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Abstract

Fourty three isolates ( 20.7%) characterized as Staphylococcus aureus , were
isolated from 207 different clinical sources (blood , nose, , wound , urine , vaginal,
ear and eye) in different percentages (30.23, 18.60, 16.28, 13.95, 15.15, 6.96 and
2.33 %), respectively. The staphyloxanthin (STX) production of S. aureus isolate
was estimated 72.1% .The optimal conditions for pigment production by S. aureus
AE3q , were detected and was noticed that the milk agar medium revealed the highest
production of pigment which was estimated to be 165.21unit/cell, at pH 8 for 72 hr
at 37°C. The Staphyloxanthin pigment was extracted using methanol and was
purified partially by organic solvents and Thin Layer Chromatography (TLC). The
results revealed three peaks with a highest peak at 450 nm .No antibacterial activity
of STX was detected against the bacteria used in this study (Staphylococcus
epidermidis, Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Escherichia
coli, Klebsiella spp , Proteus spp. Pseudomonas fluorescens , Pseudomonas putida ,
Staphylococcus aureus).
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Introduction

The pathogen Staphylococcus aureus is a gram-positive, gold-colored colony and all available B-
lactam antibiotics [1] . The yellow-to-orange colony color of S. aureus is one of the classical criteria
for identification of this species.[2] Staphyloxanthin is membrane-bound carotenoid which plays a
role in the environmental fitness of S. aureus [3 ,4]. Membrane pigments have also been hypothesized
to be virulence factors in S. aureus, potentially by detoxifying reactive oxygen species produced by
phagocytes [5]. Carotenoids may also stabilize the S. aureus membrane during infection and
pathogenesis [6].

Staphyloxanthin is a typical secondary metabolite [7] It is not necessary for the growth and
reproduction of S. aureus but might serve a role in survival in infected hosts and in combating the
immune system, staphyloxanthin is mainly producted in stationary phase, it’s chemical
formula(Cs;H70g). Staphyloxanthin is a neutral molecule [1,8,9] and light had no effect on it’s
synthesis [10]. Consequently, the aim of the present study was to detect the role of staphyloxanthin
pigment production from S. aureus isolates from different clinical sources as anti bacterial agent
against some pathogenic bacteria used in this study.

Materials and methods
Bacterial characterization

The colonies appeared on nutrient agar , blood agar and mannitol salt agar were selected for further
diagnostic tests. Diagnosis of S. aureus. was determined according to Bergey’s manual of systematic
bacteriology [11].

These characteristics include; colonial morphology ,size of colony, color and the effect on the media
such as blood hemolysis, pigments appear on Milk agar and ability to ferment mannito [11] and
examination of shape using gram-stain reaction and arrangement of cells . Biochemical tests and api
staph system were used to identify the bacteria.

Detecting the ability of S.aureus isolates to produce staphyloxanthin

In order to identify the ability of S.aureus isolates for the staphyloxanthin production , 10 ml of
Brain-Heart Infusion Broth (BHIB )was inoculated with 100ul of S.aureus isolate (43 isolates ) and
incubated at 37°C for 18 hour in order to get 10 ® cell\ml (Bacterial growth was determined by
measuring the absorbency at 620 nm). A volume of 100 pl of the inoculum from each isolate was
streaked on different culture media including: Milk agar medium ,Peanut seeds medium , Sunflower
seeds medium, Sesame seed medium , Trypticase yeast medium, Carotinoid expression medium and
Trypticase soya medium incubated at 37°C for two days and then incubated at 20°C for two days .
Appearance of growth with pigment (orange ,yellow ) indicates a positive result [12] .
Determination of optimal conditions for staphyloxanthin production

The effect of some factors on pigment production were studied to determine the optimum conditions
for the production :

e Effect of medium composition

A volume of 100pl of bacterial inoculum (10° cell/ml) was cultured on different prepared media and in
ready made media .

e Determination of optimum temperature for staphyloxanthin production

A volume of 100ul of bacterial inoculum (10° cell/ml) was cultured at different temperatures (20, 25,
28, 37, 40°C )for 24 hr .

e Determination of optimum pH for pigment production

A volume of 100ul of bacterial inoculum (10° cell/ml) was cultured at different pH values (5, 6, 7, 8,
9) using NaOH and HCL .

e Determination of optimum incubation time for pigment production
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A volume of 100pl of bacterial inoculum (10° cell/ml) was cultured and incubated at 37°C for different

times (18, 24, 36, 48, 72 hr).

o Effect of aeration in staphyloxanthin production

A volume of 100l of bacterial inoculum (10°cell/ml )was cultured in different volumes of milk broth

(50, 100 150 ml).

