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To isolate, purify and bio-characterize native antibiotic-producing bacterial strains present in the mangrove sediment samples sourced from the 
coastal areas of four major cities, i.e., Jeddah, Yanbu, Dammam and Jubail of Saudi Arabia.

 The mangrove sediment samples were collected and processed according to the reported standard techniques. Selective Millipore® 
filter technique was followed to isolate bioactive marine organisms. Isolates were identified by the next-generation 16S rRNA sequencing method. The 
isolated strains were screened for their antimicrobial activity by spot inoculation method. The effects of pH, temperature, and salt concentrations on the 
growth of isolated bacterial strains were also recorded.

 Out of four mangrove sediment samples, eight 
bioactive bacterial strains namely, Bacillus pumilus NCTC 
10337, Bacillus cereus strain JEM-2, Bacillus cereus FRI-
35, Bacillus safensis strain KCTC 12796BP, Bacillus 
pumilus strain W3, Escherichia coli 0157 strain FDAAR 
GOS_293, Klebsiella oxytoca strain AR-0147, and 
Bacillus pumilus strain NJ-V2 were isolated. The optimum 
growth of bacteria was observed between pH 6.5-7.5 at a 

otemperature range of 35-45 C, and salt (NaCl) 
concentration of 2.0-3.5 %, except for Klebsiella oxytoca 

ostrain AR-0147, which grew well at 25 C temperature. 

 The emulation of marine-linked 
mangrove ecosystem, salty and heated sandy-soil 
inhabitant environment favored these strains. The best 
bacterial growth nearly biomimicked with the natural 
environment of optimum local temperature, bearable-
salinity, and soil pH.

 Antimicrobial Activity, Mangrove-sediment, 
Marine bacteria, Millipore filter technique
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Introduction

The advent of new pathogenic microbes together with 
virulence of known microbes and developing resistance to known 
antibiotics together with severe pathological conditions 
associated with pathogenic bacterium infections are foremost 
challenges in the clinical settings dealing with mono and multi-
drug resistance infections. The health-care industry is in 
continuous demand for newer antibiotics through new drug 
discovery and lead generation to combat the spread, resistance, 
mutation, and virulence of the microbial entities. Discovery of new 
antimicrobial agents is pertinent to combat the approaching 
emergency in pathogen containment towards the treatment of 
infections caused by various multidrug-resistant organisms and 
newer virulence factors (Amin et al., 2016). One of the logical 
sources for new drug candidates and lead molecule discovery in 
antibiotic drug segment is in the search for microorganism strains 
capable of producing molecular entities possessing resistance to 
other microbes. The microorganisms fight the fellow microbes for 
survival and sustainability in the available environment for limited 
supply of space and nutrients. The microbes adept at various 
strategies to combat the competition for their survival, and the 
production of antimicrobial agents is among one of them. The 
lookout for new antimicrobial agents from microbes goes through 
the discovery and identification of new and rare strains of 
microorganisms producing endogenous antimicrobial agents 
which could also be obtained from known microorganisms 
including from the new habitat of microorganisms. Since 
antimicrobial agent’s production by the microorganism is 
dependent on the challenges of the environment and the habitat, 
the soil is among one of the possible sources to search for 
new/modified strains and thereby finding possibly newer 
antimicrobial agents produced in response to the environmental 
challenges for the known and newer strains of the 
microorganisms. Soil rich in actinomycetes, eubacteria and fungi 
are important source for the antimicrobials (Donia et al., 2014), 
and in this perspective, the study was planned and executed.  

The genus Streptomyces is one among the main genera 
of Actinomycetes while the other abundant genus, Bacillus, 
belongs to Eubacteria. These genera produce structurally-distinct 
bioactive compounds of antimicrobial nature (Naine et al., 2015). 
Bacillus is found in soil, water, and air with ranges of physiological 
characteristics allowing them to survive and sustain in moderate 
to extreme environments (Amin et al., 2015). The antimicrobial 
compounds produced by Bacillus strains are mostly proteinic 
(Violeta et al., 2011; Ghribi et al., 2012) and is widely used in 
healthcare and agricultural sectors for controlling various 
infectious diseases in humans, animals and plants (Leifert et al., 
1995).

