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Diverse endophytes exist within plant aerial tissues, which constitute a rich
bioresource for exploring new natural products. Here we investigate fungal
endophytes from a medicinal plant, Nertum oleander L. for antioxidant capacity,
xanthine oxidase inhibition, antimicrobial activity, and total phenolic content (TPC).
The total antioxidant capacities and TPC of the fungal cultures ranged from 9.59 to
150.8 umol trolox/100 ml culture, and from 0.52 to 13.95 mg gallic acid/l100 ml
culture, respectively. A fungal strain Chaetomium sp. showed the strongest
antioxidant capacity, contained the highest level of phenolics, and inhibited xanthine
oxidase activity. A positive correlation was found between antioxidant capacity and
TPC in the tested samples. The major bioactive constituents of the fungal cultures
were preliminarily identified as phenolics (e.g. phenolic acids and their derivatives,
flavonoids) and volatile and aliphatic compounds by LC-ESI-MS and GC-MS. This
study shows that the endophytic fungi associated with N. oleander are a potential

bioactive resource.
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Recent studies have shown that fungal endophytes are ubiquitous in plant species (e.g.,
Petrini et al. 1982; Clay 1988; Espinosa-Garcia and Langenheim 1990; Schulz et al. 1993;
Fisher 1996; Faeth and Hammon 1997; Huang et al. n.d.). Endophytic fungi infect and inhabit
primarily the aerial tissues of the host plant without causing detectable symptoms. The
relationships between endophytes and their host plant are thought to be symbiotic, such as
that endophytes obtain nutrients and protection from the host but contribute to effective host
defense against pathogens, herbivores or abiotic stress (Saikkonen et al. 1998; Clay and
Holah 1999; Redman et al. 2002; Arnold et al. 2003). Globally, there are at least one million
species of endophytic fungi in all plants (Dreyfuss and Chapela 1994; Ganley et al. 2004),
which can potentially provide a wide variety of structurally unique, bioactive natural products
such as alkaloids, benzopyranones, chinones, flavonoids, phenols, steroids, terpenoids,
tetralones, xanthones, and others (Tan and Zou 2001).

As part of our ongoing efforts towards finding novel antioxidant and antimicrobial agents,
and other bioactive chemicals from natural resources, we investigated the secondary
metabolites of endophytes and their host plants. Nerium oleander L. (Apocynaceae), a
traditional Chinese medicinal plant, is a small evergreen tree of 2-5 m in height with a wide
geographical and ecological distribution (Fu et al. 2005). This plant possesses cardiotonic,
antibacterial, antileprotic, anti-inflammatory, anticancer, and antiplatelet aggregation
activities, insecticidal activity, mammalian cytotoxicity, and depressants of the central nerve
system (Begum et al. 1999; Huq et al. 1999; EI-Shazly et al. 2000; Fu et al. 2005). Various
compounds have been reported in connection with these biological activities, such as
cardenolides (oleanderin, neriantin, adynerin, deacetyloleanerin, neriifolin), triterpenoidal
saponins, oleanderol, rutin, dambonitol in leaves; odorosides (A, B, D, F, G, H, K) in barks;
triterpene, steroidal cardenolide, volatile oil, stearic acid, oleic acid in roots; and gitoxigenin,
uzarigenin, strospeside, odoroside H in flowers (Siddiqui et al. 1997; Huq et al. 1999; Ji 1999;
EI-Shazly et al. 2000; Fu et al. 2005). However, the endophytes of this plant and their
medicinal values have not been investigated.

In this study, we isolated a total of 42 endophytic fungi from healthy leaves and stems of V.
oleander, evaluated the metabolites of 16 selected fungal strains for their antioxidant and
antimicrobial activities, and compared these activities with the methanolic extract of the host
plant, using the improved ABTS and classical Folin-Ciocalteau methods (Re et al. 1999; Cai
et al. 2004). Furthermore, we estimated antimicrobial activities of the fungal metabolites and

host plant extract using six test microbes and investigated the xanthine oxidase inhibition of



the host plant and a selected fungal strain Chaetomium sp. NoS3 with strongest antioxidant
activity. In addition, we identified major bioactive principles in the samples by LC-MS and
GC-MS. The research will be helpful for searching new effective antioxidants and antibiotics

from endophytic fungi associated with this medicinal plant.

MATERIAL AND METHODS
COLLECTION OF PLANT MATERIAL

Fresh mature leaves and stems of N. oleander were collected from a healthy plant grown in
Kadoorie Farm and Botanic Garden, Hong Kong, in March 2005. The fresh samples were
taken to the laboratory and treated within 8 hr.

CHEMICALS AND REAGENTS

2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), xanthine,
and xanthine oxidase were purchased from Sigma/Aldrich (St. Louis, MO), Folin-Ciocalteu
reagent from BDH (Dorset, England), and Trolox (6-hydroxy-2,5,7,8-tetramethylchromate-2-
carboxylic acid) from Fluka Chemie AG (Buchs, Switzerland). Authentic standards,
antibiotics, and other chemicals and reagents used in this study were obtained from

Sigma/Aldrich. All the chemicals and reagents were of the analytical grade.

ISOLATION AND IDENTIFICATION OF ENDOPHYTIC FUNGI

A total of 20 samples of both leaves and stems from N. oleander plants were first washed
in running water. The leaves were cut into segments (5xX5 mm), and stems were cut into
pieces (10 mm in length). Surface sterilization and isolation of endophytic fungi followed a
modified method of Schulz et al. (1993), and the details of the procedure were given in a
previous study (Huang et al. n.d.). Identification of fungal strains was based on colony or
hyphal morphology of the fungal culture, characteristics of the spores, and reproductive
structures if these features were discernible (Wei 1979; Carmichael et al. 1980; Barnett and

Hunter 1998).

CULTIVATION OF ENDOPHYTIC FUNGI

The fresh mycelia (grown on PDA plates at 28°C for 3-6 days) of 16 selected endophytic

fungi with different morphology were inoculated in 100 ml flasks containing 50 ml of the



broth (sucrose, 30 g; NaNOs, 3 g; KbHPOy, 1 g; yeast extract, 1 g; KCL, 0.5 g; MgSO4-7H,0,
0.5 g; FeSOy4, 0.01 g; H,O, 1,000 ml), followed by incubation with a shaking incubator
(Daihan Labtech CO., LTD) at 140 rpm for 15 days at 28°C. The culture broth of each
endophyte was centrifuged at 1,670 g for 10 min and filtered using a Millipore filter with a
0.22-um nylon membrane under vacuum at ~23°C to remove mycelium. The filtrate sample

was stored at 4°C until use within 24 hr.