Extraction and purification of staphyloxanthin pigment

The pigment of Staphylococcus aureus (STX) was extracted by using methanol [13],as follows:
Bacterial cells were recovered from the growth on milk agar plate for 72hr at 37°C .Agar surfaces

were rinsed with sterile double distilled water (each rinse with 3 ml). Then the bacterial cells were

centrifuged at 6000rpm for 15 min .The supernatant was discarded and the pellet was resuspended

with double distilled water and then centrifuged again at 6000 rpm for 15 min. Staphyloxanthin

extraction from the pellet containing the bacterial cells was collected.

The pellet was mixed with 8 ml of 99.9% methanol wrapped with aluminum foil to prevent
exposure to light.The packed cells were resuspended in 3 ml of methanol, held at 55°C in water bath
for 5 min and cooled for 10 min , and then, the extract was collected by centrifugation (6000 rpm for
15 min). The extraction was repeated twice, until no further pigment could be extracted. Carotenoids
were estimated quantitatively by measuring the absorbance of the solution at 450 nm.

Then extracted pigment was partial purified by Thin-layer chromatography (TLC). Solvent systems
was used . The TLC plates were spotted with staphyloxanthin extracts and developed with the
following:

benzene-methanol-acetic acid 87:11:2 (vol/vol/vol) [14].

The R¢value was calculated according to the following equation

Distance of spot sample movement
R= @ (1)
Distance of spot solvent movement

After developing, the spots from thin-layer plate were recovered by scraping the appropriate portion
of silica gel into a tube and eluting with methanol [14]. The quantity of the pigment was determined
using the equation [15].

Total carotenoids unit/cell = VA-00SY) )
0.175W
Where as:-
o A : Is the absorbance value of the diluted staphyloxanthin extraction at 450nm.
o V: Is the final volume of the extract staphyloxanthin .
o W(g): Is the weight of the dried powder of staphyloxanthin.
o 0.175: Is the extraction coefficient of carotenoids

But the concentration of the pigment was determined using the equation:-

W
Concentration (g/ ml) = TPt 3)

W: Weight of the staphyloxant| v 1g the appropriate portion of silica gel.
V: Volume of methanol will added
Statiscal analysis
The optimization of staphyloxanthin production were statistically analyzed by one way analysis of
variance (ANOVA)[16].
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Staphyloxanthin as an antibacterial agent

The activity of staphyloxanthin as antibacterial agent was tested by the well-diffusion [17] two
replicates of each plate as follows:
The Mueller-Hinton Agar (MHA) plates were inoculated with 10%cell/ml of indicator isolates
(Pseudomonas aeruginosa, Pseudomonas putidae, Pseudomonas fluorescence, Staphylococcus
epidermidis, Escherichia coli, Klebsiella spp, Salmonella spp, Shigella spp., Proteus spp.)(obtained
from department of biotechnology / university of Baghdad). Wells were prepared in the plates with 6
mm sterile cork borer. The wells for each culture of indicator bacteria were filled with 100 pl of
staphyloxanthin solutions extracted from isolate AEzs (final concentration 0.2 g\ml by diluted 0.4 gm
staphyloxanthin partial purified powder with 2 ml methanol)

The plates were incubated at 37°C for 24 hr. Inhibition was detected by a zone of clearing around

the partial purified staphyloxanthin extract.
Results and Discussion
The results of the biochemical test table-1 were compared with the characteristics of S. aureus
documented by Bergey’s Manual of Systematic Bacteriology [11].

