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Abstract

The present study investigates the antimicrobial potential of the crude extracts of two fungal strains
isolated from the Vellar estuary water against clinical human pathogens. The two potent fungal isolates
were identified as Fusarium oxysporum RAS 2 and Aspergillus niger RAS 3 through 18S rRNA sequencing.
5 ml of n-butyl alcohol (nBA) and ethyl acetate (EA) crude extracts confirmed significant antimicrobial
properties exhibited a wide range of zone of inhibitions from 10 to 38 mm against bacterial and fungal
pathogens which were collected from Government Medical College Hospital, Chidambaram, when
compare to control measures. The EA and NA extract of F. oxysporum RAS 2 exhibited the highest
activity (30 £ 0.7 mm) and (25 + 0.5 mm) against Shigella sp., and E. coli, respectively. Both extracts
of A. niger RAS 3 showed the highest activity (38 £ 0.8 mm) and 27 * 0.5 mm against B. subtilis. In
antifungal activity, the ethyl acetate extract of F. oxysporum RAS 2 and A. niger RAS 3 exhibited the
highest activity against A. niger. The n-butyl alcohol extract of F. oxysporum RAS 2 showed the highest
activity (35 £ 0.7 mm) against C. albicans, while A. niger RAS 3 demonstrated significant activity
(36 + 0.8 mm) against A. niger. FTIR investigation of the EA extracts revealed the existence of an
additional ester functional group at the range 1735, which correlated with enhanced antimicrobial
activity compared to other extracts lacking this group. Further characterization of these metabolites
is necessary to confirm their antimicrobial properties. This study concludes that fungi from the Vellar
estuary produce compounds with antimicrobial activity, making them a promising source to develop
novel natural antimicrobial metabolites.
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INTRODUCTION

Fungi can survive at diverse environments,
including polar regions, hot springs, deserts,
saline waters, oceanic trenches, and highly acidic
conditions.! Among these, mycoextremophiles
can thrive in hypersaline waters, such as salt lakes
worldwide.?* The products of halophilic microbes
are considered as valued sources of new bioactive
metabolites, as the extreme conditions of
hypersaline environments can activate otherwise
silent genes and induce unique biosynthetic
pathways.>”

Fungal metabolites display a broad
spectrum of bioactivities, like antimicrobial,
anticancer, antioxidant, insecticidal, anti-diabetic,
and immunosuppressive effects.®° Various fungi
produce highly complex chemical structures,
with numerous metabolites exhibiting significant
biological activities. For instance, Alternaria species
have been found to produce R-Dibenzopyrones
like alternariol and its 5-O-methyl ether, also
known as djalonensone.* Additionally, three new
metabolites were purified from Alternaria raphani
alongside fifteen known compounds.*?

Aspergillus terreus has yielded emodin,
an anthraquinone with moderate antibacterial
activity.®* Metabolites from Cladosporium spp. have
demonstrated antibacterial,'*** antifungal, and
cytotoxic properties.’® Wallemia sebi has shown
the ability to kill brine shrimp, protozoa, and cell
lines* and significantly inhibit bacterial growth.?’
Furthermore, various Fusarium species were also
identified to exhibit antifungal'®*' and antibacterial
activities.?'?* Several bioactive compounds,
including Terremids A and B, Terlactone A, and
new compounds like Terreineol, Terreulactone
A, Terrain, Terreic Acid, and Saspulvinones, have
been identified in A. terreus isolated from high-salt
environments.

While many fungi have been isolated
from the Vellar estuary and tested for their
pharmacological effects, fungi from water samples
in this region have not been extensively studied for
their activity against human bacterial and fungal
pathogens. This study focuses on the dominant
fungal strains isolated from Vellar estuary water
and extracted fungal compounds using ethyl
acetate and n-butyl alcohol and evaluated their

pharmacological effects, which are discussed in
detail here.

