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ABSTRACT

The present study was confined to the Parangipettai estuary ecosystem in
Cuddalore District, Tamil Nadu comprising of Salt Marsh (S1) and Vellar (S2).
Water, sediment, seafoams and natural substrates were collected to isolate the
Microorganisms. All the collected samples were plated incubated and the
Microbial colonies were identified. The water and sediment sample were collected
separately and analysed for temperature, pH, dissolved oxygen, biological oxygen
demand, chemical oxygen demand, salinity, total dissolved solids. A total of 41
species of microorganisms were isolated and enumerated by plating technique.
Among these, 30 species were represented in S1 and 22 in S2. In this study, 27
species of microbes were recovered from sediment samples whereas water samples
yielded 25 species and natural substrates with 12 species. From the sea foams, a
total of 12 species were recorded. The biosynthesis of agueous Ag+ ions by the
fungus extract has been demonstrated. The findings of the present study has been
reported as green chemistry approach using a fungus Fusarium oxysporum in the
synthesis of silver nanoparticles at room temperature without using any harmful
reducing agents such as sodium borohydrite or hydroxylamine hydrochloride and
any capping or dispersing agent. Thus green synthesis of silver particles has been
achieved in the present study using Fusarium oxysporum.

I ntroduction

of hot thermal vents at depths, tropical coral
reef ecosystems and specialized ecosystems

Nearly 75% of the earth is covered with
seawater. Microbial world in the marine
ecosystem is complex and diverse in nature.
The study of marine microbiology includes
the forms that live from the coastal to
offshore regions, from surface of the water

like estuaries, lagoons, saltpans, backwaters
and mangroves. They are nutritionaly
versatile, as that of terrestrial counter parts
ranging from phototrophy to
chemolithotrophy and chemoheterotrophy.
In the marine environment seven types of
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habitats are avalable for marine

microorganisms.

Bacterial forms are highly versatile in their
nutritional requirement. It is very difficult to
classify the bacteria and many systems have
been adopted since their discovery. A
classification system based on phylogenic
similarity has been proposed (Woese and
Fox, 1977) and it has wide acceptance.
These grouping split the previously unified
prokaryotes into archaebacteria and the
eubacteria.

The bacteria are further categorized based on
their mode of obtaining carbon and energy.
Biodiversity of fungi is an important aspect
to be dealt with utmost scientific accuracy
and accountability. One third of fungal
diversity of the globe exists in India. Out of
1.5 million of fungi, only 50% are identified
and remaining 50% need to be identified.
Unfortunately around 5 —10% of these fungi
alone can be cultured artificially. The variety
and galaxy of fungi and their natural beauty
occupy prime place in the biological world
and India has been the cradle for such fungi.
Only a fraction of total fungal weath has
been subjected for scientific scrutiny and
mycologists have to explore the unexplored
and hidden weath (Manoharachary et
al2005).

The diversity of actinomycete secondary
metabolites is unrivaled and unmatched in
medical significance. Structurally and
functionally diverse bioactive compounds
have aso been isolated from other
prokaryotes, including members of the
myxobacteria (e.g.,, Sorangium) and
cyanobacteria (e.g., Nostoc), as antibiotics
with antimicrobial, antiviral, and antitumor
activities (Peterson et al,1994; Reichenbech,
2001; Schwartz et al,1990; Shimkets et
al2004.). Recently, the rate of discovery of
new compounds from existing genera
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obtained from terrestrial sources has
decreased, while the rate of reisolation of
known compounds has increased. Moreover,
the rise in the number of drug-resistant
pathogens and the limited success of
strategies such as combinatorial chemistry in
providing new agents indicate an uncertain
forecast for future antimicrobia therapy
(Progjan, 2003; Porjan and Youngman,
2002). Based on the necessary basic
information obtained on marine fungi
estuary ecosystem, the present study has
been undertaken in the proposed study area
in Parangipettai, Tamil Nadu with the
objectives of Biodiversity of
Microorganisms and Production of silver
Nanoparticles from Fusarium oxysporum .

