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Abstract
Background: Bacillus species represent a rich source of new bioactive metabolites that can 
combat diseases. 
Methods: Bacillus strain was isolated from the marine sponge Spongia officinalis and routinely 
maintained on marine broth. The bacteria strain was identified as Bacillus 2011SOCCUF3 
using 16S rDNA sequencing. The strain was cultured on Tryptone Casein Oat Soluble Starch 
(TCOATSS) media with continuous agitation for 4 days. The fermented broth was centrifuged, 
and the supernatant was mixed with 10% (w/v) of adsorbent resin (XAD-7HP and XAD-16N, 
1:1) and shaken continuously at a reduced speed for 7 h; and the resin was collected by filtration 
through sintered glass funnel and washed with MilliQ water, and then eluted with methanol to 
obtain the extract.  The extract was evaporated in vacuo at reduced temperature and pressure 
to obtain the dry extract. The dry extract was purified by vacuum liquid chromatography, 
eluting with methanol in acetone gradient. The in vitro antimicrobial and antioxidant activities 
were investigated using the agar-well diffusion, DPPH scavenging and the phosphomolybdate 
methods respectively. 
Results: The extract and fractions showed good antimicrobial activities with minimum inhibitory 
concentration range of <1.0 mg/mL. The extract and fractions also exhibited good antioxidant 
activities with their IC50 values been comparable to the standard. 
Conclusion: Thus, a novel Bacillus strain isolated from the marine sponge (Spongia officinalis) 
obtained from Cortiou and Riou, France, exhibited promising antimicrobial and antioxidant 
activities.
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Introduction
Natural products play very crucial roles in drug discovery 
and development process and have been, for a long time, of 
immense importance because they represent a remarkable 
source of ‘lead’ compounds for new drug discovery.1 Many 
synthetic drugs currently in use were derived from plants 
and animals.2 A large percentage of therapeutic agents in 
use now, which are presented as antibiotics, anticancer, 
agents for immunosuppressive disorders, were developed 
from natural products obtained from plants, animals and 
microorganisms.3 Several research reports have shown the 
extent to which natural products play a leading curative 
role in human medicine.4 Humans, however, are still 
faced with life-threatening diseases such as the infectious 
diseases  that are associated with antimicrobial resistance.5 
This and other problems, which culminate in disease 
treatment failure as well as unwanted reactions associated 
with existing medications, have clearly shown the 

imperativeness of continuing research in order to develop 
new and better drugs.
Many natural product-derived therapeutic agents used 
presently are of terrestrial origin.6 But the marine world 
remains largely unexplored even though it is considered 
as largely hosting biodiversity.7 Marine bacteria have 
produced interesting biologically active compounds that 
can pave way for novel drug discovery as experiments 
carried out on both familiar and novel bacteria of marine 
origin provide evidences.8  Some of the challenges that 
appear to have clogged the process of marine natural 
product drug discovery include supply problems and 
target identification. However, with improvement and 
innovation in the field of marine natural products, there is 
high expectation that they will lead to a new breakthrough.9 
Over the past two decades, there has been an increased 
growth rate in the chemistry of marine organisms, which 
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has led to the discovery of new structures, many of 
which had not been observed among the compounds of 
terrestrial origin. More so, these new substances possess 
pharmacological properties that were hitherto unknown.10

Marine organisms adapt to harsh marine environment 
conditions such as high or low temperatures, alkaline or 
acidic water, high pressure and limited substrate in the deep 
sea, and, thus, possess unique properties. These qualities 
have drawn the attention of researchers who are exploring 
marine microorganisms since there is the potential of 
their use in biotechnology.11 Bacillus species known to 
produce antibiotics include Bacillus marinus, Bacillus 
silvestris, Bacillus lichenformis, Bacillus amyloliquefaciens, 
Bacillus pumilus, Bacillus cereus and Bacillus subtilis.12 In 
recent years, marine Bacilli have become important in 
producing natural products that have shown a wide range 
of biological activities, including antibacterial, antioxidant 
and anticancer activities.13 The present study was done to 
evaluate the in vitro antimicrobial and antioxidant activities 
of novel marine Bacillus 2011SOCCUF3 strain isolate and 
its purified fractions. 

