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Fourteen actinomycete candidates were isolated from marine sediment
(Mediterranean Sea, Alexandria, Egypt). The isolates were screened for their antagonistic
activity against three Gram-positive (Staphylococcu aureus, Bacillus cereus and
Micrococcus luteus) and three Gram-negative (Aeromonas hydrophila, Pseudomonas
aeruginosa and Proteus sp) pathogenic bacteria. The most potent isolate was identified
as Streptomyces chartreusis using 16S rRNA technology. Growth and antibacterial activity
influencing parameters including culture medium, pH value and incubation temperature
were all optimized using the procedures of response surface methodology. The antibacterial
activity was increased with the decrease in the pH level from seven to five and with the
increase of temperature from 20 to 30°C. Maximum antibacterial activity (26.1 mm) was
achieved after 4 days of incubation. A number of solvent systems have been experimented
for the extraction of the bioactive compound(s). Ethyl acetate (EtOAc) crude extract showed
highest activity against bacterial test strains with average inhibition zone diameter of
34.2 mm. The bio-toxicity of the crude extract showed a slight toxicity against the brine
shrimp (Artemia salina). L.C,, was achieved at 1023 mg/l. The bioactivity of crude extract
was superior to the activity exerted by the tested antibiotics (Amikacin, Amoxicillin/
clavulanic acid; Chloramphenicol, Vancomycin, Erythromycin, Ciprofloxacin,
Tetracycline). Based on data obtained by Fourier transform infrared spectrum (FT-IR)
and gas chromatography - mass spectrum (GC-MS) and its library, the major compound
was structurally identified as , cinnamaldehyde.
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Microbial diversity of the marine
environment constitutes aninfinite pool of diverse
structures that remain a valuable source for
innovative biotechnology to search for novel
pharmaceutical compounds and to challenge the
multiple resistant pathogenic microbest. Seafloor
has been reported as an eco-unique system with
many forms of actinomycetes?. It appearsthat they
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arewidely distributed either associated with higher
living organisms® or freein the existing sediment*>.

Marine actinomycetes have different
characteristics from their terrestrial counterpart;
therefore, this might produce novel bioactive
compounds®. Many of these active metabolites
possess novel biological activitiesthat can be used
asauseful therapeutic agent’. Among the members
of actinomycetes genus, Streptomyces is a
dynamic producer of functional, bio-effective
metabolites with broad medicinal range having
tremendous applications® 1°. Sreptomyces spp. has



1798

been shown the ability to produce antimicrobial,
insecticidal, antitumor, anti-parasitic, antiviral,
antioxidant, and herbicidal compounds'®. It is
apparent that the marine environment is a potent
source for finding new actinobacteria and new
antibiotics or biologically active substances!'” .

Cinnamaldahyde is an aldehyde present
asamajor component of bark extract of cinnamon
(Cinnamomum zeylandicum). The af orementioned
moleculesare classified by the United States Food
and Drug Administration asgenerally regarded as
safe®®. Many applications were reported using
cinnamaldehyde: as a flavor?!; an agrichemical
fungicide and insecticide?; and as antimicrobial
agent?, Previous researches have reported the
antimicrobial activity of cinnamaldehyde against
various isolates of pathogens including Gram-
positive (S. aureus, B. subtilis), and Gram-negative
(E. coli, E. aerogenes, P. vulgaris, P. aeruginosa,
Vi. cholerae, V. parahaemolyticus and S.
typhymurium?. Kim et al?® studied the reducing
effect of cinnamaldehyde on the production of
pyocyanin, the swarming motility, and the
hemolytic activity of P. aeruginosa, and inhibit
entero-hemorrhagic E. coli biofilm formation.

Therefore, thisstudy aimed at theisolation
of some potential local marine actinomycetes
capable of producing biologically active agent(s)
targeted against six locally isolated and identified
pathogenic Gram-positive and Gram-negative test
organisms.

MATERIALS AND METHODS

Sudy areaand actinomyceteisolation

Actinomycetes were isolated from eight
different marine sites (Figure 1) from the Western
to the Eastern coast of Mediterranean Sea (El-
Agami, El-Dekhela, EI-Mex, East Harbor, El- Shatby,
Stanly, Sidi Bishr and Abu Quier). Briefly, water
samples were collected in sterile blue cap glass
bottles (250 ml) and the sediment in sterile plastic
bags; kept in the icebox and transferred to the
laboratory?.

