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ABSTRACT

Siderophores can act as biostatic compounds by drastically reducing the
amount of ferric ions available to microbes. Pyocyanin, produced by
Pseudomonas aeruginosa was found to show anti bacterial and anti fun-
ga activities. Of the various parameters optimi zed, atemperature of 35° C,
pH of 7.5 and ferric chloride concentration of 10 uM was found to be
optimum for pyocyanin production. Maximum pyocyanin production was
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noticed in the absence of NaCl. High thermostability was also noted for

the pigment. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Leaf infecting phytopathogenicfungi pauseaseri-
ousthrest to agriculturedueto itsimmensedestructive
activity oncrop plants. Chemicalsof widevariety are
used as an effective control to these fungi but cause
destruction to the already fragile ecosystem through
bi caccumulation and biomagnification. Hencebiol ogi-
ca control using microorganismsare gaining momen-
tum asan effective dternativeto chemica agents. Sev-
eral forms of bacteria like Pseudomonas,
Enterobacter, Aeromonas, Serratia, Bacillus and
Burkholderiaare being used as antifungal agents*3.
Of these, Pseudomonas, especially fluorescent
Pseudomonas have drawn world wide attention due
to the production of secondary metabolites like
siderophores, antibiotics, HCN, enzymes and phyto-
hormones®. They thusnot only produceantifungd com-
pounds but a so act by enhancing growth and inducing

defensein the crop plant. Pseudomonasfluorescens,
P. cepacia, P. aureofaciensand P. putida arethefour
maj or speciesshowing antifunga activity. Anti fungal
activity of Pseudomonas may be mediated by three
distinct ways- production of chitinolytic enzymesthat
degradefungal cell wal, siderophoresthat ddimitiron
and by other non chelaing antibiotics.

Siderophoresare secondary metaboliteswhich act
asiron chelaing agents. They are produced under iron
limiting conditionsand functions asbiogtatic compounds
by drasticaly reducing the amount of ferricionsavail-
able to certain rhizosphere microflora®. Some
siderophoresmay a so act as antibioticsby destroying
fungd cdlsthroughlysis. Theimportant siderophores
produced by Pseudomonasinclude pyochelin, pyo-
cyanin, pyoverdine and salicylic acid. 2, 4-
diacetylphloroglucinol (PHL), pyoluteorin (PLT),
pyrrolnitrin, cepabactin, ornibactin are someof thean-
tibiotics produced by Pseudomonas® ¢l
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Pseudomonas aeruginosa is an opportunistic
pathogen that can causeinfectionsin respiratory tract,
wounds and urinary tract of immunocompromised or
immunodeficient host!”. Thevirulenceof the bacteria
liesmainly intheblue pigment pyocyaninthat isknown
to have del eterious effect on anumber of prokaryotic
organisms, possibly dueto theformation of hydroxyl
radica®. However the bacteria are not used as a
biocontrol agent, dueto itshuman pathogenicity. Asa
soil dwelling saprobe, it isalso not possibleto usethe
avirulent srainsof thesamein controlling leaf infecting
fung.

In the present study, antifungal activity of
Pseudomonas aeruginosa is compared with two
strains of P. fluorescens, commercially available as
biocontrol agent. The process parametersfor maximal
production of pyocyanin areoptimized. Characteriza-
tion of pyocyaninanditsanti microbia activity isstud-
ied.

EXPERIMENTAL

Microor ganisms

Four phytopathogenic fungi wereisolated in pure
culture from diseased plant parts- Pestalotia
pal marumfrom coconut leaves, Oidiumheveaefrom
rubber leaf, Fusariumoxysporumfrominfected fruits
of tomato and Curvularia lunata from paddy |eaf.
Pseudomonas fluorescens SPC B 60 and SPC B 61,
commercially available as biocontrol agents and P.
aeruginosa SPC B 65, isolated from soil following pro-
cedure of Dubey and Maheshwari®® wereused inthe
studly.

Bioassay

For antifungal assay, asmall square (1.cm) of the
funga mycdliumwasplaced inthe center of PDA plate.
After 24 hoursof incubation, thebacteriawas streaked
asasgquareaongtheperimeter of theplates, unstreaked
platesweretaken asthe control. Theplateswereincu-
bated at 30°C for 5 days and the zone of inhibition was
measured. Totest theroleof chitinaseenzyme, thethree
strains of Pseudomonas were grown in modified
Mandel and Reese medium*® with 1% chitin asthe
solecarbon source.

