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Abstract: Marine bacteria have great potential in developing pharmaceutical industry because they are able to
produce many bioactive secondary metabolites. This study aimed to isolate, identify and evaluate the
antibacterial activity of some bacteria associated with Halimeda opuntia, isolated from Red Sea, Jeddah. Four
epiphytic bacteria were identified by morphological and biochemicals characters as well as 16S rRNA gene
sequencing. Bacterial strains were found to belong to two major families, Bacillaceae and Vibrionaceae. The
identified bacterial isolates were of genera Bacillus (two isolates), Vibrio (one isolate) and Lysinibacillus (one
isolate). Primary screening results using well diffusion technique shown 75% of epibiotic bacteria exhibited
antibacterial activity. Among them, Bacillus niacini extract showed significant antibacterial activity against all
the tested Gram-negative E. coli, K. pneumonia and S. typhi with MICs 123.965, 389.164 and 268.54 mg.ml,
respectively. Moreover, Vibrio parahaemolyticus extract showed the highest activity against E. coli, exclusively
with MIC 121.51 mg/ml. These findings revealed that the Red Sea associated bacteria have antibacterial
activity that could be incorporated in the pharmaceutical industries.
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. Introduction

The infectious diseases caused by bacteria, virus, fungi, and parasites are still a major risk to
communities and universal economies although the significant progress in the field of chemical synthesis and
engineered biosynthesis of antimicrobial compounds [1]. Indiscriminate use of antibiotics may lead to heavy
infections and the pathogenic bacteria becoming resistant to drugs. Moreover, a high cost of chemical synthetic
antibiotic and their adverse effect including hypersensitivity and reduction of normal flora in the gut [2]. As a
result, production and development of antibiotics from natural sources has become an urgent need which may be
efficient to combat a range of resistant bacteria [3].

The oceans occupy about 70% of earth planet as well as a rich resource of ecological, biological and
chemical diversity [4]. Marine algae are one of the large and various ecosystems, it plays an important role in
marine environment [5]. Around 70 algal species are utilized as nutriment, food additives, fertilizers and in
cosmetic [6]. Additionally, several bioactive secondary metabolite have been isolated from marine algae and
have been shown many interesting activities, such as antioxidant [7], cytotoxic [8], antibacterial [9],
antiviral[10] and anti-inflammatory [11]. Furthermore, the surfaces of marine algae are colonized by
microorganisms that play a vital role in morphogenesis of their host [12]. During recent decades, the attention to
bacterial populations living in association with marine algae has increased because bacteria specially cooperate
with their host in multiple and complex ways, they represent rich source of new bioactive compounds [13].
These bacteria may defend their host from foreign microbes existing in marine environment[14] but can also
produce compounds may contribute to the pharmaceutical industry [15]. Several studies have shown that algal
associated bacteria able to produce antimicrobial compounds [16]-[19].

Halimeda opuntia is a chlorophyte alga grow in lower intertidal in the zone of coral reefs or on dead
corals at depth ranging from 0-25 meters. Earlier studies stated a considerable antimicrobial and antioxidant
activity in Halimeda opuntia [20], [21]. But, the biological diversity of its epiphytic bacteria and their
antimicrobial activity are still unknown. So, the aim of current study was isolating and identifying of the
epiphytic bacteria of Halimeda opuntia surface and then estimating the antibacterial activity of isolated bacteria
extracts.
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Il.  Materials and Method
1. Algal Sample Collection and Associated Bacterial Isolation:

Halimeda opuntia belong to chlorophyta, green algae, was collected in Spring season of 2017 from
North Obhur region in Jeddah, Saudi Arabia (N 21° 42' 36.4 E 039° 05' 45.9) at depth 5 meters , pH 8.5 and
28.5°C (Figure 1). The algal sample was transported in sterile plastic zip bag into King Fahad Medical Research
Center (KFMRC) under cooling conditions. Later, Halimeda opuntia sample (Figure 2) was washed serially by
sea water followed by distilled water to remove sands and other adhering substances, dried and identified at
Biology Department, Faculty of Science, KAU. Voucher samples were deposed at Biology Dep. Faculty of
Science, KAU.