The isolation process was carried out
using the pour plate technique. 0.1ml of each water
sample and 1g sediment in 30ml sterile sea water
were applied on starch— nitrate agar and then
incubated at 30°C for 72 h. Slants containing pure
cultures were stored at 4°C until further use. The
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macroscopic examination of actinomycetes’
colonies was then observed.
Bacterial test organisms

Three Gram-negative bacteria: A.
hydrophila, P. aeruginosa,, Proteus sp. and three
Gram-positive bacteria: B. cereus, M. luteus; S.
aureus were kindly provided by Medical
Microbiology Laboratory, Faculty of Science,
AlexandriaUniversity, Alexandria, Egypt.
Antibacterial potential of theisolates

Screening for the antibacterial potential
was carried using disk-diffusion assay method
according to Kirby-Bauer?” to test for the
inhibitory ability of isolated marine actinomycete
isolates against the tested pathogens. Starch-
nitrate liquid medium was used for maintaining
growth condition of the isolates and to support
the secondary metabolite production.

One ml of pre-cultured tested bacteria
(OD,, = 1.0) was mixed well using 25 ml of sterile
and molten Muller-Hinton agar. Sterile discs of 6
mm diameter were immersed in the culture
supernatant and placed on the seeded Muller-
Hinton agar plates. All plates were incubating at
30°C for 24-48h%. The most active marineisolate,
which showed the highest inhibition zone diameter,
was used for further investigation.
I dentification of thepotent actinomyceteisolate

Isolate number EH1; showed the most
potent antibacterial activity, was identified using
Genomic DNA extraction performed by Gene JET
Genomic DNA Purification Kit (Thermo Scientific-
Sigma Aldrich, Germany) according to the
manufacturer’sinstructions.
PCR conditions

PCR amplification was carried out using
thefollowing primers. F: 52-AGAGTTTGATCC
TGGCTCAG32 andR: 52- GGTTACCTTGTT
ACGACTT 32. Theprogrammed PCR wasinitiated
by first cycle denaturation (95°C for 10 min), then
35 cyclesof denaturation (95°C for 30s), followed
by annealing (65°C for 60 s), extension (72°C for
1.5min), and afinal extension (72°C for 10 min).
The PCR products were electrophoresed on 2.5%
agarose gels to confirm successful PCR
amplification for the sample. Sequencing to the
PCR product on GATC Company by using ABI
3730xI DNA sequencer for forward and reverse
primers was performed®. 16S rRNA gene was
sequenced on both strands by dideoxy chain
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termination method according to Sanger et al®.
The 16SrRNA gene sequence for the PCR product
was obtained using Terminator Cycle Sequencing
kit (ABI Prism 310 Genetic Analyzer, Applied
Biosystems). The sequence data have been
deposited in the GenBank database under the
accession number LC066678. Blast program
(www.nchi.nim.nih.gov/blst) was used to assess
the DNA similarities. Multiple sequence alignment
and molecular phylogeny were performed using
BioEdit software®. The phylogenetic tree was
displayed using the TREE VIEW program®.

Growth Description using different culturemedia

Five culture medianamely; nutrient broth,
starch nitrate, oat meal, yeast-malt and salineliquid
media, have been used to trace the growth profile
and to describe mycelial balls appearance and
antibacterial activity response. The culture media
were sterilized by autoclaving at 121°C for 20
minutes. Each medium wasinocul ated with 1x10°
CFU/ml then incubated at 30°C under shaking
conditionfor 72 hrs.

I nfluence of theenvironmental conditionson the
antibacterial activity

Effect of medium, pH value and
temperature variation on the exhibited bioactivity
was evaluated using 100 mL of culture broth. The
effect of the three different pH values (6, 7 and 8)
and three chosen temperatures (25, 30 and 35°C)
wereinvestigated considering each culture medium.
The bioactivity profile was then recorded. The
optimal levelsof the above selected variableswere
evaluated using response surface methodol ogy
technique according to the procedures described
by Box and Wilson®. For maximum productivity,
culture broth medium was inoculated (one ml
containing 1x10° CFU/mI) and incubated for zero
t0 216 hrs. Sampleswere collected regularly every
24 hrs and tested against test strains. For growth
determination, the optical density was also
recorded at the wavelength of 550 nm.

