
Abstract. – Objectives: In this study we
have attempted to partially purify, characterize
and optimize the fermentation condition for the
antimicrobial compound production with anti-
MRSA (Methicillin Resistant Staphylococcus au-
reus) activity produced by Pseudoalteromonas
piscicida PG-02 bacterium, isolated from the Per-
sian Gulf, and finally understand the morpholog-
ical changes in MRSA due to this antibiotic.

Materials and Methods: Optimization
process of antibacterial compound production
was studied based on the sources of carbon
and nitrogen, optimum temperature, optimum
pH and optimum incubation time. The purifica-
tion of intended antibiotic was done using TLC
and also thermostability and enzymatic stabili-
ty treatment was studied. Ultrastructural study
on the effect of intended antibacterial com-
pound on MRSA was done using a Transmis-
sion Electron Microscopy (TEM).

Results: The optimized bioprocess condi-
tions for the maximum production were at tem-
perature 28°C, pH 7, NaCl 0.5% (w/v), 96 hrs (in-
cubation time), glucose and tryptone as carbon
source and nitrogen source, respectively.

The antibacterial component showed thermal
sensitivity but it was sensitive to proteinase K,
so this compound may have proteinaceous na-
ture. The results of sonication revealed that this
compound is accumulated in both intra- and ex-
tra-cellular locations. TEM pictures showed dis-
organization of cytoplasmic membrane upon
the extract treatment comparing to control so, it
can be said that this antibacterial compound
can be considered as a bactericidal agent
against MRSA.

Conclusion: On the basis of obtained results,
this bacterium can be regarded as a valuable
strain for discovery of new weapon as bacterici-
dal agent in fighting against multi-drug resistant
bacteria especially MRSA.
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Introduction

Since ancient time up to now, there has been
continued battle between human and pathogens
that cause infections such as bubonic plague, tu-
berculosis, malaria, HIV and so on1. In recent
years, MRSA (Methicillin Resistant Staphylo-
coccus aureus) has been considered as an impor-
tant life-threatening pathogen specially for the
hospitalized patients. For the first time, this
pathogen that is well-known as “super bug” was
isolated in 1961 from UK2,3. MRSA is consid-
ered as a major nosocomial and community-
aquired human pathogen that is now becoming a
dangerous concern in human populations special-
ly for immunocompromised patients and capable
of producing a wide range of diseases from skin
infections to life-threatening endocarditis, bac-
teremia and necrotizing pneumonia. Also there is
recent evidence of transmission from domestic
animals to humans and so considered as a zoono-
sis4. So, it seems that there is an urgently need
for finding new antibiotic compounds against this
resistant pathogen. Marine environment is an ex-
tremly complex ecosystem which contains a
huge diversity of different life forms. Further-
more, this environment contains very special
conditions that differ from those found in other
habitats which is reflected in the physiology and
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seashore and then sterilized by 0.22 µm filter (Mil-
lipore, Vimodrone, Milan, Italy). Also, in order to
access to the optimum NaCl concentration, sepa-
rately both seawater and distilled water were used
for preparation of synthetic medium. Optimization
process for antibacterial compound production
was studied based on carbon and nitrogen sources,
optimum temperature, optimum initial pH, opti-
mum NaCl concentration and optimum incubation
time. In these experiments one variable was
changed at a time but in order to achieve a suitable
medium for antibiotic production by this marine
isolate, once a factor will be optimized it was used
for further optimization process; the carbon source
and NaCl concentration were the first and the last
optimized factors, respectively. The bacterium was
grown at different conditions such as different
temperatures (25, 28, 31, 34, 37, 40 and 43°C), pH
values (6, 6.5, 7, 7.5, 8, 8.5 and 9), NaCl concen-
tration (0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8 and
10% (w/v)), various carbon sources (sorbitol, dex-
trose, galactose, fructose, glycerol, xylose, glucose
and starch), various nitrogen sources (peptone,
tryptone, yeast extract, meat extract, KNO3, ca-
sein, L-arginine and tyrosine) and different incu-
bation times (12, 24, 36, 48, 60, 72, 84, 96 and
120 h), and then the efficiency of the optimized
parameters was discovered using disc diffusion
method against MRSA9. For anti-MRSA assay, 35
µl of the filter-sterilized (0.45 µm) supernatant
prepared from each of the harvested samples from
production media under optimized conditions was
tested. Also, the best solvent for the antibiotic ex-
traction was optimized.

