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ABSTRACT: Mangrove ecosystems are increasingly being investigated as a source of microorganisms with potential
to produce novel bioactive compounds and enzymes.Actinomycetes were isolated from mangrove wetlands of Krishna
estuary, Machilipatnam, Andhra Pradesh. The isolates were evaluated for antibacterial activity and strain M-2 was
isolated from wetlands of Krishna estuary, Machilipatnam and Kakinada (korangi).The amylase activity of the strain
were determined and fermentation conditions viz., incubation time, incubation temperature, inoculum age, initial pH,
were optimized for maximizing the enzyme production by strain M-2. Further the medium composition with respect to
carbon and nitrogen sources was also optimized for increasing the amylase production. With the optimized conditions
employed, strain showed antibacterial activity (in terms of inhibition zone diameter) of 27 mm against
Enterobacteraerogenes& 32 mm against Bacillus subtilis and amylase activity of 4.2 U/mL. It was further sent to
microbial type culture collection and identification
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I. INTRODUCTION

Mangrove ecosystems represent a largely untapped source for isolation of new microorganisms. Actinomycetes are of
particular interest, since they are traditionally known for their unparalleled capacity to produce biomolecules with
diverse biological activities [19]. The demand for industrial enzymes, particularly of microbial origin, is ever increasing
owing to their applications in a wide variety of processes. Enzyme-mediated reactions are attractive alternatives to
tedious and expensive chemical methods. Enzymes find great use in a large number of fields such as food, dairy,
pharmaceutical, detergent, textile, and cosmetic industries. In the above scenario, enzymes such as proteases and
amylases have dominated the world market owing to their hydrolytic reactions for proteins and carbohydrates. Amylase
is an enzyme that catalyses the hydrolysis of starch into sugars. Amylase is present in the saliva of humans and some
other mammals, where it begins the chemical process of digestion. Foods that contain large amounts of starch but little
sugar, such as rice and potatoes, may acquire a slightly sweet taste as they are chewed because amylase degrades some
of their starch into sugar. The pancreas and salivary gland make amylase (alpha amylase) to hydrolyse dietary starch
into disaccharides and trisaccharideswhich are converted by other enzymes to glucose to supply the body with energy.
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Plants and some bacteria also produce amylase. As diastase, amylase was the first enzyme to be discovered and isolated.
Specific amylase proteins are designated by different Greek letters. All amylases are glycoside hydrolases and act on a-
1,4-glycosidic bonds. Amylases are used in bread making and to break down complex sugars, such as starch (found in
flour), into simple sugars[28]. Yeast then feeds on these simple sugars and converts it into the waste products of
alcohol and CO2. When used as a food additive, amylase has E number E1100, and may be derived from swine
pancreas or mould mushroom. Bacillary amylase is also usedin clothing and dishwasher detergents to dissolve starches
from fabrics and dishes. Blood serum amylase may be measured for purposes of medical diagnosis. A higher than
normal concentration may reflect one of several medical conditions, including acute inflammation of the pancreas (it
may be measured concurrently with the more specific lipase) but also perforated peptic ulcer, torsion of an ovarian cyst,
strangulation, ileus, mesenteric ischemia, macroamylasemia and mumps. Amylase may be measured in other body
fluids, including urine and peritoneal fluid. In molecular biology, the presence of amylase can serve as an additional
method of selecting for successful integration of a reporter construct in addition to antibiotic resistance. As reporter
genes are flanked by homologous regions of the structural gene for amylase, successful integration will disrupt the
amylase gene and prevent starch degradation, which is easily detectable through iodine staining. Amylases are used for
the preparation of sizing agents in textile industry, preparation of starch sizing pastes for use in paper industry,
chocolate, corn syrup and removal of spots in laundry. The conversion of starch to high fructose syrup utilizes amylases,
i.e in producing sweeteners. The above quality makes the future interest for the scientists to work in the amylase. This
work was also an attempt towards the same goal. As strong belief is that, the goal can be achieved by identifying new
strains by means of isolation and screening from various substrates and performing the optimization of the production
parameters.

Il. MATERIALS AND METHODS

1. Isolation of actinomycetes:

1.1 Study area and sampling:

Marine sediment samples were collected from 2 different areas. The mangrove wetlands of Krishna estuary,
Andhra pradesh. Mangrove sedment samples were collected from the two sampling sites 1. Kakinada 2.
Machilipatnam. Due to extensive shipping activities and crude oil pollution, these mangroves were selected as priority
sites for the study. The mangrove sediment samples were collected with a soil corer during low tides and transferred
to a precleaned polycarbonates glass bottles stored at -20°C and kept frozen for further analysis.

