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Keratinophilic deuteromycetous fungus Trichophyton
ajelloi was isolated from the soil by feather-baiting
technique. It has previously been tested as a larvicidal
agent of Anopheles stephensi and Culex quinquefascia-
tus. The extracellular metabolites of T. ajelloi were
collected from the Sabouraud dextrose broth by filter-
ing through Whatman-1 filter paper after 21 days of
growth. The bioassays were run at six different con-
centrations chosen to produce larval mortalities bet-
ween 20 and 95% for calculating the LCsy and LCy,
values by probit analysis. The larvae of Cx. quinque-
Jasciatus were 0.25-fold more susceptible than the An.
stephensi. The 1st instars of both the species were
more susceptible than the 2nd and 3rd instars. These
extracellular metabolites of 7. ajelloi could be regar-
ded as alternatives to synthetic insecticides. This indi-
genously developed larvicide needs to be explored
further in different climatic zones of India.

MICROBES are used as alternatives to conventional broad-
spectrum synthetic insecticides because of their selective
toxicity and are safe for the environment. The insecticidal
secondary metabolites produced by entomopathogenic
fungi have become a focus of interest for insect patholo-
gists. The secondary metabolites of entomopathogenic
fungi Metarrhiziuml’z, Beauveria3, T01yp001adium4’5 and
Fusarium® have potential insecticidal activity. Some are
well established as true insecticides, such as tolypins,
beauvericin’, destruxin®’ and cyclosporin A and C'. In
India, Vijayan and Balaraman'’ have screened the efficacy
of extracellular fungal secondary metabolites against 3rd
instar of three important vectors Anopheles stephensi Lis-
ton, Culex quinquefasciatus Say and Aedes aegypti.

An. stephensi and Cx. quinquefasciatus are two major
human-biting mosquitoes in India. The former acts as a
malaria vector whereas as the latter works as a vector of
filariasis and St. Louis encephalitisll. Trichophyton ajel-
loi Vanbreuseghem, a deuteromycetous fungus has been
tested as a biocontrol agent of An. stephensi and Cx.
quinquefasciatuslz. This fungus is an imperfect one and
reproduces asexually. Like other deuteromycetes, it grows
on Sabouraud dextrose agar. The present communication
describes the larvicidal effect of extracellular metabolites
of T. ajelloi against 1st, 2nd and 3rd instars of An. ste-
phensi and Cx. quinquefasciatus.
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Ten soil samples were collected near our institute at
Agra. The soil samples were excavated by a sterile scal-
pel and collected in clean sterile plastic bags. Fifty grams
of soil sample from each source was placed in separate
petri plates. Five replicates of each source were prepared
in separate petri plates. The keratinophilic soil fungi were
isolated with the help of feather-baiting technique. T.
ajelloi (EPL-5) strain used in this study has been origi-
nally isolated from the soil by feather-baiting tech-
niquelz. Feathers of Indian peacock (Pavo cristatus Linn)
were used as bait. The feathers were sterilized in an auto-
clave and then placed on the surface of the soil and mois-
tened (5 ml/petri plate) with sterile distilled water. Pure
culture of the fungus has been maintained in the labora-
tory since 1998. Petri plates were placed at 24+ 2°C in
incubators. After 7 days fungal colonies on the feathers
were visible with the naked eye. For the preparation of a
pure culture, a sub-sample of all fungal colonies grown
on the feather was individually transferred with an inocu-
lation needle to a petri plate containing Sabouraud dex-
trose agar (Ranbaxy, SAS Nagar, India). The Sabouraud
dextrose agar was supplemented with 50 pug/ml of chlo-
ramphenicol as a bacteriostatic agent. If more than one
fungal colony grew on a petri plate, each fungus was re-
cultured as needed to isolate a pure colony. T. ajelloi was
identified according to Frey et al.’®. The chitinolytic acti-
vity of T. ajelloi was studied by the method of Ismail and
Abdel-Sater'*. The T ajelloi colony was grown on a me-
dium containing partially purified chitin (0.3% w/v). The
source of chitin was insect and the medium was solidified
by 1.5% agar.