Extraction of theactivecompound(s)

Five solvent systems namely, butanol,
diethyl ether, ethyl acetate, hexane and petroleum-
ether, wereindividually applied for the extraction
purpose. The organic layer was separated and
concentrated under vacuum using rotary
evaporator (STUART, RE300DB) to obtain the
sticky brown crude substance. Fifteen liters of 4-
day culture filtrate of Streptomyces chartreusis
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were extracted from the supernatant using 1:1 (v/
V) supernatant: EtOAc. The overall crude extract
was amounted to 1 gm. The crude extract wasthen
tested using disc- diffusion assay method?.
Comparingthepotency of crudeextract with some
representativeantibiotics

Seven antibiotics (ug/disc): Amikacin 30;
Amoxicillin/clavulnic 10; Chloromphinicol 30;
Vancomycin 30; Erythromycin 15; Ciprofloxacin 5;
Tetracycline 30, were purchased from Sigma
(Dorset, UK) and used to compare the inhibitory
effect with the crude extract against tested bacteria
according to the CLSI interpretative standards®.
Bio-toxicity of the crudeextract

Twenty milligrams of the crude extract
were evaluated by Artemia salina lethality test
according to the procedure described by Meyer et
al.*. After 48 hrs, encysted eggs of the brine shrimp
(20 nauplii) were added to each set of the vials
containing ethyl acetate crude extract dissolvedin
5% DM SO and filled to 10 mL total volume with
artificial salt water. The used concentrations of the
crude extract were: 100, 200, 500, 1000, 1500, 2000
and 4000 pg/ml and DM SO used as negative
controls. After 24 hrs, the number of survivalswas
counted and the death percentage was then
calculated. The 50% lethal concentration (LC,
value) and the standard error. Values were all
calculated by Probit analysis.

(No. of original nauplii) - (no. of alive nauplii) x 100
Mortality (%) =

(No. of original nauplii)

Physicochemical characterization of the crude
extract
GasChromatography-M ass Spectrum analysis
Sticky brown crude (1g) wasdissolved in
10 ml of ethyl acetate and subjected to
chromatographic analysis. The active ethyl acetate
fraction was subjected to GC-M Sanalysisusing a
Hewlett Packard Mass Spectrometer (5890 series’
GC hyphenated with 5989). M S conditionswere as
follows: Detector mass spectrometer voltage 70eV
with 300°C as a source temperature. The injector
temperature was 240°C and the split less mode
0.5%L injection. The HP 55% dimethyl-95%
diphenylpolysiloxane non-polar column was used
(length 30 cm x 0.25 mmi.d., coating thicknessfilm
0.25%4m). Theoven was adjusted at 80°C for 1 min
andinitial time 1.5 min with 40°C ended by afinal
temperature of 300°C, and 4 min hold time where
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the total run time was 15 min. The components
wereidentified by comparing their retention times
to those of authentic samples, as well as by
comparing their mass spectrawith those of Wiley
275 Library®®. Quantitative datawere obtained by
the peak normalization technique using integrated
FID response.
Fourier Transform Infrared analysis

Ethyl acetate crude was subjected to
FTIR-spectroscopic analysis (Perkin EImer, USA)
inthemid IR region of 400-4000 cm-1 with 16 scan
speed using KBr discs.

RESULTS AND DISCUSSION

Phylogeny of activeisolates

Fourteen pure isolates were inoculated
into starch-nitrate broth medium and incubated at
30°Cfor 72 hrsunder shaking condition. They were
all tested for their antibacterial activity, where, the
maximum activity (14.8 mm) for EH1 isolate was
recorded (Table 1). EH1 isolate as potent strain,
wasanaysed for its16SrRNA gene. Thesimilarity
percentage of thisisolate accounted for 97%. The
phylogenetic relationship showed that this strain
very close to the type strain Streptomyces
charteusis NBRC 12753 deposited in culture
collection centre of National Board of Respiratory
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Care(Figure2).
Growth Description using different culturemedia

Descriptivegrowth of S. charteusisusing
fiveculturemediawasrepresentedin Table2. Using
starch nitrate medium, highest activities were
recorded at 16.7 mm and 17mm against G-ve and
G+ve, respectively (Figure 3). After theincubation
period at 30°C for 72 hrs, mycelia balls were of
variable sizes ranged from large to small in shape
with varying homogenous to heterogeneous
features. Balls showed white color to dark ball in
the culturemedia. Similarly, growth, agrial mycelium
color, substrate mycelium color and pigmentation
pattern were very similar to those reported for
moderately halotolerant Streptomycesstrain JAJ13,
which were described on eight culture media®.
Also, Claveriaset al*® reported culturediversity of
the actinobacteria from marine sediments using
four different medium.
Optimization of the bioactivity using response
surfacemethodology

