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Abstract: Two marine endophytic bacteria were isolated from the Red Sea algae; a red alga; Acanthophora dendroides 
and the brown alga Sargassum sabrepandum. The isolates were identified based on their 16SrRNA sequences as 
Bacterium SRCnm and Bacillus sp. JS. The objective of this study was to investigate the potential anti-microbial and 
antioxidant activities of the extracts of the isolated bacteria grown in different nutrient conditions. Compared to 
amoxicillin (25µg/disk) and erythromycin (15µg/disk), the extracts of Bacterium SRCnm in media II, III, IV and V were 
potent inhibitors of the gram-positive bacterium Sarcina maxima even at low concentrations. Also, the multidrug 
resistant Staphylococcus aureus (MRSA) was more sensitive to the metabolites produced in medium (II) of the same 
endophyte than erythromycin (15µg/disk). A moderate activity of the Bacillus sp. JS extracts of media I and II was 
obtained against the same pathogen. The total compounds (500ug/ml) of both isolated endophytes showed moderate 
antioxidant activities (48.9% and 46.1%, respectively). LC/MS analysis of the bacterial extracts was carried out to 
investigate the likely natural products produced. Cyclo(D-cis-Hyp-L-Leu), dihydrosphingosine and 2-Amino-1,3-
hexadecanediol were identified in the fermentation medium of Bacterium SRCnm, whereas cyclo (D-Pro-L-Tyr) and 
cyclo (L-Leu-L-Pro) were the suggested compounds of Bacillus sp. JS. 
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INTRODUCTION 
 

Marine microorganisms have recently been isolated from 
a variety of marine habitats, such as seawater, sediments, 
algae and different animals, with the aim of discovering 
new natural products (Blunt et al., 2009; Königet al., 
2006). Microbial natural products are of considerable 
importance in the discovery of new therapeutic agents 
(Newman and Cragg, 2007), and they form a mainstay of 
the drug discovery industry due to their structural 
diversity and biological activity. More than 22,000 
microbial secondary metabolites have been described up 
to 2009 (Demain and Sanchez, 2009). By 2012, more than 
40,000 secondary metabolites have been isolated and 
identified from microorganisms and this number is 
increasing significantly (Laatsch et al., 2012). Apart from 
plants, bacteria and fungi are the most important 
producers of such compounds (Harvey, 2008).  
 

Bacillus species have repeatedly been found to produce 
chemical compounds with anticancer activity. Although 
this type of bacteria can grow in almost any substrate, it 
was possible to suggest that these species seemed to have 
acquired the skill to synthesize compounds capable of 
inhibiting HCT-116 colorectal cancer cells (Villarreal-
Gmَez et al., 2010). 

Moreover, antibiotics are used to save billions of lives but 
pathogenic microorganisms constantly acquire resistance 
towards them by altering their metabolism and genetic 
structure (Raghunath 2008; Maragakis, 2008). 
Accordingly, there is an incessant need to find novel 
efficient drug molecules against multi drug resistant 
pathogenic microorganisms, like methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-
resistant Enterococcus faecium (VREF) (Cassell and 
Mekalanos, 2001).  
 
Production of anti-microbial peptides by Bacillus strains 
has been reported on several occasions, and many 
peptides produced by this group of bacteria were found to 
be suitable for various applications (Abriouel et al., 
2011). The anti-microbial peptides produced by Bacillus 
spp. include various classes of bacteriocins 
(Klaenhammer, 1993), Mukherjee et al., 2006 and 
Rodrigues et al., 2006 also reported the isolation and 
identification of anti-microbial surface-active 
biosurfactants like lipopeptides, glycopeptides and non-
ribosomally synthesized cyclic peptides. During the 
screening for antibiotic producing microorganisms, the 
supernatant of the Bacillus isolate FAS was found to have 
antibacterial and anti-fungal activity, with a maximum 
inhibition zone of 25 mm on Aspergillus niger pathogen 
(Moshafi et al., 2011). *Corresponding author: e-mail: emanfadl69@yahoo.com
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Marine bacteria have been found to produce potential 
antibacterial agents, allowing the ecological stability of 
the multiple marine ecosystems, inhibiting the rival 
organisms and pathogenic microbes. The sharing or 
competition mechanisms that are known between these 
microorganisms are diverse, including antibiotic 
production, bacteriocines, siderophores, lysosomes, 
proteases and even the pH alteration through the 
production of organic acids (Avendaño-Herrera 2005). 
The aim of this study is to explore new bioactive 
compounds from natural sources, this was achieved by the 
isolation of marine bacteria and screening the antibiotic 
and antioxidant potential of the extracted metabolites, also 
the isolation and identification of the compounds in the 
active extract was one of our purposes. 
 