The Sabouraud dextrose broth was prepared by the
method of Gardner and Pillai'®. Six 250 ml conical flasks,
each containing 100 ml Sabouraud dextrose broth (Dex-
trose 40 g, peptone 10 g, distilled water 1000 ml) were
autoclaved at 20 psi for 20 min. The broth was supple-
mented with 50ig/ml chloramphenicol as a bacterio-
static agent. T. ajelloi colonies grown on the Sabouraud
dextrose agar plates were transferred to each flask using
the inoculation needle. The conical flasks inoculated with
T. ajelloi were incubated at 24 + 2°C for 21 days. The ex-
tracellular metabolites were obtained by filtering the
broth through Whatman No. 1 filter paper after the incu-
bation period.

Mosquito larvae were maintained in the laboratory at a
temperature of 25%2°C, relative humidity of 70%5%
and a photoperiod of 14:10h (light:dark). Different in-
stars of An. stephensi and Cx. quinquefasciatus were main-
tained in separate enamel containers (25 cm X 15cm X
5cm). All larvae were fed 0.4 ml/beaker of a 5% (w/v)
autoclaved suspension of freeze-dried yeast in distilled
water on day-1 and day-2. Larvae were reared in double
distilled water at pH 7.0. To counteract evaporation, water
was added daily.

Twenty 1st, 2nd and 3rd instars of An. stephensi and
Cx. quinquefasciatus were placed separately in 750 ml
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beakers containing 500 ml test medium. Larvae of each
instar were exposed separately to serial dilutions of ex-
tracellular metabolites. Six dilutions of the extracellular
metabolite concentrate were made. Each instar of both
the species was run at six different concentrations chosen
to produce larval mortalities between 20 and 95% for
calculating the LCsy and LCyp values. Bioassays were run
in triplicates and conducted five times on different days
of a month. All dead larvae were counted and discarded
from the test medium every 12h. Moribund and dead
larvae were examined individually under a microscope.
Assays were terminated at 72h and mortality counts
were made based on the number of live larvae remaining
in each beaker.

The control was run with the experiment simultane-
ously. In the control, twenty 1Ist, 2nd and 3rd instars of
each species were put in separate beakers with 500 ml
sterile double distilled water. The control beakers were
supplemented with respective concentrations of filtrate
culture media. The larvae were fed the same food which
was given to the experimental larvae on day-1 and day-2.
The LCs¢ and LCqp values with 95% fiducial limits and
probit equations were calculated using probit analysism.
Calculations of probit equations and LC values were
made with the help of a software developed by Raymond”.

Keratinophilic fungi are distributed in the Indian soil
and their specificity against chitin of mosquito larvae has
so far not been explored. The deuteromycetous fungus 7.
ajelloi was previously tested against the larvae of An.
stephensi and Cx. quinquefasciatus as a control agentlz.
The invasion of conidia of T. ajelloi into mosquito larval
host is supported with a system of protease, chitinase and
lipase enzymes and without primary participation of the
metabolites. The secondary metabolites were first charac-
terized as antibiotics as they have some supportive activ-
ity on bacteria and fungilg. Their insecticidal activity was
reported during the nineties. Metabolites of T. ajelloi are
proteinous in nature. The concentration of protein in the
culture filtrate after 21 days of growth was 75 £6.1 ug/ml
(Lowry assay). The colony of T. ajelloi had variable rates
of growth on dextrose and chitin media. The colony grown
on dextrose had a higher rate of growth (radius, 4.7
0.4 cm) after seven days than the colony grown on chitin

Table 1.

source (radius, 3.7 £0.2cm). The growth rate of 7. gjel-
loi on chitin indicates that it has a high level of chitinase
in metabolites. The objective of the present investigation
was to observe the efficacy of extracellular metabolites
against mosquito larvae and to compare the effect among
the species.

Results of the present study confirm that the extracel-
lular metabolites are efficacious against the larvae of An.
stephensi and Cx. quinquefasciatus. The LCsy and LCgqq
values of all the three instars of both the species are
given Tables 1 and 2. According to the LC values, it is
evident that larvae of Cx. quinquefasciatus were 0.25-
fold more susceptible than the larvae of An. stephensi. A
comparison of LCsy and LCgg values among different in-
stars of Cx. quinquefasciatus showed the 1st instar was
two-fold more susceptible than the 3rd instar and the
mortality of the 2nd instar was between those of the 1st
and 3rd instars (Table 1). The efficacy of An. stephensi
was similar to that of Cx. quinquefasciatus, except in the
case of LCqg of the 1st instar. The LCqyp of the 1st instar
larvae was higher than that of the 2nd instar larvae. T.
ajelloi was used as a positive control and the LCsp and
LGy values were recorded within the fiducial limit'?.