Table 1- The biochemical tests of Staphylococcus aureus
Test Result
Oxidase -
Catalase +
Hemolysis fand o
Coagulase +
Growth on NaCl agar:10% +
Deoxyribonuclease (DNase test)
Protease
Urease
Gelatin liquefaction
Mannitol fermentation
Mannose fermentation
Melebioze fermentation
Raffinose fermentation
Sucrose fermentation
Trehalose fermentation
Xylose fermentation -
Arabinose -

(+) positive test , (-) negative test , + w (positive to weak reaction)

+| |||+ ]+

+|+]

Table-2 shows the presence of S. aureus according to the site of infection . The results indicated that
the percentage of S.aureus was 20.7% from the total samples (207) ) in this study .Nasal infection
(40%) was the most accessible site for S. aureus and this agrees with the results of [18] who
found that the percentage of S. aureus in nasal infection was ( 39.1% ). This may be due to the
high distribution of this organism around the hospital environment [19]. In addition, our
results are in agreement with the results obtained by other studies [20-22]

Furthermore, the present study revealed that the presence of S. aureus in eye samples
(3.7%) was less than in blood(37.14%), nose(40%), wounds (21.87%), urine(19.35%),
vagina(15.15%) and ear infections(10.3%) .These results are compatible with the results
reported by [23] who mentioned that the presences of S. aureus in eye samples were less than
in other samples.

The differences in the percentage of infection according to the site obtained in the present study may
be due to the fact that these samples were not taken from the same site. However, these results are still
agreed with those that says S. aureus is an opportunistic pathogen that causes human infections and
can be isolated from different sites of infections [24]. Whereas the percentage of infection with S.
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aureus obtained in other studies were 21.87% [25], 30.1% [26] , 18% [27] and 3.01% [28] results.
There were significant differences (p< 0.05).

Table 2 - Frequency of S. aureus according to the site of infection

Type of samples Total | No. of | Percentage Percentage %** | Percentage
isolates % * Qp***

Blood 35 13 37.14% 30.23 6.28

Nose swab 20 8 40% 18.60 3.86
Wounds swab 32 7 21.87% 16.28 3.38

Urine 31 6 19.35% 13.95 2.89
Vaginal swab 33 5 15.15% 15.15 2.42

Ear swab 29 3 10.3% 6.98 1.45

Eyes swab 27 1 3.70% 2.33 0.48

Total 207 43 100%

*Percentage of S. aureus according to source ** Percentage of S. aureus according to total no. of S.
aureus isolate *** Percentage of S. aureus according to total no. of total sample.

Detecting the ability of S.aureus isolates to produce Staphyloxanthin

The results of identifying the ability of S.aureus isolates (43 isolate) for staphyloxanthin production
on different culture media found that milk agar medium was the best medium for the staphyloxanthin
production which gave the highest percentage of orange pigment production 44.1 %. While, trypticase
yeast medium and trypticase soya medium revealed percentage 37.2%.Peanut seeds medium and
sesame seed medium appeared percentage 30.2 % for orange staphyloxanthin production. No
production of orange pigment were observed in several media such as sunflower seeds medium, brain
heart infusion agar, carotinoid expression medium , muller hinton agar and nutrient agar .

These results suggested that specific nutrients are required for staphyloxanthin production.
According to the results pigment producer isolate AEss, Medium components may be critical for
production of staphyloxanthin .The fatty acid as a carbon source is a better substrate for the growth of
bacteria than sugars .Based on the comparison between the composition of different fatty acid
containing seeds and oils . The saturated form of fatty acid could be a better choice of carbon source
for the maximum production of pigment [29] as shown in figure-1.

70

S0

v . mOrange
" | | | } mYelloe
White
. | | |
] / | |
g § B B m=NN N

|
|
‘t
|
Milk TYA TSA PNSA SSA SFSA BHIA NA MHA (EM

w
Q

"
o

>

Percentage of pigment production 9,
&

Type of media

Figure 1- Influence of different culture media on the production of staphyloxanthin
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*Milk: Milk agar medium , TYA Trypticase yeast medium ,TSA :Trypticase soya medium ,PNSA: Peanut seeds
medium , SSA :Sesame seed medium , SFSA: Sunflower seeds medium , BHIA: Brain-Heart Infusion Agar,
N.A: Nutrient Agar MHA: Mueller-Hinton Agar CEM: Carotinoid expression medium,
Determination of optimal conditions for staphyloxanthin production