MATERIALS AND METHODS 
 
Materials 
All solvents that used for cell mass and media extraction 
as well as LCMS preparation were purchased from 
Fischer Scientific, Newcastle, UK and used as it is 
without further purification. Glucose, potassium chloride, 
potassium dihydrogen phosphate, magnesium sulphate 
and disodium hydrogen phosphate were products from 
BDH chemical LTO, Pok, England. 
 
Methods 
Collection and identification of the samples 
The red and brown algae were collected from the Red Sea 
at a depth of 2 m from the Institute of Marine Science 
(Hurghada, Egypt). The collected marine algae were 
washed with tap water to remove the attached soil, 
surface-sterilized by submerging in 70% ethanol for 3 min 
and rinsed 2 times with sterile distilled water. The algal 
samples were identified by the Coral Reef Ecology and 
Biology group, National Institute of Oceanography and 
Fisheries, Suez, Egypt. 
 
Isolation of endophytic bacteria 
Samples were cut out and macerated in droplets of 
distilled water and placed on the surface of nutrient agar 
medium (NAM) that contained the following components 
(g/l): glucose 10, peptone 6, yeast extract 3, meat extract 
1.5 and agar 25. The media were incubated for 28 h at 
30˚C. Colony morphology was recorded for the following 
characters: size, shape, color, and growth rate. The 
distinct colonies were sub-cultured and maintained on 
NAM. 
 
DNA extraction and PCR amplification of 16SrDNA 
region 
DNA was isolated according to Sambrook et al., 1989. 
The 16SrDNA was amplified by polymerase chain 
reaction (PCR) using primers designed to amplify a 1500 
bp fragment of the 16SrDNA region. The forward primer 
was 5’AGAGTTTGATCMTGGCTCAG3’ and the 

reverse primer was5’TACGGYTACCTTGTTACGA-
CTT3’. The PCR mixture consisted of 30pmol of each 
primer, 10ng of chromosomal DNA, 200 µM dNTPs and 
2.5 Units of Taq polymerase in 50µl of polymerase 
buffer. The PCR was carried out for 30 cycles at 94°C for 
1 min, 55°C for 1 min and 72°C for 2 minutes. After 
completion, a fraction of the PCR mixture was examined 
using agarose gel electrophoresis (Qiagen) (Ausuble et 
al., 1999) (fig.1). DNA sequences were obtained using 
3130 X DNA Sequencer (Genetic Analyzer, Applied 
Biosystems, Hitachi, Japan), Big Dye Terminator Cycle 
Sequencing (see details below). The PCR product was 
sequenced using the same PCR primers. Blast algorithm 
was used to assess the DNA similarities and multiple 
sequence alignment and molecular phylogeny were 
performed using Bio Edit software (Hall, 1999). The 
phylogenetic tree was displayed using the TREEVIEW 
program (Page, 1996). 

 
Fig. 1: M: DNA marker, Lane DNA and PCR products of 
16srRNA for isolate (A). 
 