MATERIALS AND METHODS

Sample collection

Water sample (150 ml) was taken in
three sterilized DO bottles at a depth of 30 cm
from the Vellar estuary (latitude 11.491134°N,
longitude 79.765664°E) in Parangipettai, Tamil
Nadu, Southeast coast of India. The water sample
pH-7.2, salinity 23 ppt and temperature was
26 °C. The sample was kept in the Mycology Lab at
Centre of Advanced Study (CAS) in Marine Biology
for further microbiological investigation.

Isolation of test organisms

Potato Dextrose Agar (PDA) medium
(120 ml)of pH 5.6 + 0.2 containing 75 mg of
chloramphenicol (to avoid bacterial contamination)
was prepared. Six plates were inoculated with
serially diluted (10*-106) water samples using the
pour plate method and incubated at 37 °C for
48 hours for complete growth. Two dominant
fungal strains were selected, isolated using the
streak plate method, and maintained in pure
culture. Biomass cultures were grown in a shaking
incubator at 100 rpm at 37 °C in Potato Dextrose
Broth (PDB) for five days.

Identification of test organisms

Lactophenol Cotton Blue stain was
dropped on a clean glass slide and a loopful of
fungal culture was placed over the stain and
gently spread apart. A cover slip was placed over
the sample, which was then examined under a
microscope. Based on the colony mycelium and
the standard manual the fungal strains were
identified.?

DNA isolation and PCR

Three days old fungal mycelium was taken
for DNA isolation. The fungal surface hyphae (0.1
g) were scraped from each culture and ground in
300 pL lysis buffer (200 mM Tris-HCI pH 5.8, 250
mM NaCl, 25 mM EDTA, 0.5% SDS) using a glass-
glass homogenizer. Cell debris was pelleted by
centrifugation at 13,000 rpm. The supernatant was
transferred into a new tube and equal volume of
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absolute ethanol was added and mixed gently. This
mixture was kept at 4 °C for overnight. The next
day, the DNA was precipitated by centrifugation at
15,000 rpm and the DNA pellet was re-suspended
in 100 uL of TE buffer (pH 8.0).%

PCR reactions were performed using
10 ng of genomic DNA in a thermal cycler

Table 1. Antibacterial effect of two fungal extracts

(Applied Bioscience). The reaction mixture
included EmeraldAmp® GT PCR Mastermix
(1X), primer mix (0.4 uM), (18S rRNA F:
5'-CAGCAGCCGCGGTAATTCC-3'; 18S rRNA R:
5'-CCCGTGTTGAGTCAAATTAAGC-3'), template
DNA (200 ng), sterile double-distilled water and
the final volume was 25 pl. The PCR condition was

No. Pathogen

Zone of inhibition (mm)

EA extract of nBA extract of EA extract of nBA extract of

F. oxysporum RAS 2 F. oxysporum RAS 2 A. niger RAS 3 A. niger RAS 3
1.  B. subtilis 28+0.6 22+0.3 38+0.8 27+0.5
2. E. coli 24+0.5 25+0.6 25+0.5 25+0.5
3.  Proteus sp. 27 +£0.6 24+0.4 28+0.6 25+0.5
4.  Pseudomonas sp. 24+0.5 25+0.5 29+0.6 26+0.5
5. S. paratyphi 25+0.5 24+0.3 28+ 0.6 26+0.5
6. S typhi 10+0.2 17+0.3 19+0.4 21+ 0.5
7.  Shigella sp. 30+0.7 25+0.5 35+0.8 24+0.5
8. V. harveyi 24+0.5 19+0.4 28+0.5 2504

Table 2. Antifungal effect of two fungal extracts

No. Pathogen

Zone of inhibition (mm)

EA extract of

nBA extract of

EA extract of nBA extract of

F. oxysporum RAS 2 F. oxysporum RAS 2 A. niger RAS 3 A. niger RAS 3
1. A flavus 14+0.3 22+0.4 24+0.5 30+0.7
2. A fumigatus 25+0.5 25+0.5 30+0.6 28+0.6
3. A niger 32+0.8 31+0.6 36+0.9 36+0.8
4. Rhizopus sp. 29+0.6 28+0.5 35+0.8 32+0.7
5.  C albicans 25+0.5 35+0.8 35+0.7 30+0.6