Source and place of collection of samples:

A.  Mangrove wetlands of Eastern estuary from Kakinada (Korangi), Andhra pradesh, India.

B.  Mangrove wetlands of Krishna estuary from Machilipatnam, Andhra Pradesh, India.

1.2. Isolation of actinomycetes:

Mangrove sediment samples were stored at 4°C until isolation. Actinomycetes were isolated by plating out the
samples in proper dilutions. Actinomycetes colonies can often be distinguished on the plate from those of fungi and
true bacteria. They are often compact, leathery giving a conical appearance and have a dry surface.

About 1g of the each sample was taken into a 250ml conical flask containing 100ml of sterile water and the flasks
were kept on a rotary shaker for 15 min. The suspension in each flask was serially diluted

After applying all these 4 steps, we get a filtered image that contains only text regions.up to 10-5 level. Isolation was
carried on Starch Casein Agar plates supplemented with rifampicin 2.5pug/mL and cycloheximide 75ug/mL to inhibit
bacterial and fungal contamination respectively. The plates were seeded with a sediment sample suspension of 1.0ml
each and incubated at 28°C for 14 days. After 14 days, actinomycete colonies formed on the SCA plates were picked
and transferred onto SCA slants and incubated at 28°C for 7 days. Only those isolates that appeared different from one
another others were selected. The isolates were further maintained by periodically sub culturing in SCA slants. The
composition of starch casein agar (SCA) medium contains Soluble starch(10 g/L), Vitamin free casein (0.3 g/L),
Potassium nitrate (2.0 g/L), Sodium chloride (2.0 g/L), Dipotassium hydrogen phosphate (2.0 g/L), Magnesium sulfate
(0.05 g/L), Calcium carbonate (0.02 g/L), Ferrous sulfate (0.01 g/L), Agar (20.0 g/L), pH7.0 £ 0.2. The isolates were
pooled together and cultures which appeared identical to naked eye in respect of color of aerial mycelium, reverse color,
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soluble pigment and colony texture were eliminated. About 24 actinomycete isolates were obtained from the
samples[35].

Primary screening by Cross-streak method:

The mangrove actinomycete isolates were screened for antibacterial activity by cross streak method on agar plates
containing starch casein agar (SCA) and nutrient agar in equal proportions. Each plate was streaked with a single
isolate at the center along the diameter of the plate and incubated at 28°C for 5 days. After 5 days, test organisms were
streaked perpendicular to the growth of the actinomycete culture. The intensity of inhibition produced by each isolate
against the test bacteria was noted after 24 h of incubation. Plate with the same medium and without the streaking of
actinomycete but with the streaking of the test organisms was maintained as a control.

Secondary screening by well diffusion method

The active isolates identified in the primary screening using cross streak method were selected for secondary
screening. The active isolates were first cultivated under submerged conditions and then their ability to produce
extracellular antibacterial metabolites was tested by well diffusion method.

Submerged fermentation:

Well sporulated slants of the isolates (7 days old) were used for antibacterial metabolite production studies. 2 ml of
sterile water was transferred aseptically into each slant and the growth of the isolate on the surface of the medium was
scrapped with a sterile inoculating needle and transferred into 50 ml of production medium contains Sucrose 20.0(g/L),
Malt extract 10.0(g/L), Yeast extract 4.0(g/L), Dipotassium hydrogen phosphate 5.0(g/L), Sodium chloride 2.5(g/L),
Zinc sulphate 0.04(g/L), Calcium carbonate 0.4(g/L), pH 7.0 and incubated at 28°C on a rotary shaker at 180 rpm for 7
days. Then the samples were collected into sterile centrifuge tubes and centrifuged at 10,000 rpm for 20 min, at 8°C
and clear culture filtrate was separated. The clear supernatant was used for antibacterial assay using well diffusion
method.

Primary Screening for Amylase activity:

Nutrient agar plates with 1% soluble starch were used for primary screening for amylase activity. Each plate was
inoculated with actinomycetes as a small spots and incubated at 37°C for 5days. After 5 days the plates were flooded
with 1% | and KI solution.

A clear zone around colony against dark blue background indicates amylase activity.