EXTRACTION OF HOST PLANT SAMPLE

The leaves and stems of N. oleander were air-dried in a ventilated oven at 40°C to constant
weight and ground into fine powder using a Kenwood Multi-Mill (Kenwood Ltd., UK) and
passed through a 24-mesh sieve. The sample (2 g) was extracted with 50 ml of 80% methanol
at room temperature for 24 hr in a water bath shaker (Shaking Bath 5B-16) (Techne, Ltd.,
UK). The extract was filtered using a Millipore filter with a 0.22-um nylon membrane under

vacuum at room temperature and stored at 4°C (Cai et al. 2004).

TOTAL ANTIOXIDANT CAPACITY ASSAY

Total antioxidant capacity was assayed with a Spectronic Genesys 5 spectrophotometer
(Milton Roy, NY) using the improved ABTS method (Cai et al. 2004). The results were
expressed in terms of trolox equivalent antioxidant capacity (TEAC), i.e., umol trolox/100 ml
culture of endophytic fungus or mmol trolox/100 g dry weight (DW) of plant. All tests were

performed in triplicate.

XANTHINE OXIDASE INHIBITION ASSAY

The xanthine oxidase activity with xanthine as the substrate was measured using the
method given in Noro et al. (1983) with some modification (Kweon et al. 2001). The fungal
strain Chaetomium sp. NoS3 and the host plant N. oleander were both investigated for
xanthine oxidase inhibition with allopurinol, rutin, and chlorogenic acid co-tested as positive
control. Xanthine oxidase inhibitory activity was expressed as the percentage of xanthine
oxidase inhibition in the above assay system, calculated as (1 - B/A) x 100, where A and B
were the activity of the enzyme without and with the test material, respectively. The 1Csg
value, 50% inhibitory concentration of test sample, was calculated by linear regression

analysis, and expressed as pg dry powder weight of plant tissue for N. oleander or freeze-



dried metabolite powder weight for endophyte Chaetomium sp. NoS3 culture (pug/ml). All

determinations were conducted in duplicate.

ANTIMICROBIAL ASSAY

Antimicrobial activities were assessed using five bacteria (Escherichia coli, Bacillus
cereus, Salmonella annatum, Staphylococcus aureus, and Listeria monocytogenes), and one
fungus (Candia krusei). These test microbes were obtained from the Department of
Microbiology of the University of Hong Kong. The minimum inhibitory concentration (MIC)
of the samples for each test organism was determined using a modified liquid dilution method
performed in 96 well micro-trays (NCCLS 1993; Dharmaratne et al. 1999; Mosaddik et al.
2004). The freeze-dried powder of plant extract or fungal culture was dissolved in the
phosphate buffer saline (PBS; pH 7.0-7.2) and sterilized by filtration through 0.22 pm
sterilizing Millipore express filter (Millex-GP, Bedford). The same amount of test organisms
in Mueller Hinton Broth (~10° colony forming unit (CFU)/ml) was added to a two-fold serial
dilutions of the reconstituted extract (50 pl) of each sample to give a final volume of 100 pl.
Gentamicin and ketoconazole were co-assayed as positive control for antibacterial and
antifungal assays, respectively, and PBS was used as negative control. After incubation at
37°C for 18-24 h (bacteria) or 28°C for 24-48 h (fungus), the plates were examined for
growth of the organisms. The lowest concentration of a tested sample or compound was
designated as MIC, at which no visual turbidity due to microbial growth was shown. All tests

were performed in duplicate.

DETERMINATION OF TOTAL PHENOLIC CONTENT

Total phenolic content (TPC) was estimated using the Folin-Ciocalteu colorimetric method
as described by Cai et al. (2004) with minor modification. The appropriate dilutions of the
samples (0.2 ml) were oxidized with 0.5 N Folin-Ciocalteu reagent for 4 min at room
temperature. Then the reaction was neutralized with saturated sodium carbonate (75 g/1). The
absorbance of the resulting blue color was measured at 760 nm with spectrophotometer after
incubation in dark for 2 hr at room temperature. Quantification was done on the basis of the
standard curve of gallic acid. The results were expressed as gallic acid equivalent (GAE), i.e.,
mg gallic acid/100 ml culture or g gallic acid/100 g DW. All tests were performed in

triplicate.
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LI1QUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC-MYS)

The LC-MS-2010EV system used in this study consisted of a LC-20AD binary pump, a
SIL-20AC auto-sampler, a photodiode-array detector, a central controller, and a single
quadrupole MS detector with electrospray ionization (ESI) interface (Shimadzu, Japan). The
analytical column used was VP-ODS C;g column (250 x 2.0 mm, 4.6 um) (Shimadzu, Japan).
LC conditions were as follows: solvent A, 0.1% formic acid, and solvent B, MeOH with
0.1% formic acid. A gradient elution used was 0-5 min, 5% B; 5-15 min, 5-30% B; 15-40
min, 30-40% B; 40-60 min, 40-50% B; 60-65 min, 50-55% B; 65-90 min, 55-100% B; 90-95
min, 100% B; 95-96 min, 100-5% B; 96-100 min, 5% B. The flow rate was 0.2 ml/min,
injection volume was 5-10 pl, and detection was at 280 nm. The LC elute was introduced
directly into the ESI interface without flow splitting. The scan range of ESI-MS was m/z 160-
800. The ESI voltage was 4.5 kV in positive ion mode and 3.5 kV in negative ion mode. A
nebulizing gas of 1.5 1/min and a drying gas of 10 l/min were applied for ionization using

nitrogen in both cases.

GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-MS)

A GCMS-QP2010 system (Shimadzu, Japan) was employed for analysis of volatile and
aliphatic compounds. A CP-WAX 52 CB column (50 m % 0.20 mm, ¢ with 0.2 pm film
thickness) was used with helium as a carrier gas at a flow rate of 1 ml/min and injection
volume was 1 pl. The GC oven temperature was kept at 40°C for 0.5 min and programmed to
150°C at a rate of 6°C/min, to 250°C at a rate of 8°C/min, and kept constant at 250°C for 8
min. Splitless injections were done with both headspace and liquid injection methods. The
MS was operated in electron ionization mode (70 eV) with a scan range of m/z 40-600. The
interface and ion source temperatures were 260°C and 200°C, respectively. Library search

was carried out using NIST and SZTERP libraries.

STATISTICAL ANALYSIS
The results of TEAC and TPC in Table 2 were calculated as mean + standard deviation
(SD) in this study. Differences between mean values were compared using the least
significant difference (LSD) calculated with the Statistical Analysis System (SAS Institute,
Inc, Cary, NC). Coefficients of determination (R’) were calculated using Microsoft Excel

2000.