Materialsand M ethods
Study area and Collection of samples

Totally, two sampling stations were selected
in Parangipettal estuary. The two sampling
stationsare:  Salt Marsh (S1) and Vellar
estuary (S2). Random sampling of water was
carried out at various depths (within 0.5 m,
totally, 250 ml of water sample was
collected in each station in sterilized glass
container and then transferred to sterilize
polythene bags and properly sealed.

As similar to the water sampling, soil
sediments were also collected from the
surface layer in each sampling station for the
entire study period. The sediment samples
were collected manually wearing hand
gloves, transferred to sterile polythene bags
and sealed properly. In addition to water and
sediment samples, clean surface scums and
foams of the marine water were also
collected near the edges of the land surface
randomly in the study area of marine system
by scopping them into sterilized bottles.
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Isolation of Bacteria, and

Actinomycetes

fungi

Water samples

After sampling, within 24 hrs the water
samples from each station were subjected to
appropriate dilutions (10-* t010”°) and 0.1 ml
of sample was asepticaly transferred into
the plates containing Potato dextrose agar
with addition of mixture antibiotics,
Tetracycline and Penicillin, Nutrient agar for
bacteria and Actinomycetes (Kenknight’s
agar). The plates were incubated at
respective temperatures. Control plates were
aso maintained. Sterilization of glasswares
and preparations of media were carried out
as per the method described by Booth
(1971).

Sediment sample

One gram of the sediment was weighed and
then dissolved in 99 ml of sterile seawater
and then subjected to dilution serial as done
for water samples. 0.1 ml of the sample was
directly inoculated onto medium containing
plates and incubated in the incubation
chamber at respective temperature for
further observation. In this technique, 102 to
10 dilutions were prepared and taken into
account for plating.

Sea foams sample

The surface scums and foams were diluted
with sterile seawater and dilution-plating
technique was attempted to isolate
microflora.

I solation of Microor ganisms
The incubated plates were observed for the

development of fungi from 3" day onwards.
The number of colonies in each plate was
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counted and compared with control. The
data obtained were used for calculating the
frequency of occurrence. In addition to this,
cultural characters of the colonies (color and
structure) were also observed and microbes
were enumerated.

Identification of Bacteria and
Actinomycetes

Identification of bacteria and Actinomycetes
was done by Gram staining, LCB
(Actinomycetes), Motility and Biochemical
test such as IMVIC tests, Urease, catalase
test, TSl test, Sugar fermentation test and
Coagulase test (Anegja, 2001).

I dentification of Fungi

I dentification of fungi was done by LCB and
Biochemical test such as Sugar fermentation
test (Angja, 2001).

Presentation of data

The semi permanent dlides of the isolated
microbes were prepared using Gram staning
(Bacteria and Actinomycetes) Lactophenol
Cotton Blue Staining method (Fungi) and
sealed with DPX mountant. The Microbes
were photographed using photo
micrographic instrument (Nikon AFX |l
Microscope fitted with Nikon FX-35
camera, Tokyo, Japan).

Confirmation of Bacteria, Actinomycetes
and fungi

The identification of Bacteria and
Actinomycetes was based on Bergey’s
Manual of Determinative Bacteriology (9
Edition — John G. Holt et al., 1994). The
identification of fungal taxa was based on
Hyphomycetes  (Subramanian, 1971),
Dematiaceous Hyphomycetes and More
Dematiaceous Hyphomycetes (Ellis, 1971,
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1976) and Manua of soil fungi (Gilman,
1957, 1998).

Physico — chemical analyses of water and
sediment samples

The water and sediment sample were
collected separately and analyzed for
temperature, pH, dissolved oxygen (DO),
biological oxygen demand (BOD), chemical
oxygen demand (COD), sdinity, total
dissolved solids (TDS), (Venugopaan and
Paulpandian, 1989; Anga, 2001; APHA,
1998; Stickland and Parson, 1972; Wetzel
and Likens, 1979).

Analyses of water temperature

The temperature of the sample in natural
condition before sampling was measured
using thermometer. The thermometer was
inserted into depth from which samples were
collected and the mercury levels were noted.
Then the meter was cleaned with distilled
water, wiped to remove moisture.