Algal associated bacteria were isolated by taking multiple swabs from different areas of alga. Swabs of
isolation were spread directly on marine agar medium plates (medium 2216, Fisher Scientific Company, USA)
and incubated at 27°C for 48 hours. The growing bacterial colonies on the plates were carefully chosen
according to their morphological features such as shape, color and surface characteristics [22]. Purification of
bacteria was carried out by sub-culturing single colonies by streaking technique and they were encoded with
numbers according to their alga name. Purified bacterial isolates were preserved for further investigation in
glycerol stock.

3. Morphological and Biochemical Characterization:
Pure bacterial isolates were grown on marine agar plate. Gram staining, spore formation and motility as
well as biochemical tests for all bacterial isolates was performed as demonstrated by [23], [24], [25].

4. Genetic Characterization:
All bacterial isolates were subjected to DNA extraction with QlAamp DNA Mini Kit (Qiagen,
Germany) according to the manufacture’s instruction, followed by amplification of the extracted DNAs.

Figure. 1: Sampling Site of the used green algal species, Halimeda opuntia, obtained from North Obhur region
in Jeddah, SA.
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Figure 2: The dried chlorophyte algal sample, Halmida opuntia collected from North Obhur region in Jeddah ,
Saudi Arabia.

as described by Susilowati et al. [22]. Then, they were identified in Macrogen Laboratory, Korea according to
16S rRNA Gene Sequencing.

5. Bioactive Compound Extraction:

The bacterial isolate was cultured in 1L of marine broth 2216 (Fisher Scientific Company, USA) for 7
day at 27°C. after fermentation, bacterial supernatant were mixed with equal amount of ethyl acetate (Sigma,
USA).These mixtures were separated, and the ethyl acetate layers were evaporated using rotary evaporator at
40°C. The crude extract was weighted and dissolved in Dimethyl sulfoxide (Sigma, USA) with final
concentration (1gm/ml) [26].

6. Antibacterial Activity Assay:

The antibacterial activity of extracts was evaluated on different clinical strains: Escherichia coli ATTC
5044552, Klebsiella pneumonia ATTC 5205773, Salmonella typhi ATTC 6704712 and Staphylococcus aureus
ATCC 25923. They were provided by Microbiology Unit in King Abdulaziz University Hospital (KAUH),
Jeddah, Saudi Arabia. The agar well diffusion method was conducted for screening antibacterial activity of
isolated bacteria extracts [27].

The pathogenic bacteria were suspended in 0.9% sterile NaCl solution with turbidity equivalent to 0.5
McFarland. Bacterial suspensions were spread on Mueller Hinton agar plates (Himedia, India). About 40 L of
each extract was poured in 5 mm well. Dimethyl sulfoxide was used as a negative control while ampicillin (25
pg/ml) as a positive control. Finally, the plates were incubated for 24 hours at 37°C. The antibacterial activity
was well-defined by inhibition zones measured in mm.

7. Determination of MIC:

Microdilution test was performed to provide quantitative measurement of antibacterial activity of ethyl
acetate extracts. Consistent with the method described by Elshikh et al. (2016), MIC of extracts were
determined by using Resazurin dye (Sigma, USA) as a redox indicator [29]. This was carried out using 96-well
plates and a change in the color was determined using ELISA reader (Bio-Tek, USA).

8. Statistical Analysis:

All the values of antibacterial activity were estimated in triplicate and presented as mean = SD. All
statistical analyses were performed using SPSS version 22.0. In order to determine whether there any variance
between the activity of extracts, One-Way ANOVA and Turkey post hoc test (p<0.01, a- 0.01) were applied to
result.