The coastal ecosystem of Saudi Arabia is largely 
unexplored and possibly a rich source of hereto unknown and un-
encountered strains of microorganisms which, in all probability, 
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are expected to yield novel and efficient antimicrobial agents for 
future healthcare and other biomedical applications. In view of the 
above, the current study aimed to isolate, purify, and characterize 
the native antibiotic-producing bacterial strains present in the 
mangrove-sediments from four major coastal cities, namely, 
Jeddah, Yanbu, Dammam and Jubail of Saudi Arabia.

Materials and Methods

Sampling : The mangrove sediment samples were collected 
from the four major cities, i.e., Jeddah, Yambu, Dammam, and 
Jubail of Saudi Arabia by following a standard protocol (Alanazi et 
al., 2016).

Test organisms and test medium : Staphyµococcus aureus 
ATCC 25923, Staphylococcus aureus ATCC 29213, Methicillin-
resistant Staphylococcus aureus-A, Methicillin-resistant 
Staphylococcus aureus-B, Staphylococcus epidermidis ATCC 
12228, Staphylococcus saprophyticus ATCC 43867, Bacillus 
cereus ATCC 10876, Streptococcus pyogenes (A) ATCC 27736, 
Streptococcus pneumoniae ATCC 49619, Enterococcus faecalis 
ATCC 29212, Escherichia coli ATCC 10536, Escherichia coli 
ATCC 25922, Klebsiella pneumoniae ATCC 27736, 
Pseudomonas aerugenosa ATCC 9027, Proteus mirabilis ATCC 
29906, Proteus vulgaris ATCC 6380, Salmonella typhimurium 
ATCC 13311, Shigella flexneri ATCC 12022,  Candida albicans 
ATCC 10231 and Aspergillus niger ATCC 6275 were used as test 
organisms.

International Streptomyces Project Media (ISP-4), 
modified tryptic soy broth [1% starch; 50:50 (seawater: distilled 
water)], chocolate tryptic soy agar, chocolate Mueller-Hinton agar 
were used as test media. The test media were purchased from 
HiMedia, Mumbai, India. 

Pretreatment and enrichment : To isolate native marine 
bacteria, the mangrove-sediment samples were air-dried for a 
week at room temperature (RT, 25±2ºC), and after a week of 

oincubation, the samples were placed in a hot-air oven at 60 C for 1 
hr to prevent contamination by other microbial flora. The selective 
enrichment technique and two enrichment media, i.e., ISP4 and 
modified tryptic soy broth were used for isolating of marine 
bacteria. Ten gram of each mangrove-sediment sample was 
mixed separately with 100 ml of ISP4, and modified tryptic soy 
broth. 

The mixtures were incubated at RT (25±2ºC) at 150 rpm 
in a shaker incubator (Benchtop Shaking Incubator, LBSIO-202, 
Labocon Scientific Limited, UK) for 7 days according to Hirsch 
and Christensen, 1983; Baskaran et al., 2011.

Isolation of marine bacteria : Following the completion of 
-1 -5incubation, serial dilutions (10 to 10 ) of each enriched sample 

were prepared in sterile phosphate buffer saline (pH 7.0) (Bhate, 
1955; Alanazi et al., 2016). The selective Millipore® filter 

¨ Journal of  Environmental Biology, September 2020¨



O
n
l
i
n
e
 
C
o
p
y

1005K.A. Qureshi et al.: Bio-characterizations of marine bacterial strains 

technique was followed for isolating marine bacteria (Hirsch and 
Christensen, 1983) wherein sterile Millipore® filter paper (0.45 
µM pore size, 100 mm diameter) was placed on a modified tryptic 

-4soy-agar plate, and 100 µl of enriched sample (10  dilution) was 
inoculated and spread-out. The inoculated plates were incubated 
at RT (25±2ºC) for 7 days, and then filter paper was removed with 
the help of a sterile forceps and re-incubated at RT (25±2ºC) for 
10 days. Colonial characteristics of isolated organisms were 
recorded and sub-culturing was performed on sterile tryptic soy-
agar plates. 