Assay for Amylase Activity:

The reaction mixture containing 1ml of 1% (w/v) starch solution and 1 ml of enzyme extract were incubated at room
temperature for 15 minutes. The reaction was terminated by the addition of 2ml Dinitrosalicyclic (DNS) reagent and
tubes kept at zero time incubation served as control. The solution was heated in a boiling water bath for 5 minutes
followed by the addition of 1ml potassium sodium tartarate solution. After cooling, the volume of the solution was
made up to 10ml and optical density was read at 560 nm. One amylase unit equals to that amount of enzyme needed to
release 1mg of reducing sugar (maltose as standard) for 15 minutes at 37°C. [

DNS Reagent Preparation:

About 1g of DNS is dissolved in 50ml of distilled water.To this solution add about 20g of sodium potassium
tartarate, the solution turns milky yellow in colour then add 20ml of 1.6g of NaOH, which turns the solution to
transparent orange yellow colour. The final volume is made to 100ml with the distilled water. This solution is stored in
an amber coloured bottle[35].

180gm of maltose is weighed and added to 100ml distilled water.0.1 to 1 mg/ml concentrations of maltose standard
solution was taken into different test tubes and made up to 1 ml with distilled water.2 ml of Dinitrosalicylic (DNS)
reagent was added and incubated for 5min at 95 to 100C.1ml of Sodium potassium tartarate is added. The absorbance
was read at 560nm using UV-Visible Spectrophotometer (Table 1.1) and graph (a) maltose standard graph.
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Concentration of | Optical Density(560 3 0.5
Maltose(mg/ml) nm) 0 0.4
0.1 0.025 =)
0.2 0.056 I
o —~
0.3 0.110 g E 02
0.4 0.156 <3 0.1
)
05 0.2 0
0.6 0.241 0 05 1 15
0.7 0.291 Concentration of Maltose(mg/ml
0.8 0.327
0.9 0.371
1.0 0.428

(a) Maltose standard graph

(1.1) Table of Maltose standard graph
at 560nm using UV-Visible Spectrophotometer

The present study deals with the isolation of actinomycetes with potential to produce novel bioactive compounds and
enzymes. The potential isolate was identified and the fermentation conditions for the production of antibacterial
metabolite are optimized.

Il. RESULTS

Isolation of Actinomycetes:

Samples from Coringa mangrove forest were collected with an aim of isolating actinomycetes. Actinomycetes
were isolated by plating out the samples in proper dilutions on Starch Casein Agar (SCA) medium (supplemented with
rifampicin and cycloheximide) and incubated at 28°C for 14 days. After 14 days, the actinomycete colonies were
carefully isolated from the SCA plates avoiding the bacterial or fungal contamination and maintained on SCA slants
Figure: (b) Actinomycetes isolated from mangrove samples using SCA medium and Figure: (c) Microscopic view of
isolated sample.

(c.) Microscopic view of isolated sample

(b) Distribution of isolated actinomycetes in various samples.

Copyright to JIRSET DOI:10.15680/IJIRSET.2017.0610197 20465


http://www.ijirset.com

International Journal of Innovative Research in Science,

ANTIBACTERIAL ACTIVITY STUDIES:

Primary screening by cross-streak method:

[JIRSET

ISSN(Online): 2319-8753
ISSN (Print): 2347-6710

Engineering and Technology

(A High Impact Factor, Monthly, Peer Reviewed Journal)

Visit: www.ijirset.com
Vol. 6, Issue 10, October 2017

Sample Series | Number of Designation of
isolates the isolates
obtained

L 7 L1-L7

M 7 M1 - M7

All the actinomycete isolates were screened for antibacterial activity by cross streak method on agar plates containing
starch casein agar (SCA) and nutrient agar in equal proportions. Each plate was streaked with a single isolate at the
centre along the diameter of the plate and incubated at 28°C for 5 days. After 5 days test organisms were streaked
perpendicular to the growth of the actinomycete culture. The intensity of inhibition produced by each isolate against the
test bacteria was noted after 24 h of incubation. Plate with the same medium and without the actinomycete but with the
streaking of the test organisms was maintained as a control. About 24 isolates showed antibacterial activity against the

test organisms used. The isolates and their antibacterial activity by cross streak method are given in table no: 1.2

Table: 1.2 Antibacterial activity of actinomycete isolates by cross streak method[13].