Figure 1. Pure culture plates. (A) F. oxysporum; (B) A. niger
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as follows: initial denaturation at 94 °C for 5 min,
followed by 30 cycles of 94 °C for 50 sec, 58 °C for
50 sec, and 72 °C for 50 sec, with a final extension
of 72 °C for 10 min. The amplicons were analysed
in a 1% agarose gel contains ethidium bromide
stain.

DNA sequencing

The amplicons were sequenced
bidirectionally at Rajiv Gandhi Centre for
Aquaculture (RGCA) by Sanger sequencing method
(Applied Bioscience). The noisy peaks were edited
by BioEdit (V.7.2.5), resulting in clear sequences

of 598 bp and 635 bp. The edited 18S rRNA
gene sequences were compared using BLASTn
for similarity testing, and the sequences were
submitted to NCBI GenBank.

Extraction of bioactive compounds

150 ml of mass-cultured broth of the
two fungal strains was taken and equal volume
of EA and nBA was poured separately without
contamination. The mixtures were kept in a
shaking incubator at 100 rpm at 37 °C for one hour.
After one hour, the mixtures were filtered in a filter
paper (11 um). Subsequently, the compounds
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Figure 2. FTIR spectrum of nBA extract of two fungi. (A) F. oxysporum, (B) A. niger
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were extracted by a rotary evaporator (IKV®RV10).
The semi-solid crude extract then dissolved in 5 ml
of the respective solvents for further analysis.

Antibacterial and antifungal activity

Authenticated clinical bacterial
strains, including B. subtilis, E. coli, Proteus sp.,
Pseudomonas sp., S. paratyphi, S. typhi, Shigella
sp., and V. harveyi, and fungal strains, such as A.
flavus, A. fumigatus, A. niger, C. albicans, and
Rhizopus sp., were obtained from Government
Medical College and Hospital, Chidambaram
and were sub-cultured in Mycology lab in CAS in
Marine Biology.

Muller-Hinton Agar (MHA) was prepared
in petri plates, and the pathogens were swabbed
under sterile conditions. Wells were punctured in
the plates, and 100 pl of each fungal extract was
loaded to the wells. Plates were kept at 37 °C for
one day. After the incubation period was over, the
inhibition zones were noted. Triplicate plates were
maintained for all the experiments.

Fourier Transform Infrared (FTIR) analysis of
extracts

Crude extracts were analysed by FTIR.
The spectrum was recorded in triplicate in the
infrared range from 650-4000 cm™ using an FTIR
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Figure 3. FTIR spectrum of EA extract of two fungi. (A) F. oxysporum, (B) A. niger
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Table 3. The functional group details of two fungal extracts

No. Frequency

EA extract of

nBA extract of

EA extract of

nBA extract of

range (cm?)  F oxysporum RAS 2 F. oxysporum RAS 2 A. niger RAS 3 A. niger RAS 3
1. 3332-3473 Amide A:N-H Amide A:N-H Amide A:N-H Amide A:N-H
stretching of stretching of stretching of stretching of
protein protein protein protein

