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Chemical Components of Hirsutella thompsonii
CrudeFiltrate and their Biological Activities

Saowanit Maimala and Angsumarn Chandrapatya

ABSTRACT

Hirsutellathompsonii #966 was cultured and extracted with ethyl acetate. The ethyl acetatelayer
was then eluted on Sephadex LH-20 column with methanol and the eluted chemical components were
analyzed onaBruker DRX 400 NM R spectrophotometer. Theanalysisshowed several componentssuch
as glycerol, ergosterol and diketopiperazine. This was the first time that diketopiperazine had been
isolated from H. thompsonii and it was known that diketopiperazine compounds had certain biological
activities. Hirsutellide A wasnot present inthecrudeextract. Thefreeze-dried brothandtheresiduefrom
evaporation of the broth (crude solvent extract) were dissolved in dimethyl sulfoxide (DM SO) in order
totest for their cytotoxicity against insect and mammalian cell lines. A bioassay reveal ed that the crude
broth sample was weakly toxic and the crude solvent extract was non-toxic to al cell linestested in the
range of 0.78-100 ug/ml. The crude solvent extract had tendency to stimulate cell activity, especialy in

mammalian cell line (BHK (21)C13.
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INTRODUCTION

Hirsutella thompsonii (Fisher) is an
important naturally occurring fungal pathogen of
eriophyoid mites, especially citrus rust mite
(PhyllocoptrutaoleivoraAshmead) whichinhabits
numerous host plants in subtropical and tropical
regions (Jeppson et al., 1975; Keifer et al., 1982;
McCoy et al., 1988; Boczek et al., 1989). H.
thompsonii is a parasitic fungus belonging to the
Phylum Deuteromycota (Fungi Imperfecti), Order
Moniliales (McCoy and Kanavel, 1969) and was
first found in citrus orchards in Florida, USA
(Speareand Y others, 1924). McCoy and Kanavel
(1969) isolated thisfungusonanartificial medium
and confirmed its pathogenicity to mites. In
Thailand, H. thompsonii var. synnematosa was

first recorded on the citrus rust mite (P. oleivora)
infesting citrus plants at Klong 7, Amphor Lum
Luk Ka, Pathum Thani province (Chandrapatya,
1987). Preliminary investigation revealed that the
fungus could be mass-produced successfully in
both solid and liquid cultures.

H. thompsonii produces biological active
metabolites. In 1992, Mazet identified twodistinct
protein toxins, hirsutellin A (HtA) and hirsutellin
B (HtB) fromH. thompsonii var. thompsonii (strain
HTF-87) inashakeflask. Later, HtA wasfoundto
be highly toxic to Galleria mellonella (Linnaeus)
larvae, Drosophilamelanogaster (Meigen) adults,
a cell line of Bombyx mori (Linnaeus) and
Foodoptera frugiperda (Smith) larvae (Vey et
al.,1993; Liu et al., 1996). Additionally, Omoto
and McCoy (1998) reported that HtA increased
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mortality of P. oleivora and also decreased its
fecundity.

Maimalaet al. (2002) studied 125 isolates
of H.thompsonii collected from Thailand compared
with several isolates of H. thompsonii kept in the
collection of the insect pathology laboratory,
University of Florida, USA. TheHtA geneineach
isolate was detected using the HtA gene of H.
thompsonii var. thompsonii, strain JABO4,
GenBank Accession Number U86836 (Bouciaset
al., 1998). Subsequently, crude broth of each
isolate was assayed against G. mellonella larvae.
Theresultsshowed that 100 out of 162 isolateshad
the HtA gene and more than half of the broth
filtrates exhibited more than 50% mortality when
assayed against the larvae. Unfortunately, the
presence of the HtA genein someisolateswas not
associated with enhanced insecticidal activity. In
addition, theresultsfrom bothisolategroups(with
or without an amplifiable HtA gene) induced a
relatively similar mortality rate(65%) inthelarvae.
The conclusion was reached that there was no
direct correlation between the presence of the
PCR-amplified HtA product and the insecticidal
activity against G. mellonella larvae. Hence, this
fungus must secrete other chemicalsthat have not
yet been characterized.