DNA sequencing 
Automated DNA sequencing based on enzymatic chain 
terminator technique, developed by the method of Sanger 
et al., 1977 was done using 3130 X DNA Sequencer 
(Genetic Analyzer, Applied Biosystems, Hitachi, Japan). 
The sequencing reaction was performed with four 
different fluorescent labels identifying the dNTPs, instead 
of the radioactive labels. These fluorophores were excited 
with two argon lasers at 488 and 514 nm, respectively 
when the respective bands passed the lasers during the 
electrophoresis. The specific emissions were detected and 
the data were collected for analysis (Prober et al., 1987 
and Freeman et al., 1990). The thermal cycling mixture 
was as follows: 8 µl of BigDye terminator mix, 6 µl of the 
sequencing primer (10 pmol) and 6 µl of the sample (PCR 
product or plasmid), then the reaction was run in the 
thermal cycler. The cyclic reaction composed of 1 min at 
95°C, then 49 cycles of 30 s at 95°C, 10 s at 52°C and 
4min at 60°C. The products were purified using a special 
column according to the instruction of the manufacturer. 
Dye formamide was added to the elute with 1:1volume 
ratio, run at 95ºC for 5 min for denaturation, shock on ice, 
then sequenced in 3130 X DNA sequencer and analyzed. 
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Extraction of metabolites 
Spore suspensions of the isolated endophytes were 
cultured in 12 L nutrient broth media for 72h. The cells 
were separated by centrifugation and the filtrate was 
extracted using ethyl acetate. The resultant extract was 
dried using a rotary evaporator at reduced pressure and a 
water temperature of 40°C. 
 
Antimicrobial assay 
The anti-microbial activity test was carried out by the disk 
diffusion method (Lisboa et al., 2006). The crude extracts 
(1mg/ml) were dissolved in EtOAc and sterile paper disks 
were impregnated with different concentrations of the 
extracts and placed on the surface of NAM previously 

spread with pathogen suspensions. Petri dishes were 
incubated at 30°C and the diameter of the inhibition zones 
was measured after 24/48 h and expressed in mm. 
 
Pathogenic test organisms 
All test organisms were supplied by Biotechnological 
Research Center, Al-Azhar University, Cairo, Egypt. 
 
Gram positive bacteria: Bacillus subtilis NCTC 1040, 
Staphylococcus aureus, NCTC 7447 and Sarcina maxima 
ATCC 33910, 
Gram negative bacteria: Escherichia coli NCTC 10416, 
Pseudomonas aeruginosa, ATCC 10145. 
Yeast: Candida albicans IMRU 3669. 
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HQ683865 Bacillus licheniformis strain AIMST 7.Bs.19 
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HQ694281 Bacillus subtilis strain AIMST 1.B4.1 

HQ683823 Bacillus subtilis strain AIMST 6.Cr.13 

HQ683861 Bacillus subtilis strain AIMST 11.Ah.10 

EF601577 Bacillus licheniformis strain BL43 

GQ979930 Bacillus sp. SRCpb.01 

EF633294 Bacillus sp. EGU724 

HQ694234 Bacillus subtilis strain AIMST Aca2 

HQ694236 Bacillus subtilis strain AIMST Bbs2 

 
Fig. 2: The phylogenetic tree based on PCR product sequencing of DNA isolated from endophyte (A) 



A Comparative biochemical study on two marine endophytes, Bacterium SRCnm 

Pak. J. Pharm. Sci., Vol.29, No.1, January 2016, pp.17-26 20 

The test organisms were maintained on NAM for the 
bacteria and potato dextrose agar (PDA) medium:(Peeled 
potato 200 g, dextrose 20 g, agar 18 g in 1000 ml distilled 
water) for the yeast. 
 
Optimization of production of anti-microbial compounds 
To evaluate the influence of different media on the 
production of anti-microbial metabolites, the isolated 
bacteria were cultivated in 100 ml of the following 
fermentation media: 
Medium I (50% sea water), contained (g/l): yeast extract 
3, glucose 10, meat extract 1.5 and peptone 6. 
Medium II (50% sea water), contained (g/l): yeast extract 
4, glucose 4, malt extract 10. 
Medium III (100% sea water), contained (g/l): yeast 
extract 4, glucose 4, malt extract 10. 
Medium IV (50% sea water), contained (g/l): Peptone 5 
and yeast extract 1. 
Media V (100% sea water), contained (g/l): Peptone 5 and 
yeast extract 1. 
 
