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ABSTRACT

Nutrient agar medium with various concentrationscefotaxime was used for isolation spontaneous mbsiti@om
wild type strain of P.aeruginosa PHA-1. Eighty-twautants were successfully isolated with the viaddant
52x10/, these mutants were confirmed as spontaneoushysiqiogical adaption mutants by reculture on taens
medium. Then, wild type PHA-1 and mutants were eetror production pyocyanin; a blue greenish pégrinwas
clearly noticed on King A medium. Remarkably theamt strain named S300-8 was distinguished in petity
in comparison with wild type strain PHA-1; the ambof pigment was 56.0667mg/l and 74.53mg/| respagt In
addition, pyocyanin produced by mutant strain S8Q@vealed a potent efficacy against growth of eareell line
RD; the low concentration of this pigment causedo66f dead cells after 72hrs of incubation wherehs t
cytotoxicity was improved by increasing the congitn of pigment with period of exposure time. Buver,
pyocyanin from mutant strain S300-8 induced apadgtosore than wild type PHA-1; the percentage of DNA
fragmentation in RD cell was 80% and 73.3% respebyi
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INTRODUCTION

The human pathogelseudomonas aeruginogmoduces pyocyanin, ablue-pigmented phenazineatere, which
is known to play a role in virulence [1, 2]. Pyonjrais produced from chorismic acid via the phenaziathway,
nine proteins encoded by a gene cluster. Phendzinarboxylic acid, the initial phenazine formeslconverted to
pyocyanin in two steps that are catalyzed by enzyRteM and PhzS. It has been shown that PhzM ysamtive in
the physical presence of PhS, suggesting that geipfprotein interaction is involved in pyocyaniarfation
[3].Phenazines are associated with antitumor diets/{4, 5]. Cells that are actively respiring, Isus tumor cells,
appear to be more susceptible to reactive oxygpeeies (ROS) generation caused by pyocyanin. Axtitly,
pyocyanin known to interfere with topoisomerasad & activities in eukaryotic cells have been itiféed [6]. The
development of anticancer pyocyanin is very impdrten biotherapy, thus this work was aimed to iEo@
pyocyanin-producing mutants from wild type strafnPo aeruginosaPHA-1and comparing their toxicity on cancer
cell line RD.

1389
Pelagia Research Library



Hayfa H Hassaniet al Euro. J. Exp. Bio., 2012, 2 (5):1389-1394

MATERIALS AND METHODS

Bacteria and Growth Conditions

The wild type strain oPseudomonas aerugino$®AH-1 was kindly obtained from Microbiology Labtway in
Department of Biology, College of Science, Univigrsif Baghdad, Irag. This strain was regularly gnosn 0.03%
cetrimide agar medium at 37°C for 24hrs[7,8].

Isolation of Spontaneous Mutants from Wild Type Stain PHA-1

Serial dilutions from overnight Nutrient broth aul of wild type strain PAH-1 was prepared, O0.Iohleach
dilution was transferred and spreaded on Nutrigyatr gyradient plates [9] containing various conadigns of
cefotaxime ( 100, 200, 400, 600, 800, and 900 [i@N)The plates were incubated at 37°C for 18hrerA
incubation period, the number of growing coloniessveounted. In addition, another test was donevestigate
that these colonies are spontaneous and not pbg&eal adapted mutants by re-culturing on Nutresger antibiotic
medium; the colonies which failed to grow were é¢desed as adapted isolates.

Detection of Pyocyanin-ProducingP.aeruginosa Strains on solid medium

King A medium was prepared according to the mettlescribed by Atlas and Snyder (2008he exponential
growth of wild type stain PHA-1 and mutants weseparately culturedn medium, then the plates incubated at
37°C for 48hrs.

Production of Pyocyanin

The bacterial strains, PAH-1 and S300-8, were oettwon glycerol-alanine minimal medium [11] andubated at
37 °C for 24hrs. After incubation period, the cotdrmedium was changed from white to blue. The potidn of
pigment can be induced by exposure the culturgbddight source for 24hrs at 25°C, this processnged the
color of medium to the dark blue [12].

Extraction of Pyocyanin

This pigment was extracted according to the methisdsribed by Al-Azawi(2008) with some modifications: In
briefly, chloroform at ratio2:1 (v/v) was addedtte production culture and left for 2hrs; the caddrchloroform
was changed to the blue. Then, the blue chlorofeas collected and washed with acidified water, OH®L, in
order to convert the blue pigment to acidic fored{r This acidified layer was then neutralized dgliag 1M Tris-
base, pH 11.0. The re-extraction of pyocyanin frogntralized form by adding chloroform, this stepswapeated
several times to extract a large amount of pigm&htreafter, the acidified water layer was discdrded the
pigment was removed from chloroform by adding 0.05/@L, this step also repeated several times to have
pyocyanin with high purity. At last, the water laywas adjusted to pH7.5 by 0.1M NaOH; a needle tiksstals
were formed in the chiled solution after 2hrgsth crystals were trapped on a 4.5um filter, wablyedlater, dried,
and weighted.