The objective of this study wasto analyze
chemical components of Hirsutella crude filtrate
andtoinvestigatetheir activitiesagainstinsect and
mammalian cell lines.

MATERIALSAND METHODS

Chemical extraction and isolation

H. thompsonii # 966, isolated from
eriophyoid mite (Aculops caricae K.) collected
from Chon Buri province Thailand, was cultured
inthree 2-liter Erlenmeyer flasks containing malt
extract broth (MEB) pH 6.5. Hirsutella fungus
was cultured without air flow and incubated at
roomtemperaturefor 1 month. Fresh biomasswas
then separated from the broth by filtration though

filter paper. Broth was extracted 3 times in a
separating funnel usingequal ratiosof ethyl acetate
(EtOACc) and crude broth. The top layer (ethyl
acetatelayer) wascollected and evaporatedyiel ding
concentrated crude solvent extract. This crude
solvent extract was divided into 2 parts: the first
part was loaded in Sephadex LH-20 (eluted with
MeOH) to separate chemical components, and
then the Bruker DRX 400 NMR spectrometer
operating at 400 MHz for protonand 100 MHz for
carbon was used to analyse the chemicals present
in the crude solvent extract (Vongvanich et al.,
2002). The second part was used to determinethe
toxicity of thecrudesolvent extract against animal
cell lines.

Fresh biomasswas extracted by soakingin
methanol (MeOH) for 2 days before filtering and
subsequently soaking in dichloromethane
(CHyCl>) for afurther 2 days. Both methanol and
dichloromethanewereevaporated separately inan
evaporator to concentrate the organic compound
solublematerials. Concentrated crudecel | extracts
collected from MeOH and CH,Cl, were then
extracted together 3 times with EtOAc. This
combination was divided into two layers, the top
layer was EtOAc (non-polar part) and the bottom
layer was H,O (polar part). Both layers were
evaporated beforeloadingin Sephadex LH-20and
thechemical componentswereanayzedinBruker
DRX 400 NMR spectrometer. The selected
fractions were reloaded in the column and NMR
was used to obtain the chemical compounds.

Bioassay of crude extract against cell lines

H. thompsonii #966 was culturedin 250 ml
Erlenmeyer flasks containing 100 ml of MEB and
incubated on arotary shaker at 27°C, 180 rpm for
4 days. The crude broth, separated from the
mycelia, wasfreeze-dried and usedin the bi oassay
test.

Both crude broth (freeze-dried) and the
crude solvent extract fromthe chemical extraction
process were dissolved in dimethyl sulfoxide
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(DM SO0) to give astock concentration of 100 mg/
ml. These solutions were further diluted (1:2) in
the respective growth medium of each cell line
over therangeof 0.78-100 ug/ml for crude sol vent
extractand 7.8-1000 ug/ml for crudebroth sample.

The cytotoxicity of Hirsutella fungus was
assessed against two insect cell lines, Sf9 (pupal
ovarian tissue of Spodoptera frugiperda Smith =
ECACC No. 89070101) and clone C6/36 (larval
tissue of Aedes albopictus Skuse = ECACC No.
89051705) plus one mammalian cell line, clone
BHK(21)C13 (Hamster Syrian kidney = ECACC
No. 85011433). The Sf9 was grown in TC100
insect medium supplemented with 2mM L-
glucosamine, 100U/ml Penicillin/Streptomycin
and 10% fetal bovine serum. The C6/36 was
grown in Minimum Essential Medium (MEM)
supplemented with2mM L -glutamine, 1% MEM-
NEAA, 100 U/ml Penicillin/Streptomycin and
10% fetal bovine serum. Theseinsect cells were
incubated at 28°C. The mammalian cell line
[(BHK(21)C13)] was grown in Glasgow MEM
(GMEM) supplemented with 2mM L-glutamine,
100U/ml Penicillin/Streptomycin and 5% fetal
bovine serum and incubated at 37°C in near 100%
humidity, 5% CO,: air atmosphere.