Different pH valueswere experimented to
reveal the growth pattern and antibacterial activity
of themarineisolate (S. charteusis) against tested
bacteria. Maximum activity wasrecorded at pH 6.0
of the nutrient broth medium, while the lowest
activity was detected at pH 8.0. Starch- nitrate
medium recorded the highest value for the

Table 1. Bioactivity pattern of the isolated marine actinomycetes

Location I solatel nhibition zone diameter (mm) against
Code Gram- negative bacteria Gram -positive bacteria
A. hydrophila Pseudomonas Proteus sp Saphylococcu Bacillus  Micrococcus
aeruginosa aureus cereus luteus
Abu-Quier AQ1 - 6 - - - 12
AQ2 - - - - -
Sidi Bishr B 6 - - 6 - 24
Stanley ST - - - - 8 16
El-Shatby SH1 15 - - 13 14 8.4
SH2 - - - - - -
East harbor EH1 14 18 10 17 15 14.8
EH2 10 16 8 14 14 124
El-Mex M X 11 9 8 - - 5.6
El-Dekhela DK1 11 11 - 8 9 7.8
DK2 11 11 - 10 8 8
El-Agami AG1 8 8 - - 9 5
AG2 8 8 - 7 7 6
AG3 8 - 8 - - 32

(-)=No inhibition zone
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bioactivity (21.8 mm) followed by nutrient broth
(20.5 mm) at lower pH value (at pH 6.0). Saline
medium gave the lowest activitiesat all pH levels
(Data not shown). EH1 isolate grown well in the
nutrient broth at 30°C and exhibited the highest
antibacterial activity (22 mm) followed by starch-
nitrate medium (19 mm) at 30°C. Lower activities
were recorded for oatmeal medium at different
temperaturelevels(ranged from 10-12 mm), wheras,
no activity was detected when saline medium was
used (Data not shown).

Comparing to other marine isolates,
Kannan et al.* studied the optimized condition on
marine Streptomyces sp. PVRK-1 as anti-MRSA
metabolite production showing maximum activity
at neutral pH and 37°C. In addition, maximum
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bioactivity was reported to be produced by marine
Streptomyces strain at 30- 40°C and at pH range 5
— 7 and for three active Streptomyces strains at
pH range (4-7) and at temperaturesrange 20-30°C.
Onthe other hand, ptimization of growth conditions
for champacyclin biosynthesis by Streptomyces
strain C42 were maintained at 28 °C*. |n addition,
temperature range for secondary metabolitesfrom
amarine Sreptomycessp. VITBRK2 wasreported
between 25-37°C and pH range of 6-8%.

The 3D response surface response
(Figure 4) indicated the optimum ranges of the
variables for the maximal activities. It was found
that the bioactivity increased with the decrease of
pH value (7 ~ 5) and with the increase of the
temperaturelevel between 20 ~ 30°C. It wasclearly

Table 2. Growth description of S. charteusis using five culture media

Medium Growth Description

Appearance

Nutrient broth

Ballsare quitelargein size, heterogeneous with

aclear supernatant; darkened by elapsed time and

by rising the temperature

Starch-nitrate broth

Oat-Meal broth

Yeast —-Malt broth

Salinebroth

Small in size and homogenous white balls with a clear supernatant

Very Small size, Homogenous balls with a colored (Orange) supernatant

Large Size, heterogeneous Ballsand abrown colored supernatant

Extremely heavy Small size, homogenousballs

Table 3. Bioactivity of Sreptomyces charteusis against the six tested bacteria using different solvents

Solvent Inhibition Zone Diameter (mm) against
Gram-negative bacteria Gram-positive bacteria
A. hydrophila Pseudomonas Proteus Saphylococcu Bacillus Micrococcus AVG
aeruginosa sp aureus cereus luteus

Hexane - - - - - - 0
Ethyl acetate 32 40 31 30 35 37 34.2
Diethyl-Ether - - - - - - 0
Butanol 10 7 7 6 6 6 7
Petroleum ether 8 6 6 9 6 5.8
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shown that nutrient broth isthe growth and activity
supportive medium for EH1isol ate.
Incubation period for maximum antibacterial
activity