RESULTS
ISOLATION AND IDENTIFICATION OF ENDOPHYTIC FUNGI

A total of 42 endophytic fungal strains were isolated from N. oleander and classified into
14 different taxa. Twenty-two of the strains isolated from leaf segments belong to seven
different taxa, and 20 strains isolated from stem pieces belong to nine different taxa (two of
them were the same as those in the leaves) (Table 1). Hyphomycete sp. and Torula sp.
colonized both leaves and stems of N. oleander. Chaetomium sp., Cladosporium sp.,
Colletotrichum sp., and Phoma spp. were found in the stems, and Ascomycete sp. was only
found in the leaves. Half of the fungal stains (50% relative frequency) lacking sporulating
structures were grouped into mycelia sterilia spp. Both leaves and stems were colonized by
mycelia sterilia: they showed different cultural characters and were grouped into six

morphosepcies.

TOTAL ANTIOXIDANT CAPACITY AND PHENOLIC CONTENT

The improved ABTS method has been widely used to assess total antioxidant capacity of
crude extracts in both hydrophilic and lipophilic systems in vitro (Re et al. 1999; Cai et al.
2004; Surveswaran et al. n.d.). Therefore, this method was also employed in the present study
to assay total antioxidant capacity of the methanolic extract from leaves and stems of N.
oleander and metabolites of sixteen endophytic fungal cultures (Table 2). The host plant N.
oleander showed medium antioxidant activity with the value of 17.89 mmol trolox/100 g DW.
The TEAC values of the 16 endophytic fungi cultures exhibited a wide variation ranging
from 9.59 to 150.8 umol trolox/100 ml culture. The mean value of all the tested endophytic
fungi was 36.55 pmol trolox/100 ml culture. Most of the fungal strains (75%) showed
moderate antioxidant capacities (20 to 50 pmol trolox/100 ml culture). The strain NoS3
(Chaetomium sp.) possessed the highest antioxidant capacity (150.8 pumol trolox/100 ml
culture). In contrast, the control broth without endophytic fungi showed nearly no activity
(1.28 pmol trolox/100 ml).

Total phenolic contents of the metabolites of 16 endophytic fungal strains and their host
plant N. oleander are shown in Table 2. The host plant contained 3.07 g gallic acid/100 g DW,
and the 16 fungal strains showed different total phenolic contents ranging from 0.52 to 13.95
mg gallic acid/100 ml culture (mean = 2.64 mg/100 ml). Most endophytic fungi had medium
TPC values (1.0-4.0 mg gallic acid/100 ml). The strain NoS3 had the highest TPC value



(13.95 mg gallic acid/100 ml culture). The TPC value of control broth without endophytic
fungi was close to zero (0.02 mg/100 ml).

A highly positive linear correlation (R’ = 0.9406) was found between the total antioxidant
capacity (y) and total phenolic content (x) in the 16 fungal strains (y = 10.078 x + 9.9918).
This indicated that the phenolic compounds in the endophytic fungi significantly contributed
to their antioxidant activity. Previous studies also revealed that phenolic compounds are
major antioxidant constituents in medicinal plants, vegetables, fruits, and spices (Zheng and
Wang 2001; Cai et al. 2004; Shan et al. 2005; Surveswaran et al. n.d.). Our investigation of

endophytic fungi revealed the same relationship as found in plants.

XANTHINE OXIDASE INHIBITION ACTIVITY

Xanthine oxidase plays an important role in the metabolism of xanthines and it is closely
related to hyperuricemia, therefore inhibition of xanthine oxidase is an effective therapeutic
approach for treating gout, kidney stones and myocardial ischemia (Li et al. 1999; Kong et al.
2000; Kweon et al. 2001). The fungal strain Chaetomium sp. NoS3 and its host N. oleander
were both tested for their xanthine oxidase inhibition activities. The methanolic crude extract
of N. oleander was inhibitory against xanthine oxidase with an ICsy value of 218 pg/ml,
while the crude culture of Chaetomium sp. NoS3 inhibited the enzyme with an ICs, value of
109.8 ug/ml. The ICs values of three pure standards (allopurinol, rutin, and chlorogenic acid)
co-assayed in this study as positive control were shown to be 3.1 ug/ml, 30.1 ug/ml, 27.2

pg/ml, respectively.

ANTIMICROBIAL ASSAY

The host plant N. oleander and the 16 endophytic fungal metabolites were tested for in
vitro antimicrobial actions against five pathogenic bacteria and one pathogenic fungus (Table
3). The host plant was moderately inhibitory to C. krusei, S. aureus, E. coli, L.
monocytogenes, B. cereus, and S. annatum with MICs of 1.56, 6.25, 12.5, 25, 25, and
25mg/ml, respectively. Most of the tested fungi isolated from N. oleander possessed better
antibacterial and antifungal activities than the host plant. Six of the fungal strains (NoL3,
NoL14, NoS3, NoS7, NoS10, and NoS16) inhibited the growth of all six test microbes (MICs
< 10 mg/ml). Of the six endophytes, NoS16 exhibited strongest antibacterial activity against
L. monocytogenes with an MIC at 0.08 mg/ml, followed by NoS12 and NoS7 with MICs at
0.16 and 0.31 mg/ml, respectively. Furthermore, 11 of the 16 endophytes also possessed good



antifungal activities against C. krusei (MICs < 10 mg/ml), and four strains (NoL12, NoS3,
NoS15, and NoS16) exhibited the strongest antifungal activity (MIC = 1.25 mg/ml). Positive
control co-assayed gentamicin was antibacterial against L. monocytogenes, B. cereus, S.
aureus, S. annatum, and E. coli with MICs of 1.22, 2.44, 9.75, 9.75, and 9.75 pg/ml,

respectively, and ketoconazole was antifungal against C. krusei at 7.81 pg/ml.

PRIMARY IDENTIFICATION OF BIOACTIVE CONSTITUENTS FROM ENDOPHYTIC METABOLITES
AND HOST PLANT EXTRACT

Preliminary identification of major types of phenolic compounds by LC-ESI-MS and other
bioactive principles (volatile and aliphatic constituents) by GC-MS showed that major types
of bioactive compounds in the host plant and endophytic fungal metabolites included
phenolic acids and their derivatives, flavonoids, phenolic terpenoids, volatile constituents,
and aliphatic compounds. Some representative compounds identified in this study are given
in Table 2. Chlorogenic acid (5-O-caffeoylquinic acid), di-O-caffeoylquinic acid, and rutin
were identified to be dominant phenolic compounds in N. oleander, and phenolic acid
derivatives and terpenoids were detected in its endophytic fungal cultures NoL10, NoL11,
NoL13, NoS13, and NoS16 (Fig. 1 and Table 2). Aliphatic compounds (9-octadecenoic acid
and 9,12-octadecadienoic acid) and terpenoids were also found in the crude extract of N.
oleander. Many aliphatic compounds (e.g., hexadecanoic acid methyl ester, octadecanoic
acid methyl esters, octadecadienoic acid methyl esters) and volatile fermented constituents
(e.g., acetol, 2,3-butanediol) were also detected in some crude cultures of the endophytic

fungi (Fig. 2 and Table 2).