BioTechnology — o

Characterisation of Pyocyanin

Thesolubility of pyocyanininvariouspolar and non-
polar solventswas studied. Rf valueof pyocyaninin
variousrunning solventswere determined using TLC
withslicagel G asadsorbent.

Production media and optimization of Processpa-
rameters

Theproduction mediaused wastheKing’s B broth™
containing (g/L) : peptone, 20.0; glyceral, 15.0; K,HPO,,
2.5and MgSO,.7H,0, 6.0. A loopfull of bacteriawas
inoculated into 50 ml of medium, takenin Erlenmeyer
flask and wasincubated for 5 daysat 30°C with shaking
a 150rev/imin. Pyocyaninfromthisculturewasextracted
with chloroforminfivesteps, ineach step, 10ml of chlo-
roformwasused. Thechloroform extract wasmade up
to 50 ml and the absorbance was read at 684nm. The
parametersstudied for maxima synthesisof thepigment
includetemperature (20-50° C), pH (3.0-8.5), incuba-
tion period (1-10days), FeCl,, concentration (0-50 uM)
and NaCl concentration (0- 0.4 M).

Antimicrobial activity of pyocyanin

Theantimicrobia activity of pyocyanin wasdeter-
mined using disc diffuson method*2. To obtain aqueous
extract of pyocyanin, equa volumesof chloroformex-
tract and acidified water wasshakenwdl. Theagueous
and chloroform extract weretested for antibacteriad (NA
plates) and antifungal (PDA plates) activity. To deter-
minetheroleof nutrient availability asamodeof ress-
tanceto pyocyanin, fungi weregrowninglucoseminimd
medium(®. Thefungi werenow tested for itssusceptibil -
ity topyocyanin. Thermaogtability of thepigment wastested
by subjecting it to temperatures 30-100° C for 1 hour,
andthen measuringitsantibacterid activity.

RESULTSAND DISCUSSION

All the 3 strainsof Pseudomonasexhibited antifun-
gd activity. P. fluorescens has been reported to have
antagoni stic effects against soil borne pathogenslike
Fusarium oxysporum*3, Macrophomia phaseolina
and clerotinia sclerotiorum, Gaeumannomyces
graminis*¥ and Pythium ultimum®®, Saikiaet al.,*
had reported antifungd activity of P. aeruginosaagainst
root i nfecting pathogen like Rhizoctonia solani. Inthe
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present study, the bacteria strainsnot only reduced the
growth of Fusarium, aroot infecting fungi, but lsowere
efficient against leaf infecting formslike Curwularia,
Oidiumand Pestalotia. In additionto restricting theveg-
etativegrowth, P. aeruginosawasfound to completely
inhibit sporeformationindl thefour fungd strainsstud-
ied. Microorganiamspossess ng chitinolyticenzymesare
found to be potentid antifungd agents. Theseenzymes
play akey rolein bacterium-fungusand fungus-fungus
antagonism*. However, Paeruginosafaledtogrowin
modified Mande and Reesemedium containing chitinas
thesolecarbon sourceindicating theabsenceof chitinolytic
enzymes. Hencethemode of antifungal activity may be
through antibiotics and siderophores. The bacteria
showed cons derable amount of pyocyanin production,
the pigment got diffused throughout themedium.

Char acterization of pyocyanin

Pyocyanin produced by P. aeruginosa showed
varying solubility in different sol vents, maximum solu-
bility wasseenin chloroform (TABLE 1.) Inthevisible
spectrum, the pyocyanin extracted with chloroform
showed maximum absorbance a 684 nminthevisible
spectrum. The pigment possessesvalue of 0.17. 0.2
and 0.16inrunning solvents- diethyl ether-acetone(9:1),
chloroform- acetone- petroleum ether (2:1:3) and
methanol: water (1:3) respectively.

Optimization of Parameters

Maximum pyocyanin productionwasnoticed a 35°
C (Figure 1), no growth was noted beyond 45°C. The
productionof pyocyaningatincreessdindkdinepH, reech-

TABLE 1 Solubility of pyocyanin in varioussolvents

Solvent Solubility
Diethy lether No solubility
Petroleum benzene No solubility
Glycerol No solubility
Water Low solubility
Methanal Low solubility
Ethanol Low solubility
Xylol Low solubility