The Sf9, C6/36 and BHK(21)C13 were
seeded separately in Corning 96-well tissueculture
plates with 10,000, 20,000 and 1,000 cells/well
respectively, incubated at 37°C for 48 h in near
100% humidity, 5% CO»,. The 1: 2 seria diluted
crude solvent extract and crude broth were then
added to the cells and incubated for another 24 h.
The tested crude solvent extract, crude broth and
inactivecell lineswerethenremoved fromthecell
cultures using micropipette and the cellswere re-
incubated for another 24 hin fresh medium before
being tested with the MTT assay. Two negative
controls (medium + cell lines and medium +
DMSO + cell lines) were used to compare the
cytotoxicity of the fungal crude solvent extract
and crude broth. The MTT assay was an indirect
measurement of cell viability. This assay was a

tetrazolium-dye based col orimetric microtitration
assay where metabolism-competent cells were
able to metabolize the tetrazolium (yellow) to
formazan (blue). Thiscolor changewasmeasured
spectrophotometrically with a plate reader using
Molecular device E max operated at wavelength
570 nm and the result was analyzed by SoftMax
program. It was assumed that cells metabolically
deficient would not survive (Skehan et al., 1990).
Toxicity wasexpressed asthe concentration of the
samplerequired to kill 50% (LDsg) of the cellsin
comparison to the controls.

RESULTSAND DISCUSSION

Chemical extraction and isolation

Thecrudebroth of H. thompsonii #966 had
a yield of 260 mg concentrated crude solvent
extract. Only fractions1-6 wereexamined andthe
fourth fraction was  subsequently
rechromatographed through Sephadex LH-20 and
examined with the Bruker DRX 400 NMR
spectrometer. Fraction 4/6 yielded apure peptide
of 17 mg (Figures 1, 2).

Sequential extracts from mycelia with
MeOH and CH>Cl, produced a combined total
crude cell extract of 260 mg. This combined cell
extract was then partitioned with H,O/EtOAcC.
The crude cell extracts from non-polar fraction
(EtOAC) and polar fraction (H,O) were 1.83 g and
185 mg respectively (Figure 1). The weight of
crude extract increased from humidity during
experiment. When the crude cell extract from the
non-polar part was repeatedly purified with gel
filtrationon Sephadex LH-20, aglycerol derivative
(9 mg) and ergosterol (17 mg) were obtained
(Figure 3). TheH»O soluble (polar part) wasalso
purified by Sephadex LH-20 column
chromatography to yield diketopiperazines A and
B, of 105 mg and 71 mg respectively (Figure 4).

Vongvanich et al. (2002) cultured
Hirsutella kobayashi (BCC 1660) isolated from a
cricket, in potato dextrose broth (PDB) (5 L) at
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Hirsutella thompsonii #966
culture (6 liters)

Extracted with Soaked inMeOH
EtOAc for 2 days
(equal volume)

Crude solvent Soluble materials

extract
(260 mg) evaporation
Soaked in CH,Cl,
for 2 days
Crude cell extract 1 |
lubl i Myceli
Combinaton of crude | Soluble méterials | | yeelium |
cell extracts 1 and 2
(260 mg) evaporation

partition with H ,O/EtOAC

Crude cell extract 2

| EtOAc layer | | H,0 layer
evaporation evaporation
Crude cell extract Crude cell extract
(non-polar fraction) (polar fraction)
(1.83g) (185 mg)

Figurel Chemical extraction and isolation.