DiscussION

Endophytes have been found in most taxa in the plant kingdom including algae, mosses,
ferns and vascular plants and are potential sources of novel natural products for exploitation
for medicinal, agricultural and industrial use (Strobel and Long 1998; Arnold et al. 2001; Tan
and Zou 2001; Schulz et al. 2002). In this study, 42 endophytic fungal strains isolated from M.
oleander were grouped into 14 different taxa, including Ascomycete sp., Chaetomium sp.,
Cladosporium sp., Colletotrichum sp., Hyphomycete sp., mycelia sterilia spp. (6 species),
Phoma spp. (2 species), and Torula sp. Most of the taxa were common endophytic fungi
(Photita et al. 2005; Zou and Tan 2000). Cultures lacking reproductive structures or
distinctive features were grouped into morphospecies based on similar cultural characters.

Morphospecies cannot be identified to species or genus level without molecular analysis,
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which is a common problem concerning the identification of endophytes (Arnold et al. 2000;
Gamboa and Bayman 2001; Wiyakrutta et al. 2004; Wang et al. 2005).

Antioxidants are thought to be highly profitable in the management of reactive oxygen
species-mediated tissue impairments. It has been reported that many antioxidant compounds
possess anti-inflammatory, antiatherosclerotic, antitumor, antimutagenic, anticarcinogenic,
antibacterial, or antiviral activities to a greater or lesser extent (Halliwell 1994; Mitscher et al.
1996; Owen et al. 2000; Sala et al. 2002; Cozma 2004). Some antioxidant compounds
isolated from endophytic fungi and their antioxidant activities have also been reported
(Harper et al. 2003; Song et al. 2005). The improved ABTS method (Re et al. 1999; Cai et al.
2004; Shan et al. 2005), a rapid and reliable test of total antioxidant capacity in vitro for
crude extracts of plants, was successfully used in the present study to evaluate endophytic
fungal cultures as well as the host plant. The results showed that most endophytic fungi
isolated from N. oleander exhibited antioxidant capacity to some extent. The fungal strain
Chaetomium sp. NoS3 with the strongest antioxidant activity was further screened for
bioactive compounds.

The phenolic compounds (e.g., phenolic acids and their derivatives, flavonoids, and
phenolic terpenoids) and certain volatile and aliphatic constituents identified in the present
study might be responsible to some extent for the total antioxidant capacity of the host plant
and the isolated endophytic fungi. Chlorogenic acid, phenolic acid derivatives, and rutin
possess a wide range of biological activities, such as antioxidant, antimutagenic,
immunomodulatory, and antiviral activity (Li et al. 2005; dos Santos et al. 2005; Yu et al.
2005). Biogenic volatile organic compounds are involved in multiple inter-organism
interactions and are also important in the flavor and fragrance, pesticide, and perfumery
industries (Zini et al. 2003), such as acetol (1-hydroxy-2-propanone) which has applications
as a pharmaceutical and dye intermediate (Cameron and Cooney 1986) and recently has been
reported as a potent inhibitor of urease (Tanaka et al. 2004). Aliphatic constituents are
frequently encountered as structural subunits in many natural products and some also have
shown to be highly toxic towards fungi, bacteria, and mammalian cells, and to display
neurotoxic, anti-inflammatory, nematicidal activities and anti-platelet-aggregatory effects
(Nogueira et al. 1996; Christensen and Brandt 2006). Hexadecanoic acid methyl ester, an
aggregation pheromone was reported attractive to both males and virgin females (Takacs et al.
2001). Some of these bioactive compounds were detected in the host plant N. oleander and/or

its endophytic fungi.
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Many antibiotics have encountered drug resistance or cause severe adverse drug reactions,
and there is an urgent need to search for new antibiotics (Rouveix 2003). Several recent
studies (Ezra et al. 2004; Shiono et al. 2005; Shiono 2006) reported that novel compounds
with antimicrobial activity were isolated from the cultured endophytic fungi. Wiyakrutta et al.
(2004) also reported that endophytic fungi with anti-microbial, anti-cancer and anti-malarial
activities were isolated from Thai medicinal plants. The present study shows that endophytic
fungi isolated from N. oleander also have a wide range of antimicrobial activities.

Xanthine oxidase is a key enzyme that catalyzes the oxidation of hypoxanthine or xanthine
to uric acid. Therefore, inhibition of xanthine oxidase is an effective therapeutic approach for
treating hyperuricemia (Li et al. 1999; Kweon et al. 2001). As the current clinical drug used
to inhibit xanthine oxidase causes severe adverse effects, it is necessary to search for new
inhibitors of the enzyme (Kong et al. 2000). Some flavonoids have been shown to be
inhibitory against it (Nagao et al. 1999; Li et al. 1999), and endophytic naphthopyrone
metabolites were obtained as the enzyme inhibitor by Song et al. (2004). In this study, we
showed that the crude extract of N. oleander and the culture of Chaetomium sp. NoS3 could
both inhibit the enzyme, indicating that they contain certain xanthine oxidase inhibitors. High
levels of rutin, chlorogenic acid and its derivatives which have good inhibition of the enzyme
activity were indeed detected in the crude extract of N. oleander (Fig. 1B). However, the
related bioactive constituents in the crude culture of Chaetomium sp. NoS3 could not be
identified by LC-ESI-MS and GC-MS. This could be due to their low quantity in the fungal
culture, or other types of inhibitors of xanthine oxidase exist that are yet to be identified.

Different bioactive compounds including phenolics normally possess specific
chromatographic behavior and UV-vis spectral characteristics (Sakakibara et al. 2003;
Santos-Buelga and Williamson 2003; Cai et al. 2004; Shan et al. 2005). In this study, only the
major phenolic compounds from N. oleander and the 16 fungal metabolites were analyzed
using LC-ESI-MS and compared with authentic phenolic standards and related literature data
(Tan and Zou 2001; Sakakibara et al. 2003; Cai et al. 2004). Because of the diversity and
complexity of the natural mixtures of bioactive compounds in the crude plant extract and
fungal cultures, it is rather difficult to characterize every compound present and elucidate its
structure in a single study. Further investigation is still needed to discover the

unidentified/unknown bioactive constituents in the endophytic fungal isolates.



12

ACKNOWLEDGMENT

This research was supported by grants from the University of Hong Kong (Seed Funding
for Basic Research). We thank staff of Kadoorie Farm and Botanic Garden for assisting in
plant sample collection, Dr L. Cai of the University of Hong Kong for assistance in
identifying endophytic fungi, and Dr. Xing Jie of Republic Polytechnic, Singapore, for
helping with LC-ESI-MS and GC-MS analyses.

