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Abstract 

To combat the increasing numbers of antibiotic resistant strains of pathogenic bacteria new source of antibacterial 

agents are desperately needed. This study was aimed to discover new marine bacteria having antibacterial activity 

from marine soil samples of Sundarbans, Bangladesh. Using starch-casein-nitrate-agar medium thirty nine marine 

bacteria colonies were isolated as pure isolates from nine marine soil samples. Each of the isolates was preserved in 

both short term and long term basis. Based on the aerial and substrate mycelia color of the isolates they were 

grouped into five color series and were screened for their antibacterial activity against a series of test bacteria. 

Among thirty nine pure isolates twenty four isolates (61.5%) exhibited moderate to high activity against three gram-

positive and four gram-negative bacteria. This is due to the antibacterial metabolites secreted in the medium by most 

of the isolates. It suggested that Sundarbans may be an interesting, valuable and potential source for the exploration 

of novel marine bacteria with the potential to yield useful new antibacterial secondary metabolites of pharmaceutical 

interest. 
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Introduction 

 Bacterial resistance to antimicrobial agents is a threat 

and biggest challenges to public health over the world. The 

incidence of antimicrobial resistance among microorganisms 

is increasing at a shocking rate worldwide. The consequenc-

es of resistance not only affect our ability to treat infection 

but also affect duration of treatment, threaten health secu-

rity, damage trade and economics (Singer et al., 2003). 

Microorganisms acquire resistance towards common anti-

biotics by altering their metabolism and genetic structure 

(Raghunath, 2008, Maragakis et al., 2008). Due to escala-

tion of drug resistance the requirement of advance antimi-

crobial agents having potential activity towards resistance 

bacteria (Guskey et al., 2010) has been emphasized.  

 Nature is always infinite source for important micro-

organism producing novel compounds having antagonistic      

activity against pathogenic microorganisms. 

Actinobacteria are fruitful producers of thousands of bio-

logically active   secondary metabolites. Terrestrial 

sources have been studied and screened since the 1950s 

for actinobacteria producing many important antibiotics, 

anticancer, antitumor and immunosuppressive agents 

(Manivasagan et al., 2014). But in the recent years, fre-

quent repetition of the same compounds from the terrestri-

al actinobacteria has made them less attractive for screen-

ing programs. That is why much attention has been fo-

cused on screening of microorganism from diverse       

environments for their ability to produce new secondary 

metabolites. 

 Unexplored environments are often appealing to    

researchers due to occurrence of novel bacteria (Nawani   

et al., 2013). The ocean remains as an unexploited source 

for many drugs and pharmacologically active substances 

(Sivasubramanian et al., 2011). For future drug discovery, 

the isolation and extraction of novel bioactive secondary 

metabolites from marine microorganisms have a biomedi-

cal potential as the oceans cover 70% of the planet's sur-

face. It harbors a vast variety of marine organisms that are 

diverse in their physiology and adaptations (Bhatnagar     

et al., 2010). In the past, the ecological role of 
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actinobacteria in the marine ecosystem was largely ne-

glected and little focus had been given to isolate marine 

strains for the discovery of new drugs (Manivasagan et al., 

2013). But now due to advancement in science and medi-

cal technology, more importance has been given to identi-

fy new bioactive metabolites synthesized by actinobacteria 

from various marine sources. 