Antimicrobial screening : Antimicrobial screenings of isolated 
bacteria were performed performed by following the spot 
inoculation method as described by Alanazi et al. (2016). Sterile 
chocolate Mueller-Hinton agar plates for antibacterial screening 
and sterile chocolate tryptic soy-agar plates for antifungal 
screening were used as test media. A 100 µl suspension of each 
test organism (0.5 MacFarland) was inoculated and spread out 
separately on the test medium plates, and a loop full inoculum of 
each isolate was spotted on the surface of individual test media 
plate. After inoculation, all the plates were incubated at 4 ºC for 30 
min, followed by incubation of chocolate Mueller-Hinton agar 
plates at 35±2 ºC for 24-48 hrs and the chocolate tryptic soy-agar 
plates at 25±2 ºC for 48-120 hrs. The results of antimicrobial 
screenings were recorded by observing the diameter of zone of 
inhibition against test organisms.

Identification of bioactive marine bacteria : Bioactive bacteria 
were selected based on the zone of inhibition against test 
organisms. Phenotypic characterizations of bioactive strains 
were carried out by observing the morphological and colony 
characteristics. Genotypic characterization was carried out by 
next-generation 16S rRNA sequencing method as described by 
Alanazi et al. (2016).

Characterization of bioactive marine bacteria : Bioactive 
marine isolates were characterized by following the method of 
Qureshi et al. (2016). The effects of pH, temperature, and salt 
(NaCl) concentrations on the growth of bacteria were 
investigated. Tryptic soy-broth was used as test medium.

Determination of pH : The effect of pH on the growth of isolates 
was determined by observing the optimum growth at different pH 
conditions, i.e., 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and 8.0 
through changing the pH of the growth media. Both 1N HCl and 
1N KOH aqueous solutions were used to adjust the required pH. 
Three replicates of each treatment were performed. After the 
inoculation of seed-cultures, the initial optical density of the 

λgrowth was determined at 600 nm wavelength of the 
spectrophotometer. The deionized water was used as blank. All 
the treatments were incubated at 35±2°C for 48 hrs and post-
incubation, the optical densities of the treatments were observed 

λat 600 nm wavelength. The differences in the optical densities 
(zero and 48 hrs incubations) were recorded wherein the net 

increase in the optical density indicated the positive-growth of the 
bacteria.

Effect of temperature : The effect of temperature on the growth 
of the bioactive bacteria was determined by incubating the 
isolated bacterial strains at different temperatures, i.e., 25, 30, 35, 
40, 45, and 50 ºC. The three replicates of each treatment were 
performed. After the inoculation of seed-cultures in the growth 
media at optimum pH, the initial optical density of the growths was 

λdetermined at 600 nm wavelength of the spectrophotometer. The 
deionized water was used as blank. All the treatments were 
incubated at different temperatures, i.e., 25, 30, 35, 40, 45, and 50 
ºC for 48 hrs and post-incubation, the optical densities of the 

λtreatments were observed at 600 nm wavelength. The 
differences in the optical densities (zero hr and 48 hrs of 
incubations) were recorded wherein the net increase in the optical 
density indicated the positive-growth of the bacteria.

Effect of NaCl concentrations : The effect of salt concentrations 
on the growth of bioactive bacteria was determined by incubating 
isolated bacteria at different NaCl concentrations, i.e., 1.0, 1.5, 
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 6.0 %. Three replicas of each 
treatment were performed.  After inoculation of seed-cultures in 
the growth media at optimum pH, the initial optical density of the 

λgrowth was determined at 600 nm wavelength of the 
spectrophotometer. Deionized water was used as blank. All the 
treatments were incubated at an optimum temperature for 48 hrs 
and post-incubation, the optical densities of treatments were 

λobserved at 600 mm. Differences in the optical densities (zero hr 
and 48 hrs of incubations) were recorded wherein the net 
increase in the optical density indicated the positive-growth of 
bacteria. 