Cell Culture

A plevic rhabdomyosarcoma is a human cancer aa#l (RD) with passages 245-247 was used througihist t
study, it was propagated and maintenance on miressential medium (MEM) (US Biological, USA). Aslias a
normal cell line, rat embryo fibroblast (REF), wesed as control. The propagation and maintenanB&6fcarried
on RPMI-1640 medium [14].

Measurement of Cytotoxicity of Pyocyanin

The cytotoxic activity of pyocyanin produced by avitype strain PHA-1 and mutant S300-8 was examined
according to the inhibition rate (%IR) [15]. Brigfl2x10" exponentially growing cells were seeded in 96- well
microcultureplates with various pigment's concetitregs (7.8125, 15.625, 31.25, 62.5, 125, 250, 50) jin a
volume of 100ul. After incubation period (24, 4&hvs) at 37°C, a 20ul of MTT [3-(4, 5-dimethlthi&2eyl-2-2, 5-
diphenyltetrazolium bromide] was added to each vikén the plates were incubated for further 3hr378C. The
absorbance of each concentration was carried dupiicate including untreated cell control. Thaibitory rate of
cell proliferation was calculated according to dtra %IR= A-B/Ax100; where A represents the absoide of
control, while B represents the absorbance ofrireat [16, 17].
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Determination of ICsg
Theresults of inhibitory rate (%IR) we plotted on X-axis while the concentratioofspigment vere plotted on Y-
axis. From the linear scale it coulé measured 5o of pigment [18].

Quantitation of DNA Fragmentation

RD cells at density of 5xf@ell/ml treatedwith concentration of pigment thabtaine( from 1G5, and incubated
48hrs. Then suspended in 0.8ml of 10mM phosphate bisaline PBS), pH7.4, and 0.7ml of ice cold lysis bufi
The lysate cells transferred to microfuge tubes @drifuged at 13000g at 4°C for 15nto separate fragmented
DNA from high molecular weight DN/ Thereafter, the fragmented DNA was suspended imlITE buffer, addes
10% TCA, and incubated at 25°C for 10min. The dfmation was done again at 500g for 15min and
supernatant was calculated. Tihehe precipitate was resuspended in 10% TCA and boitetio8°C for 15min
Dimethylamine reagent (1ml) was added to the sugtam and incubated at 30°C for 18hrs. The absoebesas
measured at 600nm. The percentage of DNA fragmentatas meeured according to formula: Cggg Of the
supernatant/ [ORoof supernatant®Dgg, Of pellet] x100[19].

RESULTS

Eighty-two mutants were isolatdtbm wild type strain PHA-1; the viableount was 52x1’ for dilution 10°. In
addition, the results confirmetiat these mutants are spontaneous not physiolagiegtior mutants through their
ability to growingon Nutrient agar antibiotic mediu

After that, the ability of PHA-ITand mutantfor production pyocyanin wasvestigated. , greenish blue pigment
(pyocyanin) was appearezh King A mediun. Then,the amount of this pigment w determinate; the results
indicatedthat wild type strain PH-1 was able to produce 56.0667mg/l, whereasnthéantsexhibited different
amount of pyocyanin and only ermutanidesignated S300-8 was distinguished wiith efficiency of pigmers
production; it was 74.53mg#herfore it was selected for further study.

The cytotoxicity of pyocyanin produced by both stsaof P.aeruginosawild type PHA-1 and mutant S300-8,
against cancer cell line RD and normal cell lineFREas examined. Fig |. revealdédat thelow concentrations
(7.8125-31.25ug/ml) of pyocyanproduced by wild type straiPHA-1 had low toxiity on RD; the inhibition rate
was ranged from 286% after 72hi of incubation periodWhereas increasing the concentration of this pidr
result in inhibition growth oRD, so %IR of 62.5ug/ml was 54.5% and 55.6% afthrd and 72hrs of expost
time, and it can be noticedahtte toxic efficiency of this pigment against RD was re@sed at the highe
concentrations (250 and 500ug/nthe inhibition rate was 60% and 6 respectively afte 72hrs.
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Fig. I. Cytotoxicity of Various Concentrations of Byocyanin Produced by Wild Type Strain PHA-1 at Different Periods of Incubation on
Cancer Cell Line RD