Crude solvent
extract
(260 mg)

Column chromatography
Sephadex LH-20
eluted with MeOH

FI* F2* F3* F4 F5* Fe* F7 F8 F9 FI0 Fl1

Column chromatography
Sephadex LH-20
eluted with MeOH (40 mg)

41 42 43 44 45 A6 47 48  4/9  4/10

Peptide*
(17 mg)

Figure2 lIsolation of the crude solvent extract from broth: F1, F2, F3, F4, F5, F6 and fraction 4/6
analyzed by NMR spectroscopy.
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Crude cell extract
(non-polar fraction)
(1.839)

Column chromatography

Sephadex LH-20
eluted with MeOH

F2*  F3* F4*  F5

Fe*

Fr*  F8 F9 F10 F11

Column chromatography
Sephadex LH-20
eluted with MeOH (125 mg)

51 52 5/3 54 5/5*

5/6

5/7 518 5/9 510

| Insoluble materials

| Soluble materias |

*H NMR suggested the
presence of glycerol derivative

(9 mg)

Column chromatography
Sephadex LH-20
eluted with MeOH

Ergosterol
(17mg)

Figure 3 Isolationof the crudecell extract (non-polar fraction): F1, F2, F3, F4, F5, F6, F7, F8, fractions
5/5 and 5.4 analyzed by NMR spectroscopy.

25°Cfor 21 days. Crudebroth wasextracted with
EtOAcand myceliawithMeOH and CH,Cl,. The
crude extract was purified by Sephadex LH-20
(eluted with MeOH) and silica gel column
chromatography to yield a new cyclohexadepsi-
peptide, named hirsutellide A. Unfortunately,
hirsutellide A was not present in either crude
solvent or crude cell extracts of H. thompsonii
#966.

In this study, structure elucidation of the
isolated compoundswasnot completed, yet, limited
analysis did identify ergosterol, glycerol and
diketopiperazines. The first two compounds are
not knownfor having detrimental (toxic) activities
but the third compound, diketopiperazines, are

known for toxic activity. Diketopiperazines are
secondary metabolitesof fungi, andtheir structures
contain two amino acids which condense to form
a six membered-ring via amino and carboxylic
moieties. Diketopiperazines have been reported
to possess various biological activities including
antimalarial activity (Nilanonta et al., 2003),
antifungal activity (Byun et al., 2003) and
antibacterial activity (Sugie et al., 2001).

Cytotoxicity test

The bioassay of crude broth derived from
H. thompsonii #966 with insect (Sf9 and C6/36)
andmammaliancell lines[BHK (21)C13] revealed
that the crude broth was weakly toxic to al cell
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Crude cell extract
(polar fraction)
(185 mg)

Column chromatography

Sephadex LH-20
eluted withMeOH

F6* Fr+ F8 F9* Flo* Fl1

Insoluble material

Soluble material
(inM eOH)
(924 mg)

*H and *C NMR suggested
the presence of
diketopiperazine (A)
(105 mg)

'H NMR suggested
the presence of
diketopiperazine (B)
(7img)

Figure4 Isolation of the crude cell extract (polar fraction): F1, F2, F3, F4, F5, F6, F7, F8, F9 and F10

analyzed by NMR spectroscopy.

linesinthetested range of 7.8-1,000 ug/ml (Table
1). Almost of al cell lines survived more than
50%, only cell lines of C6/36 and BHK(21)C13
treated with 1,000 pg/ml of crude broth survived
46.42% and 48.08%, respectively. The viable
cells increased when the concentration of crude
brothdecreased. Sometreatmentsgavethesurvival
cells more than 100% (Sf9 treated with 31.25,
15.63and 7.8 ug/ml; C6/36 treated with 15.63 and
7.8 ug/ml). This result indicated that after being
treated with fungal crude broth, the viable cells
could develop and duplicate themselves and also
revealed that the fungal crude broth had no
cytotoxicity against thetested cell lines(Table 1).