Materials and Methods
Chemicals
Methanol and acetone used were purchased from Sigma 
Aldrich, Germany. Tryptone, yeast extract and agar were 
purchased from Formedium LTD, England. Others include 
Casein Digest (Difco™) (Becton, Dickinson and Company, 
USA), starch soluble (Acros Organics, New Jersey, USA), 
Instant Ocean (Aquarium Systems, Sarrebouurg, France), 
Amberlite® XAD 7HP (20 – 60 mesh) (Sigma Aldrich, 
USA), Amberlite® XAD 16N (20 – 60 mesh) (Sigma Aldrich, 
USA), Diaion HP20 (≥ 250 µm beads) (Alfa Aesar, England) 
and MilliQ water (Millipore Corporation, Bedford, MA, 
USA). DPPH solution and phosphomolybdate solution 
were prepared according standard procedures.

Test microorganisms
The microorganisms used were clinical isolates maintained 
in the Department of Microbiology, University of Nigeria, 
Nsukka laboratory. They include gram-negative bacteria: 
Escherichia coli, Pseudomonas aeruginosa, Salmonella 
typhi; gram-positive bacterium Staphylococcus aureus and 
fungi Aspergillus niger and Candida albicans.

Experimental procedures
Isolation and identification of bacteria
The 2011SOCCUF3 strain was isolated from the marine 
sponge Spongia officinalis obtained in a scuba diving 
expedition at Cortiou and Riou, France by the Goss 
Research Group, School of Chemistry, University of Saint 
Andrews, UK.  The 2011SOCCUF3 strain was determined 
to be most closely related to Bacillus horneckiae using 16S 
sequencing.

Cultivation of bacteria strain
The Bacillus 2011SOCCUF3 strain was cultured in 14 

x 0.5 L volumes of Tryptone Casein Oat Soluble Starch 
(TCOATSS) media (4 g of tryptone, 4 g of casein, 10 g 
soluble starch, 10 g oats, 1000 μL trace element in 1 L of 
MilliQ water) while shaking at 180 rpm for 4 days.

Extraction procedure
At the end of the fermentation period, the fermented broth 
was centrifuged (8000 rpm, 1 h, 4oC) and the supernatant 
was mixed with 10% (w/v) of adsorbent resin (XAD-7HP 
and XAD-16N, 1:1) and shaken continuously at a reduced 
speed for 7 h. The resin was then collected by filtration 
through sintered glass funnel and washed with MilliQ 
water (5 L), and then eluted with methanol (3.0 L).14 The 
extract was evaporated in vacuo at reduced temperature 
and pressure to obtain the dry extract (9.320 g).

Purification of extract
The extract was purified using Vacuum Liquid 
Chromatography (VLC). Also, 9.0 g of the extract was 
triturated with 10.0 g of silica gel and loaded onto a glass 
column (150 x 1.5 cm, ID), and then eluted with methanol 
in acetone gradient (25 – 100%, 1 L each) to obtain the 
VLC fractions (BF1 – BF4).

Antimicrobial assay
The Agar-well diffusion assay method described by 
Adeshina et al15 was used for the antimicrobial assay. The 
bacteria and fungi were first streaked onto nutrient agar 
and incubated overnight at 37°C and 27oC respectively. 
The single colony formed was then used to inoculate 10 
mL of the nutrient agar and the culture was incubated in a 
Faster BH-EN 2004 Laminar flow cabinet overnight. After 
the incubation, 10% of the inoculum volume was used to 
inoculate 0.5% Muller-Hinton agar which had been cooled 
down to 40°C and then poured into an agar plate with 
cork- borer (6 mm diameter) placed on the agar. Different 
concentrations (2.5, 5, 10, 20 mg/mL in DMSO) of the 
samples were then loaded onto each disc in 10 μL volumes; 
ciprofloxacin and fluconazole were used as a positive 
control and the negative control was DMSO solution. 
These plates were then incubated overnight at 37°C and 
27oC respectively and the inhibition zone diameter (IZD) 
measured after 24 h and 48 h for bacteria and fungi 
respectively. The Minimum Inhibitory Concentrations 
(MICs) of the samples were determined from the plot of 
logarithmic of the sample concentrations to base 10 against 
the square of the corresponding IZDs.

Antioxidant assay
The in vitro antioxidant assay of the samples was done 
using the DPPH radical scavenging activity and the 
Phosphomolybdate methods. 