The antibacterial activity was measured
at Otimeand after 24, 48, 72, 96, 120, 144, 168,192
and 216 hr using disc diffusion assay. A gradual
increase in the inhibition zone diameters was
observed from 24 to 72 hr reaching its maximum
value 26.1 mm at 92 hr against the tested bacteria.
After the fourth day, a gradual decrease of the
antibacterial activity was observed. No activity
was evidently detected after day nine of incubation
(Figure5). Optical density (O.D) reading for the 4-
day culture of EH1 isolate was 1.5, showing its
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most active secondary metabolite harvest at
stationary phase of growth. Similar to our results,
the maximum inhibition zones of 32, 26 and 25 mm
were recorded by the end of the fifth day of
incubation for three Streptomyces isolates®™.
Recently, anti-MRSA activity of Sreptomycessp.
SUK 25 showed for the 7 -day culture, O.D reading
at0.143%,

Deter mination of theappropriate solvent(s) for
extraction of theactiveagent(s)

The results represented in Table 3
showing that ethyl acetate solvent was selected
for the extraction procedures where the yielded
extract obtai ning showed the highest average zone
of inhibition; 34.2 mm (Figure 6). However, the other
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Fig. 1. Sampling locations for theisolation of marine actinomycetes
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Fig. 2. Phylogenetic tree based on the similarity pattern for the 16S rRNA genes of the marine isolate EH1
identified as Streptomyces charteusis (A), Culture pattern for the isolate EH1 grown on starch-nitrate agar (B)
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solvent showed low or no antimicrobia activity
against the six pathogens. Comparing with our
results, antimicrobial activity of ethyl acetate
extract metabolites produced by Streptomyces
bangladeshiensis was 9.25 mm *. Nandhini and
Selvam?®® reported that maximum activity of
diisodecyl ether extractable compounds from
marine Streptomyces sp. was 24.6 mm. In addition,
antagonistic activities of ethyl acetate extract of
Sreptomycessp. VITBRK2 against drug resistant
MRSA and VRE strains were 16.25 and 21 mm,
respectively*2. Recently, Junaidah et al*® recorded
an average of inhibition zone 23.7 mm as anti-
MARSA using ethyl acetate crude extract from
Streptomyces sp. SUK 25.
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Biotoxicity of different crude extracts
concentrationsusingArtemiasalina
Thebiotoxicity experiment wascarried out
to detect the toxicity of different EtOAc crude
concentrations (ranging from 100 to 4000 pg/ml)
using Artemia salina as biomarker. The mortality
percent was cal culated. The results indicated that
the crude had alow toxicity effect with maximum
crude concentration ranged from 1000 to 1500 g/
ml after 24hrs. Where, the LC_ of this crude (the
concentration at which 50% of the biomarker
individuals died) was estimated from the best-fit
line obtained by using the probit analysis method.
It was found to be 3.01 or 1023 ¥.g crude/ml after
24h using the brine shrimp (Artemia salina)

(Figure7).

Fig. 6. Antibacterial activity of ethyl acetate extract
against Gram-positive and Gram-negative tested bacteria
using disc-diffusion method

Fig. 7. Biotoxicity of the crude extract showing LC_ value against Artemia salina
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Fig. 10. FT-IR trace of cinnamaldehyde as a major product

Comparison of theactive metabolitewith some
antibioticsrepresentatives

Antibiotics currently used in the market
were used to compare the potency of the active
metabolite produced by the marine isolate S.
chartreusis against the six pathogens. The
pathogenswere sensitiveto ciprofloxacin (average
zone of inhibition of 33.8 mm) and showed a
resistancetowardsamoxicillin/clavulanic (15.7 mm).
Active metabolite showed higher activities
compared with the tested antibiotics with average
inhibition zone 36.3 and 32 mm, against Gram-
positive and Gram-negative bacteria, respectively
(Figure 8). Previous report showed antibiotic
activity of Streptomyces sp. IMD2703 and some
commonly used aminol gycoside antibiotics against
MRSA strainsrepresenting 16.3 mm compared with
5.1 mm®. Kumar et al.*® showed the activity of the
ethyl acetate extract from Streptomyces strain
ASCA5wasrecorded at 12.8 mm against Gram +ve
and 11.6 mm against Gram —ve; lower than that
obtained by the used antibiotics (25.8 and 28.1
mm, respectively). Junaidah et al.** showed EtOAc
extract activity obtained from Sreptomyces-SUK
was 23.7 mm compared to vancomycin activity 15.5
mm
Physicochemical characterization of the crude
extract

A magjor sharp peak was observed at
acquisition time 9.8 min with the highest count
percentage 1x10% on gas-chromatographic
analysis. Thismajor peak wasidentified (Figure 9)
as cinnamal dehyde using mass spectrum and with
the aid of its library. FT-IR spectrum of
cinnamaldehyde showed the absorption band