 Marine actinobacteriology is one of the major emerg-

ing areas of research in topics. Marine actinobacteria are 

economically as well as biotechnologically valuable pro-

karyotes (Manivasagan et al., 2013). They are particularly 

attractive because they have high potency required for 

bioactive compounds to be effective in the marine envi-

ronment, due to the diluting effect of sea water (Valli et 

al., 2012). Thousands of novel compounds have been iso-

lated from various marine bacteria and tested for pharma-

cological properties, many of which are commercially 

available. Many more are being tested as potential bioac-

tive compound at the preclinical and clinical stages 

(Jaiganesh et al., 2012).  At present time, actinobacteria 

isolated from the marine environment have received much 

attention due to the structural diversity and unique biolog-

ical properties of their secondary compounds. They are 

efficient producers of new secondary metabolites that 

show a range of biological activities including antibacteri-

al, antifungal, anticancer, antitumor, cytotoxic, cytostatic, 

anti-inflammatory, anti-parasitic, anti-malaria, antiviral, 

antioxidant, anti-angiogenesis, etc (Manivasagan et al., 

2014). Among the actinobacteria, streptomycetes group 

are considered economically important because out of the 

approximately more than 10,000 known antibiotics 

(Manivasagan et al., 2013), 80% are produced by this ge-

nus, with other genera trailing. Streptomyces is the largest 

genus of the actinobacteria and are gram- positive with 

high GC content (Kampfer, 2006). They include filamen-

tous bacteria which produce well developed vegetative 

hyphae with branches.  

 The mangrove ecosystem is a largely unexplored 

source for Actinomycetes with the potential to produce 

biologically active secondary metabolites (Hong et al., 

2009). Actinomycetes isolated from mangrove habitats are 

potentially rich source for the discovery of antibacterial, 

anti-infection and anti-tumor compounds, anti-diabetes 

and neurodegenerative agents (Hong et al., 2009). 

 

 Sundarbans is the largest mangrove forest in the 

world, and covers areas of India and Bangladesh (140,000 

ha). Sundarbans is intersected by a complex network of 

tidal waterways, mudflats and small islands of salt-tolerant 

mangrove forests. The forest is unique for its agro envi-

ronmental condition and its soil is routinely or occasional-

ly inundated with low, moderate or high saline water 

(Arifuzzaman et al., 2010). Among thirty two genera of 

Actinomycetes, Sundarbans soil is rich in Actinomyces, 

Micromonospora, Nocardia and Streptomyces 

(Arifuzzaman et al., 2010). 

 A few studies have been done so far using 

Sundarbans soils to screen new bacteria for new bioactive 

compounds. Our investigation was aimed to screen marine 

bacteria from Sundarbans soil having capability to pro-

duce antibacterial compounds. 

 

Materials and Methods 

 Marine soil samples collection: From the different 

location of Sundarbans, Bangladesh, nine marine soil 

samples were collected. Using some clean, dry and sterile 

small plastic tubes along with sterile spatula, marking pen 

for proper labeling of the date of collection, rubber band 

and other accessories marine soil samples (approx. 500 g) 

were collected. The collection of marine soil was carefully 

done for documentation of varying characteristics of the 

points of collection as regard to the organic matter, mois-

ture content, particle size, presence of saline water and 

color of marine soil. Soil samples were collected from the 

marine region (containing saline water) of Sundarbans. 

Marine soil samples were collected at the specific depth of 

the earth surface which ranges from layers just below the 

upper surface to 1 meter depth. The collected marine soil 

samples were dried in a hot air oven at 60-70 oC for 3 

hours and stored at 4oC in refrigerator until further re-

search work. 

 Isolation of pure culture of bacteria: By using stand-

ard microbiological method (spread plate technique) thirty 

nine bacteria strains were isolated and obtained as pure 

culture. For the isolation of pure bacteria, serial dilutions 

of marine soil suspensions were prepared by ten-fold dilu-

tion methods (Nonomura et al., 1969) to obtain suitable 

dilution of number of test tubes so that individual bacteria 

become separated far enough apart. In this method, 1 g of 

dried soil was suspended in 9 ml sterile water, and con-
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secutive serial dilutions were made by transferring 1 ml of 

aliquots to 2nd test tube containing 9 ml of sterile water, 

and in this way dilution was carried out up to 104 times. 

Uniform suspensions of the contents were produced each 

time by using vortex. An aliquot of 0.1 ml of each dilution 

was taken carefully and spread uniformly over the surface 

of starch-casein nitrate-agar medium containing 

cycloheximide (100 μg/ml) on 16 cm petri dishes. Plates 

were incubated at 31oC and monitored for 7 days. The 

colonies were carefully counted by visual observation. 