I11.  Results
1. Isolation of Associated Bacteria:

In the current study, four bacterial isolates were picked up from the surface of Red Sea alga, Halimeda

opuntia. They were encoded with numbers according to their algal name (SHO,, SHO,, SHO; and SHO,).

2. Morphological and Biochemical Characterization:
All bacterial isolate were characterized morphologically, and all colonies of growing bacterial strains
showed pale yellow colors, their colonies were gelatinous with a high rate of their growth. Three bacterial
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strains were Gram-positive while one isolate Gram-negative. Bacterial isolates under optical microscope have
rod or curved rod shapethat could be found in cluster or pair. Also, the oxidase, catalase, motility and spore
formation tests were performed. All these characteristics were described in detail in Table 1.

Table 1:The Morphological and biochemical characterization of Halimeda opuntia associated bacteria.

SHO, SHO, SHO; SHO;
Shape Curved-Rod shape Rod shape Filamentous Rod shape
Color colony Pale yellowish Gelatinous ~ Pale yellowish Gelatinous  Pale yellowish Gelatinous  Pale yellowish Gelatinous
Rate of Growth High High High High
Gram Stain Gram-negative Gram-positive Gram-positive Gram-positive
Spore Formation test Non-spore forming Spore-forming Spore-forming Spore-forming
Motility motile Non-motile motile motile
Oxidase test +ve +ve -ve +ve
Catalase test +ve +ve +ve +ve

+ve: Indicating the presence of the enzyme, -ve :Indicating absence of the enzyme

3. Genetic characterization:

Four bacterial strains were recognized by 16S rRNA gene sequencing in Macrogen laboratory, Korea
with similarity 92-99%. All bacterial strains were recorded in Table 2, with their accession numbers and their
similarities to other species. The isolates were found to belong to two major families, 75% of the isolates were
found belong to the family of Bacillaceae while 25% belong to Vibrionaceae. Out of all bacterial strains, two
strains belong to Bacillus genus, one strains belong to Vibrio and one strain to Lysinibacillus genus.

Table 2: Identification of Halimeda opuntia associated bacteria based on 16S rRNA gene sequence.

SHO, SHO, SHO; SHO,
Bacterial 1D Vibrio parahaemolyticus Lysinibacillus sp. Bacillus Algicola Bacillus niacini
Accession No. KT986101.1 KU159206.1 KX816439.1 KT350462.1
Similarity 92% 98% 99% 99%

4. Antibacterial Assay of Bacterial Extracts:

evaluation of antibacterial activity of four bacterial extracts was conducted against different clinical
strains. Inhibitory activity against at least one clinical isolate was detected for three isolates (Table.3). The
inhibition zones of bacterial extract ranged between 14.00 and 19.67 mm as listed in Table.3. The extract of
Vibrio parahaemolyticus presented the highest inhibition zone (19.67 mm) against E. coli with MIC
121.51mg/ml (Figure. 3). Moreover, Bacillus niacini extract was inhibited the growth of E. coli, S. typhi and K.
pneumonia with inhibition zone 17.67, 16.67 and 14.67 mm and MICs 123.965, 268.54 and 389.164 mg/ml,
respectively (Figure. 3). However, the extract of Bacillus algicola was inhibited S. typhi with inhibition zone
14.00 mm and MIC 470.126 mg/ml (Figure 3). Among isolated bacterial strains, Lysinibacillus sp. had no
antibacterial activity against all clinical strains. Additionally, all bacterial extracts had no inhibitory effect on
Gram-positive S. aureus. As a result, B. niacin and V. parahaemolyticus showed a highly significant variances
compared to other extracts (p<0.0).

Table 3:Inhibition zone (mm) and MICs (mg/ml) of four bacterial extract against different clinical strains, E.
coli, K. pneumonia, S. typhi and S. aureus.