LITERATURE CITED

Arnold, A. E., Z. Maynard, and G. S. Gilbert. 2001. Fungal endophytes in dicotyledonous
neotropical trees: patterns of abundance and diversity. Mycological Research 105: 1502-
1507.

Arnold, A. E., Maynard, Z., Gilbert, G.S., P. D. Coley, and T. A. Kursar. 2000. Are tropical
Fungal endophytes hyperdiverse? Ecology Letters 3: 267-274.

Arnold, A. E., L. C. Mgjia, D. Kyllo, E. I. Rojas, Z. Maynard, N. Robbins, and E. A. Herre.
2003. Fungal endophytes limit pathogen damage in a tropical tree. Proceedings of
National Academy Sciences of the United States of American 100: 15649-15654.

Barnett, H. L., and B. B. Hunter. 1998. Illustrated genera of imperfect fungi. 4th ed. APS
Press, St. Paul, Minnesota.

Begum, S., B. S. Siddiqui, R. Sultana, A. Zia, and A. Suria. 1999. Bio-active cardenolides
from the leaves of Nerium oleander. Phytochemistry 50: 435-438.

Cai, Y. Z., Q. Luo, M. Sun, and H. Corke. 2004. Antioxidant activity and phenolic
compounds of 112 traditional Chinese medicinal plants associated with anticancer. Life
Sciences 74: 2157-2184.

Cameron, D. C., and C. L. Cooney. 1986. A novel fermentation: the production of R(-)-1,2-
propanediol and acetol by Clostridium thermosaccharolyticum. Bio-Technology 4: 651—
654.

Carmichael, J. W., W. Brycekendrick, I. L. Conners, and S. Lynne. 1980. Genera of
hyphomycetes. The University of Alberta Press, Edmonton, Alberta, Canada.

Christensen, L. P., and K. Brandt. 2006. Bioactive polyacetylenes in food plants of the
Apiaceae family: occurrence, bioactivity and analysis. Journal of Pharmaceutical and

Biomedical Analusis 41: 683-693.



13

Clay, K. 1988. Fungal endophytes of grasses: a defensive mutualism between plants and
fungi. Ecology 69: 10-16.

Clay, K., and J. Holah. 1999. Fungal endophyte symbiosis and plant diversity in successional

fields. Science 285: 1742-1744.
Cozma, L. S. 2004. The role of antioxidant therapy in cardiovascular disease. Current
Opinion in Lipidology 15: 369-371.

Dharmaratne, H. R. W., W. M. N. M. Wijesinghe, and V. Thevanasem. 1999. Antimicrobial
activity of xanthones from Calophyllum species, against methicillin-resistant
Staphylococcus aureus (MRSA). Journal of Ethnopharmacology 66: 339-342.

dos Santos, M. D., P. R. Martins, P. A. dos Santos, R. Bortocan, Y. Iamamoto, and N.P.

Lopes. 2005. Oxidative metabolism of 5-O-caffeoylquinic acid (chlorogenic acid), a
bioactive natural product, by metalloporphyrin and rat liver mitochondria. European
Journal of Pharmaceutical Sciences 26: 62-70.

Dreyfuss, M. M., and I. H. Chapela. 1994. Potential of fungi in the discovery of novel, low-
molecular weight pharmaceuticals. Pages 49—80 in Gullo, V. P., eds. The Discovery of
Natural Products with Therapeutic Potential. Butterworth-Heinemann, London, UK.

EI-Shazly, M. M., E. M. El-Zayat, and H. Hermersdorfer. 2000. Insecticidal activity,
mammalian cytotoxity and mutagenicity of an ethanolic extract from Nerium oleander
(Apocynaceae). Annals of Applied Biology 136: 153-157.

Espinosa-Garcia, F. J., and J. H. Langenheim. 1990. The endophytic fungal community in
leaves of a coastal redwood population — diversity and spatial patterns. New Phytology
116: 89-97.

Ezra, D., W. M. Hess, and G.A. Strobel. 2004. New endophytic isolates of Muscodor albus, a
volatile-antibiotic-producing fungus. Microbiology-SGM 150: 4023-4031.

Faeth, S. H. and K. E. Hammon. 1997. Fungal endophytes in oak trees: long-term patterns of
abundance and association with leafminers. Ecology 78: 810-819.

Fisher, P. J. 1996. Survival and spread of the endophyte Stagonospora pteridiicola in
Pteridium aquilinum, other ferns and some flowering plants. New Phytology 132: 119-
122.

Fu, L., S. Zhang, N. Li, J. Wang, M. Zhao, J. Sakai, T. Hasegawa, T. Mitsui, T. Kataoka, S.
Oka, M. Kiuchi, K. Hirose, and M. Ando. 2005. Three new triterpenes from Nerium
oleander and biological activity of the isolated compounds. Journal of Natural Products

68: 198-206.


http://wos.isiknowledge.com/CIW.cgi?SID=W18Dl9O1CcKKfKFCnjO&Func=OneClickSearch&field=AU&val=Ezra+D&curr_doc=4/7&Form=FullRecordPage&doc=4/7

14

Gamboa, M. A., and P. Bayman. 2001. Communities of endophytic fungi in leaves of a
tropical timber tree (Guarea guidonia). Biotropica 33: 352-360.

Ganley, R. J., S. J. Brunsfeld, and G. Newcombe. 2004. A community of unknown,
endophytic fungi in western white pine. Proceedings of National Academy Sciences of
the United States of American 101: 10107-10112.

Halliwell, B. 1994. Free radicals, antioxidants, and human disease: curiosity, cause, or

consequence? Lancet 344: 721-724.

Harper, J. K., A. M. Arif, E. J. Ford, G. A. Strobel, J. A. Porco, D. P. Tomer, K. L. Oneill, E.
M. Heider, and D. M. Grant. 2003. Pestacin: a 1,3-dihydro isobenzofuran from
Pestalotiopsis microspora possessing antioxidant and antimycotic activities. Tetrahedron
59:2471-2476.

Huang, W. Y., Y. Z. Cai, J. Xing, H. Corke, and M. Sun. 2006. A potential antioxidant
resource: endophytic fungi isolated from traditional Chinese medicinal plants. Economic
Botany (submitted).

Hug, M. M., A. Jabbar, M. A. Rashid, and C. M. Hasan. 1999. A novel antibacterial and
cardiac steroid from the roots of Nerium oleander. Fitoterapia 70: 5-9.

Ji, Y. B. 1999. Pharmacological action and application of anticancer traditional Chinese
medicine. Heilongjiang Science Press, Heilongjiang, China.