Statistical analyses: The difference in the results of mean 
antimicrobial scores of marine isolates were analyzed by 
following the ANOVA test using SPSS version 20.0 software (IBM, 
USA). No significant difference at p = 0.05 level was considered.

Results and Discussion

Out of four mangrove sediment samples, ten different 
types of bacterial strains were isolated. Temporary identification 
codes; UCPQ-01 to UCPQ-10 were assigned to all the isolated 
bacterial strains. Isolated colonies were purified for further 
investigation and kept at 2-4ºC until further use. 

Out of ten isolates, only eight bacterial strains namely, 
Bacillus pumilus NCTC 10337 (UCPQ-01), Bacillus cereus strain 
JEM-2 (UCPQ-02), and Klebsiella oxytoca strain AR-0147 
(UCPQ-08) were isolated from Jeddah city’s mangrove sediment 
sample whereas Bacillus cereus FRI-35 (UCPQ-03), Bacillus 
safensis strain KCTC 12796BP (UCPQ-04) were isolated from 
Dammam city’s mangrove sediment sample, and Escherichia coli 
0157 strain FDAAR GOS _293 (UCPQ-06) and Bacillus pumilus 
strain NJ-V2 (UCPQ-10) were isolated from Jubail city’s 
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mangrove sediment sample, and Bacillus pumilus strain W3 
(UCPQ-05) was isolated from the Yanbu city’s mangrove 
sediment sample, exhibited significant antibacterial activity 
against test organisms. The results are summarized in Table 1.

Out of ten bacterial isolates, only five isolates namely as 
Bacillus cereus strain JEM-2 (UCPQ-02), Bacillus cereus FRI-35 
(UCPQ-03), Bacillus pumilus strain W3 (UCPQ-05), Escherichia 
coli 0157 strain FDAAR GOS _293 (UCPQ-06), and Klebsiella 
oxytoca strain AR-0147 (UCPQ-08) exhibited antifungal activity 
against Candida albicans ATCC 10231 only. The results are 
summarized in Table 2. The results of antibacterial activity 

suggested that out of ten isolated bacterial strains only eight 
bacterial strains showed antibacterial activity against Gram-
positive bacteria whereas some of the isolated strains, i.e., 
Bacillus pumilus NCTC 10337 (UCPQ-01), Bacillus cereus strain 
JEM-2 (UCPQ-02), Bacillus safensis strain KCTC 12796BP 
(UCPQ-04), Bacillus pumilus strain W3 (UCPQ-05), Escherichia 
coli 0157 strain FDAAR GOS _293 (UCPQ-06), and Klebsiella 
oxytoca strain AR-0147 (UCPQ-08) exhibited antibacterial 
activity against Escherichia coli ATCC 10536.  

The results of antifungal activity suggested that out of 
eight selected bacterial strains only five showed antifungal 

Table 1 : Antibacterial screening of isolated bacterial strains*

Code Isolate ID                        Test organisms

A B C D E F G H I J K L M N O P Q R X

UCPQ-1 Bacillus pumilus 1 1 1 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 8
NCTC 10337

UCPQ-2 Bacillus cereus 1 1 1 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 8
strain JEM-2

UCPQ-3 Bacillus cereus 0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 5
FRI-35

UCPQ-4 Bacillus safensis 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 7
strain KCTC 12796BP

UCPQ-5 Bacillus pumilus 1 1 1 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 8
strain W3

UCPQ-6 Escherichia coli 0157 1 1 1 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 8
strain FDAAR GOS _293

UCPQ-8 Klebsiella oxytoca 1 1 1 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 8
strain AR-0147

UCPQ-10 Bacillus pumilus 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 7
strain NJ-V2