SHO;, SHO, SHO; SHO,
1Z MIC 1Z MIC 1Z MIC 1Z MIC
E. coli 19.67+0.54** 121.51 ND - ND - 17.67+0.54**  123.965
K. pneumonia ND - ND - ND - 14.67£0.54**  389.164
S. typhi ND - ND - 14.00+1.00 470.126 16.67+0.54** 268.54
S. aureus ND - ND - ND - ND -

The values of inhibition zone were described as mean + SD.

No Antibacterial Activity Detected (ND), Inhibition Zone (1Z) and Minimum Inhibitory Concentration (MIC).
** highly significant variance against individual tested pathogenic bacteria at (p< 0.01) compared to other
extract
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Figure 3: The Inhibition Zone of Bacillus niacini, Vibrio parahaemolyticus and Bacillus algicola extracts
against E. coli (A), K. pneumonia (B) and S. typhi (C).

IV.  Discussion
Antibiotics resistance has become one of the biggest threats to global health. Also, they have many side
effects represented by harmful digestive upset and hypersensitivity [2]. The discovery of new antibiotic from
natural source such as marine environment could be assist in reducing the side effect.

In the current study four bacterial strains were isolaled from Red Sea alga Halimeda opuntia and
revealed antibacterial activity against different clinical strains. Most of the studies conducted in the Red Sea
were linked to isolation of algae and testing their antimicrobial activity[30], [31]. The Red Sea bacteria did not
receive attention as a source of medically effective compounds of medically effective compounds [28], [31].
Many studies around the world revealed the antimicrobial activity of associated bacteria which isolated from
various places like Northern coast of Tunisia [34], Southeastern coast of India [35], [36], Eastren coast of
Australia [37] and in the Maxico [19]. This tells the importance of marine bacteria as a source of natural
antimicrobial agents regardless of its origin. Furthermore, the 16S rRNA gene sequencing of associated bacteria
were phylogenetically examined. The isolated bacteria were found to be belonging to Bacillaceae and
Vibrionaceae families. Our findings are agreeing with previous studies [22], [38].

In this study, the extract of Bacillus niacini was revealed significant activity against tested Gram-
negative clinical strains.Moreover, the extract of Bacillus algicola in this study had exclusive inhibtory effect on
S. typhi. This consistent withthe findings of bacteial strain associated with marine sponge Xestospongia
testudinaria in Tanjung Kasuari, Papua. According to their studiy, the efficacy of ethyl acetat extract is due to
the presence of phytochemical compounds such as alkolids, steroid and triterpenoid [39]. In contrast to our
findings, a study was conducted on Bacillus sp. which were isolated from Tamilnadu Sea in India [28]. The
antibacterial activity of Bacillus species could be returns to their production of secondary compounds such as
exopolysaccharides or lipopeptides. This is compatible with the recent studies conducted on Bacillus
licheniformis and Bacillus methylotrophicus and evidenced its inhibitory activity on K. pneumoniae [40], [41].
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The extract of Bacillus sp. that were isolated from brown alga Padina pavonica gave inhibtion zone between 15-
25 mm against different strains of E. coli [42]. This is correspond withfindings of B. niacini extracts in this
study. The extract of Lysibacillus sp. had no antibacterial activity against tested clinical strains. A preveous
study perfomed inon five endophytic Lysinibacillus fusiformis strains contrast the findings obtained by
Lysinibacillus sp. in this study. Lysinibacillus fusiformis strains that were isolated from marine fish of
Triacanthus strigilifer in Indian coast possesed antibacterial activity against E. coli, K. pneumoniae, S. typhi
and S. aureus [38]. Another study indicated the antifungal activity of Lysinibacillus sp. that was isolated from
forest soil specimens collected from different regions in China [43]. Moreover, the extract of Vibrio
parahemolyticus had the highest antibacterial activity against E. coli. This contrary to a study conducted in
Indonesia on brown algal associated bacteriathatwere inhibit the growth of S. aureus [22]. In earlier study, Al-
Zereini et al. isolated seven novel maleimide compounds with antibacterial and cytotoxic activities from Vibrio
sp. associated with soft coral Sinularia polydactyla [44]. This confirms the importance of Vibrio sp. in the
production of pharmaceutical compounds.