Kong, L. D., Y. Cai, W. W. Huang, H. K. Cheng, and R. X. Tan. 2000. Inhibition of xanthine
oxidase by some Chinese medicinal plants used to treat gout. Journal of
Ethnopharmacology 73: 199-207.

Kweon, M., H. Hwang, and H. Sung. 2001. Identification and antioxidant activity of novel
chlorogenic acid derivatives from Bamboo (Phyllostachys edulis). Journal of Agricultural
and Food Chemistry 49: 4646-4655.

Li, H.,, J. C. Meng, C. H. K. Cheng, T. Higa, J. Tanaka, and R. X. Tan, 1999. New
guaianolides and xanthine oxidase inhibitory flavonols from Ajania fruticulosa. Journal
of Natural Products 62: 1053-1055.

Li, Y. L., P. P. H. But, and V. E. C. Ooi. 2005. Antiviral activity and mode of action of
caffeoylquinic acids from Schefflera heptaphylla (L.) Frodin. Antiviral Research 68: 1-9.
Mitscher, L. A., H. Telikepalli, E. NeGhee, and D. M. Shankel. 1996. Natural antimutagenic

agents. Mutation Research 350: 142-143.

Mosaddik, M. A., L. Banbury, P. Forster, R. Booth, J. Markham, D. Leach, and P. G.

Waterman. 2004. Screening of some Australian Flacourtiaceae species for in vitro

antioxidant, cytotoxic and antimicrobial activity. Phytomedicine 11: 461-466.


http://wos17.isiknowledge.com/?SID=B6Kf5a86812AOKEECEB&Func=Abstract&doc=1/2
http://wos17.isiknowledge.com/?SID=B6Kf5a86812AOKEECEB&Func=Abstract&doc=1/2

15

Nagao, A., M. Seki, and H. Kobayashi. 1999. Inhibition of xanthine oxidase by flavonoids.
Bioscience Biotechnology and Biochemistry 63: 1767-1790.

National committee for clinical laboratory standards (NCCLS). 1993. Methods for dilution in
antimicrobial susceptibility tests: approved standard M2-AS. National Committee for
Clinical Laboratory Standards, Villanova, PA.

Nogueira, M. A., J. S. de Oliveira, and S. Ferraz. 1996. Nematicidal hydrocarbons from
Mucuna aterrima. Phytochemistry 42: 997-998.

Noro, T., Y. Oda, M. Toxhio, A. Ueno, and S. Fukushima. 1983. Inhibition of xanthine
oxidase from the flowers and buds of Daphne genkwa. Chemical and Pharmaceutical
Bulletin 31: 3984-3987.

Owen, R. W., A. Giacosa, W. E. Hull, R. Haubner, B. Spiegelhalder, and H. Bartsch. 2000.
The antioxidant/anticancer potential of phenolic compounds isolated from olive oil.
European Journal of Cancer 36: 1235-1247.

Petrini, O., J. Stone, and F. E. Carroll. 1982. Endophytic fungi in evergreen shrubs in western

Oregon: a preliminary study. Canadian Journal of Botany 60: 789-796.

Photita, W., S. Lumyong, P. Lumyong, and K.D. Hyde. 2001. Endophytic fungi of wild
banana (Musa acuminata) at Doi Suthep Pui National Park, Thailand. Mycological
Research 105: 1508-1513.

Photita, W., P. W. J. Taylor, R. Ford, P. Lumyong, E. H. C. McKenzie, K. D. Hyde, and S.
Lumyong. 2005. Morphological and molecular characterization of Colletotrichum species
from herbaceous plants in Thailand. Fungal Diversity 18: 117-133.

Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, and C. A. Rice-Evans. 1999.
Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free
Radical Biology and Medicine 26: 1231-1237.

Redman, R. S., K. B. Sheehan, R. G. Stout, R. J. Rodriguez, and J. M. Henson. 2002.

Thermotolerance generated by plant/fungal symbiosis. Science 298: 1581.

Rouveix, B. 2003. Antibiotic safety assessment. International Journal of Antimicrobial
Agents 21: 215-221.

Saikkonen, K., S. H. Faeth, M. Helander, and T J. Sullivan. 1998. Fungal endophytes: a
continuum of interaction with host plants. Annual Review of Ecological System 29: 319-
343.

Sakakibara, H., Y. Honda, S. Nakagawa, H. Ashida, and K. Kanazawa. 2003. Simultaneous
determination of all polyphenols in vegetables, fruits, and teas. Journal of Agricultural and

Food Chemistry 51: 571-581.



16

Sala, A., N. D. Recio, R. M. Giner, S. Manez, H. Tournier, G. Schinelia, and J. L. Rios. 2002.
Anti-inflammatory and antioxidant properties of Helichrysum italicum. Journal of
Pharmacy and Pharmacology 54: 365-371.

Santos-Buelga, C., and G. Williamson. 2003. Methods in Polyphenol Analysis. Royal Society
of Chemistry, Cambridge, UK.

Schulz, B., C. Boyle, S. Draeger, and A. K. Rommert. 2002. Endophytic fungi: a source of
novel biologically active secondary metabolites. Mycological Research 106: 996-1004.

Schulz, B., U. Wanke, S. Draeger, and H. J. Aust. 1993. Endophytes from herbaceous plants
and shrubs, effectiveness of surface sterilization methods. Mycological Research 97: 1447-
1450.

Shan, B., Y. Z. Cai, M. Sun, and H. Corke. 2005. Antioxidant capacity of 26 spice extracts
and characterization of their phenolic constituents. Journal of Agricultural and Food
Chemistry 53: 7749-7759.

Shiono, Y. 2006. Anthracobic acids A and B, two polyketides, produced by an endophytic

fungus Anthracobia sp. Chemistry and Biodiversity 3: 217-223.

Shiono, Y., T. Murayama, K. Takahashi, K. Okada, S. Katohda, and M. Ikeda. 2005. Three
oxygenated cyclohexenone derivatives produced by an endophytic fungus. Bioscience
Biotechnology and Biochemistry 69: 287-292.

Siddiqui, B. S., R. Sultana, S. Begum, A. Zia, and A. Suria. 1997. Cardenolides from the
methanolic extract of Nerium oleander leaves possessing central nervous system
depressant activity in mice. Journal of Natural Products 60: 540-544.

Song, Y. C., W. Y. Huang, C. Sun, F.W. Wang, and R.X. Tan. 2005. Characterization of
graphislactone a as the antioxidant and free radical-scavenging substance from the culture
of Cephalosporium sp IFB-E001, an endophytic fungus in Trachelospermum jasminoides.
Biological and Pharmaceutical Bulletin 28: 506-509.

Song, Y. C., H. Li, Y. H. Ye, C. Y. Shan, Y. M. Yang, and R. X. Tan. 2004. Endophytic
naphthopyron metabolites are co-inhibitors of xanthine oxidase, SW1116 cell and some
microbial growths. FEMS Microbiology Letters 241: 67-72.