Plates with more colonies (100–125) colonies were select-

ed for further isolation in pure culture. The colonies those 

showed Streptomyces like appearance under light micro-

scope were recultivated several times to purify.  

 Preservation of the pure isolates: For short time 

preservation of purified bacteria yeast-extract-glucose-

agar slants were used. The bacteria were inoculated in 

yeast-extract-glucose-agar slants using a sterile loop and 

incubated at 31°C for 3 or 4 days. Then the yeast-extract-

glucose-agar slants containing purified bacteria were kept 

in a refrigerator at 4°C for short time storage (two 

months). For long term preservation the expected bacterial 

colony were collected from subculture or purification plate 

by sterile inoculating loop, adequately mixed by vortex 

mixer and isolates were kept at −20 oC in the presence of 

glycerol (15% v/v).  

  Color grouping of the pure isolate: The color of the 

aerial mycelia, substrate mycelia and soluble pigment 

were determined based on the National Bureau of Stand-

ards Color Chart (Zhao et al., 2006) and all the pure ma-

rine bacteria were grouped into five different color series. 

The color of the aerial mycelia, substrate mycelia and 

pigment production by the isolates were examined on 

yeast-extract-glucose-agar plates after 7 days of incuba-

tion period at 310C.  

 Screening of antimicrobial activities of pure isolates: 

Primary screening of isolates were performed for antibac-

terial activity by streak-plating technique on yeast-extract-

glucose-agar medium (Alcamo et al., 2004). Each pure 

isolates were inoculated individually in straight line on 

different agar plates and incubated at 31oC for 5 days for 

allowing the isolates to secrete antibacterial metabolites 

into the medium. After the incubation period, properly 

diluted test organisms were cross streaked on the same 

plate in perpendicular manner. Then the plates were incu-

bated at 31oC for 24 hours. The plates were examined for 

the zone of inhibition against test organisms using a mil-

limeter scale (Shomura et al., 1980).  

 Test organisms: The test organisms used for the study 

were gram-positive bacteria: Staphylococcus aureus 

ATCC-259233, Streptococcus agalactiae and Bacillus 

cereus; gram-negative bacteria: Escherichia coli FPFC-

1407, Shigella dysenteriae AL-35587, Shigella sonnei and 

Pseudomonas aeruginosa. The test organisms were ob-

tained from the stocks of the Pharmaceutical Microbiology 

Laboratory of the Department of Pharmacy, Faculty of 

Sciences, University of Rajshahi, Bangladesh. They were 

maintained in nutrient agar slants at 4oC. 

 

Results and Discussion 

 All purified isolates were preserved on yeast-extract-

glucose-agar media and each of the isolates exhibited 

morphology of typical Streptomyces. The colonies were 

slow growing, aerobic, glabrous or chalky, folded, and 

with aerial and substrate mycelia of different colors (An-

derson et al., 2001). All these isolates were gram-positive 

and fitted to the description of genus Streptomyces in 

Bergey’s Manual of Systemic Bacteriology. All these iso-

lates were classified into five color series based on the 

color of the aerial mycelia, substrate mycelia and soluble 

pigment (Table 1 and 2). Among the five series of the iso-

lates, orange series (30.7%) and gray series (28.2%) iso-

lates were more prime. Out of 39 isolates, four isolates 

(ANAM-5, ANAM-38, ANAM-39 and ANAM-40) pro-

duced diffusible pigments in the media (Table 1 and 2). 

 Using streak-plating technique all the isolated marine 

bacteria strains were screened for their antibacterial activi-

ty (Table 3 and 4, Figure 1, 2 and 3). Out of thirty nine 

pure marine isolates twenty four isolates (61.5%) exhibit-

ed a broad range of antibacterial activity. Spectrums of 

antibacterial activity of different color group of isolates 

were different. Antibacterial activities were highest in 

brown series (70%) isolates. In other group of isolates; 

about 63.6% of the gray series, 50.0% of white series, 

58.3% orange series, and 50.0% of red series isolates ex-

hibited a broad range of activity against the test bacteria.  
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Table 1. Color Grouping of the Isolates. 
 