Antioxidant activity (DPPH assay) 
The free radical scavenging activity using 1,1- diphenyl-
2- picryl-hydrazil (DPPH) reagent was determined 
according to the method described by Brand-Williams et 
al., 1995. 
Antioxidant activity was calculated using the following 
equation: 
Antioxidant activity% = [(control absorbance-sample 
absorbance /control absorbance × 100)] 
 
Physiological studies on marine endophytes 
Effect of temperature and pH on the growth of the 
bacteria 
To determine the optimum growth temperature, the 
isolates were incubated on nutrient agar slants at different 
temperatures (40-70°C) for 28 h. Nutrient broth media (50 
ml) were adjusted to cover the pH range 3-10 using 
phosphate buffer solutions. Spore suspension (1ml) was 
inoculated in the flasks and shaken at 250rpm for 24 h. 
Cell density was assessed at 600nm.  
 
Influence of different salts 
Salt solutions (0.1M) of the following salts; FeCl3, 
Fe2SO4, CuSO4, potassium phthalate, ZnSO4, disodium 
EDTA, Na2HPO4, KH2PO4, MgSO4. 7H2O, NaCl, CaCl2, 
KCl, KI, CH3COONa.3H2O, Na2HPO4, NaHCO3, Na2CO3 
MnCl2, were prepared separately in 50 ml distilled water 
that contained the following nutrients (g/l): (peptone 0.3, 
yeast extract, 0.15 and glucose, 0.5). 1ml spore 
suspension was used to inoculate the media, incubated at 
30°C and the Cell density was measured at 600 nm after 
48h. 
 
Effect of different carbon sources 
Galactose, glucose, raffinose, lactose, mannose, 
cellobiose, manitol, glycerol, sucrose and maltose were 

used in weights equivalent to the carbon amounts of 2g 
glucose and added separately in 50ml media that 
contained the following nutrients (g/l): yeast extract 0.5, 
KH2PO4 0.1 and MgSO4.7H2O 0.5. The media were 
inoculated with 1 ml spore suspension at30°C, shaken for 
28 h. Cells turbidity was measured at 600 nm. 
 
LC/MS analyses and dereplication 
High resolution mass spectrometric data were obtained 
using a Thermo Instruments MS system (LTQ XL/LTQ 
Orbitrap Discovery) coupled to a Thermo Instruments 
HPLC system (Accela PDA detector, Accela PDA auto 
sampler, and Accela pump). The following conditions 
were applied: capillary voltage 45 V, capillary 
temperature 260°C, auxiliary gas flow rate 10-20 arbitrary 
units, sheath gas flow rate 40-50 arbitrary units, spray 
voltage 4.5 kV, mass range 100-2000 amu (maximum 
resolution 30 000). The exact mass obtained for eluted 
peaks was used to deduce the possible molecular formulae 
for such mass, and these formulae were searched in 
Dictionary of Natural Products, CRC press, online 
version, for matching chemical structures. 
 
RESULTS  
 
By definition, endophytes are microorganisms (mostly 
fungi and bacteria) which inhabit healthy living plant 
tissues for all or part of their life cycle without causing 
apparent harmful symptoms to the host (Sturz et al., 2000, 
Wellington and Marcela, 2004). 
 
In this study we aimed to isolate marine bacteria from the 
red alga Acanthophora dendroides (isolate A) and the 
brown alga Sarggassum sabrepandum (isolate B) and to 
screen the antagonistic effects of their crude extracts 
against some pathogenic bacteria. Molecular 
characterization of the selected endophytic bacteria was 
carried out by PCR amplification of 16S rDNA genes. A 
fraction of the PCR mixture was examined using agarose 
gel electrophoresis (fig. 1). According to sequencing 
similarities and multiple alignment, the isolates were 
found to be in a close relation to Bacterium SRCnm (ac: 
GQ979939.) and Bacillus sp. JS, (ac: CP003492) with 
100% identity. The phylogenetic tree of Bacterium 
SRCnm was displayed using the TREEVIEW program 
(fig. 2). 
 
Investigation of the most favorable medium to Bacillus 
subtilis for the production of antimicrobial metabolites 
was one of our purposes. The results revealed that the 
extracted compounds in Media I and IV showed a 
reasonable inhibition to the pathogen growth (fig. 3, A 
and B). Sarcina maxima exhibited the highest sensitivity 
to the metabolites produced in media II, III, IV and V by 
endophyte A, and to the total extract in media I and II 
where isolate B was grown (fig 4). The most active 
extracts against Staphylococcus aureus growth were 
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obtained after incubation of Bacterium SRCnm in media II 
and IV (fig. 5). Similar inhibitory activities of isolate A 

against Escherichia coli and Pseudomonas aeurginosa 
were shown in all extracted media (figs. 6 and 7). 