Gram positive Gram negative

Isolate | Bacillus | Bacillus | Staphylococcus | Escherichia | Enterobacteraerogenes
cereus | subtilis | aereus coli

L1 + + - + +

L2 ++ + + - -

L3 - + + + ++

L4 + - ++ - +

L5 ++ ++ - + +

L6 - + ++ - ++

L7 +++ ++ ++ ++ +

M1 ++ - - - -

M2 ++ ++ +++ + +++

M3 - - + - +

M4 + +++ ++ + -

M5 + ++ - - ++

M6 ++ +++ + + -

M7 ++ - - ++ ++

Very good activity (+++); Good activity (++); Moderate activity (+); No activity (-)

Table: 1.2 Antibacterial activity of actinomycete isolates by cross streak method

Secondary screening by well diffusion method:
The 21 isolates which showed antibacterial activity against the test organisms during primary screening were further
screened for extracellular antibacterial metabolite production by submerged fermentation using well diffusion method.
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4% inoculum prepared from seven day old agar slant cultures of the isolates was transferred into 50 mL of production
medium and incubated at 28 °C on a rotary shaker at 180 rpm for 7 days. Then the samples were collected into sterile
centrifuge tubes and centrifuged at 10,000 rpm for 20 min, at 8°C and clear culture filtrate was separated. The clear
supernatant was used for antibacterial assay using well diffusion method on nutrient agar plates. Wells were made in the solidified
nutrient agar plates using a sterile cork borer and the 50 uL of clear supernatant was added to each well using a micropipette. The
plates were kept in the refrigerator for about 2h for antibiotic diffusion and then incubated at 37°C. After 24 h, the inhibition zones
were recorded. The antibacterial activities of the selected isolates during secondary screening done by using well diffusion method
are given in table no: 1.3.

Table No: 1.3 Antibacterial activities of the selected actinomycete isolates by well diffusion method.

Inhibition zone diameter (in mm)

Gram positive Gram negative
Isolate Bacillus Bacillus Staphylococcus Escherichia coli | Enterobacteraerogenes

licheniformis subtilis aereus
L1 17 16 - 16 21
L2 22 14 16 - -
L3 - 29 20 19 21
L4 13 - 14 - -
M1 15 - - - -
M2 17 32 33 26 27
M3 - - 20 - 20
M4 19 20 22 12 -

Isolate M-2 has shown good antibacterial activity against Bacillus subtilis and enterobacteraerogenes and has been
selected for further studies.

Optimization studies on Amylase production:

(i.) Effect of incubation time:To determine the amylase production, the production medium was inoculated with 7 day
old culture of strain M-2 and incubated at 30°C, 180 rpm, for 11 days. For every 24 hours, the fermentation broth was
centrifuged at 4°C and 10,000 rpm for 20 minutes. The extracts were tested for amylase activity by UV-
Spectrophotometer at 560 nm. The absorbance values were analyzed using maltose standard graph. Maximum amylase
activity was observed on 8th hour of Day-8 (Table 1.4 and Figure (d).

Incubation time | Amylase

(days) activity Effect of Incubation period on

(U/mL) 0
0.25 amylase activity
0.4
0.75
1.2
1.65
2.15
2.55
2.75
2.15
10 1.6
11 1.1

O, N W

Amylase activity
(U/ml)

0 2 4 6 8 10 12
Incubation period (days)

OO |N[O|O|B(WN|F-

Figure:(d.)Effect of incubation period on amylase production

Table 1.4: Effect of incubation period on amylase production.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2017.0610197 20467



http://www.ijirset.com

1]

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly, Peer Reviewed Journal)

RSET ISSN(Online): 2319-8753
> ISSN (Print): 2347-6710

——

Visit: www.ijirset.com
Vol. 6, Issue 10, October 2017

(ii.) Effect of incubation temperature:

The effect of incubation temperature on amylase production was studied by carrying out fermentation at different
temperatures viz., 28 °C, 30 °C, 32 °C, 34 °C and 36°C. The extracts of the fermentation broth were evaluated for
amylase activity after 3 days. The strain M-2 has shown maximum amylase production at a temperature of 30°C (Table
1.5 and Figure (e.)). From the result, we can observe that temperature had a profound impact on amylase production.

Temperature (°C) | Amylase - 4
activity (U/mL) E 3
i
28 2.6 83 1!
2 0
£
30 3 < 22 24 26 28 30 32 34 36
32 2.55 Temperature (°C)
34 1.92

Figure (e.) Effect of incubation temperature on amylase production
Table: 1.5 Effect of incubation
temperature on amylase production.

(iii.) Effect of initial pH:

The pH of the production medium was adjusted to different pHs (5, 6, 6.5, 7, 7.5, 8, 9, 10) with 0.1N NaOH/0.1N HCI.
All the flasks were inoculated with the strain M-2 of the actinomycete culture and incubated at 30°C, 180 rpm for 8
hour. After incubation, the extracts were analysed for amylase activity by UV-Spectrophotometer at 560 nm. The
absorbance values were analyzed using maltose standard graph. Maximum amylase activity was observed at pH-7
(Table 1.6 and Figure (gf.)).