The variation among our results and the ones of the literature may be attributed to many factors such as
the environmental conditions, season of collection and extraction solvents. However, our findings still
interesting specially when taking in consideration that the field of associated bacteria is new, easier and faster
field compared to the host one, and it could be applied on a large scale. Further investigation is suggested to
identify the isolated strains and determine the active metabolite behind the antibacterial activity which could be
phytochemicals and/or secondary compounds as amino acids, carbohydrates, pigments, fatty acids and more
[45].

V.  Conclusion:

The epiphytic bacteria of the Red Sea alga, Halimeda opuntia could be a potential local cheap source
of natural antibiotic that could be used against the pathogenic bacteria. The results of isolate Bacillus niacini,
Vibrio parahomolyticus and Bacillus algicolathat inhibited tested Gram-negative clinical strains were
promising. More investigations are suggested to determine the responsible compounds of this activity.
Moreover, identifying the effective strains by gene sequencing techniques will help to understand the results
better. The antibacterial activity could be useful in food safety applications in Saudi Markets.

Acknowledgment
The authors would like to acknowledge the help of Dr. Ahmed AL-Hejin to give us a space in
Microbial Analysis Unit in KFMRC. Also, all thanks and gratitude to the technical assistance provided by Mrs.
Norah Ba-Taweel. This work was supported by King Abdulaziz City for Science and Technology, General
Directorate of Research Grants Programs no. (1-17-01-009-0019).

References

[1]. X. D. Rosaline, S. Sakthivelkumar, K. Rajendran, and S. Janarthanan, “Screening of selected marine algae from the coastal Tamil
Nadu, South India for antibacterial activity,” Asian Pac. J. Trop. Biomed., vol. 2, no. 1 SUPPL., pp. S140-S146, 2012.

[2]. H. Omar, H. Shiekh, N. Gumgumjee, M. El-Kazan, and A. El-Gendy, “Antibacterial activity of extracts of marine algae from the
Red Sea of Jeddah, Saudi Arabia,” AFRICAN J. Biotechnol., vol. 11, no. 71, pp. 1357613585, Sep. 2012.

[3]- P. Habbu, V. Warad, R. Shastri, S. Madagundi, and V. H. Kulkarni, “Antimicrobial metabolites from marine microorganisms,”
Chin. J. Nat. Med., vol. 14, no. 2, pp. 101-116, 2016.

[4]. A. Kijjoa, P. Sawangwong, A. Kijjoa, and P. Sawangwong, “Drugs and Cosmetics from the Sea,” Mar. Drugs, vol. 2, no. 2, pp. 73—
82, May 2004.

[5]- E. Armstrong, A. Rogerson, and J. W. Leftley, “The Abundance of Heterotrophic Protists Associated with Intertidal Seaweeds,”
Estuar. Coast. Shelf Sci., vol. 50, no. 3, pp. 415-424, Mar. 2000.

[6]. M. A. Usmani, K. Toppo, S. Nayaka, M. R. Suseela, and S. Sheikh, “Role of algae in sustainable Food , Health and Nutritional
Security : An Overview,” Uttar Pradesh State Biodivers. Board, no. May 2015, pp. 83-87, 2015.

[7]. K. Fujimoto and T. Kaneda, “Separation of antioxygenic (antioxidant) compounds from marine algae,” in Eleventh International
Seaweed Symposium, Dordrecht: Springer Netherlands, 1984, pp. 111-113.
[8]. T. Suzuki et al., “Teurilene and thyrsiferyl 23-acetate, meso and remarkably cytotoxic compounds from the marine red alga

laurencia obtusa (hudson) lamouroux,” Tetrahedron Lett., vol. 26, no. 10, pp. 1329-1332, Jan. 1985.