Fig. 3: Anti-microbial activity of Bacterium SRCnm (A) and Bacillus sp. JS (B) against Bacillus subtilis 
 

 
Fig. 4: Bioactivity of Bacterium SRCnm (A) and Bacillus sp. JS (B) against Sarcina maxima 
 

 
Fig. 5: Antagonistic potential of Bacterium SRCnm (A) and Bacillus sp. JS (B) against Staphylococcus aureus 
 

 
Fig. 6:Growth inhibition of Escherichia coli by extracted compounds of Bacterium SRCnm (A) and Bacillus sp. JS (B) 
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The second goal in this investigation focused on 
improving the growth yield of the isolated bacteria 
through changing some growth parameters, such as pH, 
temperature and carbon sources. The results in table1 
revealed that the isolates should be considered 
neutrophils, because the optimum growth was noticed at 
pH 8.On the other hand, the most favorable temperature 
for the growth of the tested bacteria was found to be 30°C 
(table 2). Different Bacillus species have similar growth 
patterns and enzyme profiles, but their optimized 
conditions vary, depending upon the strain 
(Vijayalakshmi et al., 2012). 
 
Investigation of the role of different carbon sources on 
bacterial growth revealed that maltose was the best 
nutrient for the isolated endophytes. Also the addition of 
sucrose (a disaccharide composed of the monosaccharides 
glucose and fructose) to the culture medium of Bacterium 
SRCnm caused an increase in its growth (table 3). 
 
The influence of adding different salts to the fermentation 
medium of the bacterial isolates presented variable 
results. These results grouped in table 4 showed that 
CaCl2 and Na2HPO4 increased the growth capacity of 
Bacterium SRCnm and Bacillus sp. JS to a maximum 
value. 
 
Table 1: The growth capacities of Bacterium SRCnm (A) 
and Bacillus sp. JS (B) in relation to pH level 
 

Growth % Phosphate buffer  
solution pH (A) (B) 

3.0 1.76 0.36 
4.0 2.31 0.4 
5.0 28.0 1.12 
6.0 38.0 21.9 
7.0 87.16 27.7 
8.0 100 100 
9.0 56.58 3.6 

10.0 8.5 1.4 

Table 2: Effect of temperatures on the growth of 
Bacterium SRCnm (A) and Bacillus sp. JS (B) 
 

Temperature ˚C A B 

10 _ _ 

20 ++ + 

30 ++++ ++++ 

40 ++ +++ 

50 + + 

60 _ _ 
 
Table 3: The role of different carbon sources on the 
growth% of Bacterium SRCnm (A) and Bacillus sp. JS 
(B) 
 

(B)(A) Carbon sources
13.933.3 Non
24.579.4 Galactose
43.036.1 Glucose
21.485.9 Raffinose
22.966.1 Lactose
30.548.4 Mannose
0.6673.09 Cellobiose
25.987.30 Manitol
13.122.7 Glycerol
34.890.8 Sucrose
100100 Maltose

 
The antioxidant activity for the metabolites of, Bacterium 
SRCnm & Bacillus sp. JS was also investigated using 
DPPH assay. The metabolites that were potential in 
scavenging of DPPH radicals could be related to their 
hydrogen donating ability (Spandana et al., 2012).  
 
Table 6 and figs. 8-20 showed that 7 compounds of 
Bacterium SRCnm and 10 compounds of Bacillus sp. JS 
had the ability to be ionized. HRESIMS of these 
compounds were determined and compared to previously 
isolated ones using different libraries data bases 
(Dictionary of Natural Products; version 22.1 and Anti-
Base 2012). Cyclo (D-cis-Hyp-L-Leu), 

 
 
Fig.7: Sensitivity of Pseudomonas aeurginosato the extracted metabolites of Bacterium SRC nm (A) and Bacillus sp. JS 
(B). 