Color Group Representative isolate Color of aerial mycelia Color of substrate mycelia Diffusible pigment 

 

 

 

 

Group 1 

(Gray series) 

ANAM-1 Light brownish gray Light gray  Not present 

ANAM-4 Brownish gray Yellowish gray  Not present 

ANAM-5 Yellowish gray Dusky red  Yellow 

ANAM-12 Deep yellowish gray Grayish yellow  Not present 

ANAM-18 Very light gray Pinkish gray  Not present 

ANAM-19 Pinkish gray Light gray  Not present 

ANAM-23 Yellowish gray Yellowish brown  Not present 

ANAM-36 Reddish gray Pinkish gray  Not present 

ANAM-38 Yellowish gray Grayish yellow  Yellow 

ANAM-48 Darkish gray Dark  Not present 

 

 

 

 

Group 2 

 (Brown 
series) 

ANAM-2 Pinkish brown Yellowish gray  Not present 

ANAM-7 Light brown Grayish yellow  Not present 

ANAM-16 Deep brown Light yellow  Not present 

ANAM-17 Grayish brown Grayish yellow  Not present 

ANAM-21 Dark yellowish brown Light yellow  Not present 

ANAM-24 Light brown Light gray  Not present 

ANAM-25 Deep yellowish brown Yellowish gray  Not present 

ANAM-26 Deep yellowish brown Light brown  Not present 

ANAM-33 Pinkish brown Light pinkish yellow  Not present 

ANAM-39 Deep brown Light yellow  Brown 

 
Table 2. Color Grouping of the Isolates. 
 

Color 
group 

Representative isolate Color of aerial  

mycelia 

Color of substrate  

mycelia 

Diffusible pigment 

 

Group 3 

 (White 
series) 

ANAM-10 Yellowish white Grayish yellow  Not present 

ANAM-14 Yellowish white White  Not present 

ANAM-15 Yellowish white White  Not present 

ANAM-29 White White  Not present 

 

 

 

Group 4 

 (Orange 
series) 

ANAM-8 Deep orange Moderate yellow  Not present 

ANAM-20 Yellowish orange Grayish orange  Not present 

ANAM-22 Reddish orange Light yellow  Not present 

ANAM-28 Pale yellowish orange Moderate yellow  Not present 

ANAM-30 Deep orange Grayish orange  Not present 

ANAM-32 Deep yellowish orange Light yellow  Not present 

ANAM-34 Reddish orange Moderate yellow  Not present 

ANAM-37 Reddish orange Deep yellow  Not present 

ANAM-40 Deep orange Moderate yellow  Orange 

ANAM-41 Pinkish orange Light brownish gray  Not present 

ANAM-43 Darkish orange Dark yellowish orange  Not present 

ANAM-44 Pale yellowish orange Moderate yellow  Not present 

Group 5 
(Red series) 

ANAM-11 Dark red Moderate yellow  Not present 

ANAM-42 Deep red Reddish yellow  Not present 

 

 In gray series of isolates, two isolates (ANAM-5 and 

ANAM-38) showed highest antibacterial activity against 

most of the test bacteria but ANAM-38 was inactive 

against Staphylococcus aureus. ANAM-36 and ANAM-48 

were moderately active against all of the test organisms. 

ANAM-1, ANAM-18 and ANAM-23 exhibited almost 

lowest activity against most of the organisms or inactive 

against some of the test organisms. 
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Figure 1. Antibacterial activities of gray and brown series isolates (only active isolates have been shown). 

 
Table 3. Zone of inhibition (in mm) of the Gray and Brown series isolates against a wide range of test bacteria (only active iso-

lates have been shown). 
 