Preparation of the Raw Extract
Pure colony of marine isolate was transferred to

Erlenmeyer flask containing marine broth medium
and was incubated at 28°C with continuous shak-
ing (150 rpm) to produce secondary metabolites.
After 3 days, the broth culture was centrifuged at
1300 rpm (× g) for 20 min at 4°C, and then super-
natant was extracted using same volume of n-bu-
tanol. Solvent was removed at 37°C8.

Purification of Antibacterial Compound
Four samples including the supernatant prepared

from broth culture (filtered and un-filtered) and n-
butanol extracted (filtered and un-filtered) were an-
alyzed by thin layer chromatography (TLC); the
presence of different constituent in screened super-
natants and extracts was established by adding 15
µL of samples (with 100 mg/mL concentration for
extract) on silica gel 60 F254 TLC plate (Merck,

biochemical properties of marine organisms spe-
cially microorganisms5,6. Marine natural products
can be used for drug development either directly
as drug or as a basic structure to bioinspired
chemical drug synthesis7. Todays, several antibi-
otics has been reported from marine bacteria spe-
cially those that belongs to γ-proteobacteria8.

The main objectives of the present work are
partially purifying, characterizing and optimizing
the culture conditions and process parameters for
production of the antimicrobial compound with
anti-MRSA activity by a marine bacterium,
Pseudoalteromonas piscicida PG-02, isolated
from a sediment sample collected from the
Bushehr Port (North of the Persian Gulf, Iran),
and finally understanding the morphological
changes in MRSA due to this antibacterial com-
pound. The tested marine isolate has been con-
sidered previously as a potent marine bacterium
able to produce antibacterial agents with broad-
spectum antibacterial activity.

Materials and Methods

Bacterial Isolation and Antibacterial
Compound Production

The marine antibiotic producer bacterium was
isolated from a coastal sediment sample collected
from the Bushehr Port (North of the Persian
Gulf, Iran). It was later identified as Pseudoal-
teromonas piscicida PG-02 based on 16 S rRNA
gene sequencing data. Marine Broth (MB) (Lab-
oratorios CONDA, Madrid, Spain) was used as
production medium for antibiotic production and
fermentation conditions was prepared in this
medium by incubating at 30°C for 3 days.

Optimization of the Culture Conditions
and Processing Parameters for
Antibiotic Production

The preliminary fermentation conditions for
production of antibiotic by Pseudoalteromonas
piscicida PG-02 was prepared in marine broth
(control medium) by incubating at 30°C for 3
days. Also, a synthetic medium containing of glu-
cose (primary carbon source) 1 g/l and peptone
(primary nitrogen source) 5 g/l and of sterilized-
sea water with initial pH 7.5 was prepared in order
to achievement a medium as an alternative for ma-
rine broth (as un-optimized medium). The re-
quired sea water for the optimization process was
collected from a site with 2 km distance from



Darmstadt, Germany), the plate was developed in a
chamber saturated with solvent system n-butanol:
acetic acid: distilled water (v/v 4:4:1) as mobile
phases. The separated components were visualized
under visible and ultraviolet lights (254 and 366
nm). Also, the retardation factor (Rf) values of the
spots were determined. For bioautographic analy-
sis, developed TLC plate were dried overnight and
the respective bands were scraped out along with
silica and dissolved in 300 µL distilled water, then
centrifuged at 5000 rpm for 4 min and the super-
natants were passed through a 0.45 µm filter (Mil-
lipore, Vimodrone, Milan, Italy)10. Antibacterial
activity of all bands was tested against MRSA us-
ing disc diffusion method.

Preliminary Characterization of
Antibiotic Compound

For thermo-stability evaluation of this antibac-
terial metabolite, 1 mL of supernatant was har-
vested from broth culture and was added to ster-
ile screw capped ampoules and treated at 4°C in
refrigerator for 24 h, at 25, 37, 56, 70 and 90°C
in a water bath for 30 min and at 120°C in auto-
clave for 15 min10,11,12. Also, enzymatic stability
was examined by treatment of 200 µL of super-
natant by 20 µL from each of pepsin (Merck,
Darmstadt, Germany), proteinase K (Fermentas,
Burlington, Canada) and pancreatin (Philip Har-
ris, Nottingham, UK) at 100 mg/mL final con-
centration13. Finally, the results of these treat-
ments were found by measurement of the inhibi-
tion zone against MRSA.

Determination of the Site of Antibiotic
Compound Accumulation by Sonication

In order to finding the intra- or extra-cellular
accumulation of intended antibiotic, 5 ml of un-
centrifuged broth culture was harvested form 3
day’s age culture and then sonicated by a sonica-
tor apparatus (Bandelin Sonoplus, Berlin, Ger-
many) at 120 MHz for 40 s at 4°C14. 1 ml of this
sonicated sample was filter-sterilized using 0.45
µm filter. Also, a control sample was prepared.
Finally, antibacterial activity assay, 35 µL of both
samples was tested against MRSA using disc dif-
fusion method.