Remarkablypyoyanin produced by mutant strain S-8 was more efficient againgtowth ofcancer cell line RD
than that produced by PHA-Eig. Il illustrated that tfs pigment was able to inhibit growth of RD and iaghd
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65%o0f dead cells when treated w low concentration, 7.8125ug/l, especiafyer 72hrs oincubation. Notable, an
increasing of concentratiasf this pigmer with period of exposure time causedrgasing thdnhibition growth of
RD; the highest concentration of pigme¢ 500ug/ml, showed inhibition rate equal@8% after72hrs of incubation
period.
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Fig. Il. Cytotoxicity of Various Concentrations of PyocyaninProduced by Mutant Strain S30(-8 at Different Periods of Incubation on
Cancer Cell Line RD

In contrastthis pigment either produc by PHA-1 or S300-8 had no effectivenessthe viability of REF cells ¢
all period of incubatiorFig. 1l and V).

M24hrs M48hrs 72hrs

40
35 .
30
25
20 -
15 4
10 -

Inhibition
rate (IR%)

7.8125 15.625 31.25 625 125 250 500

Concentration of pyocyanin (ug/ml) produced by PAH-1

Fig. lll. Cytotoxicity of Various Concentrations of Pyocyanin Produced by Wild Type FA-1 at Different Periods of Incubation on
Normal Cell Line REF

According to the measurement ols,, the concentration of pyocyanin of wild type PHAand mutant strain S300-8
was 57.35 and 225u/ml respectively, after 48hrs;oidibation. Thus the concentrations above were rogre to
evalute the apoptotic activity of pyocyanin. Theules in Table lindicated that pyocyanin produced by mui
strain S80( achieved high percentage of fragmented DNA indes than wild type strain PF-1; the percentage
of fragmented DNA was 80% and 73.3% respectiv
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Table I. The Percentage of DNA Fragmentation of Rycyanin Produced by Wild type and Mutant Strains oiP.aeruginosa

Pyocyanin Produc % of DNA Fragmentation of Cancer Cell Line
Pyocyanin-Producing Wild Type PH-1 73.3
PyocyaninProducing MutanS300-8 80
Control 174
/’
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Fig. IV. Cytotoxicity of Various Concentrations of Pyocyanin Produced by Mutant Strain S30-8 at Different Periods of Incubation on
Normal Cell Line REF.

DISCUSSION

Many of antibiotics can be used for isolation spoebusmutants such as rifampicin,chlorampheol, piperacillin,
cephalexin, gentamycin, and cefotaxi[20, 21, 22] In this work cefotaxime was selectbecause no effectiveness
had noticed on bacterial growth, gor finding showed 82 mutants was successfylbwr on nutrient agar medium
containing cefotaximavith a viable count 5210°. To investigate that these mutants are real spootsneot
adapted mutants, a small part of selected col, so as wild type strain PHA-1, wagpseately streaked on nutrt
agar medium containing variousoncentrationsof cefotaxime; the results indicated that only mtgawere
successfully grown on thimedium. Moreover all these mutamere cultured orkKing A mediun and our finding
confirmedtheir ability for productiorpyocyanin. Nevertheless only one mutant stragmed :300-8, was selected
for further study due to the highgsioduction in comparison with wild type strain PHAIndeed, such differences
in the productivity may return to the genes encgdigocyanin wich were more activéhar wild type strain due to
the proceeding by strong promoter.

On the other hand, pyocyanin produced by mutaairs§300-8 was morefficient against proliferation of RD ce
than that produced by PHA-This may sugge: that pyocyanin produced by S380may have active group in i
structure that let to easily interacts with andeieate the cytoplasm membrane of RD cells, thertrobthe redo>
reactions which lead to generation of reactive exgyspecies (ROS) that cal cell selescent [23, 24, 25, 26].
Moreover, our findings indicated that pyocyaningwoed by mutant strain S&-8 induced DNA breaks in RD cel
by cleavage poly (ADPRibse) polymerase (PAR which in turn activate caspases such as -9,-8,-arehd this
action indirectly induces apopto$7,28].

CONCLUSION

In this work thespontaneous mutants were successiisolatedfrom wild type strain oP.aureoginosa PHA-1by

use several concentrations of cefotaxiiOne mutant strain named S300-8 wasorded with higtproductivity of

pyocyanin in comparison witkvild type strain PH1. In addition pyocyanin produced by S-8 displayed a
potent toxicity against cancer céfie RD and its effect was dependent on the conaBoh and time of exposur

moreover this pigment showed putativeapoptotic activity by DNA fragmentatioaf cancer cell line RCand

elimination the cells that harbor ulesirable DNA sequees.
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