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.

frequency at 3388.5cm® was strong (s) and broad
(b), with the presence of O-H stretch, H-bonded
for acohol and phenol and 2924.6cm* medium
band (m) indicated =C-H stretch for alkenes. The
absorbance band at 1742.7 cm(s) revealed the
presence of C=0 bond for aldehyde. Due to the
influence of conjugation and aromatic ring, the peak
is wider than the normal cases of aldehyde
compound. A strong band at 1374.69 cmr indicated
the presence of alkyl —CH, stretch. A strong
absorption band at 721cmr? indicated the presence
of aromatic C=C (Figure 10). Ethyl acetate crude
extract containing the major cinnamaldehyde
represented the highest antibacterial activities
averages against Gram-positive and Gram-negative
test bacteria. Recent report by Adinew* who
reported that cinnamaldehyde is the main
constituent of the essential oil from the cinnamon
bark using the same spectroscopic analysis, where
extractable cinnamon oil showed an inhibitory
effect against the Gram-positive bacteriaB. cereus,
M. luteus, S. aureus and E. faecalis and Gram-
negative bacteria A. faecalis, E. cloacae, E. cali.

In conclusion, this work reports the
isolation of a marine S. chartreusis showing the
ability to produce cinnamaldehydes with
antibacterial potential. This metabolite could be
used in further investigation as a potential
candidate for analytical purposes and /or further
biotechnological applications.

REFERENCES

1 Fenical, W., Jensen. PR. Developing a new
resourcefor drug discovery: marineactinomycete



10.

11.

12.

EL-NAGGAR et al.. CINNAMALDEHYDE PRODUCTION BY MARINE S chartreusis

bacteria. Nat. Chem. Biol., 2006; 2: 666—673.
Jensen, PR., Gontang, E., Mafnas, C., et al.
Culturable marine actinomycetesdiversity from
tropical Pacific Ocean sediments. Environ.
Microbiol., 2005; 7:1039-1048.

Sun, W,, Dal, S, Jiang, S., Wang, G., Liu, G.,
Wu, H., et al. Culture-dependent and culture-
independent diversity of actinobacteria
associated with the marine sponge Hymeniacidon
perleve from the south China sea. Antonie Van
Leeuwenhoek, 2010; 98: 65—75.

Thornburg, T., Zabriskie, M., McPhail, K.L.
Deep-sea hydrothermal vents: potential hot
spots for natural products discovery? J. Nat.
Prod., 2010; 73: 489-499.

Xiao, J.,, Luo, Y., Xie, S., Xu, J. Serinicoccus
profundi sp. nov., anovel actinomyceteisolated
from deep-sea sediment and emended description
of the genus Serinicoccus. Int. J. Syst. Evol.
Microbiol., 2011; 61: 16-19.

Ramesh, S., Rajesh, M., Mathivanan, N.
Characterization of a thermostable alkaline
protease produced by marine Streptomyces
fungicidicus MML1614. Bioprocess Biosyst.
Eng., 2009; 32: 791-800.

Rath, C.M., Janto, B., Earl, J., et al. Meta-omic
characterization of the marine invertebrate
microbial consortium that produces the
chemotherapeutic natural product ET-74 ACS.
Chem. Biol., 2011; 6: 1244-1256.

El-Naggar, M. Y., Kosinostatin. A major
secondary metabolite isolated from the culture
filtrate of Streptomyces violaceusniger strain
HAL64. J. Microbiol., 2007; 45(3): 262-267.
Kumar, S.R., Inbaneson, S.J., Uthiraselvam, M.,
Priya, S.R., Ramu,A., Banerjee, M.B. Diversity
of endophytic actinomycetes from Karangkadu
mangrove ecosystem and its antibacterial
potential against bacterial pathogens. J. Pharm.
Res., 2011; 4: 294-296.

Reddy, N.G., Ramakrishna, D.PN., RajaGopal,
S.V. A morphological, physiological and
biochemical studies of marine Streptomyces
rochei (MTCC 10109) showing antagonistic
activity against selective human pathogenic
microorganisms. Asian. J. Biol. ci., 2011; 4:1-
14.

El-Naggar, M.Y., El-Assar, SA., Abdul-Gawad,
S.M. Solid state fermentation for the production
of meroparamycin by Streptomyces sp. strain
MAROL. J. Microbiol. Biotechnol., 2009; 19 (5):
468-473.