DPPH radical scavenging activity
The in vitro antioxidant assay was done using the method 
as described by Agbo et al.16 with slight modification.  The 
samples were dissolved in methanol to give a concentration 
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of 1 mg/1000 μL stock solution. Serial dilution (10 – 50 
mg/mL) of the stock solution was obtained. 10 μL of 
these solutions were added to 490 μL DPPH solution 
(4.5 mg/100 mL) in an Eppendorf vial. The mixture 
was incubated for 10 min in the dark and observed for 
any colour change. The reduction of DPPH radical was 
quantified by measuring the absorbance at 517 nm using 
UV-Vis spectrophotometer (Perkin Elmer, Lambda 25). 
The absorbance of the DPPH blank solution and the 
positive control (ascorbic acid) were also determined. 
The percentage of DPPH radical scavenging activity was 
calculated using the formula below:

c s

c

A -A%DPPH Radical Scavenging activity= ×100
A

     
                                                                                           Eq. (1)

where Ac=absorbance of control; As=absorbance of sample
The IC50 of the test samples and positive control were 
thereafter determined for comparison.

Phosphomolybdate assay 
The total antioxidant capacities (TAC) of the samples 
were determined by the phosphomolybdate method as 
described by Agbo et al.17 with slight modification. Then 
0.1 mL of various concentrations of the samples (10 - 100 
mg/mL) were mixed with 1 mL of reagent solution (600 
mm tetraoxosulphate (VI) acid, 28 mm sodium phosphate 
and 4 mm ammonium molybdate 1:1:1) in an Eppendorf 
vial. The vials were incubated in a water bath at 950C for 1.5 
h and cooled down to room temperature. The absorbencies 
of the mixture were determined at 765 nm against a blank 
containing 1 mL of the reagent solution and ascorbic 
acid as positive control. The total antioxidant capacity 
was estimated using the formula for the DPPH assay as 
previously described and the IC50 were values determined 
from the regression curve.

Statistical analysis 
Descriptive statistics was used for the analysis of the results. 
All the experiments were done in triplicate and the results 
expressed as means ± standard error of the mean. The 50% 
inhibitory concentration (IC50) values of the extract and 
VLC fractions were calculated using MS Excel.

Results
Isolation and identification of the Bacillus strain
2011SOCCUF3 strain was isolated from the marine 
sponge (Spongia officinalis) obtained from Cortiou and 
Riou, France. The isolate was purified by streak method on 
marine broth and preserved in a refrigerator maintained at 
- 80oC. The 16S genome sequencing of the isolate showed 
that it is closely related to Bacillus horneckiae.

Cultivation and fermentation of the atrain
2011SOCCUF3 strain was cultured on TCOATSS media 
with continuous agitating in a Faster BH-EN 2004 
Laminar flow cabinet at 180 rpm for 4 days to allow for the 
fermentation of the Bacillus strain.

Extraction and purification procedure
The fermented broths was adsorbed unto XAD resins 
(XAD-7HP and XAD-16N, 1:1) and shaken for 7 h and 
the resin collected by filtration through sintered glass 
funnel and washed thoroughly with enough MilliQ water 
and eluted with methanol to obtain the extract. The 
methanol was evaporated to obtain the dry extract which 
was purified using vacuum liquid chromatography eluting 
with a gradient of methanol in acetone. 

Antimicrobial activity
Agar-well diffusion method was used to evaluate the in 
vitro antimicrobial activity of the samples (Table 1). The 
extract and VLC fractions had strong antimicrobial activity 
against the tested organisms with MICs values lower than 
that of the standards used. The extract (0.108 mg/mL) at 
the concentration range of 2.5 – 20 mg/mL had highest 
MIC value against C. albicans which was approximately 
15 times more than that of fluconazole (1.60 mg/mL) at 
same concentration. Also, BF2 showed strong antibacterial 
activity against S. typhi with MIC value of 0.083 mg/mL 
compared to the standard (ciprofloxacin = 2.38 mg/mL).

Antioxidant activity
The in vitro antioxidant activity of the Bacillus extract 
and VLC fractions were assessed using the DPPH radical 
scavenging activity and the phosphomolybdate methods. 
The results of the DPPH assay showed a dose dependent 
scavenging activity with the extract having percentage 
inhibition of 38.89 – 49.14% (10 – 50 mg/mL) as compared 
to the standard (ascorbic acid) with inhibition percentage 

Table 1. Minimum Inhibitory Concentrations of the Extract and Fractions.