The results found that the best medium for pigment production was milk agar with an amount of
pigment produced for AEj; isolate (165.21) unit/cell compared with the pigment produced in TSA and
TYA, which was (89.22 , 77.22) unit / cell respectively .In the CEM the production was less than 37.9
unit/cell These results showed similarity with the results mentioned by Grinsted and Laccy, (1972). the
pigment production was increased at 37°C, whereas decreased at the low temperatures (less than 20°C)
and in high temperature (more than 37°C) . Optimum temperature for pigment production was 37°C,
and this result was similar to the results of [30,31]. The result revealed that the optimum pH was 8.
Generally the pigment production was higher in alkaline media, this agrees with [14] finding. This is
because at pH 8 the activity of proline oxidase enzyme is inhibited which cause anabolism of proline
the basic amino acid for pigment production , whereas lower or higher pH than 8 lead to imbalanced
or break in the biological pathway that lead to pigment production which affected by the activity of the
enzyme responsible for pigment production [14,32]. The optimum incubation time for pigment
production was found that 72 hr was the optimum incubation time for pigment production, because the
pigment was secondary metabolite [3,33] which required time to produce. The results demonstrated
that the higher production of pigment was obtained when 50 ml medium was used (165.21) unit/cell,
while the production decreased when the volume of the media was more or less than 50 ml/flask .
When the volume of culture media was 25 ml the ratio of surface area to the volume of media was
high which provided high ratio of oxygen that made bacterial growth higher than the pigment
production because the pigment is a secondary metabolite and is not necessary for bacterial growth
[34]. In addition the small volumes of media do not provide the suitable amount of substance which
when consumed cause decreased in pigment production [35]. The results showed significant
differences (p< 0.05). The best results of extraction the pigment was with methanol, with good
amounts to 0.2 g/ml. The RF value was 0.38, which was similar to the results of [13] .Figure- 2 shows
the optimal conditions of staphyloxanthin production and figure-3 shows the result of TLC partial
purification .

Concentration of pigment unit/cell

Type of Media

Figure 2a- Staphyloxanthin production from S. aureus AEzs isolate grown in different media

A:Brain-Heart Infusion Agar, B:Carotinoid Expression Medium , C : Milk agar , D: Mueller-Hinton Agar , E:
Nutrient Agar , F : Peanut seeds mediumG: Sunflower seeds medium , H : Sesame seed medium , | : Tripticase
soya medium, J: Tripticase yeast agar

* Each value represents the mean + SD , where  ( n=20) .The SD value = 0.06
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Figure 2b- Staphyloxanthin production from S. Figure 2c- Staphyloxanthin production from S.
aureus AEg isolate grown in different temperatures aureus AEgg isolate grown in different pH values
* Each value represents the mean + SD , where * Each value represents the mean £ SD , where
( n=20) .The SD value = 5.90 ( n=20) .The SD value = 9.77
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Figure 2d- Staphyloxanthin production from S. Figure 2e-Staphyloxanthin production from S. aureus
aureus AEj isolate grown in milk agar at AEg, isolate grown in different volumes of milk
different incubation periods medium

* Each value represents the mean + SD , where * Each value represents the mean + SD , where
(n=20) .The SD value = 8.575 (n=20) .The SD value = 17.53
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Figure 3- Partial purification of Staphyloxanthin from S.aureus AEzs by Thin Layer Chromatography
A: Visible Spots. B: Invisible Spots.

Anti bacterial activity of staphyloxanthin against bacteria
The antibacterial activity of the pigment was examined against several bacterial genera
(Staphylococcus epidermidis, Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Escherichia
coli, Klebsiella spp , Proteus spp. Pseudomonas fluorescens , Pseudomonas putida , Staphylococcus
aureus isolate AEgzs, Staphylococcus aureus isolate AEg, and Staphylococcus aureus isolate AEgg .
The results revealed that staphyloxanthin has no activity against tested bacteria that used in this study.
Other study by [30] reported the staphyloxanthin pigment extraction did not show antibacterial
activities against several gram positive and gram negative bacteria at concentration 0.25 mg/ml, the
results in this study confirmed by results of [17] which revealed that the staphyloxanthin pigment
extract has no activity against Klebsiella spp ., due to that STX pigment is a virulence factor help
bacteria to cause a disease after inter human body.
References
1 Daum, R. S. 2008 Removing the golden coat of Staphylococcus aureus N. Engl. J. Med. 359, pp:
85-87
2 Marshall, J. H., and G. J. Wilmoth. 1981. Proposed pathway of triterpenoid carotenoid
biosynthesis in Staphylococcus aureus: evidence from a study of mutants. J. Bacteriol. 147, pp:
914-919
3 Clauditz A. Resch A.; Wieland KP. Peschel A and Goétz F 2006. Staphyloxanthin plays a role in
the fitness of Staphylococcus aureus and its ability to cope with oxidative stress. Infect. Immun.,
74(8), pp: 4950-4953.
4 Pelz A, Wieland KP, Putzbach K, Hentschel P, Albert K, G6tz F 2005. Structure and biosynthesis
of staphyloxanthin from Staphylococcus aureus. J. Biol Chem. 280(37):32493-32498
5 LiuCl, Liu GY, Song Y, Yin F, Hensler ME, Jeng WY, Nizet V, Wang AH, Oldfield E 2008. "A
cholesterol biosynthesis inhibitor blocks Staphylococcus aureus virulence™. Science 319 (5868)
pp: 391-94.
6 Rohmer, M., P. Bouvier, and G. Ourisson. 1979. Molecular evolution of membranes: structural
equivalents and phylogenetic precursors of sterols. Proc. Natl. Acad. Sci. U. S. A. 76 pp: 847-
851.
7 Pelz A, Wieland KP, Putzbach K, Hentschel P, Albert K, G6tz F 2005. Structure and biosynthesis
of staphyloxanthin from Staphylococcus aureus. J Biol Chem. 280(37) pp:32493-32498