In India, Vijayan and Balaraman'® reported the meta-
bolites of 17 fungi to be highly larvicidal and their LCsq
values against the 3rd instar of An. stephensi and Cx.
quinquefasciatus were in the range of 7-83 and 3-24 pl/ml
respectively. In the present study, LCsy of An. stephensi
(41 w/ml) was in the middle of the range as observed by
Vijayan and Balaraman'® and LCsy of Cx. quinquefascia-
tus was higher than the range. However, in our study the
Ist instar of both the species was more susceptible than
the other instars. Therefore, the extracellular metabolites
of T. ajelloi were better equipped against the 1st instar of
An. stephensi and Cx. quinquefasciatus. Priyanka et al.’’
recorded the efficacies of An. stephensi against culture
filtrate of Chrysosporium tropicum and observed that the
2nd instar was more susceptible than the other instars.
The difference in mortality compared to the present in-
vestigation may be the mode of action of the metabolites.
Zizka and Weiser' evaluated the effect of beauvericin
against L4 larvae of Cx. pipiens autogenicus and reported
that beauvericin caused 44% mortality at a concentration

Probit equations and susceptibilities of instars of Culex quinquefasciatus against extracellular metabo-

lites of Trichophyton ajelloi. (Protein concentration in Jg/ml is given within parentheses; x is the log concentra-
tion of extracellular metabolites of 7. ajelloi in pl/ml)

Probit equation

LCso (ul/ml) LCoo (pl/ml)

First instar 1.728 + 2.701x

Fiducial limit (95%)

Second instar 1.237 + 2.760x

Fiducial limit (95%)

Third instar 0.825 + 2.775x

Fiducial limit (95%)

26.36 (1.98) — 34.26 (2.57)

16.25 (1.22) 48.42 (3.63)

15.28 (1.15) - 18.37 (1.38) 43.72 (3.28) — 53.91 (4.04)
23.06 (1.73) 67.14 (5.03)

21.88 (1.64)—25.63 (1.92) 65.30 (4.89) — 70.94 (5.32)
31.92 (2.39) 92.47 (6.93)

88.69 (6.65) — 99.07 (7.43)

324

CURRENT SCIENCE, VOL. 86, NO. 2, 25 JANUARY 2004



RESEARCH COMMUNICATIONS

Table 2. Probit equations and susceptibilities of instars of Anopheles stephensi against extracellular metabolites
of T. ajelloi. (Protein concentration in pg/ml is given within parentheses; x is the log concentration of extracellu
lar metabolites of 7. ajelloi in pl/ml)

Probit equation

LCso (ul/ml)

LCoo (ul/ml)

First instar 1.503 + 2.487x

25.474 (1.91)

83.404 (6.25)

Fiducial limit (95%) 23.37(1.75) - 28.12 (2.10) 79.06 (5.92) — 86.80 (6.51)
Second instar 1.042 + 2.734x 28 2.1) 82.54 (6.19)
Fiducial limit (95%) 26.73 (2.00) — 31.95 (2.39) 72.36 (5.42) — 85.32 (6.39)
Third instar 0.669 + 2.674x 41.62 (3.12) 125.53 (9.41)

Fiducial limit (95%)

37.95 (2.85) - 44.16 3.31)

98.16 (7.36) — 138.02 (10.35)

of 100 ul/ml. Although beauvericin is a purified crystal-
line compound, it is less effective. However, a crude ex-
tract of tolypin caused 100% mortality in the larvae of
Cx. pipiens and An. maculipennis at a concentration of
100 ul/ml. The efficacies of extracellular metabolites of
T. ajelloi can be regarded as an alternative to the above
agents. It can thus be concluded that extracellular meta-
bolites of 7. ajelloi are effective against the 1st instars of
both the species. The use of floating agent and wetting
agent may increase the mortality of An. stephensi. The
major vectors of malaria in India are An. culicifacies and
An. fluviatilis, where these new metabolites should be
tested. Nevertheless, the trials presented here can further
initiate work in this area. The objective is to explore indi-
genous larvicide product, which can be helpful in con-
trolling major vector-borne diseases in India. Field trials
in different geoclimatic zones of India and abroad can
further enhance its candidature as a future larvicide. A
major breakthrough, probably a more purified version
could be the ultimate goal for which further work is in
progress.