[9]. J. K. Mishra, T. Srinivas, and S. Sawhney, “Antibacterial Activity Of Seaweed Halimeda opuntia From The Coasts of Souths
Andaman,” Glob. J. Bio-Science Biotechnol., vol. 5, no. 3, pp. 345-348, 2016.

[10]. A. Ahmadi, S. Zorofchian Moghadamtousi, S. Abubakar, and K. Zandi, “Antiviral Potential of Algae Polysaccharides Isolated from
Marine Sources: A Review.,” Biomed Res. Int., vol. 2015, p. 825203, 2015.

[11].  S. Vijayalakshmi, “Screening and Anti-Inflammatory Activity of Methanolic and Aqueous Extracts of Seaweed Gracillaria Edulis,”
Int. J. Mod. Chem. Appl. Sci., vol. 2, no. 4, pp. 248-250, 2015.

[12]. Y. Matsuo, M. Suzuki, H. Kasai, Y. Shizuri, and S. Harayama, “Isolation and phylogenetic characterization of bacteria capable of
inducing differentiation in the green alga Monostroma oxyspermum,” Environ. Microbiol., vol. 5, no. 1, pp. 25-35, Jan. 2003.

[13]. M. Martin, D. Portetelle, G. Michel, and M. Vandenbol, “Microorganisms living on macroalgae: Diversity, interactions, and
biotechnological applications,” Appl. Microbiol. Biotechnol., vol. 98, no. 7, pp. 2917-2935, 2014.

[14]. R.P. Singh and C. R. K. Reddy, “Seaweed-microbial interactions: key functions of seaweed-associated bacteria,” FEMS Microbiol.
Ecol., vol. 88, no. 2, pp. 213-230, May 2014.

[15].  A. Penesyan, S. Kjelleberg, S. Egan, A. Penesyan, S. Kjelleberg, and S. Egan, “Development of Novel Drugs from Marine Surface

DOI: 10.9790/3008-1403017985 www.iosrjournals.org 84 | Page



Epiphytic bacteria associated with the green algal Halimeda opuntia as a source of antibacterial

[16].
[17].
[18].
[19].
[20].
[21].
[22].
[23].
[24].
[25].
[26].
[27].
[28].
[29].
[30].
[31].
[32].
[33].
[34].

[35].

[36].

[37].

[38].
[39].
[40].
[41].
[42).
[43].

[44].

[45].

Associated Microorganisms,” Mar. Drugs, vol. 8, no. 3, pp. 438-459, Mar. 2010.

K. Yoshikawa, T. Takadera, K. Adach, M. Nishijima, and H. Sano, “Korormicin, a Novel Antibiotic Specifically Active against
Marine Gram-negative Bacteria, Produced by a Marine Bacterium.,” J. Antibiot. (Tokyo)., vol. 50, no. 11, pp. 949-953, Nov. 1997.
M. Kanagasabhapathy, H. Sasaki, S. Haldar, S. Yamasaki, and S. Nagata, “Antibacterial activities of marine epibiotic bacteria
isolated from brown algae of Japan,” Ann. Microbiol., vol. 56, no. 2, pp. 167-173, Jun. 2006.

V. Kumar, D. Rao, T. Thomas, S. Kjelleberg, and S. Egan, “Antidiatom and antibacterial activity of epiphytic bacteria isolated from
Ulva lactuca in tropical waters,” World J. Microbiol. Biotechnol., vol. 27, no. 7, pp. 1543-1549, Jul. 2011.

L. J. Villarreal-Goémez, I. E. Soria-Mercado, G. Guerra-Rivas, and N. E. Ayala-Sanchez, “Antibacterial and anticancer activity of
seaweeds and bacteria associated with their surface,” Rev. Biol. Mar. Oceanogr., vol. 45, no. 2, pp. 267-275, Aug. 2010.