Ultrastructural study on the Effect of
Intented Antibacterial Compound
Against MRSA

Ultrastructral study on the effect of intended an-
tibacterial compound on MRSA was done using
Transmission Electron Microscopy (TEM)

(Philips, Eindhoven, the Netherlands). At first,
minimum inhibitory concentration (MIC) values of
the n-butanol extract from Pseudoalteromonas pis-
cicida PG-02 was determined against a MRSA
strain using macrobroth dilution method. Then,
MRSA strain was treated with MIC concentration
(40 mg/ml) and sub-MIC concentrations (37, 34
and 30 mg/ml) for 7 h. Sampling was done at 2, 4
and 7 hrs. Finally, all of the samples were mixed
together and centrifuged at 4500 rpm, and then the
cells were fixed in 4% glutaraldehyde15. In the next
step these cells were post-fixed in 1% osmium
tetroxide. Washing was done by sodium cacodylate
buffer and then the samples were dehydrated in
graduated cold ethanol series (30-100%)16. The
dried cell blocks were infiltrated by epoxy resin.
Ultrathin sections were prepared using an ultrami-
crotome. Subsquently, the sections were stained by
uranyl acetate and lead citrate. For preparation of
the control sample, MRSA cells were grown in
MHB medium without the extract. Ultimately, the
ultrathin sections were analyzed using TEM.

Statistical Analysis

At first, efficiency of each optimized parame-
ter on production of antibiotic by PG-02 strain
was analyzed based on a descriptive statistical
analysis using the following formula:

Dopt – Dcon
Enhanced anti – MRSA activity (%) = (––––––––––––––)× 100

Dopt

Where Dopt = Diameter of Inhibition Zone
(DIZ) obtained by optimization of a single vari-
able involved in the fermentation condition and
Dcon = Diameter of Inhibition Zone (DIZ) ob-
tained by control medium (marine broth without
optimization).

Also, the Spearman’s rank correlation coeffi-
cient was calculated for the time of antibiotic
production between marine broth and optimized
synthetic medium.

Results

Optimization of Conditions for
Antibiotic Production

Based on the obtained optimization results,
glucose and tryptone were assigned as optimum
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carbon and nitrogen sources, respectively (Fig-
ures 1 and 2). In the case of synthetic medium
the maximum antibiotic activity was achieved at
initial pH 8 (Figure 3), temperature 28°C (Figure
4), 0.5% NaCl (w/v) (Figure 5), and 96 h incuba-
tion time (Figure 6). For marine broth, the opti-
mum pH was 7.5 while the results of optimum
temperature and incubation time were equal with
those that achieved for synthetic medium. An-
tibacterial activity of harvested samples was ob-
served after 72 h and 60 h for synthetic medium
and marine broth, respectively (Figure 6). The
best NaCl concentration for antibiotic production
by Pseudoalteromonas piscicida PG-02 in syn-
thetic medium prepared by distilled water was
3.5% (w/v) (Figure 5). Furthermore, n-butanol
was the best solvent for antibiotic extraction
(Figure 7). Sorbitol and starch as carbon sources
showed the lowest efficiency for antibiotic pro-
duction by this isolate, however, their efficiency
was reasonable compared with marine broth
medium. No antibacterial activity against MRSA
was found when meat extract, KNO3, casein, L-
arginine and tyrosine were used as carbon
sources. About of temperature optimization, the
lowest antibiotic production was observed at
43°C. In general, antibacterial activity (inhibition
zone diameter) of Pseudoalteromonas piscicida
PG-02 against MRSA at un-optimized (marine
broth) and optimized conditions was 16 and 38
mm, respectively.

Partially Purification and
Preliminary Characterization

On the basis of the obtained results from
bioautographic analysis, about all of the samples,
among obtained spots only a single spot with the
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Figure 1. Effect of various carbon sources on antibiotic
production.
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Figure 2. Effect of various nitrogen sources on antibiotic
production. DIZ: Diameter of Inhibition Zone.
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Figure 3. Effect of pH on antibiotic production. MB: Ma-
rine Broth; SM: Synthetic Medium; DIZ: Diameter of Inhi-
bition Zone.
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lowest Rf value exhibited antibacterial activity
against MRSA (Figure 8 and Table I). Treatment
of the cell free supernatant with heating at 70°C
till 120°C caused to active supernatant complete-