Samples Minimum Inhibitory Concentrations (MICs) (mg/mL)

P. aeruginosa E. coli S. aureus S. typhi C. albicans A. niger
BM 0.162 0.750 0.247 0.247 0.108 0.610

BF 1 0.163 0.881 0.785 0.908 0.628 2.505
BF 2 1.378 1.114 2.182 0.083 0.907 0.801
BF 3 0.674 1.009 0.610 0.907 0.907 0.750
BF 4 1.591 1.124 1.389 1.167 1.225 0.709
CPF 2.50 1.42 1.62 2.83 ND ND
FCZ ND ND ND ND 1.60 1.25

BM = Extract, BF 1 – BF 4 = VLC fractions, CPF = ciprofloxacin, FCZ = fluconazole, ND = Not tested.
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Table 2. Percentage Radical Scavenging Activity.

% Inhibition of Sample at different Concentrations (mg/mL)

Samples        10       20     30     40      50
BM 38.89±0.14 40.74±0.18 41.49±0.23 43.04±0.26 49.14±0.09

BF 1 20.56±0.07 21.45±0.03 22.45±0.07 23.71±0.12 25.64±0.23
BF 2 49.59±0.29 52.07±0.40 53.86±0.24 54.70±0.33 58.85±0.23
BF 3 21.63±0.08 22.24±0.10 23.01±0.20 23.61±0.04 25.37±0.08
BF 4 19.31±0.28 21.57±0.01 26.68±0.13 29.37±0.03 35.06±0.04

Ascorbic Acid 50.99±0.11 63.58±0.09 68.62±0.06 70.66±0.03 71.00±0.10
Results expressed as Mean ± SEM; n = 3, BM = Extract, BF 1 – BF 4 = VLC fractions.

Table 3. Percent Inhibition of the samples using Phosphomolybdate Assay.

% Inhibition of Sample
Concentration of Sample (mg/mL)

10 20 30 40 50
BM 5.53±0.01 12.14±0.01 16.83±0.00 22.42±0.02 28.73±0.01

BF 1 2.27±0.01 5.66±0.02 10.89±0.01 15.42±0.01 20.64±0.01
BF 2 17.45±0.02 21.96±0.01 28.04±0.03 33.44±0.05 37.77±0.01
BF 3 2.22±0.01 6.65±0.00 11.95±0.02 15.20±0.01 20.34±0.01
BF 4 4.56±0.04 9.46±0.01 14.19±0.02 18.94±0.01 24.45±0.03

Ascorbic Acid 15.43±0.02 24.68±0.02 31.64±0.01 37.59±0.02 45.49±0.03
Results expressed as Mean ± SEM; n = 3, BM = Extract, BF 1 – BF 4 = VLC fractions.

of 50.98 – 71.07% (Table 2). The VLC fractions had low 
radical scavenging activity when compared to the standard 
except BF2 with percentage inhibition of 49.60 – 58.85% 
(10 – 50 mg/mL). The total antioxidant capacity (TAC) of 
the extract and VLC fractions ranged from 5.53 – 37.78% 
(10 – 50 mg/mL) compared to the standard which showed 
15.43 – 45.49% under same concentration (Table 3). It was 
observed that the TAC increased slowly with concentration 
even at the highest concentration of 50 mg/mL.

Discussion
In this present study, we report the antimicrobial and 
antioxidant properties of a novel Bacillus strain. Bacillus 
subtilis is known to produce bioactive peptidolipid 
antibiotics like the Iturin group.18 Iturin antibiotics 
like Bacillomycin F isolated from Bacillus subtilis has 
been reported to have antibacterial activity against 
Staphylococcus aureus (MIC = > 400 μg/mL).19 Also, 
derivatives of Bacillomycin F isolated from Bacillus 
subtilis H215 showed promising antifungal activity against 
spoilage mould (Byssochlamys fulva H25) which causes 
spoilage of juices and beverages.20 But, to the best of our 
knowledge, no antimicrobial or antioxidant activity of  
Bacillus 2011SOCCUF3 strain has been documented.
The extract of Bacillus strain showed good antimicrobial 
activity against all the tested organisms with C. albicans 
having the least MIC of 0.108 mg/mL. This is followed by 
S. aureus and S. typhi with MIC of 0.247 mg/mL (Table 
1). The VLC fractions also exhibited good antimicrobial 
activity against the test bacteria and fungi compared with 
the standards used. BF2 had the highest inhibition of 
S. typhi with MIC value of 0.083 mg/mL. BF1 possesses 
the highest activity at least on three test organisms viz; 
P. aeruginosa, E. coli and C. albicans with MIC values of 
0.163, 0.881 and 0.628 mg/mL respectively. This indicated 
that the novel Bacillus 2011SOCCUF3 strain contains both 
antibacterial and antifungal bioactive metabolites.  Our 