Color froup ID number of 
the isolates 

Streptococcus 

 agalactiae 

Bacillus 
cereus 

Staphylo-
coccus 
aureus 

 Pseudo-
monas   

aeruginosa 

Escherichia 
coli 

  Shigella 

 dysenteriae 

Shigella 
sonnei 

 

 

Group 1 

(Gray series) 

ANAM-1  0 03 0 0 0 07 05 

ANAM-5  33 41 27 37 35 40 34 

ANAM-18  11 09 02 05 04 06 03 

ANAM-23  0 02 06 05 06 04 0 

ANAM-36  20 14 18 19 22 16 14 

ANAM-38  32 28 0 29 30 27 28 

ANAM-48  22 25 09 21 22 23 15 

 

 

Group 2 

(Brown 

 series) 

ANAM-2  05 04 04 02 0 0 0 

ANAM-7  25 29 0 0 24 27 0 

ANAM-16  06 08 09 04 02 04 07 

ANAM-17  17 23 20 0 0 15 21 

ANAM-24  07 08 05 05 04 10 09 

ANAM-33  15 19 17 18 20 16 18 

ANAM-39  34 39 0 38 37 42 40 

 

 On the other hand, ANAM-17 was inactive against 

Pseudomonas aeruginosa and Escherichia coli. ANAM-2, 

ANAM-16 and ANAM-24 were less active against most 

of the test bacteria. In white series of isolates, activity of 

two isolates (ANAM-10 and ANAM-14) showed low ac-

tivity against all of the test bacteria while the isolate 

ANAM-10 could not inhibit Shigella sonnei. 

 In orange series isolates, all of the test organisms 

were moderately inhibited by two isolates (ANAM-8 and 

ANAM-40) but the test organism Staphylococcus aureus 

was not inhibited by isolate ANAM-40. ANAM-22 inhib-

ited the entire test organism moderately. ANAM-28, 

ANAM-32 and ANAM-43 exhibited low to moderate ac-

tivity against all the test bacteria except Staphylococcus 

aureus. ANAM-34 showed low activity against Strepto-

coccus agalactiae and Escherichia coli but showed mod-

erate inhibitory activity in case of Pseudomonas 

aeruginosa. On the other hand this isolate was inactive 
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against Bacillus cereus, Staphylococcus aureus, Shigella 

dysenteriae and Shigella sonnei. Only one isolate, 

ANAM-11 of red series isolates exhibited highest and 

moderate activity against Streptococcus agalactiae and 

Escherichia coli, respectively but this strain showed no 

activity against Bacillus cereus, Staphylococcus aureus, 

Pseudomonas aeruginosa, Shigella dysenteriae and 

Shigella sonnei. 

 

 
Figure 2. Antibacterial activity of representative isolates of different color series by streak-plating technique (A) ANAM-18, gray    

series, (B) ANAM-39, brown series, (C) ANAM-14, white series, (D) ANAM-8, orange series, (E) ANAM-11, red series. The 
perpendicular lines marked with numerical digits are the test organism- 2: Streptococcus agalactiae; 3: Bacillus cereus; 15: Staph-
ylococcus aureus; 7: Pseudomonas aeruginosa; 9: Escherichia coli; 11: Shigella dysenteriae; 12: Shigella sonnei. 

 
Table 4. Zone of inhibition (in mm) of the White, Orange and Red series isolates against a series of test bacteria (only active 

isolates have been shown). 
 

Color group ID number of 
the isolates 

Streptococcus 
agalactiae 

Bacillus 
cereus 

Staphylo-
coccus 
aureus 

Pseudomo-
nas 

aeruginosa 

Escherichia 
coli 

Shigella 
dysenter

iae 

Shigella 
sonnei 

Group 3 
(White series ) 

ANAM-10  08 05 06 10 09 04 0 
ANAM-14 05 04 05 07 12 13 03 

Group 4 
(Orange series ) 

ANAM-8  23 27 28 28 27 29 18 
ANAM-22 11 14 12 06 05 08 15 
ANAM-28  10 15 0 05 13 05 03 
ANAM-32  08 15 0 15 05 21 09 
ANAM-34  04 0 0 22 04 0 0 
ANAM-40  31 28 0 29 27 31 28 
ANAM-43  17 15 0 18 11 19 12 

Group 5 
(Red series ) 

ANAM-11  33 0 0 0 10 0 0 

 

 Marine microorganisms are considered as a store-

house of bioactive metabolites with tremendous potential 

as drug candidates. Secondary metabolites from marine 

microorganisms are considered to be a burning area of 

research since recent past. The present study was aimed to 

isolate bacteria from marine environment having the po-
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tentiality to produce antibacterial metabolites. Nine marine 

soil samples were collected very carefully from various 

locations of Sundarbans and thirty nine pure marine bacte-

rial strains were isolated by using starch-casein-nitrate-

agar media. 