Strobel, G. A., and D. M. Long. 1998. Endophytic microbes embody pharmaceutical potential.
ASM News 64: 263-268.

Surveswaran, S., Y. Z. Cai, H. Corke, and M. Sun. 2006. Systematic evaluation of natural

phenolic antioxidants from 133 Indian medicinal plants. Food Chemistry (in press).

Takacs, S., G. Gries, and R. Gries. 2001. Communication ecology of webbing clothes moth: 4.

Identification of male- and female-produced pheromones. Chemoecology 11: 153-159.


http://wos.isiknowledge.com/CIW.cgi?SID=W18Dl9O1CcKKfKFCnjO&Func=OneClickSearch&field=AU&val=Shiono+Y&curr_doc=4/2&Form=FullRecordPage&doc=4/2
http://wos.isiknowledge.com/CIW.cgi?SID=W18Dl9O1CcKKfKFCnjO&Func=OneClickSearch&field=AU&val=Shiono+Y&curr_doc=4/6&Form=FullRecordPage&doc=4/6
http://wos.isiknowledge.com/CIW.cgi?SID=D147GO@KdhGHNL3fe@p&Func=OneClickSearch&field=AU&val=Takacs+S&curr_doc=2/2&Form=FullRecordPage&doc=2/2

17

Tan, R. X., and W. X. Zou. 2001. Endophytes: a rich source of functional metabolites.
Natural Product Reports 18: 448-459.

Tanaka, T., M. Kawase, and S. Tani. 2004. a-Hydroxyketones as inhibitors of urease.

Bioorganic and Medicinal Chemistry 12: 501-505.

Wang, Y., L. D. Guo, and K. D. Hyde. 2005. Taxonomic placement of sterile morphotypes of
endophytic fungi from Pinus tabulaeformis (Pinaceae) in northeast China based on rDNA
sequences. Fungal Diversity 20, 235-260.

Wei, J. C. 1979. Handbook of fungi identification. Technology Publishing Company,
Shanghai, China.

Wiyakrutta, S., N. Sriubolmas, W. Panphut, N. Thongon, K. Danwiserkanjana, N.
Ruangrungsi, and V. Meevootisom. 2004. Endophytic fungi with anti-microbial, anti-
cancer, anti-malarial activities isolated from Thai medicinal plants. World Journal of
Microbiology and Biotechnology 20: 265-272.

Yu, J., L. M. Wang, R. L. Walzem, E. G. Miller, L. M. Pike, and B. S. Patil. 2005.
Antioxidant activity of citrus limonoids, flavonoids, and coumarins. Journal of
Agricultural and Food Chemistry 53: 2009-2014.

Zheng, W., and S. Y. Wang. 2001. Antioxidant activity and phenolic compounds in selected

herbs. Journal of Agricultural and Food Chemistry 49: 5165-5170.

Zini, C. A., K. D. Zanin, E. Christensen, E. B. Caramao, and J. Pawliszyn. 2003. Solid-phase
microextraction of volatile compounds from the chopped leaves of threee species of
Eucalyptus. Journal of Agricultural and Food Chemistry 51: 2679-2686.

Zou, W. X., and R. X. Tan. 2000. Recent advances on endophyte research. Acta Botanic
Sinica 43: 881-892.


http://wos.isiknowledge.com/CIW.cgi?SID=J2jcE@ijHaE6M8nLn6E&Func=OneClickSearch&field=AU&val=Yu+J&curr_doc=1/8&Form=FullRecordPage&doc=1/8

18

FIGURE LEGENDS

Fig. 1. HPLC chromatograms (280 nm) and ESI-MS data of phenolics from (A) a typical
endophytic fungus (NoL11) and (B) its host plant (N. oleander). Tentative identification of
major peaks: (1), phenolic acid derivatives; (2) and (3), phenolic terpenoid (MW 310) and its
isomer (MW 310); (4), unknown terpenoid (262); (5) and (6), chlorogenic acid (5-O-
caffeoylquinic acid) (MW 354) and its isomer (MW 354); (7), rutin (MW 610); (8), di-
caffeoylquinic acid (MW 516); (9), phenolic terpenoid (MW 534).

Fig. 2. GC chromatograms of volatile and aliphatic compounds from two typical endophytic
fungi (A) NoS16 and (B) NoL11, and (C) their host plant (N. oleander). Molecular weight
and formula are noted for most peaks in the figure. Tentative identification of major peaks:
(1), acetol (1-hydroxy-2-propanone); (2), hexadecanoic acid methyl ester; (3), 9-
octadecadienoic acid methyl ester; (4), 9,12-octadecadienoic acid methyl ester; (5) and (6),

2,3-butanediol and its isomer; (7), 9-octadecenoic acid; (8), 9,12-octadecadienoic acid.
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TABLE 1. FUNGAL TAXA AND THE NUMBER OF ISOLATED ENDOPHYTES FROM N. OLEANDER.

Taxa Isolates in leaves  Isolates in stems Relative frequency
of isolation (%) *
Ascomycete sp. 1 2.38
Chaetomium sp. 1 2.38
Cladosporium sp. 2 4.76
Colletotrichum sp. 1 2.38
Hyphomycete sp. 2 3 11.9
Mycelia sterilia spp. (14) (7) (50.0)
Mycelia sterilia sp. 1 9 21.4
Mycelia sterilia sp. 2 3 7.14
Mycelia sterilia sp. 3 1 2.38
Mycelia sterilia sp. 4 1 2.38
Mycelia sterilia sp. 5 5 11.9
Mycelia sterilia sp. 6 2 4.76
Phoma spp. (4) (9.52)
Phoma sp. 1 2 4.76
Phoma sp. 2 2 4.76
Torula sp. 5 2 16.7
Total 22 20 100

* Relative frequency of isolation used for indicating species abundance was calculated as the
number of identified fungal isolates of a taxon divided by the total number of endophytic
fungal isolates (22 + 20 = 42) from the leaf segments and stem pieces (Photita et al., 2001).
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TABLE 2. ANTIOXIDANT CAPACITY, TOTAL PHENOLIC CONTENT AND MAJOR CONSTITUENTS OF 16 SELECTED ENDOPHYTIC FUNGAL CULTURES AND
THE HOST (N. OLEANDER) EXTRACT.