findings agree with the work of Abad and co-worker that 
isolated metabolites of marine microbes and declared that 
they have the ability to produce activity against infectious 
diseases caused by bacteria, fungi and virus.21 Methanol 
extract of Spongia officinalis has been reported to possess 
antimicrobial activity against some bacteria and fungi.22 
This was in agreement with our current findings that 
extract and VLC fractions of Bacillus 2011SOCCUF3 
strain isolated from a marine sponge Spongia officinalis 
exhibited antimicrobial activities.
Free radicals, which are responsible for oxidative stress 
diseases, are beneficial as antibacterial, but cause damage 
to cellular proteins, membrane lipids, nucleic acid and 
death of cells in excess amount.23-25 Studies have shown 
that extracts of actinobacteria isolate from soil or marine 
sediments possess strong antibacterial and antioxidant 
activities.26-28 Based on this, we investigated the antioxidant 
properties of the extract and the VLC fractions. The extract 
and VLC fractions showed high antioxidant activity in the 
DPPH assay, evident in the low IC50 values obtained (1.008 
– 7.140 mg/mL) (Table 4).  

Table 4. IC50 (mg/mL) of the Extract and Fractions of Bacillus 
2011SOCCUF3 strain.

Samples
IC50 for 

DPPH Assay
(mg/mL)

IC50 for 
Phosphomolybdate 

Assay (mg/mL)
BM 2.035 44.55

BF 1 5.420 103.03
BF 2 1.008 30.80
BF 3 7.140 105.43
BF 4 2.517 90.01

Ascorbic Acid 0.521 20.15
BM = Extract, BF 1 – BF 4 = VLC fractions.

BF2 had the highest antioxidant activity with IC50 value of 
1.008 mg/mL, while BF3 had the least antioxidant activity
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(IC50 = 7.140 mg/mL).  The total antioxidant activity was 
more for the extract and BF2 with IC50 values of 44.55 and 
30.80 mg/mL respectively (Table 4). Krishnan and Keerthi 
in their previous study reported that methanol extract of 
Spongia officinalis var. ceylonensis contained polyphenolic 
compounds like phenols.29 Thus, the antioxidant properties 
of the extract and VLC fractions could be attributed to this 
metabolite since the Bacillus strain was isolated from this 
marine sponge.

Conclusion
In this study, we reported the antimicrobial and 
antioxidant properties of a novel Bacillus strain. Work 
is on-going to purify the most active fractions (BF1 
and BF2) with a view to isolate and characterize the 
bioactive compound responsible for the activities.

Acknowledgements
The authors are grateful to British Society for Antimicrobial 
Chemotherapy (BSAC) for an Oversea Postdoctoral 
Fellowship to Matthias O. Agbo. We are also thankful to 
R. J. M. Goss (School of Chemistry, University of Saint 
Andrew, United Kingdom) for the provision of Bacillus 
2011SOCCUF3 strain and allowing part of this work to be 
carried out in her laboratory. 

Conflict of interests 
We declare that there is no conflict of interest.

References
1. Cragg GM, Newman DJ. Natural Products: A  

Continuing source. Biochim Biophys 
Acta. 2013;1830(6):3670-95. doi:10.1016/j.
bbagen.2013.02.008

2. Yuan H, Ma Q, Ye L, Piao G. The Traditional 
Medicine and Modern Medicine from Natural 
Products. Molecules. 2016;21(5):559. doi:10.3390/
molecules21050559

3. Siddiqui AA, Iram F, Siddiqui S, Sahu K. Role of 
Natural Product in Drug Discovery Process. Int J Drug 
Dev Res. 2013;6(2):172-204.