Fungal crude solvent extract derived from
H. thompsonii #966 (after evaporation) was also
non-toxic to all tested cell lines in the range of
0.78-100 pg/ml (Table 2). Cell lines in all
treatments survived more than 50%. Cell lines of
C6/36 and BHK (21)C13 showedviablecellsmore
than 100% in every treatments, only cell lines of
Sf9 gaveviable cellsmorethan 100% after treated
with 0.78 pg/ml. This result indicated that the
chemical components in crude solvent extract

werenon-toxictoall cell linesat|ow dosage(0.78-
100pg/ml). Incontrast, thesechemical components
stimulated cell activity. Interestingly, thenumbers
of viable BHK(21)C13 cells were considerably
higher than those of the controls, and more than
Sf9and C6/36 (Table2). Theresultsindicated that
the crude solvent extract was non-toxic and
probably stimulated cell activity and is non-toxic
to mammalian cells.

Theeffectivenessof secondary metabolites
of Hirsutella depends on the fungal variety and
culturing conditions. For example hirsutellin A
(HtA) extractedfromH. thompsonii var. thompsonii
strain HTF-87 and CBS 556.77D cultured in
Czapek-Dox broth plus yeast extract for 4 days
andtheJAB 04 straingrew inPDY brothfor 4 days
are toxic to G. mellonella larvae, Aedes aegypti
(Linnaeus), Drosophilamelanogaster (Meigenand
Bombyx mori (Linnaeus) (Vey etal., 1993; Liu et
al., 1995; Mazet and Vey, 1995).

In contrast, hirsutellide A extracted from
H. kobayashi culturedinMEB for 21 daysexhibited
antimycobacterial and antimalarial activitieswith
aMIC (minimum inhibitory concentration) of 6-
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Tablel Optica densities (OD) and survival percentagesof different cell lineafter trestment with crude
broth (freeze-dried) of H. thompsonii #966 for 24 h.

Standard SF9 C6/36 BHK(21)C13
(u) Mean+SD % surviva Mean+SD % survival Mean+SD % surviva
1000 0.65+0.04 7471 f 0.52+ 0.03 46.42 h 0.25+0.03 48.08 g
500 0.75+0.05 86.21 e 0.63+0.03 56.25 g 0.31+0.02 59.62 f
250 0.83+0.02 9540 cd 0.69+0.02 61.61 f 0.36 +0.02 69.23 e
125 0.81+0.03 93.10 d 0.76 £ 0.05 67.86 e 0.40+0.02 76.92 d
62.50 0.85+0.02 97.70 bc 0.83+0.02 7411 d 0.42+0.02 80.77 d
31.25 0.89+0.05 10230 b 0.97+0.12 86.61 c 0.46 + 0.02 88.46 c
15.63 0.88+0.03 10115 b 1.15+0.03 102.68 ab  0.49+0.02 94.23 bc
7.80 0.93+0.02 106.90 a 1.19+0.05 106.25 a 0.50+0.03 96.15 ab
Control  0.87+0.04  100.00 b 1.12+0.04 100.00 b 052+0.03  100.00 a

Table2 Optical densities (OD) and survival percentagesof different cell lineafter treatment with crude
solvent extract (after evaporation) of H. thompsonii #966 for 24 h.

Standard SF9 C6/36 BHK(21)C13
(uh) Mean+SD % surviva Mean+SD % surviva Mean+SD % surviva
100 0.38+0.02 79.17 d 0.52+0.03 100.00 b 0.39+0.02 12188 e
50 0.40+ 0.02 83.33 d 0.54+0.03 103.85 b 044+0.02 13750 bhc
25 0.44 £ 0.02 91.67 c 058+0.04 11154 a 047+£0.01 14688 a
12.50 0.44+0.02 91.67 c 0.61+0.02 11731 a 045+0.02 140.63 &b
6.25 0.45+0.04 93.75 ¢ 0.54+0.03 103.85 b 044+0.02 13750 bhc
3.125 0.46 + 0.02 9583 bc 052+0.04  100.00 b 042+0.02 13125 d
1.563 0.47+0.04 9792 bc 0.53+0.03 101.92 b 043+0.03 13438 cd
0.780 053+0.03 110.00 a 0.60+ 0.03 11538 a 045+0.03 140.63 ab
Control  048+0.03  100.00 b 0.52+0.02 100.00 b 0.32+0.02  100.00 f