Qin, S, Xing, K., Jiang, JH., Xu, L.H., Li, W.J.
Biodiversity, bioactive natural products and
biotechnological potential of plant-associated
endophytic actinobacteria. Appl. Microbiol.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

1807

Biotechnol., 2011; 89: 457-473.

Kawahara, T., lzumikawa, M., Otoguro, M.,
Yamamura, H., Hayakawa, M., Takagi, M., et
al. JBIR-94 and JBIR-125, Antioxidative
phenolic compounds from Streptomyces sp.
R56-07. J. Nat. Prod., 2012; 75: 107-110.
Subramani, R., Aalbersberg, W. Marine
actinomycetes: an ongoing source of novel
bioactive metabolites. Microbiol. Res., 2012;
167: 571-580.

Crnovcic, |., Vater, J., Keller, U. Occurrence and
biosynthesis of C-demethylactinomycins in
actinomycin-producing Streptomyces
chrysomallus and Streptomyces parvulus. J.
Antibiot., 2013; 66: 211-218.

Barakat, K.M., Beltagy, E.A. Bioactive
phthalate from marine Streptomyces ruber
EKH2 against virulent fish pathogens. Egyptian
J. Aqu. Res,, 2015; 41: 49-56.

Gartner, A., Ohlendorf, B., Schulz, D.
LevantilidesA and B, 20-membered macrolides
from a Micromonospora strain isolated from
the Mediterranean deep sea sediment. Mar.
Drugs., 2011; 9: 98-108.

Kumar, S.S.R, Rao, K.V.B. In-vitro antimicrobia
activity of marine actinobacteria against
multidrug resistance Staphylococcus aureus.
Asian Pac. J. Trop. Biomed., 2012; 2(10): 787-
792.

Nandhini, S.U., Selvam, M.M. Bioactive
Compounds Produced By Streptomyces strain.
Intern. J. Pharm. Pharm., 2013; 5: 176-178.
Knowles, J.R., Raller, S., Murray, D.B., Naidu,
S. Antimicrobial action of carvacrol at different
stages of dual-species biofilm development by
Staphylococcus aureus and Salmonella enterica
serovar Typhimurium. Appl. Environ.
Microbiol., 2005; 71:797-803.

Fahlbusch, K-G., Hammerschmidt, F-J., Panten,
J. et al. “Flavors and Fragrances’. 2003;
Ullmann’s Encyclopedia of Industrial
Chemistry.

Cheng, S-S., Liu, J-Y., Tsai, K-H., Chen, W-J.,
Chang, S-T. Chemical Composition and
Mosquito Larvicidal Activity of Essential Oils
from Leaves of Different Cinnamomum
osmophloeum Provenances. J. Agric. Food
Chem., 2004; 52(14): 4395-400.

Ooi, L.S,, Li, Y., Kam, S.L., Wang, H., Wong,
E.Y., Ooi, V.E. Antimicrobial activities of
cinnamon oil and cinnamaldehyde from the
Chinese medicinal herb Cinnamomum cassia
Blume. Am. J. Chin. Med., 2006; 34(3):511-522.
Naveed, R., Hussain, |., Tawab, A., et al.
Antimicrobial activity of the bioactive
components of essential oils from Pakistani

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.



1808

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

EL-NAGGAR et al.. CINNAMALDEHYDE PRODUCTION BY MARINE S chartreusis

spices against Salmonella and other multi-drug
resistant bacteria. BMC Complement Altern.
Med., 2013; 13: 265-275.

Kim,Y.G., Lee, JH.,Kim, S.l., Baek, K.H., Lee,
J. Cinnamon bark oil and its componentsinhibit
biofilm formation and toxin production. Int. J.
Food Microbiol., 2014; 195:30-39.

APHA (American Public Health Association).
American Water Works Association, and \Water
Pollution Control Federation, Standard methods
for the analysis of water and wastewater (20th
ed.): Washington, D.C., 1998; American Public
Health Association.

Bauer, A.W., Kirby, W.M., Sherris, J.C., Turck,
M. Antibiotic susceptibility testing by a
standardized single disk method. Am. J. Clin.
Pathol., 1966; 45: 493—496.

El-Naggar, M.Y., Hassan, M.A, Said, W.Y., El-
Aassar, S.A. Effect of support materials on
antibiotic M SW2000 production by immobilized
Streptomycesviolatus. J. Gen. Appl. Microbioal.,
2003; 49: 235-243.