ly lost its activity (Figure 9). The antibacterial
activity of the cell free supernatant was not af-
fected after enzymatic treatment with pepsin and
pancreatin while its activity was slightly de-
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Figure 4. Effect of temperature on antibiotic production.
MB: Marine Broth; SM: Synthetic Medium; DIZ: Diameter
of Inhibition Zone.
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Figure 5. Effect of salinity on antibiotic production. DW:
Distilled Water; SW: Sea Water; DIZ: Diameter of Inhibi-
tion Zone.
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Figure 6. Effect of incubation time on antibiotic produc-
tion. MB: Marine Broth; SM: Synthetic Medium; DIZ: Di-
ameter of Inhibition Zone.
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Figure 7. Optimization of solvent for antibiotic extraction.
M: Methanol; C: Chloroform; CM: Chloroform-Methanol;
E: Ethanol; DM: Dimethylsulfoxide; Et: Eter; A: Acetone;
DC: Dichloromethane; n-b: n-butanol; Ethyl acetate.
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creased (13 mm inhibition zone comparing to 16
mm for control) when treated by proteinase K
(Table II). These results show that the active con-
stituent of the antibiotic produced by Pseudoal-
teromonas piscicida PG-02 may have proteina-
ceous nature.

The Accumulation Site of Antibiotic
After sonication, inhibitory activity of the

sample against MRSA was increased from 16
mm to 22 mm, so, it can be concluded that the
antibiotic compound produced by Pseudoal-
teromonas piscicida PG-02 is not completely se-
cretory and the antibiotic compound remains in
to some extent inside the cell.

Morphological Changes in MRSA Caused
by Indented Antibiotic Compound

TEM pictures showed that in comparing to the
smooth and intact cell membrane of the untreated
bacterium, the cytoplasmic membrane was disor-
ganized upon treatment with extract (Figure 10a
and b). A general observation of treated cells by
intented antibiotic compound was that the cell
wall appeared to be dissociated and retracted
from the cytoplasmic membrane. Primary fixa-
tion allows the membrane strucures to be pre-
served; Glutaraldehyde cross linked the proteins
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Figure 8. TLC analysis for the supernatant and n-butanol
extract samples of Pseudoalteromonas piscicida PG-02. A,
Tlc (visualized at 254 nm). B, Tlc (visualized at 366 nm).
(1) Sample 1 (the supernatant sample prepared from broth
culture). (2) Sample 2 (filtered-supernatant sample prepared
from broth culture). (3) Sample 3 (n-butanol extract sample
prepared from broth culture). (4) Sample 4 (filtered-n-bu-
tanol extract sample prepared from broth culture). A, B and
C: Separated bands.

A B

Proteinase K Pepsin Pancreatin Control Strain

13 16 16 16 PG-02

Table I. Results of enzymatic treatment of an anti-MRSA compound produced by Pseudoalteromonas piscicida PG-02.

The diameter of disc is 6 mm.

Figure 9. Results of heat treatment of an anti-MRSA com-
pound produced by Pseudoalteromonas piscicida PG-02.
Temp: Temperature (˚C).

Spot Rf DIZ (mm)

1A 0/71 10
1B 0/82 R
1C 0/89 R
2A 0/67 12
2B 0/77 R
2C 0/85 R
3A 0/74 12
3B 0/91 R
4A 0/77 14
4B 0/93 R

Table II. Results of Rf values determination values and anti-
MRSA activity for each of the separated bands using TLC.

The diameter of disc is 6 mm.



and OsO4 cross linked the lipids. The membrane
damage might be one of the causes for the death
of the bacteria.

Results of Statistical Analysis

Results of descriptive statistical analysis (Fig-
ure 11) revealed that the optimal nitrogen source
and the optimal hP have the maximum and mini-
mum efficiency in the optimization process for
the antibiotic production by intended marine iso-
late. Also, the correlation analysis showed that
Spearman’s coefficient for marine broth and op-
timized synthetic medium were 0.867 and 0.925
(p < 0.001), respectively; so, the time of antibiot-
ic production has correlation with optimization
process.

Discussion

Nowadays, MRSA is considered as an impor-
tant causes of hospital and community acquired
infections, which acquired chromosomal gene
mec A which encodes methicillin-inducible PBP
with decreased affinity for methicillin and many
other antimicrobial agents; so, there is an urgent
need to develop new antibiotics to deal with this
bacterium17. During two last decades, due to ex-
tremely biodiversity and some special environ-

mental conditions exist in marine ecosystem this
environment has been assigned as un-tapped
reservoir for new pharmaceuticals such as antibi-
otics, anti-cancer drugs, and so on. Since 1947,
microbiologists and pharmacologists have been
focused on marine bacteria as potent source for
new antibiotic discovery and development18.
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Figure 10. Transmision electron micrographs of MRSA. A, Cell grown in the absence of antibiotic compound produced by
Pseudoalteromonas piscicida PG-02. B, Cells grown in the presence of antibiotic compound produced by Pseudoalteromonas
piscicida PG-02.