12 pg/ml., but showed no cytotoxic effect toward
theVerocell lineat 50 mg/ml (Vongvanichetal.,
2002). Liu et al. (1995) extracted hirsutellin A
from H. thompsonii var. thompsonii (strain JAB
04) and observed that the crude filtrates from 21-
25hold culturescontai ned detectabl etoxin, causing
60-100% mortality of G. mellonella. Maimala
(2004) cultured H. thompsonii #966 in MEB for 4
daysand reported that the crudefiltrate containing
HtA gene showed strong insecticidal activity by

inducing 100% mortality of G. mellonella larvae.
From this study, crude broth (4 d old) wasweakly
toxic to al cell lines while crude solvent extract
(21 d old) was non-toxic to the tested cells. This
phenomena was partly due to the prolonged
fermentation period that probably caused
degradation of some insecticidal metabolites.
Hence, only secondary metaboliteswith antibiotic
activity were most likely to be found.
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CONCLUSION

The analysis of crude solvent and crude
cell extracts was not completed showing only a
group of ordinary components. The analysis
detected glycerol astorage molecule, ergosterol a
component of plasma membranes and
diketopiperazines secondary metabolitesof fungi.
Unfortunately, thequantity of crudesolvent extract
used in this experiment was not great enough to
induce cytotoxicity. Toxicity assays showed that
the crude broth (freeze dried) and crude solvent
extract were only weakly or non-toxicto all tested
cell lines (Sf9, C6/36 and BHK(21)C13). In
contrast, these extracts stimulated cell activity.
Moreover, crude cell extract contained
diketopiperazines, which might be useful for
antibiotic treatments.

ACKNOWLEDGEMENTS

This research was supported by Royal
Jubilee Program, Thailand Research Fund under
project code: BGJ 4580003. The authors are
indebted to Dr.Prasat Kittakoop (Bioresources
Research Unit, BRU), and Miss Sukitaya
Veeranondha (Animal Cell Biotechnology
Laboratory), National Center for Genetic
Engineering and Biotechnology (BIOTEC),
National Science and Technology Devel opment
Agency (NSTDA), for technical support
concerning chemical component analysis and the
cytotoxicity test.

LITERATURE CITED

Boczek, JH., V.G. Shevtchenko and R. Davis.
1989. Generic Key to World Fauna of
Eriophyid Mites(Acarida: Eriophyoidea).
Warsaw Agri. Univ. Press, Warsaw, Poland.
192 p.

Boucias, D.G., W.G. Farmerie and J.C. Penland.
1998. Cloning and sequencing of cDNA of

the insecticidal toxin hirsutellin A. J.
Invertebr. Pathol. 72: 258-261.

Byun, H.G., H. Zhang, M. Mochizuki, K. Adachi,
Y. Shizuri, W. Leeand S. Kim. 2003. Novel
antifungal diketopiperazine from marine
fungi. J. Antibiot. 56(2): 102-106.

Chandrapatya, A. 1987. Somebiological attributes
of the citrus rust mite, pp.109-127. In
Problemsof Sucking I nsect and Mite Pests
of Economic Crops in Thailand. Annual
Meeting Entomol. Zool. Assoc., Thailand.
(in Thai)

Jeppson, L.R.,H.H. Keiferand E.W. Baker. 1975.
Mites Injurious to Economic Plants.
University of Califonia Press, Berkeley,
Cdlifornia, USA. 614 p.

Keifer, H.H., EW. Baker, T. Kono, M. Delfinado
andW.E. Styer. 1982. Anlllustrated Guide
to Plant Abnormalities Caused by
Eriophyoid MitesinNorth America. USDA
Agric. Handbook. 178 p.

Liu, J.C., D.G. Boucias, J.C. Pendland, W.Z. Liu
and J. Maruniak. 1996. The mode of action
of hirsutellin A on eukaryotic cells. J.
Invertebr. Pathol. 67: 224-228.