Eman Fadl Ahmed et al 

Pak. J. Pharm. Sci., Vol.29, No.1, January 2016, pp.17-26 23

dihydrosphingosine, 2-Amino-1,3-hexadecanediol, and 
other hits not of bacterial origin were identified in 
Bacterium SRCnm fraction , on the other hand cyclo (D-
Pro-L-Tyr) and Cyclo (L-Leu-L-pro) were the suggested 
compounds for Bacillus sp. JS extracts, the same 
identified compounds of Bacterium SRCnm. The 
compound eluting at 21.73 min showed the molecular 
formula C53H94O13N7, which warrants further 
investigation as is most likely a cyclic peptide. 
 
 
Table 4: Influence of salts on the growth% of Bacterium 
SRCnm (A) and Bacillus sp. JS (B) 
 

Salt (A) (B)
Non 48.4 40.3
Fe2SO4 - 52.6
CuSO4 1.35 20.4
k.phthalate 1.14 0.6
ZnSO4 1.3 6.9
EDTA.2Na 0.5 0.39
NaH2PO4 47.43 0.5
KH2PO4 12.05 7.2
MgSO4.7H2O 47.0 82.9
Nacl 38.0 37.1
CaCl2 100 28.9
KCl 40.3 42.7
KI 34.36 0.42
CH3COONa.3H2O 7.2 37.1
Na2HPO4 50.5 100
NaHCO3  1.08  3.6
Na2CO3 8.3 7.0
MnCl2 - 1.6

 
Table 5: Antioxidant activity of Bacterium SRCnm (A) 
and Bacillus sp. JS (B) 
 

Antioxidant Activity % Concentration 
(µg/ml)  (A) (B)  

500 48.89 46.13 
250 37.12 31.05 
125 22.36 19.69 
62.5 9.74 8.11 

 
DISCUSSION 
 
Endophytic bacteria have received considerable attention 
due to their diverse bioactivities, including biological 
control of plant diseases, plant growth stimulation, 
nitrogen-fixing, etc (Harris et al., 1994; Chen et al., 1995; 
Graner et al., 2003; Cui et al., 2003; Qiao et al., 2006). A 
general call exists for new antibiotics, chemotherapeutic 
agents, and agrochemicals that are highly effective, 
possess low toxicity, and have a minor environmental 
impact where endophytes could be good sources of such 
chemical entities. This is because natural products from 
endophytic microbes have been observed to inhibit or kill 

a wide variety of harmful disease-causing agents 
including, but not limited to, phytopathogens and bacteria, 
fungi, viruses and protozoans that affect humans and 
animals (Strobel and Daisy, 2003). 
 
It was suspected that such Specific invertebrate-microbial 
associations play a major ecological role in maintaining 
marine macroorganism’s life by protecting the host from 
invasion of potentially pathogenic microbes through 
competing for nutritional sources or excretion of 
biologically-active metabolites as defense mechanism 
(Klaus et al. 2007; Salyers and Whitt 1994). 
 
Antibacterial activity among marine bacterial derived 
natural products is a well-known phenomenon and has 
been demonstrated in a number of studies (Isnansetyo and 
Kamei, 2003; Uzair et al., 2006). 
 
It is well known that the marine bacteria bacilli have long 
been associated with the production of antibacterial 
compounds, which could be used in the biotechnology 
industry to manufacture antibiotics, biochemicals and 
consumer products (Erickson, 1976; Eveleigh, 1981; and 
Austin, 2001). 
 
Romanenko et al., 2001 isolated Bacillus strains from 
internal tissues of the ascidian Halocynthia aurantium 
which was capable to inhibiting the growth of S. aureus 
and B. subtilis. Anti-MRSA and VRE compounds were 
isolated from B. licheniformis strain EI-34-6, which was 
associated with a marine alga (Yan et al., 2003). 
 
Jamal and Mudarris (2010) isolated Bacillus subtilis from 
Sargassum sp., which exhibited anti-microbial activity 
against resistant pathogenic bacteria. Such results were 
also in agreement with our observation. 
 