2. 2981-2929

3. 2870

4. 2132

5. 1736-1746

6. 1640-1647

7. 1520

8. 1371-1461

9. 1244

10.  1215-1237

11. 1036-1043

CH stretch of
alkane:mainly
lipid

C=0 stretch of
ester:mainly lipid

C=C stretch of
aromatic:mainly
carbohydrate
C-H bend of
alkane:mainly
lipid

C-F stretch of

alkyl halide:mainly

carbohydrate

C-F stretch of alkyl
halide:mainly
carbohydrate

CH stretch of
alkane:mainly
lipid

H-C= 0:C-H
stretch of
aldehyde

C=C stretch of
alkynes

Amide 1:C=0
stretching of
protein

C-H bend of
alkane:mainly
lipid

C-N stretch of
Aliphatic Amine
C-F stretch of alkyl
halide:mainly
carbohydrate

C=0 stretch of
ester:mainly lipid

C-N stretch of
Aliphatic Amine

CH stretch of
alkane:mainly
lipid

H-C= O:C-H
stretch of
aldehyde

C=C stretch of
alkynes

Amide I:C=0
stretching of
protein

C-H bend of
alkane:mainly
lipid

C-N stretch of
Aliphatic Amine
C-F stretch of alkyl
halide:mainly
carbohydrate

spectrometer (Agilent Cary 630) at the Department
of Chemistry, Annamalai University.

RESULTS

Identification of test organisms

The isolated fungal strains were identified
using a standard mycological manual by comparing
the phenotypic features after LCB staining. Based
on 100% similarity and 99% query coverage in the
BLAST search, the fungal strains were confirmed
as F. oxysporum (RAS 2) (PQ097244) and A. niger
(RAS 3) (PQ097245). The pure culture plates are
shown in Figure 1.

Antibacterial activity
The antibacterial effects of the two crude
fungal extracts are presented in Table 1. The EA

extract of F. oxysporum RAS 2 exhibited the highest
activity (30 £ 0.7 mm) against Shigella sp., while
A. niger RAS 3 showed the highest activity (38
0.8 mm) against B. subtilis. The n-butyl alcohol
extract of F. oxysporum RAS 2 showed the highest
activity (25 + 0.5 mm) against Shigella sp. and E.
coli, whereas A. niger RAS 3 exhibited significant
activity (27 £ 0.5 mm) against B. subtilis.

Antifungal activity

The ethyl acetate extract of F. oxysporum
RAS 2 and A. niger RAS 3 exhibited the highest
activity against A. niger. The n-butyl alcohol
extract of F. oxysporum RAS 2 showed the highest
activity (35 £ 0.7 mm) against C. albicans, while A.
niger RAS 3 demonstrated significant activity (36
+ 0.8 mm) against A. niger. Detailed results are
presented in Table 2.

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Anbuselvan et al | J Pure Appl Microbiol. 2025;19(1):148-156. https://doi.org/10.22207/JPAM.19.1.06

Fourier-Transform Infrared Spectroscopy (FTIR)
analysis

The result of FTIR confirmed the presence
of different chemical functional groups in the crude
samples. The detailed results are provided in Table
3 and illustrated in Figure 2 and 3.

DISCUSSION

The molecular identification of A.
niger using 18S rRNA gene sequencing aligns
with previous studies?” that used primers
(F: 5'-GGAAGGG[G/A]TGTATTTATTAG-3'; R:
5'-TCCTCTAAATGACCAAGTTTG-3') toamplifya 1452
bp product. In the present study, the same gene was
amplifiedin A. nigerand F. oxysporum using different
primers (F: 5'-CAGCAGCCGCGGTAATTCC-3'; R:
5'-CCCGTGTTGAGTCAAATTAAGC-3'), resulting in
product sizes of 598 bp and 635 bp, respectively.
The A. niger RAS 3 (PQ97245) strain showed
100% sequence similarity to A. niger in the NCBI
database, corroborating the findings*® where a
similar isolate showed 99% sequence similarity in
a BLAST search.

