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Keywords: ABSTRACT: Optimization of culture conditions to enhance bioactive
metabolite production by Micrococcus antarcticus HC-2 was

undertaken in this study. The culture broth, grown in Yeast Extract—
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Malt Extract-Dextrose (ISP-2) medium and extracted with Ethyl
acetate exhibited high antimicrobial activity against test
microorganisms, including Gram-negative, Gram-positive bacteria and
fungi. For efficient production of secondary metabolites, the optimal
pH and temperature were found to be 7 and 30°C, respectively.
Compared to other media, the Yeast Extract—Malt Extract—Dextrose
broth produced a higher amount of bioactive metabolites. Studies on
culture conditions revealed that maximum secondary metabolite
synthesis was achieved when lactose (0.5%) and yeast extract (0.5%)
were used as carbon and nitrogen sources, respectively.

INTRODUCTION: The microflora is most
abundant in soils that are rich in organic matter.
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However, only a small number of characterized
actinomycete genera account for the production of

Soil represents a unique biological environment for
microbial life due to the presence of root exudates.
High inputs of organic materials from plant roots,
which are essential for microbial growth, provide
nutritional  support for this microflora .
Actinobacteria in the rhizosphere may influence
plant growth and protect plant roots from the
invasion of pathogenic fungi that cause root
diseases 2. Terrestrial actinobacteria are the source
of nearly 70% of the natural antibiotics currently
used in medicine °.
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more than 20,000 microbial natural products *.
Actinobacteria from the rhizosphere of the
medicinal plant Vitex negundo remains largely
unexplored.

MATERIALS AND METHODS:

Source of Microorganism: Actinobacterial strains
were isolated from the rhizosphere of Vitex
negundo in Guntur using the soil dilution plate
technique, following pretreatment with calcium
carbonate. The strain HC-2 was identified as
Micrococcus antarcticus HC-2 through
phylogenetic analysis. The gene sequence of this
strain has been deposited in the GenBank database
of NCBI with the accession number MZ389875 °.

Antimicrobial Assay: The test bacteria and fungi
were cultured on nutrient agar (NA) and Czapek—
Dox (CD) agar media, respectively.
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After the agar solidified, wells of approximately 6
mm in diameter were punched using a sterile cork
borer. For the antifungal assay, the test fungus was
inoculated onto the solidified CD agar plates. Each
well was loaded with 50 ppm of the solvent extract,
while the solvent alone served as the control. The
inoculated plates were incubated at 30°C for 24
hours for bacteria and 24-72 hours for yeast and
filamentous fungi. The diameter of the inhibition
zone was then measured °.

Optimizing the Culture Conditions for
Enhanced Production of Bioactive Metabolites:
Attempts were made to enhance the production of
secondary metabolites by optimizing culture
conditions such as pH, temperature, culture media,
minerals, and carbon and nitrogen sources. The
production of bioactive metabolites by the strain
was monitored at regular intervals for up to seven
days.

Effect of pH and Temperature on Bioactive
Metabolite Production: To determine the
influence of initial pH on bioactive metabolite
production, the strain HC-2 was cultured in media
with initial pH values ranging from 4 to 9 and at
temperatures ranging from 20 to 40°C. Biomass
and bioactive metabolite production were estimated
to identify the optimal pH and temperature, which
were then used for further studies ™.

Influence of Culture Media on the Production of
Bioactive Metabolites: To determine the ideal
conditions  for maximum  production  of
antimicrobial metabolites by strain HC-2, the
organism was cultured in ten different media,
including Tryptone Yeast Extract Broth (ISP-1),
Yeast Extract-Malt Extract-Dextrose Broth (ISP-
2), Oatmeal Broth (ISP-3), Starch Inorganic Salts
Broth (ISP-4), Glycerol-Asparagine Broth (ISP-5),
Starch Casein Broth (ISP-6), Tyrosine Broth (ISP-
7), Nutrient Broth, and Czapek-Dox Broth.
Nutritional conditions play an important role in
enhancing the production of bioactive metabolites
%10 Bioactive metabolite production in each
medium was evaluated, and the medium that
supported optimal production was selected for
subsequent studies.