Previously, Davey and Daughtry 1995, reported in 
validation of a model for predicting the combined effect 
of three environmental factors on both exponential and 
lag phases of bacterial growth: temperature, salt 
concentration and pH. In this work, the effect of each 
factor was tested separately. Changes in pH levels had the 
most noticeable effects on bacterial enzymes and growth, 
where extreme changes in the pH balance of the local 
environment for bacteria tended to kill them.  
 
The optimum temperature for growth of Bacillus subtilis 
115 & Bacillus subtilis was 50˚C (Jansova et al., 1993) 
whereas, Bacillus subtilis KC3 has optimum growth 
temperature around 33°C, (Demirkan et al., 2005). The 
maximum growth of Bacillus subtilis KO was achieved at 
45°C and pH was in range 6.5-7.0 but it exhibited no 
growth above 50°C (Magdi et al., 2010). Bacillus sp. 
AQ1 could grow and produce enzyme at the pH (7-9) and 
temperature (30-50°C) observed (Budiasih et al., 2009). 
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It is well known that maltose could be broken down into 
two glucose molecules by hydrolysis. In living organisms, 
the enzyme maltase can achieve this very rapidly. Our 
finding was in accordance with that previously obtained 
by, Vijayalakshmi et al. (2012), who demonstrated that 
induction of α-amylase requires substrates having α-1, 4 
glycosidic bond, including starch and maltose, but 
glucose represses its production. The biosynthesis of α-
amylase in most species of the genus Bacillus is repressed 
by readily metabolizable substrates especially glucose, by 
a mechanism of catabolite repression (Haseltine et al., 
1996 &Kato et al., 1996). The results revealed the 
importance of CaCl2 and Na2HPO4 because these salts are 
naturally found in the sea water which required for 
growth of such marine bacteria (Robert and Onofrey, 
1956). Deshpande and Cheryan (1984) referred to the 
significant effect of Ca2+ on the metabolism and 
physiology of bacteria as it was found to be effective on 
enzyme activity. Potassium, calcium and phosphorus 
elements were found to serve a structural or physiological 
role in the bacterial cell. Potassium is a main cellular 
inorganic cation and cofactor for certain enzymes, 
calcium is Inorganic cellular cation, cofactor for certain 
enzymes and phosphorus is a component of endospores 
and Constituent of nucleic acids, nucleotides, and 
phospholipids. In the same manner, Robert and Onofrey 
(1956) reported that none of the marine bacteria could 
grow, unless Na+, K+&P04

--added to their cultivated 
media. Thus, growth temperature, pH level and nutrients 
in the culture media of the endophytes have significant 
effects on the mass production of the microorganisms and 
thus the yield of the compounds produced by the growing 
cells. Tomohiro et al.1994 isolated 112 bacterial strains 
from different marine organisms which exhibited 
antioxidant activity as a kind of adaptation to the aerobic 
conditions, this activity was correlated to the presence of 
uric acid, indole, 3,4-dimethoxyphenol and 3-
hydroxyindolin-2-one in their fermentation broth.  
 
LC/MS analyses results indicated that the similar 
compounds that were identified are of bacterial and 
sometimes fungal secondary metabolites. Many of the 
constituents still not known and may be correlated to the 
genetic contents of the investigated bacteria. Previous 
results were of great interesting as many of the other 
compounds did not show any hits to be isolated from 
nature before. More investigation of these fractions on 
large-scale fermentation, fractionation, isolation and 
structure elucidation are needed. 
 
CONCLUSION 
 
In the present work, we have isolated two algae-
associated bacterial strains, identified them using 16S 
rDNA and fermented them on five different media and 
screened their extracts for their anti-microbial and 
antioxidant potential. Using LCMS and natural product 

databases, we managed to identify some ionized 
compounds and some were potentially new based on 
finding no hits for their formulae in these databases, 
which required further investigation on larger scale. 
Finally, the biological potential of the compounds 
produced by Bacterium SRCnm and Bacillus sp. JS was 
tested to figure out the possibility of using these 
metabolites against resistant pathogens. Different 
parameters; temperatures, pH, salt concentrations, and 
carbons were studied to optimize the growth conditions of 
the isolated endophytes. 
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