A. de Oliveira e Silva et al., “In vivo and in vitro antioxidant activity and hepatoprotective properties of polyphenols from Halimeda
opuntia (Linnaeus) Lamouroux,” Redox Rep., vol. 17, no. 2, pp. 47-53, Mar. 2012.

S. A. Selim, “Antimicrobial , Antiplasmid and Cytotoxicity Potentials of Marine Algae Halimeda opuntia and Sarconema filiforme
collected from Red Sea Coast,” Int. J., vol. 6, no. 1, pp. 79-84, 2012.

R. Susilowati, A. Sabdono, and 1. Widowati, “Isolation and Characterization of Bacteria Associated with Brown Algae Sargassum
spp. from Panjang Island and their Antibacterial Activities,” Procedia Environ. Sci., vol. 23, no. Ictcred 2014, pp. 240-246, 2015.
R. Coico, “Gram Staining,” in Current Protocols in Microbiology, vol. 00, no. 1, Hoboken, NJ, USA: John Wiley & Sons, Inc.,
2005, p. A.3C.1-A.3C.2.

D. J. Krieg, B. J. T., and S. N. R., “Classification of Procaryotic Organisms and the Concept of Bacterial Speciation,” in Bergey’s
Manual of Systematics of Archaea and Bacteria, Chichester, UK: John Wiley & Sons, Ltd, 2015, pp. 1-9.

P. Pradhan, “Hanging drop test/preparation-Microbiology and Infectious Diseases,” 2015. [Online]. Available:
microbesinfo.com/2015/02/hanging-drop-testpreparation/.

D. Yoghiapiscessa, 1. Batubara, and A. T. Wahyudi, “Antimicrobial and Antioxidant Activities of Bacterial Extracts from Marine
Bacteria Associated with Sponge Stylotella sp .,” Am. J. Biochem. Biotechnol., vol. 12, no. 1, pp. 3646, 2016.

M. Balouiri, M. Sadiki, and S. K. Ibnsouda, “Methods for in vitro evaluating antimicrobial activity: A review,” J. Pharm. Anal., vol.
6, no. 2, pp. 71-79, Apr. 2016.

P. Jeganathan, K. M. Rajasekaran, N. K. Asha Devi, and S. Karuppusamy, “Antimicrobial activity and Characterization of Marine
bacteria,” Indian J. Pharm. Biol. Res., vol. 1, no. 4, pp. 38-44, 2013.

M. Elshikh et al., “Resazurin-based 96-well plate microdilution method for the determination of minimum inhibitory concentration
of biosurfactants,” Biotechnol. Lett., vol. 38, no. 6, pp. 1015-1019, Jun. 2016.

S. El Shafay, S. Ali, and M. El-Sheekh, “Antimicrobial activity of some seaweeds species from Red sea, against multidrug resistant
bacteria,” Egypt. J. Aquat. Res., vol. 42, no. 1, pp. 65-74, Mar. 2016.

M. El-Sheekh, M. Gharieb, S. . El-Sabbagh, and W. Hamza, “Antimicrobial Efficacy of Some Marine Macroalgae of Red Sea,” Int.
J. Micrabiol. Immunol. Res., vol. 3, no. 3, pp. 21-28, 2014.

M. El Samak, S. M. Solyman, and A. Hanora, “Antimicrobial activity of bacteria isolated from Red Sea marine invertebrates.,”
Biotechnol. reports (Amsterdam, Netherlands), vol. 19, p. e00275, Sep. 2018.

A. El Ahwany, H. Ghozlan, H. ElSharif, and S. Sabry, “Phylogenetic diversity and antimicrobial activity of marine bacteria
associated with the soft coral Sarcophyton glaucum,” J. Basic Microbiol., vol. 55, no. 1, pp. 2-10, 2015.