1830


http://www.sciencemag.org/cgi/content/full/319/5868/1391
http://www.sciencemag.org/cgi/content/full/319/5868/1391

Al-Kazaz et. Al Iragi Journal of Science, 2014, Vol 55, No0.4B, pp:1823-1832

8 Hartmann, W., and H. J. Galla. 1978. Binding of polylysine to charged bilayer membranes:
molecular organization of a lipid peptide complex. Biochim. Biophys. Acta 509, pp: 474-490.

9 Kim, J., M. Mosior, L. A. Chung, H. Wu, and S. McLaughlin. 1991. Binding of peptides with
basic residues to membranes containing acidic phospholipids. Biophys. J. 60 pp:135-148.

10 Hammond, R. K. and White, D. C. 1970. Carotenoid Formation by Staphylococcus aureus. J. of
Bacteriol. 103(1) pp: 191-198

11 WIlliam, B. W;Paul D.V.George ,M. G. Dorothy, J. Noel R. K. Wolfgang, L. Fred ,A. R. and Karl,
S. 2009. Bergey’s Manual of Systematic Bacteriology 2nd edition Com.pp: .392-433.

12 Grinsted, J., and Lacey R. C 1973. Ecological and genetic implications of pigmentation in
Staphylococcus aureus. J. Gen. Microbiol. 75 pp: 259-267.

13 Marshall JH, Wilmoth GJ. 1981. Pigments of Staphylococcus aureus, a series of triterpenoid
carotenoids. J Bacteriol; 147 pp: 900-913.

14 Wieland B, Feil C, Gloria-Maercker E, Thumm G, Lechner M, Bravo JM, Poralia K, Gtz F 1994.
Genetic and biochemical analyses of the biosynthesis of the yellow carotenoid 4,4'-
diaponeurosporene of Staphylococcus aureus. J. Bacteriol., 176(24) pp: 7719-7726.

15 Tao, N. Gao,Y. Liu,Y. and Ge, F. 2010. Carotenoids from the Peel of Shatian Pummelo (Citrus
grandis Osbeck) and Antimicrobial Activity. American Eurasian J. Agric & Environ. Sci., 7(1)
pp: 110-115.

16 Statistical package for social Science ( SPSS ) version 21.0 for windows 2014 .

17 Samaranika P.2012. Susceptibility of Klebsiella sp. isolated from septicemia patients to water
soluble pigments of Pseudomonas sp. and Staphylococcus sp. isolated from hospital campus
soil.j. of Pharmacy research.5(2), pp:1008-1090.

18 Abdalla, O. A. Ahmed ,V. B. Ahmed, H. F. Abuelnor, A. E. Marjolein F. Q. V. Zijlstra,E. E. and
Henri, A. V. 1998. Nasal Carriage of Staphylococcus aureus and Epidemiology of Surgical-Site
Infections in a Sudanese University Hospital. J Clin Microbiol. 36(12), pp: 3614-3618.

19 Michael, L. Landrum, M.D. Neumann, M.P.H. Courtney, C.M.S. Chukwuma, M.P. Michael W.;
Ellis, M.D Duane ,R. Clinton K. and Murray M. 2012. Epidemiology of Staphylococcus aureus
Blood and Skin and Soft Tissue Infections in the US Military Health System. J. AMA.308 (1)
pp:50-59.