1. Roberts, D. W., Toxins from entomogenous fungus Metarrhizium
anisopliae. I1. Symptoms and detection in moribund hosts. J. In-
vertebr. Pathol., 1966, 8, 222-227.

2. Roberts, D. W., Some effects of Metarrhizium anisopliae and its
toxins on mosquito larvae. In Insect Pathology and Microbial En-
tomology (ed. Van der Laan, P. A.), North-Holland, Amsterdam,
1967, pp. 1-360.

3. Hamill, R. L., Higgens, C. E. and Boaz, H. E., The structure of
beauvericin, a new depsipeptide antibiotic toxic to Artemia salina.
Tetrahedron Lett., 1969, 49, 4255-4258.

4. Weiser, J. and Matha, V., The insecticidal activity of cyclosporins
on mosquito larvae. J. Invertebr. Pathol., 1988, 51, 92-93.

5. Weiser, J. and Matha, V., Tolypin a new insecticidal metabolite of
fungi of the genus Tolypocladium. J. Invertebr. Pathol., 1988, 51,
94-96.

6. Peeters, H., Matha, V. and Roberts, D. W., Enzymes involved in
the synthesis of fungal toxins. Proc. Int. Conf. Biopesticides, The-
ory and Practice, 1989, pp. 169-181.

7. Zizka, J. and Weiser, J., Effect of beauvericin, a toxic metabolite
of Beauveria bassiana, on the ultrastructure of Culex pipiens
autogenicus larvae. Cytobios, 1993, 75, 13-19.

8. Vey, A., Quiot, J. M. and Vago, C., Mode d’ action insecticide d’
une mycotoxine, la Destruxine E, sur les dipteres vecteurs et dis-
seminateurs de germes. C. R. Acad. Sci., 1987, 304, 229-234.

CURRENT SCIENCE, VOL. 86, NO. 2, 25 JANUARY 2004

9. Vey, A., Toxins of fungi pathogenic for invertebrates: chemical
composition and biological effects. Proc. Int. Conf. Biopesticides,
Theory and Practice, 1989, pp. 213-222.

10. Vijayan, V. and Balaraman, K., Metabolites of fungi and actino-
mycetes active against mosquito larvae. Indian J. Med. Res.,
1991, 93, 115-117.

11. Nagpal, B. N. and Sharma, V. P., Indian Anophelines, Oxford &
IBH, New Delhi, 1994, pp. 1-416.

12. Mohanty, S. S. and Prakash, S., Laboratory evaluation of Tricho-
phyton ajelloi, a fungal pathogen of Anopheles stephensi and
Culex quinquefasciatus. J. Am. Mosq. Control Assoc., 2000, 16,
254-257.

13. Frey, D., Oldfied, R. W. and Bridger, R. C., A Color Atlas of
Pathogenic Fungi, Wolfe Medical Publications Ltd, 1980, p. 38.

14. Ismail, M. A. and Abdel-Sater, M. A., Fungi associated with the
Egyptian cotton leafworm Spodoptera littoralis Boisdoval. Myco-
pathologia, 1993, 124, 79-86.

15. Gardner, J. M. and Pillai, J. S., Tolypocladium cylindrosporum
(Deuteromycotina: Moniliales), a fungal pathogen of the mosquito
Aedes australis. Mycopathologia, 1987, 97, 77-82.

16. Finney, D. J., Probit Analysis, Cambridge Univ. Press, Cambridge,
1971, 3rd edn, pp. 1-333.

17. Raymond, M., Laboratoire de GeneHque Institut_des Sciences de
L Evolution U. S. T. L., France, 1987.

18. West, E. J. and Briggs, J. D., In vitro toxin production by fungus
Beauveria bassiana and bioassay in greater wax moth larvae. J.
Econ. Entomol., 1969, 61, 684-687.

19. Priyanka, Srivastava, J. N. and Prakash, S., Chrysosporium tropi-
cum efficacy against Anopheles stephensi larvae in the laboratory.
J. Am. Mosq. Control Assoc.,2001, 17, 127-130.

ACKNOWLEDGEMENTS. Financial assistance from the Depart-
ment of Science and Technology, New Delhi to S.P. to conduct rescarch
is acknowledged. S.S.M. thanks the Council of Scientific and Industrial
Research, New Delhi for awarding Senior Research Fellowship. We
also thank Prof. S. S. Bhojwani, Director, Dayalbagh Educational Insti-
tute for providing facilities.

Received 8 May 2003; revised accepted 3 October 2003

325