Initial pH Amylase
— aciiviy (DhmL) Effect of pH on Amylase activity
6.0 21 £
23
s 2
7.0 2.9 B,
(4]
75 2.6 20
8.0 2.4 g 4 5 6 7 8 9 10
9.0 1.9 pH

Table: 1.6 Effect of initial pH on amylase activity
Figure (f.): Effect of initial pH on amylase activity
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(iv.) Effect of Carbon source:

To determine the effect of carbon source on amylase production, different carbon sources such as sucrose, starch,
maltose, lactose and glucose were added at a concentration of 1% w/v to the production medium (pH 7) and inoculated
with 4% inoculum, incubated at 30°C for 3 days and subsequently evaluated for amylase activity.

The strain M-2 has shown maximum amylase production when sucrose was used as the carbon source (Table 1.7 and

Figure (g.)).

Carbon Amylase
source activity Effect of carbon source on amylase
(U/mL) > ..
Glucose 2.7 s activity
S E 4
Lactose 0.95 o &
2} 2
< 2
Maltose 2.65 E 0 - — - - .
Starch 25 < Glucose Lactose Maltose  Starch  Sucrose
Carbon source
Sucrose 3.15

Table: 1.7 Effect of initial carbon source
on amylase activity
Figure (g.): Effect of initial pH on amylase activity

(v.) Effect of Nitrogen source:

To determine the effect of nitrogen source on amylase production, different nitrogen sources such as Malt Extract,
Beef Extract, Yeast Extract, Peptone and Ammonium Nitrate were tested. Each of them at a concentration of 0.3g/l with
other optimized conditions was suplimented.

The strain M-2 has shown maximum amylase production when Ammonium Nitrate was used as the nitrogen source
(Table 1.8 and Figure (h.)).

Nitrogen source Amylase  activity .
(U/mL) Effect of nitrogen source on amylase
E° activity
Malt extract 0.45 34
23
Beef extract 2.9 = 5
&
Yeast extract 2.4 1 I
g‘ 0 ||
Ammonium nitrate 4.2 § Malt extract Beefextract  Yeast ~Ammonium Peptone
Peptone 31 extract nitrate

Nitrogen source

Table: 1.8 Effect of nitrogen source on amylase production

Figure (h.) Effect of nitrogen source on amylase production

Copyright to JIRSET DOI:10.15680/IJIRSET.2017.0610197 20469


http://www.ijirset.com

(6
u'. )
' ISSN(Online): 2319-8753

I J IRSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly, Peer Reviewed Journal)

Visit: www.ijirset.com
Vol. 6, Issue 10, October 2017

Amylase production was finally carried out with strain M-2 using the optimized conditons.

Optimized conditions for amylase production.

Optimized parameter Optimized conditions
Incubation time 8 days

Incubation temperature 30°C

Initial pH 7.0

Carbon source Sucrose

Nitrogen source Ammonium nitrate

With the optimized conditions employed, strain M-2 showed amylase activity of 4.2 U/mL.
IV. CONCLUSION

Decrease in the rate of discovery of new compounds from terrestrial actinomycetes with an increase in the rate
of re-isolation of known compounds and the rise of antibiotic resistant compounds warrant a search for actinomycetes
producing novel bioactive compounds in underexplored environments. Marine and mangrove ecosystems have been an
underexplored area and are potential targets for the search of novel actinomycetes.

In the present study, actinomycetes were isolated from mangrove sediments. Samples collected from
mangrove wetlands of Krishna estuary, Machilipatnam, and Kakinada (korangi) Andhra Pradesh. An isolate M-2,
Isolated from the mangrove wetlands of Krishna estuary showed antibacterial activity against Enterobacteraerogenes
and Bacillus subtilis. In addition, the Isolate M-2 also exhibited amylase producing capability.

The strain M-2 was evaluated for production of amylase enzyme under submerged conditions. Fermentation
conditions viz., incubation time, incubation temperature, inoculum age, initial pH, carbon and nitrogen sources were
optimized.

With the optimized conditions employed, the zone of inhibition against Enterobacteraerogene and Bacillus
subtilis were 27 and 32 mm respectively.

The optimized conditions for amylase production were: incubation — 8 days; incubation temperature - 30°C;
initial pH — 7.0; Carbon source — Sucrose, Nitrogen source — Ammonium nitrate. With the optimized conditions
employed the amylase production was 4.2 U/mL.

This study shows the potential of mangrove ecosystems as a source for actinomycetes with potential to
produce bioactive compounds and industrial enzymes.
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