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For new antifungal antibiotics from actinomycetes, a strain of Streptomyces GS 1322 was isolated from a sample of
garden soil. The strain was found to possess antagonistic activity against four fungi i.e., Candida albicans, Aspergillus
niger, Microsporum gypseum and Trichophyton sp. The strain was identified as Streptomyces sampsonii and the antifungal
compound produced by it was found to be the heptaene group of polyene antibiotics.
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The prevalence of fungal infections has increased
significantly during the past few decades, particularly
in  immunosuppressive and immuno-compromised
patients™ and are of major concern in the context of
present day medicine®’. Although, few antifungal
agents are in use to treat fungal infections, but their
clinical efficacy in some invasive fungal infections is
not optimal. Thus, intense efforts in antifungal drug
discovery are still needed to develop more promising
and effective antifungal agents for use in the clinical
arena™’.

Actinomycetes is most widely exploited group of
microorganisms in terms of their capabilities in
production of antibiotics and other compounds of
biotechnological importance®°, while many more
useful compounds including antibiotics are awaiting
discovery™**. The present paper reports biochemical
and physiological properties of an actinomycetes strain
and production of an antifungal antibiotic of polyene

group.

Materials and Methods

Microorganism—The actinomycete strain GS 1322
was isolated from a sample of local garden soil (23°
50° N latitude and 78° 40° E longitude). The sample
was given pretreatment by drying at 45°C for 24 h.
The isolation of actinomycete was done using the
method as described by Jain and Jain'®. The isolated
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actinomycetes was purified using glucose yeast
extract agar medium** and maintained at 4°C as stock
cultures on yeast extract malt extract agar medium®.

Identification—The actinomycete strain GS 1322
was got identified from IMTECH, Chandigarh based
on its biochemical properties and on the basis of 16S
rRNA gene sequencing by Dr. Yogesh S. Souche,
National Centre for Cell Sciences (NCCS), Pune
University, Pune, India.

Antifungal activity—Antifungal activity of the
strain S. sampsonii GS 1322 was tested using ‘Cross
streak method” as described by Waksman and
Lechevalier®® using Candida albicans, Aspergillus
niger, Microsporum gypseum and Trichophyton sp. as
test organisms which were obtained from the courtesy
of Dr S K Deshmukh, Nicholas Piramal India Ltd.,
Mumbai.

Characterization of antifungal compound

Characterization of the nature of antifungal
compound produced by the test strain GS 1322 was
done using following methods.

Ergosterol agar plate method—Production of
polyene antifungal compounds in the .cultures of test
actinomycete was assayed using Ergosterol agar plate
method'’. For this, the antifungal compound was
obtained from the cultures of test actinomycete grown
on beef extract broth medium for 108 h at 120 rpm on
rotary shaker. The extraction of antifungal compounds
from the cultures was carried out following the
method as described by Jain and Jain'® and tested for
the presence of polyene compounds following the
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method as described in the Laboratory Mannual of
MTCC". Assay was carried out using Candida
albicans as test organism. The results were recorded
by observing the zone of inhibition developed on the
assay plates. The results obtained were interpreted
using criteria—(a) reduced zone size in presence of
ergosterol-polyene type antibiotic present; and (b) no
reduced zone in presence of ergosterol-polyene type
antibiotic absent.

UV visual spectrophotometric method—¥or spec-
trophotometric analysis of the antifungal compound
produced by strain GS 1322, it was grown on beef
extract broth medium (beef extract, 4 g; peptone, 4 g;
yeast extract, 1 g; NaCl, 2.5 g; glucose, 10 g; distilled
water, 1000 ml; pH, 7.0) on rotary shaker (120 rpm)
at 28°+1°C for 108 h. After incubation the content of
the flask was centrifuged at 7000 rpm for 10 min and
the mycelial pellet was obtained and used for the
extraction of the polyenes using 95% methanol™. The
presence of polyenes in methanolic extract of the
mycelium was determined by spectrophotometry. The
absorption spectrum was obtained at 200-500 nm
using UV - visual double beam PC based spectro-
photometer (ECIL model - UV 5704 SS). The pre-
sence of polyene and its type was determined on the
basis of characteristic three peak spectra using
standards as reported by Riviere et al'.

