTCGGCEGATCAGEEEECTCCCGGTAAAACGGGAC 80

Query 90

GGCCCGCCAGAGGACCCCCAAACTCTGTTTCTATATCTAACTTCTCGAGTAAAACCATAAA 149
CECEPUEEUERPERTUE LGB LT WL TR TEREEEERCFELTEE

Shjct 81 GGCCCGCCAGAGGACCCCCAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAA

140

Query 150 )

TAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAA 209
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 141

TAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAA 200

Query 210

ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT 269
L TR

Shjct 201

ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT 260

Query 270

GCGCCCGCCAGTATTCTGGEGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCCA 329
EECUERTUEERTEERTRERUEEAEE TR BRI T T

Sbjct 261

GCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCCA 320

Query 330

GCTTGGTGTTGGGACTCGCGAGTCAAATCGCGTTCCCCAAATCGATTGGCCGGTCACGTCG 389
FRCLEECLEECCEEEEEEEEE LT LT TR T TR FEE TR e

Shjct 321

GCTTGGTGTTGGGACTCGCGAGTCAAATCGCGTTCCCCAAATTGATTGGCGGTCACGTCG 380

Query 390

AGCTTCCATAGCGTAGTAGTAAAACCCTCGTTTCTGGTAATCGTCGCGGCCACGCCGTTA 449
i

Sbjct 381

AGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTA 440

Query 450
AACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTTATAAA 509
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QI
Sbjct 441 AACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTT-A-AG-

497

Query 510 CA-A-CAATAAGCGGAGGAA 527

AR
Sbjct 498 CATATCAATAAGCGGAGGAA 517

AULINENINYINS
AR TN TN
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