20 Cespedes C, Miller M, Quagliarello B, Vavagiakis P, Klein RS and Lowy FD. 2002. Differences
between Staphylococcus aureus Isolates from Medical and Nonmedical Hospital Personnel. J.
Clin. Microbiol., 40 pp: 2594-2597.

21 Akoua K.C.; Toure, R.; Guessennd, N. Acho, B. Faye, K.; Loukou, Y.G. and Dosso, M. 2004.
Nasal carriage of meticillin-resistant Staphylococcus aureus among health care personnel in
Abidjan. Dakar. Med., 49: 70- 74.

22 Ogeer GJ. S. 2006. Nosocomial infections and antimicrobial resistance in critical care medicines.
J. Vet. Emerg. Crit. Care., 16(1) pp: 1-18.

23 Sefani, S. and Varaldo, P.E. 2003 Epidemiology of methicillin resistant staphylococci in Europe.
Clin. Microbiol. Infect., 9 pp: 1179-1186.

24 Todar, K. 2008. Todar's Online Textbook of Bacteriology. University of Wisconsin — chapter.
Bacterial Pathogens of Humans. Pp: 3.

25 Su'od, A. M. 2005. Biochemical Study of Protease produced From Local Isolate of
Staphylococcus aureus. Msc. Thesis. Msc. Thesis., University of Baghdad . Iraq.

26 Albaldawi, M. S. 2005. The Study of Bacterial Adherence and Resistance in Orthopaedic
Prosthetic Infection . Msc. Thesis., University of Baghdad. Iraq.

27 Rasheed, H. A. 2006. Biochemical Study on Superoxide Dismutase (SOD) Produced from local
isolates of Staphylococcus aureus. Msc. Thesis., University of Baghdad . Irag.

28 Mahmood , W. S. 2006. The Study of The Relationship Between The Production of Haemolysin
and Protease from Staphylococcus aureus Isolated from Different Clinical Samples. Msc.
Thesis., University of Baghdad . Irag.

29 Giri ,A. V. Anandlkumar ,N. Muthukumaran , G. and pennathur G. 2004 Anovel medium for the
enhanced cell growth and production of prodigosin from Serratia marcescens isolated from soil .
BMC Microbiology .,4 (11) pp:2-14.

1831


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20AO%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Belkum%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fahal%20AH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fahal%20AH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=VandenBergh%20MF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zijlstra%20EE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Verbrugh%20HA%5Bauth%5D

30

31

32

33

34

35

Al-Kazaz et. Al Iragi Journal of Science, 2014, Vol 55, No0.4B, pp:1823-1832

Chamberlain,N. R. Mehrtens,B. G. Xiong, Z. Kapral F. A. Boardman, J. L. and Rearick, J. I.
1991. Correlation of Carotenoid Production, Decreased Membrane Fluidity, and Resistance to
Oleic Acid Killing in Staphylococcus aureus 18Z.J. of Infec. Immune., 59(12) pp: 4332-4336.
Kim, S. H. and Lee, P. C. 2012. Functional Expression and Extension of Staphylococcal
Staphyloxanthin Biosynthetic Pathway in Escherichia coli..Am. Biochemical and Biol Chem 287
pp: 21575- 21583 .

Xiong, Z. and Kapral, F. A. 1992. Carotenoid pigment levels in Staphylococcus aureus and
sensitivity to oleic acid. J. Microbiol. 37 pp:192-194.

Kwiecinski J, Eick S, Wojcik K 2009. Effects of tea tree (Melaleuca alternifolia) oil on
Staphylococcus aureus in biofilms and stationary growth phase. Int. J. Antimicrob. Ag., 33(4) pp:
343-347.

Mishra,N. N. George Y. L. Michael R. Y. Cynthia, C. N. Richard A. P. James M. and Arnold S.
B. 2011. Carotenoid-Related Alteration of Cell Membrane Fluidity Impacts Staphylococcus
aureus Susceptibility to Host Defense Peptides. Antimicrobial Agents and chemotherapy. 55(2)
pp:526-531.

Sun, J.L. Zhangl,S.K. Chen,X. X. Chen, J. Y. and Han, B.Z. 2012. Growth properties of
Staphylococcus aureus in biofilm formed on polystyrene plate .African j. Microbiol. Res. 6(13)
pp:3284-3291.

1832