Analyses of water pH

The pH of the sample collected was
anayzed immediately within 5 minutes of
collection; if the analysis is delayed the
results may be fase due to change in
cations. The pH was measured with a pen
pH meter or a pH paper. After pH
measurement the instrument was rinsed with
distilled water, wiped to remove moisture.

Analyses of water Dissolved oxygen (DO)

The pH of the water samples from 5
sampling spots were adjusted to neutrality
using 1 N acid/ 1IN akali. The water samples
were filled in a BOD bottles without
bubbling. 2 ml of manganous sulphate and 2
ml of alkaline iodide azide — solution were
added to each water sample. The bottles
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were shaken upside down direction at least
six times. The brown precipitate was
allowed to precipitate. 2ml of concentrated
sulphuric acid was added to each bottle and
the stoppered bottles were shaken to
dissolve the brown precipitate. 50 ml of the
samples was taken in a flask and titrated
with sodium thiosuphate solution, till the
colour changes to pale straw. 2 drops of
starch solutions was added which changes
the colour of the content from pale to blue
and titrated again until the due blue colour

disappears.

Analyses of water Biological oxygen
Demand (BOD)

The pH of the water samples was adjusted to
neutrality using 1 N alkali/IN acid solution.
The samples were filled in 6 BOD bottles
without air bubbles. 1 ml alylthiourea was
added to each bottle. Dissolved oxygen
(DO) content in 3 BOD bottle were
determined by titration method. The mean of
the 3 readings were taken (D1). The rest of
the 3 bottles were incubated at 27°C in a
BOD incubator for 3 days. After incubation
the samples were estimated the oxygen
concentration in the samples using the same
procedure used for D1. The mean of the 3
readings were taken (D2).

Analyses of water Chemical
Demand (COD)

Oxygen

Three 100 ml conical flasks were taken and
50 ml samples were poured on each (1 in
triplicate). Simultaneously the distilled water
blanks were also runned (also in triplicates).
5 ml of potassium dichromate solution was
added in each of the six flasks. The flasks
were placed in water bath at 100°C for one
hour. The samples were alowed to cool
for 10 min. 5 ml of potassium iodide was
added in each flask. 10 ml of H,SO, was
added in each flask. The contents were
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titrated with 0.1 M sodium thiosul phate until
the appearance of pale yellow colour. 1 ml
of starch solution was added to each flask
[solution turns blue. The contents were
titrated until the blue colour completely

disappears.

Analyses of water Salinity

5 ml of sample (water sample) was pipetted
out into conica flask and 4 drops of
potassium dichromate indicator solution was
added. The sample was titrated with silver
nitrate by vigorous shaking of conical flask.
Just before the end point is reached the sides
of the flask was rinsed with distilled water,
from a wash bottle. As the end point
approaches, the localized red precipitate
formed by the solution will begin to spread
throughout the solution. If not the
precipitate was broken with a glass rod. At
the end, the pale greenish yellow colour of
the content changed to full yellow and then
become a definite pale red as the end point
exceeded. The permanency of the end point
was checked by waiting for 5 sec, if the
color was not permanent further small drops
of silver nitrate solution was added.

Determination of total dissolved solids of
water

The weight of the evaporating dish was
taken. The sample of suitable quantity was
filtered through Whatmann filter paper No.
4. The sample was transferred to the
evaporating dish. The sample was
evaporated on a water bath. The weight of
the dish along with the contents was taken
after cooling in adesiccator.

Production of silver nanoparticles
20gm of funga mycelium was obtained

from the liquid media used for the synthesis
of silver nanoparticles. 20 ml of the cell free
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filterate was brought and transferred to 10-3
M concentration silver nitrate Erlen Meyer
flask and agitated a 25°C in darker
conditions under normal pH.
Simultaneously, control without silver ions
was aso run aong with the experimental
flasks.

UV visible studies

The reduction of silver ions was monitored
by measuring the UV-VIS spectrum of the
reaction medium at 24 hrs time interval by
drawing 1lcm of the samples and their
absorbance was recorded at a resolution of
05m a 350-800nm wusing UV-VIS
spectrophotometer — UV 2450(Shimadzu).