Characterization of S. sampsonii GS 1322—To
establish the identity of the test strain, it was grown
on yeast malt extract agar medium and characteristics
were noted following Shirling and Gottlieb™ and
Rayner'’®. For physiological and biochemical
characterization its Gram’s staining properties,
production of pigments, growth on media having 5
different concentrations of NaCl (i.e., 2, 5, 7, 9 and
12%), seven different pH from 4.0 to 10.0 at an
interval of 1 pH, effect of different temperatures (i.e.,
4°,15°, 25°, 37°, 42° and 55°C) on growth, utilization
of 12 different sugars (i.e., glucose, arabinose,
mannitol, xylose, meso-inositol, raffinose, rhamnose,
salicin, sucrose, galactose, lactose and maltose) and
nine biochemical properties including production of
acid and acetoin (MR, VP), indole and H,S
production, citrate utilization; starch, casein and
gelatin hydrolysis and nitrate reduction were studied
following standard methods'* 2% 2",

Results and Discussion
Identification—Actinomycete strain GS 1322 was
got identified from IMTECH, Chadigarh as

Streptomyces, based on its biochemical properties and
its viable culture was deposited at its Microbial Type
Culture Collection and Gene Bank with an accession
number MTCC 6231. Its further identification was
done on the basis of its 16S rRNA gene sequencing at
National Centre of Cell Sciences (NCCS), Pune
University, Pune and was identified as a strain of
Streptomyces sampsonii GS 1322. The culture of this
strain was also deposited at the Research Laboratory,
Department  of  Applied  Microbiology and
Biotechnology, Dr H S Gour V V, Sagar.

Antagonistic activity—S. sampsonii GS 1322
exhibited significant antifungal activity against both
yeast and moulds. It caused total inhibition in
growth (TIG) of Candida albicans and growth
inhibition and retardation in the growth of
Aspergillus niger and Microsporum gypseum causing
20 and 05 mm zone of inhibition, respectively, but
showed only growth retardation in the growth of
Trichophyton sp. (Table 1).

Characterization of antifungal compound

Identification of antifungal compound produced in
cultures of S. sampsonii GS 1322 has been carried out
using  ergosterol agar plate assay and
spectrophotometric methods. The results obtained are
as follows:

(a) Ergosterol agar plate assay—Results of present
study showed the production of polyene antifungal
antibiotic by S. sampsonii GS 1322. The antifungal
compound obtained from its culture caused a zone of
inhibition of 21 mm against C. albicans grown on
SDA medium without ergosterol, whereas the same
amount of sample when tested using SDA medium
containing 0.5% ergosterol, produced only 14 mm
zone of inhibition against C. albicans. Since,
ergosterol and polyene compounds possess strong
affinity and presence of ergosterol in assay medium
resists the diffusion of polyene compounds this
reduction in zone of inhibition in the presence of

Table 1—Antagonistic activity of Streptomyces
sampsonii GS 1322

Test organism Zone of inhibition (mm)  Activity*
Candida albicans No Growth TIG
Aspergillus niger 20 GIR
Microsporum gypseum 05 GIR
Trichophyton sp. - GR

*TIG-Total inhibition in growth, GIR-Growth inhibition and
retardation, GR-Growth retardation.
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ergosterol indicated the production of polyene
antifungal compound by the test strain.

(b) Spectrophotomtric spectra of antifungal
compound—Methanolic extracts of the mycelia of test
strain produced a characteristic three-peak spectrum,
confirming the production of polyene group of
antifungal antibiotic by this strain. The position of peaks
in the spectrum was noted at 360.0, 379.5 and 402.0
nm and hence, antifungal compound produced by the
present strain belongs to the heptaene group of
polyene antibiotics (Fig. 1).

Cultural characteristics—S. sampsonii GS 1322
showed a rapid growth on yeast extract malt extract
agar medium. The culture showed the presence of
opaque, convex mycelial growth with irregular
margins. Colour of the aerial mycelium was cream to
primerose and the substrate mycelium was cream to
brown colour. Production of diffusible pigments was
not observed.

Biochemical and physiological characters—The
strain was found to hydrolyze starch, casein and
gelatin and showed weak positive results for reduction
of nitrate (Table 2). The strain showed good growth at
pH 6 to 10, but at pH 5 its growth was noted weak
positive. The test strain was able to grow in a
temperature range of 15°C to 42°C but failed to grow
at 55°C. The study on sodium chloride tolerance
indicated that the strain could grow up to 9%
concentration of NaCl in the growth medium. It was found
to tolerate 12% concentration of NaCl. It grew well in
presence of potassium tellurite (0.001%) and sodium
azide (0.01%), but the growth was observed weak
positive in the presence of 0.1% phenol.

The strain utilized glucose, arabinose, mannitol,
xylose, raffinose, salicin, galactose, lactose and
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Fig. 1—Ultraviolet absorption spectrum of antifungal compound
produced by Streptomyces sampsonii GS 1322 in methanol (95%).

Table 2—Biochemical and physiological characteristics
of S. sampsonii GS 1322

Grams staining +
Production of H,S -
IMViC -
Hydrolysis of starch, casein and gelatin +
Utilization of Carbon sources:

glucose, arabinose, mannitol, xylose, galactose,
maltose, raffinose, lactose. +
rhamnose, sucrose +
Nitrate reduction W+
Growth in presence of NaCl:

2%, 5%, 7%, 9% +
12% W+

Growth in presence of:
sodium azide (0.01%)and potassium tellurite (0.001%)  +

phenol (0.1%) W+

Growth at temperatures (°C)

15, 25, 37, 42 +

4 and 55 -

Growth at pH 4 -
pH 5-10 +

+, positive; W+, weak positive; +, doubtful; — , Negative

maltose as sole source of carbon. The utilization of
rhamnose and sucrose was found doubtful but, failed
to utilize meso-inositol as carbon source.