Sample Taxa TEAC TPC Major types (representative compounds) of phenolics and other
(umol trolox/100 (mg gallic constituents
ml ferment broth) acid/100 ml
ferment broth)

NoL3 Ascomycete sp. 42.73 £0.478 2.924+0.074 Not identified

NoL6 Mycelia sterilia sp. 1 37.42 £ 0.907 3.82+0.110 Terpenoids, volatile compounds (acetol, 2,3-butanediol)

NoL9 Mycelia sterilia sp. 2 10.50 £ 0.517 0.52 £0.024 Terpenoids, volatile compounds (acetol)

NoL10 Hyphomycete sp. 23.89 £0.639 0.97 +0.028  Phenolic acid derivatives

NoL11 Mycelia sterilia sp. 1 14.68 £0.157 1.46 £ 0.078  Terpenoids, volatile compounds (acetol, 2,3-butanediol)

NoL12 Torula sp. 38.38 £0.860 2.65+0.065 Volatile compounds (acetol)

NoL13 Mycelia sterilia sp. 3 17.45 £0.266 2.194+0.031 Phenolic acid derivatives, volatile compounds (acetol)

NoL14 Mycelia sterilia sp. 4 26.98 £0.841 1.90 £ 0.069  Aliphatic compounds (hexadecanoic acid methyl ester, 7-
octadecenoic acid methyl ester)

NoS3 Chaetomium sp. 150.8 +2.045 13.95+£0.109 Not identified

NoS5 Cladosporium sp. 9.59+0.121 0.64 £ 0.063  Volatile compounds (acetol)

NoS7 Phoma sp. 2 26.80 £ 0.841 1.40 £ 0.064 Not identified

NoS10 Phoma sp. 1 46.78 £0.429 2.67+0.028  Aliphatic compounds (hexadecanoic acid methyl ester)

NoS12 Colletotrichum sp. 37.10 £0.788 2.04+0.072 Not identified

NoS13 Mycelia sterilia sp. 6 42.51+0.440 1.71 £0.028  Phenolic acid derivatives, volatile compounds (2,3-butanediol,
acetol)

NoS15 Torula sp. 30.07 £ 0.672 1.54+£0.032  Volatile compounds (acetol, 2,3-butanediol)

NoS16 Mycelia sterilia sp. 5 29.07 £0.343 1.78 £0.018  Phenolic acid derivatives, volatile compounds (acetol), aliphatic
compounds (hexadecanoic acid methyl ester, 9-octadecadienoic
acid methyl ester, 9,12-octadecadienoic acid methyl ester)

Mean 36.55 2.64

LSD (p <0.05) * 1.247 0.097

Control broth 1.28 0.02

N. oleander extract * 17.89 £0.010 3.07+0.008  Phenolic acid (chlorogenic acid, di-caffeoylquinic acid),

flavonoids (rutin), terpenoids, volatile compounds, aliphatic
compounds (9-octadecenoic acid, 9,12-octadecadienoic acid)

* LSD (p < 0.05), least significant difference, was used for comparison among means of various endophytic fungal cultures.
* mmol trolox /100 DW for TEAC and g gallic acid/100 DW for TPC.
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TABLE 3. IN VITRO ANTIMICROBIAL ACTIVITIES OF ENDOPHYTIC FUNGAL METABOLITES

AND THEIR HOST PLANT (V. OLEANDER) EXTRACT.

MIC (mg/ml) of test microbe *

Listeria Staphylococcus Bacillus  Salmonella Escherichia  Candida

Test sample monocytogenes aureus cereus anatum coli krusei
NoL3 0.63 2.50 10.0 5.00 5.00 2.50
NoL6 >10 2.50 10.0 >10 >10 >10
NoL9 >10 >10 >10 >10 >10 >10
NoL10 10.0 2.50 >10 >10 >10 5.00
NoL11 1.25 2.50 >10 10.0 >10 >10
NoL12 2.50 1.25 >10 10.0 10.0 1.25
NoL13 >10 >10 >10 >10 >10 10.0
NoL14 5.00 5.00 10.0 10.0 10.0 2.50
NoS3 5.00 1.25 10.0 10.0 10.0 1.25
NoS5 >10 10.0 >10 >10 >10 >10
NoS7 0.31 10.0 5.00 10.0 10.0 10.0
NoS10 2.50 2.50 5.00 10.0 5.00 2.50
NoS12 0.16 5.00 10.0 10.0 5.00 >10
NoS13 1.25 >10 >10 >10 >10 2.50
NoS15 0.63 1.25 >10 10.0 10.0 1.25
NoS16 0.08 2.50 10.0 10.0 10.0 1.25
N. oleander 25.0 6.25 25.0 25.0 12.5 1.56
Positive control °

gentamincin 1.22 9.75 2.44 9.75 9.75 nd. ¢
ketoconazole n.d. n.d. n.d. n.d. n.d. 7.81

* L. monocytogenes, S. aureus, B. cereus, S. annatum, and E. coli are bacteria, and C.
krusei is a fungus.
® ng/ml for MIC of positive control.

° n.d., no determination.

21



22

Fig. 1.
mAU(x10)
1280nm,4nm (1.00)
1™ ) . —
5.0+ 2: m/z309 [M —HJ, 311 [M + H]", 333 [M + Na]
3:m/z309 [M —HJ, 311 [M +H]"
4.0 4:m/z261 [M - HT, 285 [M + Na]"
3.0
2.04
1.0
4 1 2
] —_
0.04+-
0.0 250 " 500 - 750 " min
mAU(x100)
4280nm,4nm (1.00
2.5 ®) S 5: m/z 353 [M —HJ ", 355 [M +H]", 377 [M + Na]"
. 6: m/z 353 [M —HJ ", 355 [M+H]", 377 [M + Na]"
2.04 7:m/z 609 [M — H], 611 [M + HJ", 633 [M + Na]"
] 8: m/z 515 [M—H]J, 517 [M+H]", 539 [M + Na]"
1.54 9: m/z 533 [M —HJ, 535 [M +H]", 557 [M + Na]"
] 8
1.0
] 9
0.5 6
00 250 50.0 750 " min

22



23

(x1,000,000)

Fig. 2.

o -
9 o
L L o810 178
<t
COYEHOTD 6t
o -
QOVEHLD 01T 2 K E B
i ]
OYeH®1D (07T 12 S
.2 |L.2
q
= z ie
B 0TH"D 06 © =
L NOO:ﬁVU“O@ lu m
3 ——
o 4.
— = — muu_.lo
NO@EMU ._ub I NO@IMU .—uh e
- e
= Fo
— =1
5 3
~~ =3 —~ o —
S S
Mn\ . ] Q . g m.uv\
[=) o (=) o
= e g s olQ N
N S S S S R ¢ X A s
N ~N — — o o N~ [¥e] N o H > pei
— o o o o

35.0

30.0

25.0

23

20.0

15.0

10.0

50




	Collection of Plant Material 
	Chemicals and Reagents 
	Isolation and Identification of Endophytic Fungi 
	Liquid Chromatography-Mass Spectrometry (LC-MS) 
	Isolation and Identification of Endophytic Fungi  