SEM Analysis

Thin films of the sample was prepared on a
carbon coated copper grid by just dropping a
very small amount of the sample on the grid,
extra solution was removed using a blotting
paper and then the film on the SEM grid was
allowed to dry by putting it under a mercury
lamp for 5 min for emitting characteristic X-
rays. These characteristic X-rays are used to
identify the composition and measure the
abundance of elementsin the sample.

Results and Discussion

The results of this study Parangipetta
estuary ecosystem comprising of Salt Marsh
(S1) and Vellar (S2) in Cuddalore district
are presented and discussed.

I solation of microorganismsfrom the
sampling stations

Totally, 41 species of microorganisms were
isolated from the two sampling stations by
plating technigue. Among the microbes, 12
sp. were bacteria, fungi with 24 species and
5 with Actinomycetes (Table.1l; Figure.l).
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Table. 1 Biochemical test for bacterial identification

Name of The Bacteria | Indole | MR | VP | Citrate | Urease SFtest Coagulase | Catalase | Gram’sreaction | Motility
Saureus ) + + . + Acid + + G+ Cocci NM
Vibirio sp. + ) ) ) - Acid - + G- Rod M
Micrococci sp. ) + + ) . . - + G+ cocci NM
Ps.fluorescens ) ) ) B - Acid - + G- Raod M
E.coli + + . ) - Gas/Acid - - G- Rods M
Marinococcus sp. ) ) ) ) . + - + G + Cocci NM
Streptococcus sp. ) ) 3 3 . Acid - - G+cocci NM
Sporosarcina sp. ) ) 3 ) . - - + G + Cocci M
B.subtilis ) ) ) B - Acid - + G+ bacilli NM
Proteus sp. + + + + + - - - G- Rod M
Marinomonas sp. ) ) ) ) . + - - G- cocco bacilli M
Marinobacter sp. ) i ) ) ) + - - G-Rod M

‘+> indicates Positive; ‘- indicates Negative; NM- Non Motile; M- Motile
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From the water samples, 25 species, 27
species in sediment and 12 species were
isolated from sea foams.

Physico-chemical status of water with
respect to Microbial distribution

The 6 kilometers long estuarine stretch
under investigation did not show any mix
up of pollutants from neighboring land
mass. However, the status of the water
quality in estuarine system has a direct
bearing on its physico-chemical
nature. Hence, ten parameters viz
temperature, pH, dissolved oxygen (DO),
biologicak oxygen demand (BOD),
chemical oxygen demand (COD), salinity,
and total dissolved solids (TDS) of water
samples were observed and recorded.

The physico-chemical parameters of water
in S1 stations, salinity, BOD and TDS
were 42%, 0.18 mg/l and 0.3grespectively.
These  parameters  influenced  the
occurrence of 30 species belonging to
Bacteria, Fungi and Actinomycets. Table 2
shows, the parameters of water in S2
stations. Salinity, COD and BOD were 43
%, 0.84 mg, and 37.6 mg respectively.
These parameters were influenced the
occurrence of 22 species belonging to
Bacteria, Fungi and Actinomycetes.

By holding the above physico-chemical
data observation were also made on the
marine microorganisms. The terrestrial
form of fungi in the estuarine water and
sediments exhibited temperature tolerance
and germination activity with increasing
salinity whereas, the species of marine
fungi Varicosporina ramulosa,
Halosphaeria maritima, Didymosphaeria
maritima and Pleospora aquatica recorded
from sea foams demonstrated their salinity
tolerance in their habitats.
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Table.2 Details of physico-chemical
parameters of water samples

Parameters S1 2
Water samples
Temperature (° C) 28 30
pH 7.5 8.0
Dissolved oxygen (mg/l) 37.44 | 37.6
Biologica oxygendemand | 7.44 | 6.88
(mgfl)
Chemical oxygendemand | 0.18 | 0.84
(mg/l)
Salinity (%) 42 43
Total dissolved solids 0.3g |0.29
(mgfl)
Occurrence
Bacteria 9 7
Fungi 17 12
Actinomyctes 4 3

This would suggest the effect of salinity
and temperature on germination of
terrestrial, fresh water and marine
microorganisms. On the other hand the
marine species were indicated high
tolerance against salinity and temperature
stress on that by earlier observations by
Byrne and Jones (1975). The oxygen
content is directly influenced by
temperature and the former has a direct
bearing on the metabolism and growth of
aquatic populations (Cooke and Rayner,
1984).