*1=antibacterial activity present, 0=antibacterial activity absent, X=total antibacterial score, A=Staphylococcus  aureus  ATCC  25923, 
B=Staphylococcus  aureus  ATCC  29213,  C=Methicillin-resistant   Staphylococcus   aureus-A, D=Methicillin-resistant   Staphylococcus   aureus-B,   
E=Staphylococcus   epidermidis   ATCC   12228,   F=Staphylococcus   saprophyticus   ATCC   43867,  G=Bacillus cereus ATCC 10876, 
H=Streptococcus pyogenes (A)  ATCC  27736,  I=Streptococcus  pneumoniae   ATCC   49619,   J=Enterococcus   faecalis   ATCC   29212,   
K=Escherichia   coli   ATCC 10536,   L=Escherichia   coli   ATCC   25922,   M=Klebsiella    pneumoniae    ATCC    27736, N=Pseudomonas  
aerugenosa  ATCC  9027,  O=Proteus  mirabilis  ATCC  29906,  P=Proteus  vulgaris   ATCC 6380, Q=Salmonella typhimurium ATCC 13311, 
R=Shigella flexneri ATCC 12022

Table 2 : Antifungal screening of isolated bacterial strains**

Code Isolate ID                                         Test organisms

Candida albicans Aspergillus niger Total Anti-fungal 
ATCC 10231 ATCC 6275 Score

UCPQ-2 Bacillus cereus strain JEM-2 1 0 1
UCPQ-3 Bacillus cereus FRI-35 1 0 1
UCPQ-5 Bacillus pumilus strain W3 1 0 1
UCPQ-6 Escherichia coli 0157 strain FDAAR GOS _293 1 0 1
UCPQ-8 Klebsiella oxytoca strain AR-0147 1 0 1

**1=antifungal activity present; 0=antifungal activity absent; X=total antifungal score
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activity against Candida albicans ATCC 10231. The results of 
antifungal activity were not encouraging. Based on the 
observations, the eight isolates were selected for further 
investigations. The results of phenotypic characterization are 
summarized in Table 3. The statistical analyses confirmed that 
there was no significant difference (P>0.05) in the antimicrobial 
activities of marine isolates.

The results of next-generation 16S rRNA sequencing 
analysis were BLASTED on the website of NCBI (Gene data 
bank) and the isolated bacterial strains were identified as Bacillus 
pumilus NCTC 10337 (UCPQ-01), Bacillus cereus strain JEM-2 
(UCPQ-02), Bacillus cereus FRI-35 (UCPQ-03), Bacillus 
safensis strain KCTC 12796BP (UCPQ-04), Bacillus pumilus 
strain W3 (UCPQ-05), Escherichia coli 0157 strain FDAAR GOS 
_293 (UCPQ-06), and Klebsiella oxytoca strain AR-0147 (UCPQ-
08), and Bacillus pumilus strain NJ-V2 (UCPQ-10). The 

phylogenetic trees were constructed with neighbor-joining 
method, and the results are illustrated in Fig. 1 (a-h).

The ongoing results suggested that the predominant 
bioactive bacterial genus found in the mangrove sediment 
samples was Bacillus when compared among all the four 
locations of Saudi Arabia. Escherichia coli 0157 strain FDAAR 
GOS _293 and Klebsiella oxytoca strain AR-0147 were also 
present in the mangrove sediment samples. The results further 
illustrated that no actinomycetes strain was isolated from any of 
the four samples collected from four locations. 

The results of characterizations of isolated strains 
showed that the optimum growth of bioactive bacteria were 

oobserved at a pH range of 6.5-7.5, temperature range of 25-45 C, 
and 2.0-3.5 % of NaCl concentrations. The results are 
summarized in Fig. 2 (a-c).

Fig. 1 (a) : Bacillus pumilus NCTC 10337.
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Bacillus pumilus gene for 16S rRNA, complete sequence, strain: MI-9-I

0.009

 Bacillus pumilus NCTC 10337

firmicutes and bacteria 189 leaves 

Fig. 1 (b) : Bacillus cereus strain JEM-2.
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Fig. 1 (c) : Bacillus cereus FRI-35
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Fig. 1 (d) : Bacillus safensis strain KCTC 12796BP.
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Fig. 1 (e) : Bacillus pumilus strain W3.
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Fig. 1 (f) : Escherichia coli 0157 strain FDAAR GOS_293.
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Fig. 1 (g) : Klebsiella oxytoca strain AR-0147.
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Fig. 1 (h) : Bacillus pumilus strain NJ-V2.
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The result of characterization suggested that majority of 
bacteria were mild to moderate halophilic, and grew well in the 
presence of 2.0-3.5 % NaCl concentrations in media with pH 
ranging between 6.5-7.5 and at temperature between 35-45ºC.