El-Naggar, M.Y., El-Aassar, S.A., Abdul-Gawad,
S.M. Meroparamycin production by newly
isolated local Streptomyces sp. Strain MAROL:
taxonomy, fermentation, purification and
structural elucidation. J. Microbiol., 2006; 44(4):
432-438.

Sanger, F., Nicklen, S., Coulson, A.R. DNA
sequencing with chain terminator inhibitors. Proc.
Nat. Acad. Sci. USA., 1977; 74: 5463-5467.
Hall, T.A. Bio Edit: a user-friendly biological
sequence alignment editor and analysis program.
Nucleic Acids Symp. Ser., 1999; 41: 95-98.
Page, R.D.M. TREEVIEW: An application to
display phylogenetic trees on personal
computers. Computer Applications in the
Biosciences. 1996; 12: 357-358.

Box, G.E.P, Wilson, K.B. On the Experimental
Attainment of Optimum Conditions (with
discussion). J. Roy Stat. Soc., 1951; 13(1):1-45.
CLSl. Clinica and Laboratory Standard I nstitute
Performance standards for Antimicrobial
Susceptibility Testing Eighteenth informational
supplement. M100-S18. 2008; 28(1):46-52.
Meyer, B.N., Ferrigni, N.R., Putnam, J.E., et al.
Brine shrimp: aconvenient general bioassay for
active plants constituents. Planta. Med., 1982;
45:31- 34.

Wiley, J. Wiley Registry of Mass Spectral Data,
eighth Edition “software” Wiley’'s Scientific,
2006; Technical, and Medical Databases.
Rajeswari, P, Jose, PA., Amiya, R., Jebakumar,
S.R.D. Characterization of saltern based

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.

38.

39.

40.

41.

42.

46.

47.

Streptomyces sp. and statistical media
optimization for its improved antibacterial
activity. Front. Microbiol., 2014; 5: 753.
Claverias, F.P, Undabarrena, A., Gonzdlez, M.,
Seeger, M., Camara, B. Culturablediversity and
antimicrobial activity of Actinobacteria from
marine sedimentsin Valparaiso bay, Chile. Front.
Microbiol., 2015; 6: 737.

Kannan, R.R., Iniyan, A.M., Prakash, V.S.G.
Isolation of a small molecule with anti-MRSA
activity fromamangrove symbiont Streptomyces
sp. PVRK-1 and its biomedical studies in
Zebrafish embryos. Asian Pac. J. Trop. Biomed.,
2011; 1(5): 341-347.

Muharram, M.M., Abdelkader, M.S.,
Algasoumi, S.I. Antimicrobial activity of soil
actinomycetes Isolated from Alkharj, KSA.
Intern. Res. J. Microbiol., 2013; 4(1):12-20.
Pesic, A., Baumann, H.l., Kleinschmidt, K., et
al. Champacyclin, a New Cyclic Octapeptide
from Streptomyces strain C42 | solated from the
Baltic Sea. Mar. Drugs., 2013; 11: 4834-4857.
Rajan, B.M., Kannabiran, K. Extraction and
Identification of Antibacterial Secondary
Metabolites from Marine Streptomyces sp.
VITBRK2. Int. J. Mal. Cell Med., 2014; 3(3):
130-137.

Junaidah, A.S., Suhaini, S., Sidek, H.M., Basri,
D.F., Zin, N.M. Anti-Methicillin Resistant
Staphylococcus aureus activity and optimal
culture condition of Streptomyces sp. SUK 25
Jundishapur. J. Microbiol., 2015; 8(5): €16784.
Al-Bari, M.A-A., Abu Sayeed, M., Rahman,
M.S., Mossadik, M.A. Characterization and
Antimicrobial Activities of a Phthalic Acid
Derivative Produced by Streptomyces
bangladeshiensis A Novel Species Collectedin
Bangladesh. Res. J. Med. Med. Sc., 2006; 1(2):
77-81.

Higginbotham, S.J., Murphy, C.D. Identification
and characterisation of aStreptomyces sp. isolate
exhibiting activity against methicillin-resistant
Staphylococcus aureus. Microbiol. Res., 2010;
165(1): 82—86.

Kumar, P.S., Al-Dhabi, N.A., Durapandiyan
V, et al. In vitro antimicrobial, antioxidant and
cytotoxic properties of Sreptomyceslavendulae
strain SCA5. BMC Microbiol., 2014; 14:291-
303.

Adinew, B. GC-MS and FT-IR analysis of
congtituents of essential oil from Cinnamon bark
growing in South-west of Ethiopia. Intern. J.
Herbal. Med., 2014; 1(6): 22-31.