Impact of Carbon and Nitrogen Sources on
Bioactive Metabolite Production: The impact of
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carbon sources on bioactive metabolite production
by strain HC-2 was determined by supplementing
the production medium (YMD) with different
carbon sources, such as dextrose, fructose, lactose,
sucrose, galactose, mannitol, xylose, starch, and
cellulose. Each carbon source was added separately
at a concentration of 0.5% to the optimized
medium. The influence of various nitrogen sources
on bioactive metabolite production was evaluated
by supplementing the medium with different
nitrogen sources, including ammonium nitrate,
yeast extract, tryptophan, proline, alanine, histidine,
cysteine, tyrosine, urea, and peptone. Each nitrogen
source was added individually at a concentration of
0.5% to the medium containing the optimized
carbon source .

Effect of Minerals on Bioactive Metabolite
Production: The impact of minerals on the
production of bioactive metabolites was studied by
supplementing the optimized medium with
different minerals, such as KH:POs, K>HPOs,
MgSOs4, FeSOa, and ZnSOs, each at a concentration
of 0.05% (w/v) *2.

Antimicrobial Activity against Test Organisms:
The antimicrobial metabolites produced by the
strain under optimized conditions were tested
against  bacterial strains, namely Bacillus
megaterium (NCIM 2187), Streptococcus mutans
(MTCC 497), Staphylococcus aureus (MTCC
3160), Bacillus subtilis (ATCC 6633), Escherichia
coli (ATCC 35218) and Pseudomonas aeruginosa
(ATCC 9027), as well as fungal strains such as
Candida albicans (ATCC 10231) and Aspergillus
sp., using the agar diffusion assay *.

Statistical Analysis: The data obtained on
bioactive metabolite production under different
microbial culture conditions were statistically
analyzed and expressed as mean + standard error.
One-way analysis of variance (ANOVA) was used
to assess the significance of the results.

RESULTSANDDISCUSSION:

Effect of Incubation Period on Biomass and
Bioactive Metabolite Production: The growth
pattern of strain HC-2 was studied in Yeast
Extract-Malt  Extract-Dextrose  broth.  The
stationary phase of HC-2 extended from 72 to 96
hours of incubation Fig. 1.
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Secondary metabolites obtained from four-day-old
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Nocardia metallicus VJSY-14 * Arthrobacter

cultures exhibited high antimicrobial activity kerguelensis VL-RK_09 *°, and Nocardia levis
against the test microorganisms. Similarly, MK-VL_113 ® were reported to be active against
metabolites produced by four-day-old cultures of test bacteria and fungi.
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FIG. 1: EFFECT OF INCUBATION TIME ON BIOMASS AND BIOACTIVE METABOLITES PRODUCTION BY
THE STRAIN. Data are statistically analyzed and found to be significant at 5%

Impact of Culture Media on Bioactive
Metabolite Production by the Strain HC-2:
Bioactive metabolite production by the strain was
studied in different culture media Fig. 2. Among
the ten media tested, Yeast Extract-Malt Extract—
Dextrose broth (ISP-2) produced the highest levels

of bioactive metabolites, followed by ISP-1 and

ISP-6.  Similar results were reported for
Rhodococcus  erythropolis ~ VL-RK_05 %7,
Rhodococcus — erythropolis  VLK-12 ', and

Pseudonocardia sp. VUK-10 8.
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FIG. 2:
statistically analyzed and found to be significant at 5%

Effect of pH and Temperature on Bioactive
Metabolite Production: The impact of initial pH
on bioactive metabolite production by strain HC-2
was studied by varying the pH of the fermentation
broth from 4 to 9. Maximum growth and secondary
metabolite production by strain HC-2 were
observed at pH 7.0 Fig. 3.

Similarly, the optimal pH for the production of
antimicrobial compounds by several actinobacteria,
such as Rhodococcus erythropolis VLK-12 ', R.
erythropolis ~ VL-RK 05 %, Nocardiopsis
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IMPACT OF CULTURE MEDIA ON BIOACTIVE COMPOUNDS BY THE STRAIN HC-2. Data are

flavescens VIMS-18, Nocardiopsis sp. VIJRM-8,
and Nocardiopsis dassonvillei VIRM-7 *°, has been
reported to be 7.0.

The production of bioactive metabolites increased
with the incubation temperature from 20°C to 30°C
Fig. 4. However, a further increase in temperature
(above 35°C) resulted in a decreased growth rate
and a decline in bioactive metabolite production
Fig. 4. The strain HC-2 appeared to be mesophilic
in nature. Similar results have been reported for
other actinobacterial species ™ *°.
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FIG. 3: EFFECT OF PH ON BIOACTVE METABOLITES PRODUCTION BY THE STRAIN HC-2. Data are

statistically analyzed and found to be significant at 5%
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FIG. 4: IMPACT OF TEMPERATURE ON BIOACTIVE METABOLITES PRODUCTION BY THE STRAIN HC-2.