4. Beutler JA. Natural Products as a Foundation 
for Drug Discovery. Curr Protoc Pharmacol. 
2009;46(1):9.11.1‐9.11.21. doi:10.1002/0471141755.
ph0911s46

5. Michael CA, Dominey-Howes D, Labbate M. The 
antimicrobial resistance crisis: causes, consequences, 
and management. Front Public Health. 2014;16(2):145. 
doi:10.3389/fpubh.2014.00145

6. Alonso E, Rubiolo JA. Phytotoxins: Chemistry and 
Biochemistry. 2nd ed. Spain: John Wiley & Sons Ltd; 
2015. 

7. Paulus C, Rebets Y, Tokovenko B, Nadmid S, Terekhova 
LP, Myronovskyi M, et al. New Natural Products 
Identified by combined Genomics-Metabolomics 
profiling of Marine Streptomyces sp. MP131-18. Sci 
Rep. 2017;7(1):42382. doi:10.1038/srep42382

8. Kannahi M, Eshwari NT. Extraction, Purification 

and Antibacterial Activity of Bioactive Compounds 
from Marine Bacillus Species. Int J Pure Appl Biosci. 
2006;4(4):244-54. doi:10.18782/2320-7051.2323

9. Monstaer R, Luesch H. Marine natural products: a new 
wave of drugs? Future Med Chem. 2011;3(12):1475-89. 
doi:10.4155/fmc.11.118

10. Selvin J, Lipton AP. Biopotentials of secondary 
metabolites isolated from marine sponges. 
Hydrobiologia. 2004;513(1):231-8. doi:10.1023/
B:hydr.0000018183.92410.21

11. Baharum SN, Beng EK, Mokhtar MAA. Marine 
Microorganisms: Potential Application and 
Challenges. J Biol Sci. 2010;10(6):555-64. doi:10.3923/
jbs.2010.555.564

12. Ravaindran C, Varatharajan GR, Rajasabapathy R, 
Sreepada RA. Antibacterial Activity of Marine Bacillus 
substances against V. cholerae and S. aureus and in vivo 
Evaluation Using Embryonic Zebrafish Test System. 
Indian J Pharm Sci. 2016;12:104-13. doi:10.4172/
pharmaceutical-sciences.1000134

13. Mondol MA, Shin HJ, Islam MT. Diversity of secondary 
metabolites from marine Bacillus species: chemistry 
and biological activity. Mar Drugs.2013;11(8):2846-72. 
doi:10.3390/md11082846 

14. Bailey CS, Zarins-Tutt JS, Agbo MO, Gao H, Deigo-
Taboada A, Gan M, et al. A Natural solution to 
photoprotection and isolation of the potent antibiotic, 
marinomycin A. Chem Sci. 2019;10(32):7549-53. 
doi:10.1039/c9sc01375j

15. Adeshina G, Onaolapo JA, Joseph EO. Phytochemical 
and antimicrobial studies of the ethyl acetate extract 
of Alchornea cordifolia leaf found in Abuja, Nigeria. J 
Med Plant Res. 2010;4(8):649-58.

16. Agbo MO, Lai D, Okoye FBC, Osadebe PO, Proksch 
P. Antioxidative polyphenols from Nigerian mistletoe 
Loranthus micranthus (Linn.) parasitizing on Hevea 
brasiliensis. Fitoterapia. 2013;86:78-83. doi:10.1016/j.
fitote.2013.02.006

17. Agbo MO, Uzor PF, Akazie-Nneji UN, Eze-
Odurukwe CU, Ogbatue UB, Mbaoji EC. Antioxidant, 
total phenolic and flavonoid content of selected 
nigerian medicinal plants. Dhaka Univ J Pharm Sci. 
2015;14(1):35-41. doi:10.3329/dujps.v14i1.23733 

18. Peypoux F, Marion D, Maget-Dana R, Ptak M, 
Das BC, Michel G. Structure of bacillomycin 
F, a new peptidolipid antibiotic of the iturin 
group. Eur J Biochem. 1985;153(2):335-40. 
doi:10.1111/j.1432-1033.1985.tb09307.x

19. Mhammedi A, Peypoux F, Besson F, Michel 
GB. Bacillomycin F, A new antibiotic of iturin 
group: isolation and characterization. J Antibiot. 
1982;35(3):306-11. doi:10.7164/antibiotics.35.306