Tertiary Butyl Alcohol
Iso Propyl Alcohol
Acetone

Toluene

Chloro form

M oderate solubility
M oderate solubility
Moderate solubility
Moderate solubility
High solubility
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Figurel: Effect of temperatureon pyocyanin production
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ingapeek a 7.5 (Figure2.). Thisresult canbecorre ated
tothefindingsof Budzikiewicz™® who stressed theimpor-
tanceof akalinity in preventing siderophoredestruction.
vanRij et al.,*¥ a so reported asimilar enhancement of
sderophoreproduction by P.chlororaphisinakainepH.
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Figure5: Effect of incubation dayson pyocyanin production
TABLE 2: Anti Bacterial activity of pyocyanin

Zoneofinhibition(mm)

Bacteria Chloroformextract Aqueousextract
Bacillus 4.0 5.0
thuringiensis

Bacillus coagulans 12.0 13.0
Bacillus subtilis 3.0 3.0
Saphylococcus 20 30
aureus

Escherichia coli

Pseudomonas

aeruginosa B25

Pseudomonas

fluorescence B20

Pseudomonas 6.0 70

fluorescence B21

Ferric chlorideconcentration of 10 uM was found
to be optimal for pyocyanin production (Figure 3.).

Neilands? had reported that 10 uM concentration of
FeCl, isessential for good growth of Pseudomonas
but resulted in only modest yiel d of siderophores. Van
Rij et al.,*¥ noticed an increasein siderophore pro-
duction at 78 uM concentration of FeCl,. Rachid and
Ahmed?, reported that even very low concentrations
of FeCl, (50g/l) could adversdly affect siderophore pro-
duction by P. fluorescensinKing’s B medium.
Sodium chloridestressinthemediumwasfound to
affect pyocyanin production (Figure4.). Ataconcentra-
tionof 0.4 M, therewas compl eteloss of siderophore
production. In P. chlororaphis, completeinhibition of
siderophore productionwasnoticed at 0.1 M NaCl con-
centration*¥ P. aeruginosa showed i ncreased produc-
tion of pyocyanin with increasein incubation period,
reaching themaximum a 9 daysof incubation, produc-
tion thereafter remainsmoreor lessconstant (Figure5.)

Antibacterial activity

Pyocyaninwasfound to show varied antibacteria
activity against test bacteria(Figure 6, TABLE 2.). No
antimicrobial activity was noted against E. coli, P.
aeruginosa SPC B 65 and P. fluorescens SPC B 60.
Woaksman and Woodruffl?3, had reported that the anti-
biotic action of pyocyanin was dependent up on the
growth medium. With the studies of Hassan and
Fridovichi?3, itisnow clear that theanti microbid ac-
tivity of pyocyaninisdetermined by severd factorslike
nutrient availability, molecular oxygen and possession
of specificenzymesthat could makean organismresis-
tant to its attack. They noticed that E. coli grownin
glucose-minima medium was susceptibleto pyocyanin
whileincreaseof nutrientswith inthe medium resulted
inhigh production of enzymeslikesuperoxidedismutase
and catalasethat hel psthe bacteriato resist pyocyanin
toxicity. Thusmany bacteria, gpparently resistant to pyo-
cyanininculturemediawill becomesusceptibleinmini-
mal nutrient conditions such asthoseinrhizoplaneand
phylloplane. However P. aeruginosa showed a better
surviva capacity evenin high pyocyanin concentrations
by exhibitinglow permeshility, activeextrusonand high
catal ase production(?3,

Thermostability of thepigment

Thedderophoreshowed highthermal stability. Even
after exposing to 100° C for an hour, no decrease in
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antibacterid activity wasseen. Thepigment dso showed
high shelf lifeand can be stored at room temperature
for long periodswithout muchlossof activity.

Anti fungal activity

Pyocyanin showed no antagoni stic effect to fungi
growninPDA plates. However, thepigment showed anti
fungd activity todl thefour test fungi growninglucose
minima medium (TABLE 3.). Hence pyocyanin canbe
used san effectiveanti microbia agent either doneorin
combinationwithother anti microbia agentsagaingt lesf
infecting microbes; itsantagoni<ti c action can beincreased
withincreasing concentration of the pigment.
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Figure6: Anti bacterial activity of aqueousextract of pyocya-
nin against Bacillus coagulans

TABLE 3: Anti fungal activity of Pseudomonas

Zone of inhibition (cm)
P.fluorescence P.fluorescence P.aeruginosa

B20 B21 B25
Curvularia

o 1354022 1424030 115+0.15
Fusarium 20, 96 0804029 1.2040.12
OXysSporum

Pestalotia 20, (55 1854027  1.60+0.80
palmarum

Oidium

vl 1604025 2304036 195+ 0.64
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