Ability of Streptomyces sampsonii GS 1322 to
produce heptaene antifungal antibiotic was
interesting, in view of its possible pharmaceutical
application. Beside that, the present strain
Streptomyces sampsonii GS 1322 differed from the
type strain of S. sampsonii (ATCC 25495) in cultural
and biochemical characteristics®® that have been
described in the present study.

Acknowledgement

The author (PCJ) is thankful to University Grants
Commission, New Delhi, for financial assistance. The
authors are also thankful to Dr Yogesh S Souche,
National Centre for Cell Sciences (NCCS), Pune
University, Pune, for his help in the identification of
the present strain by its 16S rRNA sequencing.

References

1 Ng P C, Systemic fungal infections in neonates, Arch Dis
Child, 71 (1994) 130.

2 Gonzalez C E, Venzon D, Lee S, Mueller B U, PizzoP A &
Walsh T J, Risk factors for fungemia in children
infected with HIV; a case-control study, Clin Infect Dis, 23
(1996) 515.

3 Jain S K, Jain P C & Agrawal S C, Mechanism of cell
mediated immunity in fungal infections, in Microbiology and
biotechnology for sustainable development, edited by
P.C. Jain (C B S Publishers and Distributors, New Delhi)
2004, 141.



206

10

11

12

INDIAN J EXP BIOL, FEBRUARY 2007

Walsh T J, Management of immunocompromised patients
with evidence of an invasive mycosis, Hematol Oncol Clin
North Am, 7 (1993) 1003.

Walsh T J, Gonzalez C, Lyman C A, Chanock S J & Pizzo P
A, Invasive fungal infections in children: recent advances
in diagnosis and treatment, Adv Pediatr Infect Dis,
11 (1996) 187

Buchner T & Roos N, Antifungal treatment strategy in
leukemia patients, Ann Hematol, 65 (1992) 153.

Pizzo P A & Young L S, Limitations of current antimicrobial
therapy in the immunosuppressed host: looking at both sides
of the coin, Am J Med, 76 (1984) 101

Cross T, Actinomycetes: a continuing source of new
metabolites, Dev Ind Microbiol, 23 (1982) 1.

Moncheva P, Tishkov S, Dimitrova N, Valentina C,
Antonova-Nikolova S & Bogatzevska N, Characteristics of
soil actinomycetes from Antarctica, Cult Collect, 3 (2002) 3.
Jain P K & Jain P C, Production of heptaene antifungal
antibiotic by Streptomyces purpeofuscus CM 1261, Indian J
Exp Biol, 43 (2005) 342.

Sanglier J J, Wellington E M, Behal V, Fiedler H P, Ellouz
GR, Finance C, Hacene M, Kamoun A, Kelly C & Mercer, D
K, Novel bioactive compounds from actinomycetes, Res
Microbiol, 144 (1993) 661.

Cragg G M, Newman D J & Snader K M, Natural products in
drug discovery and development, J Nat Prod (Lloydia), 60
(1997) 52.

13

14

15

16

17

18

19

20

21

Harvey A, Strategies for
previously unexplored natural
Today, 5 (2000) 294.

Waksman S A, The Actinomycetes Vol. Il-Classification,
identification and descriptions of genera and species, (The
Williams and Wilkins Company, Baltimore) 1961, 331.
Shirling E B & Gottlieb D, Methods for characterization of
Streptomyces species, Int System Bacteriol, 16 (1966) 313.
Waksman S A & Lechevalier H A, ‘The Actinomycetes’
Vol. I11-The search for antibiotics: Screening programme
(The Williams and Wilkins Company, Baltimore, USA)
1962, 20.

MTCC, Laboratory mannual: Actinomycetes-isolation,
screening, identification and gene cloning in streptomyces,
(Institute of Microbial Technology, Chandigarh) 1998, 11.
Riviere J, Moss M O & Smith J E, Antibiotics, in Industrial
applications of microbiology (John Wiley and Sons,
New York) 1977, 197.

Rayner R W, A mycological colour chart (Commonwealth
Agricultural Bureaux, Kew, England) 1970, 1.

Holding A J & Collee J G, Routine biochemical tests, in
Methods in Microbiology, Vol. 6A, edited by J R Norris & D
W Ribbons (Academic Press, New York) 1971, 1.

Locci R, Streptomycetes and related genera, in Bergey's
manual of systematic bacteriology, Vol. 4, edited by S T
Williams (Williams and Wilkins Company, Baltimore, USA)
1989, 2451.

discovering drugs from
products, Drug Discovery