 For comparison we examined our study with other 

similar isolation study. We found that in a study which 

was carried out by Arifuzzaman et al. (2010), isolated 55 

different bacteria from Sundarbans region, Bangladesh 

and screened them for antibacterial activity. After this 

screening work, they found that 20 isolates (36.36%) were 

active against the test bacteria. In a different study, 30 

Actinomycetes strain were isolated from soil samples col-

lected from the different places of Rajshahi District, Bang-

ladesh and the isolates were found to have a broad spec-

trum of antibacterial activity 53.3% (16 out of 30) of the 

total pure isolates (Rahman et al., 2011). 

 

 

Figure 3. Antibacterial activities of white, orange and red series isolates (only active isolates have been shown). 

 

 In another study, from soils of north Jordan 90 differ-

ent Streptomyces were isolated and 54% of the isolates 

were found to be active against test microorganisms 

(Saadoun et al., 1999). A study was performed by 

Abdelghani et al., (2009) where 51 Actinomycetes isolates 

were isolated from soil samples of Palestine and only 17 

isolates (33.33%) showed antibacterial activity against the 

test organism.  

 Recently, in a study which was carried out by 

Ramazani et al. (2013), isolated 229 different bacteria 

strains and performed antibacterial screening of the iso-

lates. After this screening, they found that 154 isolates 

(67.24%) showed antibacterial activity against a series test 

microorganism. In a different study, from soil samples 

collected from Manisa Province, 50 Actinomycetes strain 

were isolated and a broad spectrum of antibacterial activi-

ty 34% (17 out of 50) of the total pure isolates (Oskay et 

al., 2004) were showed by the isolates. 

 Comparing our study with the above mentioned re-

sults, we can conclude that the marine soil samples of 

Sundarbans are rich source of bacteria which have the 

potential to act as sources of new antibacterial compounds 

against pathogenic microorganisms to humans. In our 

study, we found that 61.5% of the isolated marine bacteri-

al strains were active against the test bacteria. Two marine 

bacteria, ANAM-5 and ANAM-39 exhibited very large 

zone of inhibition. These marine isolates will be further 

investigated for their identification to species level and to 

identify the antibacterial compounds produced by them. 

 The haunt for novel metabolites requires a large num-

ber of isolates in order to discover a novel compound of 

pharmaceutical and pharmacological interest. The search 

will be more promising if diverse bacteria are screened. 

The ultimate goal of this present work was to isolate po-

tent marine bacteria from Sundarbans soil sample to eluci-

date their antimicrobial activity. Results of this study indi-

cate that the potential of the Sundarbans as a source of 
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marine bacteria to produce antibacterial compounds that 

can be useful for many pharmaceutical applications and 

must be explored.  
 

Conclusion 

 The present study was undertaken to isolate potent 

bacteria producing antibacterial metabolites from marine 

environment of Sundarbans. In our study, we found that 

61.5% of the isolated pure colonies were active against the 

series of test bacteria. Thus, the results of the present re-

search reveal that the marine bacteria from Sundarbans 

region is a potent source of novel antibacterial compounds 

and this marine environment warrants particular attention, 

for its remarkable microorganisms diversity and metabolic 

products. Two isolates (ANAM-5 and ANAM-39) exhib-

ited highest antibacterial activity in terms of very large 

zone of inhibition. In order to identify these active isolates 

up to species level and antibacterial metabolites secreted 

by these isolates future study will be done. 
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