Liu,W.Z.,D.G. Bouciasand C.W. McCoy. 1995.
Extraction and characterization of the
insecticidal toxin hirsutellin A produced by
Hirsutella thompsonii var. thompsonii. Exp.
Mycol. 19: 254-262.

Maimala, S. 2004. Screening Strainsof Hirsutella
thompsonii (Fisher) for Mass Production
by Solid Fermentation Technology. Ph.D
Dissertation, Kasetsart University, Bangkok.

Mamala, S, A. Tartar, D.G. Boucias and A.
Chandrapatya. 2002. Detection of the toxin
hirsutellin A from Hirsutella thompsonii. J.
Invertebr. Pathol. 80: 112-126.

Mazet, . 1992. Recherchessur leshirsutellines,
toxinesprotetquesproduttespar Hirsutella
thompsonii Fisher, champignon pathogene
d’acariens phytophages. Dissertation.
University of Montpellier. France. 135 p.



Kasetsart J. (Nat. Sci.) 38 (3) 339

Marzet,|.and A.Vey. 1995. Hirsutellin A, atoxin
protein produced in vitro by Hirsutella
thompsonii. Microbiology. 141: 1343-1348.

McCoy, C.W. and R.F. Kanavel. 1969. Isolation
of Hirsutella thompsonii from the citrus rust
mite, Phyllocoptruta oleivora, and its
cultivation on various synthetic media. J.
Invertebr. Pathol. 14(3): 386-390.

McCoy, C.W., R.A. Samson and D.G. Boucias.
1988. Entomogenousfungi, pp. 151-236. In
C.M. Ignoffo (ed.). CRC Hand book of
Natural Pesticides, Vol.5, Microbial
insecticide, Part A, EntomogenousPr otozoa
and Fungi. CRC Press, Boca Raton.

Nilanonta, C., M. Isaka, P. Kittakoop, J.
Saenboonrueng, V. Rukachaisirikul, P.
Kongsaeree and Y. Thebtaranonth. 2003.
New diketopiperazines from the
entomopathogenic fungus Verticillium
hemipterigenum BCC 1449.
56(7): 647-651.

Omoto, C. and C.W. McCoy. 1998. Toxicity of
purifiedfungal toxinhirsutellin A tothecitrus
rust mite Phyllocoptruta oleivora (Ash.). J.
Invertebr. Pathol. 72: 319-322.

Skehan P., R. Storeng, D. Scudiero, A. Monks, J.

J. Antibiot.

McMahon, D. Vistica, J.T. Warren, H.
Bokesch, S. Kenney and M.R. Boyd. 1990.
New colorimetric cytotoxicity assay for
anticancer-drug screening. J. Nat. Cancer
Inst. 82: 1107-1112.

Spears, A.T.and W.W. Y others. 1924. Istherean
entomogenousfungusattackingthecitrusrust
mitein Florida? Science. 60: 41-42.

Sugie, Y., H. Hirai, T. Inagaki, M. Ishiguro, Y.J.
Kim,Y.Kojima, T. Sakakibara, S. Sakemi, A.
Sugiura, Y. Suzuki, L. Brennan, J. Duignan,
L.H. Huang, J.Sutcliffeand N. Kojima. 2001.
A new antibiotic CJ-17,665 from Aspergillus
ochrace. J. Antibiot. 54(11): 911-916.

Vey, A., JM. Quioct, |. Mazet and C.W. McCoy.
1993. Toxicity and pathology of crude broth
filtrate produced by Hirsutella thompsonii
var. thompsonii inshakeculture. J.Invertebr.
Pathol. 61: 131-137.

Vongvanich, N., P. Kittakoop, M. Isaka, S.
Trakulnaleamsai, S. Vimuttipong, M.
Tanticharoen and Y. Thebtaranonth. 2002.
Hirsutellide A, a new antimycobacterial
cyclohexadepsipeptide from the
entomopathogenic fungus Hirsutella
kobayasii. J. Nat. Prod. 65: 1346-1348.