A. Ismail-Ben Ali et al., “Jania rubens-associated bacteria: molecular identification and antimicrobial activity,” J. Appl. Phycol.,
vol. 24, no. 3, pp. 525-534, Jun. 2012.

A. Ravisankar, M. E. K. Gnanambal, and L. R. Sundaram, “A newly isolated Pseudomonas sp., epibiotic on the seaweed, Padina
tetrastromatica, off Southeastern Coast of India, reveals antibacterial action,” Appl. Biochem. Biotechnol., vol. 171, no. 8, pp. 1968-
1985, 2013.

T. Anand, A. Bhat, Y. Shouche, U. Roy, J. Siddharth, and S. Sarma, “Antimicrobial activity of marine bacteria associated with
sponges from the waters off the coast of South East India,” Microbiol. Res., vol. 161, pp. 252262, 2006.

A. Penesyan, Z. Marshall-Jones, C. Holmstrom, S. Kjelleberg, and S. Egan, “Antimicrobial activity observed among cultured
marine epiphytic bacteria reflects their potential as a source of new drugs: Research article,” FEMS Microbiol. Ecol., vol. 69, no. 1,
pp. 113-124, 2009.

S. Abideen and M. Babuselvam, “Antagonistic activity of Lysinibacillus fusiformis n 139 strain isolated from marine fish
Triacanthus strigilifer and genome sequence,” Int. J. Curr. Microbiol. Appl. Sci., vol. 3, no. 4, pp. 1066-1072, 2014.

Y. Cita, A. Suhermanto, O. Radjasa, and P. Sudharmono, “Antibacterial activity of marine bacteria isolated from sponge
Xestospongia testudinaria from Sorong, Papua,” Asian Pac. J. Trop. Biomed., vol. 7, no. 5, pp. 450454, 2017.

N. Jemil, H. Ben Ayed, A. Manresa, M. Nasri, and N. Hmidet, “Antioxidant properties, antimicrobial and anti-adhesive activities of
DCS1 lipopeptides from Bacillus methylotrophicus DCS1,” BMC Microbiol., vol. 17, no. 1, p. 144, Dec. 2017.

A. Spano, P. Lagana, G. Visalli, T. Maugeri, and C. Gugliandolo, “In Vitro Antibiofilm Activity of an Exopolysaccharide from the
Marine Thermophilic Bacillus licheniformis T14,” Curr. Microbiol., vol. 72, no. 5, pp. 518-528, May 2016.

A. Ismail et al., “Antimicrobial activities of bacteria associated with the brown alga padina pavonica,” Front. Microbiol., vol. 7, no.
JUL, pp. 1-13, 2016.

J. Che, B. Liu, G. Liu, Q. Chen, and J. Lan, “Volatile organic compounds produced by Lysinibacillus sp. FIAT-4748 possess
antifungal activity against Colletotrichum acutatum,” Biocontrol Sci. Technol., vol. 27, no. 12, pp. 1349-1362, Dec. 2017.

W. Al-Zereini, C. B. Fotso Fondja Yao, H. Laatsch, and H. Anke, “Aqabamycins A-G: novel nitro maleimides from a marine
Vibrio species. I. Taxonomy, fermentation, isolation and biological activities,” J. Antibiot. (Tokyo)., vol. 63, no. 6, pp. 297-301,
Jun. 2010.

M. Mondol, H. Shin, and M. Islam, “Diversity of Secondary Metabolites from Marine Bacillus Species: Chemistry and Biological
Activity,” Mar. Drugs, vol. 11, no. 8, pp. 2846-2872, Aug. 2013.

Sawsan H. Basondwah " Epiphytic Bacteria Associated with the Green Algal Halimeda Opuntia as a
Source of Antibacterial Agent "IOSR Journal of Pharmacy and Biological Sciences (IOSR-JPBS) 14.3
(2019): 79-85.

DOI: 10.9790/3008-1403017985 www.iosrjournals.org 85 | Page