Species diversity of Microbes in the
estuary system

During the three month study period, a
total of 41 species of microbes were
enumerated from two sampling stations by
plating technique. Among these, 30
species were represented in S1 and 22 in
S2. Maximum fungal diversity was
observed in S1 with represented by 30
species (Table.3; Figure 2, 3). In this
study, 27 species of microorganisms were



Int.J.Curr.Microbiol . App.Sci (2013) 2(1):20-32

recovered from sediment samples whereas
water samples yielded 25 species and 12
species were isolated from natura
substrates. From the sea foams, a total of
12 species of microbes were recorded.

Occurrence of Microorganisms in the
estuarine water

In this study, totally 25 species of
microorganisms were isolated and
enumerated from the water samples by
dilution-plating technique. Among the
microorganisms isolated 7  species
belonged to Bacteria; 16 belonged to fungi
2 to Actinomycetes (Table.4; Figure 4).

Occurrence of Microbesin the estuarine
sediment

By employing the plating technique, 27
Microbes were isolated from the Estuary
sediment  samples. Among these
microorganisms  isolated 8  species
belonged to Bacteria; 16 belonged to fungi
and 3 to Actinomycetes (Table.4; Figure
5).

With the above-presented results while,
assessing the species diversity of Bacteria
was correlated with the previous studies
by Lee et al. (1999); Gessay and White,
(1990); Akal et al. (1977); Kogure et al.
(1980). Identification  of marine
actinomuycetes was discussed with earlier
reports by Starecle and Roberts (1974);
Williams et al. (1984).

Fungi in the estuarine waters and
sediments, the fungal genera, Aspergillus,
Penicillium,  Curvularia, Alternaria,
Cladosporium and Drechslera were found
to be dominant members of this system.
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This well agreed with the findings of Garg
(1982), Rai and Chowdhery (1978), Raper
and Fennell (1965) and Roth et al (1964).

| solation of Microbesfrom sea foams

From the sea foams, totally 12 fungal
species were isolated. Among the fungi 4
species belong to Bacteria, 7 species to
fungi, 1 species to Actinomycetes
(Table4; Figure 6). Conidia fungi
associated with foam and submerged
leaves play significant role in processing
aguatic litter, energy flow and productivity
(Manoharachary and Galaiah, 1987).

Conidia fungi are known to occur on
submerged leaves and aso in foam
accumulated at barriers of waterfalls in
aerated water bodies and these conidia
were demonstrated by Dewildeman in
1985 followed by Ingold’s (1942). 5
Ascomycetes, 1 Basidiomycetes and 4
Fungi imperfecti (including Alternaria sp.,
Varicosporina ramulosa were isolated
from the sea foams and reported by
Kohlmeyer (1966, 1969a), and Kohlmeyer
and Kohlmeyer (1971, 1977) along shores.

Production of Silver Nanoparticles
using Fusarium oxysporum

The colour change occurred in the cell free
extract when challenged with 1mM
AgNo3 changed colour from pale yellow
to dark brown colour in 48 hrs and attained
maximum intensity after 72 hrs with
intensity increasing during the period of
incubation indicative of the formation of
silver nanoparticle.