A B

Figure 11. Results of the descriptive statistical analysis
for estimation of efficiency of optimized parameters in pro-
duction of antibiotic by PG-02 strain. Opt Cb: Optimal Car-
bon source; Opt Nt: Optimal Nitrogen source; Op Tm: Opti-
mal Temperature; Opt hP: Optimal hP Opt It: Optimal Incu-
bation time; Opt NaCl: Optimal NaCl.
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Our previous studies revealed that Pseudoal-
teromonas piscicida PG-02 is moderately-
halophilic bacterium that has ability to produce
antibiotic compound with broad-spectum an-
tibacterial activity, but its antibacterial acivity
against MRSA was considerable in comparing
with vancomycin (with 22 mm inhibition zone
diameter) which is the last resort antibiotic
against this pathogen.

Before considering suitability of a new sub-
stance originated from bacterium as a chemother-
apeutic drug, it is necessary to access to bio-
process intensification methods for its production
by bacterium and this is an important strategy for
improving supply of intended natural product19.

Among the optimized fermentation parame-
ters, carbon and nitrogen sources plays the most
important role in efficacy of optimize production
of antibiotic, so, C/N ratio is one of the most im-
portant factors involved in fermentation opti-
mization for the antibiotic production by isolated
marine species. Glucose was the optimum carbon
source for antibiotic production by Pseudoal-
teromonas piscicida PG-02; there are many re-
ports about selection of this sugar as the best car-
bon source in order to antibiotic production by
different bacteria20,21. This marine bacterium
showed a high level of sensitivity to the type of
nitrogen source and level of NH4 in the produc-
tion medium so that consumption of tryptone re-
sults an increasing in its anti-MRSA activity
even over 100% while utilization of meat extract,
KNO3, casein, L-arginine and tyrosine blocks the
antibiotic production that this result may due to
disturbing in secondary metabolism of Pseudoal-
teromonas piscicida PG-02. On the other hand,
based on the results that are shown in figures 4
and 5, production of antibiotic by this isolate as a
mesophilic and morately-halophilic bacterium
was sorely affected at high temperatures and Na-
Cl concentrations. In general, results suggest en-
hancing antibiotic production by Pseudoal-
teromonas piscicida PG-02 against MRSA (22
mm) with optimization of production conditions.

On the basis of the obtained results from
bioautographic analysis (TLC), each of the tested
samples have two or three spots, so, we must at-
tempt to select a better solvent other than n-bu-
tanol for access to a single spot or purification
with more efficiency.

The intended antibiotic compound completely
looses its activity at 70 to 121°C but it was not
affected after enzymatic treatment with pepsin
and pancreatin (contains amylase, lipase and pro-

teinase activity), however, because of its sensitiv-
ity to proteinase K and the high degree of tem-
perature (cause to denaturation of active mole-
cule) it can be suggested that this antibiotic sub-
stance has a proteinaceous nature.

Based on sonication results, due to cell lysis
and leave of some antibiotic that remained inside
the cell, an increasing was observed in the an-
tibacterial activity of the marine isolate against
MRSA, so this antibiotic has two accumulation
sites (both intra- and extra-cellular).

Ultrastructural study on the effect of antibacte-
rial compound produced by Pseudoalteromonas
piscicida PG-02 strain on MRSA compared with
control revealed that the intended antibacterial
compound affects the cytoplasmic membrane of
MRSA. Usually antimicrobials that affects cell
membranes assumed as bactericidal agents; these
antibacterial substances may be disrupt the mem-
brane of target cells, influnce proton motive force
and subsquently increase osmotic pressure due to
influx of water and finally cell lysis occurs16. So,
we can say that this antibiotic compound can be
considered as a bactericidal agent against MRSA.
It has been reported that antimicrobial peptides
are small molecules with a molecular mass of 1 to
5 kDa that due to their structural elements are
able to interact with negatively charged mem-
branes, so, their mode of action involves the cell
membranes of target organisms22. This subject is
in agreement with the obtained results in this
study about of characterization of intended antibi-
otic compound produced by Pseudoalteromonas
piscicida PG-2 and its mode of action. Finally,
Pseudoalteromonas piscicida PG-02 can be re-
garded as a valuable strain for discovery of new
weapon as bactericidal agent in fighting against
multi-drug resistant bacteria especially MRSA
and further studies should be performed in order
to purify and identify its chemical structure.
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