Some of the previous reports support our study. Bhate 
(1955) found that Bacillus pumilus produces a substance with 
antibacterial activity and it was identified as pumilin, while another 
study showed that Bacillus pumilus contained antimicrobial 

Fig. 2 (a-c) : Effect of pH, temperature and salt concentration on the growth of bioactive marine bacteria.
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activity, but the bioactive compound was not isolated from the 
strain (Gilliver, 1949). In an another attempt Dvonch and Benedict 
(1953) succeeded in isolating the antimicrobial agent from 
another Bacillus pumilus strain which was structurally similar to 
antibiotic subtenolin. Borowski et al. (1953) isolated another 
antibiotic tetaine from Bacillus pumilus. The study by Singh et al. 
demonstrated that Bacillus pumilus (NKCM 8905), and Bacillus 
pumilus (AB211228) produce antimicrobial agents (Singh et al., 
2016) Wessel and Flugge researchers described the B. pumilus 
CL45 strain's antibiotic as antagonistic to plant pathogens but 
lacked the full antimicrobial profile (Wessel and Flugge, 1984; 
Valgas et al., 2007). However, some recent studies related to 
Bacillus pumilus NJ-M2 and Bacillus pumilus SAFR-032 strains 
to produce antimicrobial compounds against some of the 
selected test pathogenic organisms, however, the isolated pure 
sample and identified antimicrobial compound(s) from these two 
Bacillus strains were not further investigated (Alanazi et al., 2016; 
Qureshi et al., 2016). In another study, Klebsiella oxytoca strain 
Aft-7 was found to be detoxified molybdenum and degrade 
detergents. The observation categorizes this bacterium as an 
important tool for bioremediation purpose (Masdor et al., 2015).

Reports on Escherichia coli 0157 strain FDAAR 
GOS_293 and Klebsiella oxytoca strain AR-0147 with reference 
to the production of antimicrobial compound(s) against 
Staphylococcus aureus ATCC 25923, Staphylococcus aureus 
ATCC 29213, Methicillin-resistant Staphylococcus aureus-A, 
Methicillin-resistant Staphylococcus aureus-B, Staphylococcus 
epidermidis ATCC 12228, Staphylococcus saprophyticus ATCC 
43867, Streptococcus pyogenes (A) ATCC 27736, Escherichia 
coli ATCC 10536, and Candida albicans ATCC 10231 are 
meager. The current findings are the first report in this domain, 
that opens up the field for further investigations to isolate, purify, 
and characterize the chemical structure of antimicrobial agent(s) 
produced by these strains obtained from the coastal mangrove 
sediment soils. The study identifies multiple sources of 
antimicrobial agents for further investigation, in addition to 
providing the antimicrobial profile of these bioactive bacterial 

strains, isolated from different soil samples. The first step in 
procuring, and identifying the soil sources for environmentally-
challenged bacterial strains, the antimicrobial activity of these 
isolated bacteria, and the antimicrobial profiles of majority of 
isolates, and purified bacteria have been achieved to pave the 
way for the isolation, purification, structure elucidation and 
antimicrobial activity confirmation of probable new/modified 
molecular entities for the small and large-molecule drug 
discovery, or known antibiotics activity re-evaluation of new and 
virulent strains which will add to another confirmed source for the 
bacterium for in time of need utilization. 

In conclusion, the ongoing results suggest that the eight 
fully identified, marine bioactive bacterial strains can be used for 
the production of new antimicrobial agents which is deeply 
desired. It may also lead towards the discovery of new molecular 
templates, and compounds for discovery of drugs in the 
antimicrobial segment. Thus, the above results warrant further 
investigations to stabilize the full antimicrobial profiles of these 
marine isolates.  
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