The antagonistic activity of crude EA
and nBA extracts from A. niger and F. oxysporum
was tested against clinical pathogens (bacterial
and fungal). Previous studies® have documented
the presence of F. oxysporum in hypersaline soils,
and Aspergillus species have been reported as
predominant fungi in extreme environments
like hypersaline conditions.?®®! In this study,
A. niger and F. oxysporum were also isolated
from the euryhaline waters of Vellar estuary.
The EA extract of A. niger revealed a significant
antibacterial activity, with an inhibition zone of
35 + 0.8 mm for Shigella sp., which is markedly
higher than the 15.00 + 0.81,3? for methanol
extracts of Paramatrema sp. Similarly, our study
found that the EA extract of A. niger produced an
inhibition area of 25 + 0.5 mm in E. coli and 19 +
0.4 mm in S. typhi. In contrast, previous study??
reported only 12.66 + 0.58 mm and 15.66 + 0.58
mm, respectively, for E. coli and S. typhi. When
compared to the earlier study*’ noted a zone of
24.00 = 0.81 mm against E. coli with methanol
extract of Paramatrema sp., whereas our study
recorded a zone of 25 £ 0.5 mm with n-butyl
alcohol extract of A. niger and F. oxysporum against
E. coli.

The EA solvent extract of A. niger also
indicated notable activity in Pseudomonas sp.,
with a zone of inhibition of 29 £ 0.6 mm, compared
to the 24.33 + 0.47 mm observed®? for methanol
extract of Paramatrema sp. Our findings further
showed that the EA extract of A. niger produced a
zone of 28 + 0.6 mm against Proteus sp., in contrast
to the previous study which showed only 14.66
+ 0.47.%2 The antimicrobial potential of A. niger
against Bacillus sp. was particularly noteworthy,
with a zone of inhibition of 38 + 0.8 mm, which
is significantly higher than the 32 mm reported*
for Penicillium sp. Same authors have reported
a lower activity (15 mm) against Pseudomonas
sp. for A. niger extracts compared to the 29 + 0.6
mm observed in our study. Contrarily the earlier
report®® exhibited the zones of 13 mmin E. coliand
14 mm in S. typhi against EA extracts of A. niger,
the present study found larger inhibition zones
of 25 £ 0.5 mm and 19 = 0.4 mm, respectively.
Furthermore, our study showed that the EA extract
of F. oxysporum displayed zones of inhibition of 24
+ 0.5 mm against E. coli and 25 + 0.5 mm against
S. paratyphi, compared to the 11.7 £ 0.5 mm and
14.7 £ 0.4 mm respectively.®®

The FTIR analysis in the current study
revealed that the n-butyl crude extract of A. niger
contained functional groups such as amides,
alkanes, aldehydes, alkynes, aliphatic amines, and
alkyl halides. These findings are consistent with
the previous report® identified similar functional
groups in dry methanol extracts, including alkenes,
aliphatic fluoro compounds, alcohols, ethers, and
esters. Furthermore, the EA extract of A. niger
of our study showed functional groups such as
alcohols, alkanes, alkyl aryl ethers, and aliphatic
ethers, corroborating the results®*® observed similar
functional groups in their FTIR analysis.

CONCLUSION

The present study successfully identified
A. niger RAS 3 (PQ97245) and F. oxysporum RAS
2 (PQ97244) through 18S rRNA gene sequencing,
confirming their identity with high accuracy. The
antimicrobial activity in the crude extracts of
these fungi was evaluated, revealing significant
antibacterial and antifungal properties. Notably,
the EA extract of A. niger confirmed remarkable
activity in various pathogens, including a 38 *
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0.8 mm inhibition zone against B. subtilis and
35 + 0.8 mm against Shigella sp. Similarly, the
extracts of F. oxysporum also exhibited potent
antimicrobial effects, particularly against E.
coli and S. paratyphi. The FTIR spectrum also
confirmed the availability of diverse chemical
functional groups in the extracts, contributing to
their antimicrobial efficacy. This study emphasizes
the prospect of these fungal extracts as a source of
bioactive compounds possessing comprehensive
antimicrobial action against drug-resistant
pathogens. These findings underscore the
importance of exploring marine-derived fungi for
novel antimicrobial agents, offering promising
avenues for the development of new therapeutics.
Further experiments may concern to isolate and
characterize the explicit active metabolites obliged
for the observed antimicrobial effects and evaluate
their therapeutic potential.
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