Control without silver ions showed no
change in colour of the cell filtrates when
incubated under same conditions.
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Table.3 Microbes isolated from all the two sampling Table. 4 List of Fungi isolated from various mangrove
stations during the study period substrate samples collected in the study area.
Name of the or ganisms [ s1 | =2 Name of the organisms | Water | Sediment fosaﬁs
Bacteria Bacteria
3a_ph.aureus + - Sap.aureus - + -
Vibiro sp + + Vibiro sp + + +
Micrococcus sp + - Micrococcus sp + - -
Pseudomonas fluorescens + + Pseudomonas fluorescens + + +
E. cali - + E. coli - + -
Marinococcus + + Marinococcus + - -
Streptococcus sp. - + Streptococcus sp. - + -
Sporosarcina sp. + - Sporosarcina sp. + + -
Bacillus subtilis + + Bacillus subtilis + + +
Prot_eus sp. + - Proteus sp. - + -
Marinomonas sp. - + Marinomonas sp. - + +
Marlr_lobacter p. + - Marinobacter sp. + - -
Fungi Fungi
Aspergillus niger + + Aspergillus niger + + +
Saccharomyces sp. + - Saccharomyces . + - -
A. ochraceous + + A. ochraceous + + +
Cladosporium sp.1 - + Cladosporium sp.1 - + -
Cladosporium sp.2 + - Cladosporium sp.2 + - -
Aterreus + - A.terreus + + +
Penicillium sp. - + Penicillium sp. - + -
Mucor sp. + - Mucor sp. + - -
A. sulphrues + - A. sulphrues + + +
Aspergillus sp. - + Aspergillus sp. - + -
Fusarium oxysporum + + Fusarium oxysporum + + +
P.citrinum + - P.citrinum + -
Cladosporium apicale - + Cladosporium apicale - + -
A. flavus + + A. flavus + +
C. tenuissimum - + C. tenuissimum - + -
P.digitatum + - P.digitatum - + -
Roryzae + - R.oryzae + + -
T.viride - + T.viride + - -
C. cladosporideus + - C. cladosporideus - - -
Cladosporium sp.3 + - Cladosporium sp.2 + + -
Drechglera p. + - Drechdera sp. - + -
A. fumigates + + A. fumigatus + + +
A.sydowi + - A.sydowi + - -
A gl acus - + A. glacus + + -
Actinomycetes Actinomycetes
Streptomyces sp. + + Streptomyces sp. + - +
Terrabacter sp. - + Terrabacter sp. - + -
Saccharothrix sp. + - Saccharothrix sp. - + -
Pseudonocardia sp. + - Pseudonocardia sp. - + -
Actinomyces sp. + + Actinomyces sp. + - -
(-) = Absent (+) = Present (-) = Absent (+) = Presen
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UV - VIS spectral studies

Graph 1 (Control) and Graph 2 (Experimental)
depicts a series of typical UV- VIS spectra of the
reaction solution recorded at an interval between O-
72 hrs. Under normal pH 6.0 the change in light
absorption profile of the medium and change in
intensity of the brown colour during long term
incubation (72hrs). In the filtrate obtained from the
fungal extract, a new path was observed in the
visible region of (440nm) and suggested that the
organism reduced the silver nitrate to silver oxide as
the growth of the organism’s proceeded in the
medium (Figure.7).

SEM analysis

SEM images with magnifications, the silver
nanoparticles are agglomerated. In these
micrographs it was observed that the nanoparticles
were in the size ranging from 20-70 nm with a
variety of morphology (Figure 8). Sawle et al.
(2008) synthesized Au-Ag alloy nanoparticles using
Fusarium semitectum and observed that the band
corresponding to the surface plasmon resonance
occurs at 545nm for gold nanoparticles and 443 nm
for silver nanoparticles.

Figure.7 UV spectrum of Silver Nitrate with fungal extract
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Figure. 8 SEM Micrograph showing Silver nanoparticles

In the present study Fusarium oxysporum was
mixed with agueous solution of the silver ion
complex and it started to change the colour form
pae yellow to dark brown colour which
indicates the formation of silver nanoparticles. It
is generally recognized that UV-Vis
spectroscopy could be used to examine the size
and shape controlled nanoparticles in agueous
suspensions (Willey et al., 2006). Sawle et al.,
(2008) reported that the peak were at 1643,
1543, 1405, and 1045cm-1 region is a
characteristic of proteins and enzymes that have
been found responsible for the reduction of
metal ions by the fungal mediated synthesis of
metal nanoparticles. SEM micrographs have
confirmed that silver nanoparticles of 20- 70nm
in the size with various morphology are
synthesized from Fusarium oxysporum. These
silver nanoparticles have been used for
antibiotic assay and act as disinfecting filters
and coating materials (Singh et al., 2008).This
fungus mediated synthesis of silver
nanoparticles would be characterized and
further investigations are confirmed pertinent to
the techniques like calcinations and Energy
Dispersive Spectroscopic studies.
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