Data are statistically analyzed and found to be significant at 5%

Effect of Carbon and Nitrogen Sources on
Bioactive Metabolite Production: The effect of
carbon and nitrogen sources on the production of
bioactive metabolites Fig. 7 by strain HC-2 are
shown in Fig. 5 and 7. Significant production of
bioactive metabolites was observed in lactose-
amended media, followed by dextrose and
mannitol. Since the lactose-enriched culture
medium supported a high vyield of bioactive
compounds, different concentrations of lactose
(0.1-1%) were tested to determine the optimal
concentration. A lactose concentration of 0.5%
supported the highest yield of bioactive metabolites
Fig. 6. To determine an effective composition of

the growth medium, different nitrogen sources
were evaluated for their influence on antimicrobial
compound production by the strain. Among the
nitrogen sources tested, yeast extract, followed by
peptone and tryptophan, was found to be most
effective for the production of bioactive
metabolites. Inorganic nitrogen sources, such as
ammonium nitrate and urea, also showed a
significant effect on secondary metabolite
production by the strain. Since yeast extract
enhanced antimicrobial metabolite production by
strain  HC-2, the influence of different
concentrations of yeast extract (0.1-1%) was also
evaluated Fig. 8.
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FIG. 5: INFLUENCE OF CARBON SOURCES ON SECONDARY METABOLITES PRODUCTION BY THE STRAIN
HC-2. Data are statistically analyzed and found to be significant at 5%
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FIG. 8: EFFECT OF DIFFERENT CONCENTRATIONS OF YEAST EXTRACT ON BIOACTIVE COMPOUNDS
PRODUCTION BY THE STRAIN HC-2. Data are statistically analyzed and found to be significant at 5%

Effect of Minerals on Bioactive Metabolite
Production: The effect of minerals on secondary
metabolite production by strain HC-2 is shown in
Fig. 9. Among the minerals tested, K.HPO.

exhibited

the highest rate of bioactive metabolite VUK-10*2.
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production, whereas lower antimicrobial metabolite
production was observed with MgSOa and ZnSOs.
Similar results were reported for Arthrobacter
kerguelensis VL-RK-09 ** and Pseudonocardia sp.

FIG. 9: IMPACT OF MINERALS ON SECONDARY METABOLITES PRODUCTION BY THE STRAIN HC-2. Data
are statistically analyzed and found to be significant at 5%

International Journal of Pharmaceutical Sciences and Research

2494



Naragani and Reddy, IJPSR, 2026; Vol. 17(8): 2490-2496.

Antimicrobial Activity of Bioactive Compounds
under Optimized Conditions: The strain HC-2
was inoculated into the optimized medium (ISP-2)
composed of lactose (0.5%), yeast extract (0.5%),
malt extract (1%), calcium carbonate (0.2%), and
K>HPO4 (0.05%) at pH 7.0, and incubated at 30°C
for four days. Among the bacteria tested, Bacillus

E-ISSN: 0975-8232; P-ISSN: 2320-5148

megaterium and Staphylococcus aureus were
highly sensitive to the bioactive compounds,
followed by Pseudomonas aeruginosa and Bacillus
subtilis. Among the fungi, Candida albicans
exhibited the highest sensitivity, followed by
Aspergillus sp.
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FIG. 10: ANTIMICROBIAL ACTIVITY OF SECONDARY METABOLITES PRODUCED BY THE STRAIN HC-2.

Data are statistically analyzed and found to be significant at 5%

CONCLUSION:  The strain  Micrococcus
antarcticus HC-2, isolated from rhizosphere soils,
was tested for its antagonistic activity against
Gram-positive and Gram-negative bacteria as well
as fungi. Attempts were made to optimize culture
conditions, including pH, temperature, carbon and
nitrogen sources, and minerals, to enhance
bioactive metabolite production. The optimized
culture medium consisted of lactose (0.5%) as the
carbon source, yeast extract (0.5%) as the nitrogen
source, and KoHPO4 (0.05%) at pH 7.0. The strain,
when cultured in this optimized medium at 30°C
for four days, exhibited high antimicrobial activity.
Among the bacteria tested, Bacillus megaterium
was the most sensitive to the metabolites, followed
by Staphylococcus aureus and Bacillus subtilis. In
the case of fungi, Candida albicans showed the
highest sensitivity.
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