20. Lee H, Churey JJ, Worobo RW. Purification and 
structural characterization of bacillomycin F produced 
by a bacterial honey isolate active against Byssochlamys 
fulva H25. J Appl Microbiol. 2008;105(3):663-73. 
doi:10.1111/j.1365-2672.2008.03797.x

https://doi.org/10.1016/j.bbagen.2013.02.008
https://doi.org/10.1016/j.bbagen.2013.02.008
https://doi.org/10.3390/molecules21050559
https://doi.org/10.3390/molecules21050559
https://currentprotocols.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Beutler%2C+John+A
https://doi.org/10.1002/0471141755.ph0911s46
https://doi.org/10.1002/0471141755.ph0911s46
https://doi.org/10.3389/fpubh.2014.00145
https://doi.org/10.1038/srep42382
https://doi.org/10.18782/2320-7051.2323
https://doi.org/10.4155/fmc.11.118
https://doi.org/10.1023/b:hydr.0000018183.92410.21
https://doi.org/10.1023/b:hydr.0000018183.92410.21
https://doi.org/10.3923/jbs.2010.555.564
https://doi.org/10.3923/jbs.2010.555.564
https://doi.org/10.4172/pharmaceutical-sciences.1000134
https://doi.org/10.4172/pharmaceutical-sciences.1000134
https://doi.org/10.3390/md11082846
https://doi.org/10.1039/c9sc01375j
https://doi.org/10.1016/j.fitote.2013.02.006
https://doi.org/10.1016/j.fitote.2013.02.006
https://doi.org/10.3329/dujps.v14i1.23733
https://doi.org/10.1111/j.1432-1033.1985.tb09307.x
https://doi.org/10.7164/antibiotics.35.306
https://doi.org/10.1111/j.1365-2672.2008.03797.x


Odekina et al.

87   | Pharmaceutical Sciences, 2020, 26(1), 82-87

21. Abad MJ, Bedoya LM, Bermejo P. Marine compounds 
and their antimicrobial activities. Science against 
microbial pathogens. Comm Curr Res & Technol Adv. 
2015;51:1293-1306.

22. Heydari H, Gözcelioğlu B, Konuklugil B. Biodiversity 
and Secondary Metabolites of Marine Sponges from 
Turkey. Rec Nat Prod. 2019;13(5):367-78. doi:10.25135/
rnp.118.18.07.340

23. Asres K, Gibbons S, Bucar F. Radical scavenging 
compounds from Ethiopian medicinal plants. Ethip 
Pharm J. 2006;24(1):23-30. doi:10.4314/epj.v24i1.35095

24. Pham-Huy LA, He H, Pham-Huyc C. Free radicals, 
antioxidants in disease and health. Int J Biomed Sci. 
2008;4(2):89-96.

25. Agbo MO, Nnadi CO, Ukwueze NN, Okoye FBC.. 
Phenolic constituents from Platycerium bifurcatum and 
their antioxidant properties. J Nat Prod. 2014;7:48-57.

26. Dholakiya RN, Kumar R, Mishra A, Mody KH, Jha 
B. Antibacterial and antioxidant activities of novel 

actinobacteria strain isolated from gulf of khambhat, 
gujarat. Front Microbiol. 2017;8:2420. doi:10.3389/
fmicb.2017.02420

27. Rao KVR, Rao TR. Molecular characterization and its 
antioxidant activity of a newly isolated Streptomyces 
coelicoflavus BC01 from mangrove soil. J Young Pharm. 
2013;5(4):121-6. doi:10.1016/j.jyp.2013.10.002

28. Shivale N, Marar T, Samant M, Harmalkar M. 
Screening of Antioxidant activity of Marine Bacteria 
Isolated from marine soil obtained from North-West 
Coastal Region of India. Int J Biol Pharm  Allied  Sci. 
2018;7(3):279-88. doi:10.31032/IJBPAS/2018/7.3.4382

29. Krishnan AKA, Keerthi TR. Analyses of Methanol 
Extracts of two Marine Sponges, Spongia officinalis var. 
ceylonensis and Sigmadocia carnosa from Southwest 
Coast of India for their Bioactivities. Int J Curr 
Microbiol App Sci. 2016;5(2):722-34. doi:10.20546/
ijcmas.2016.502.081

https://doi.org/10.25135/rnp.118.18.07.340
https://doi.org/10.25135/rnp.118.18.07.340
https://doi.org/10.4314/epj.v24i1.35095
https://doi.org/10.3389/fmicb.2017.02420
https://doi.org/10.3389/fmicb.2017.02420
https://doi.org/10.1016/j.jyp.2013.10.002
https://doi.org/10.31032/ijbpas/2018/7.3.4382
https://doi.org/10.20546/ijcmas.2016.502.081
https://doi.org/10.20546/ijcmas.2016.502.081

