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Introduction:-

Though Pseudomonas aeruginosa is medically important as an
infectious agent due to its ubiquity , the emergence of this organism in
the field of biotechnology is commercially valuable to date . The
increasing scopes and interests in order to exploit the metabolites from
this organism is a boon to the biotechnologists of this era.
Pseudomonas aeruginosa is an opportunistic , Gram-negative
bacterium responsible for severe nosocomial infections. The bluish
secondary metabolite known as pyocyanin secreted by this bacteria is
an important virulence factor. It has been reported that the redox active
tricyclic pyocyanin is able to readily cross biological membranes,
possessing antimicrobial activity "2 and can exist in different states
in various pH ranges. In our present study we have focussed on the
comparision between the antimicrobial effects of the protonated and
the zwitterionic state of this bioactive pigment pyocyanin against the
Gram negative bacteria ( E.coli, , Vibrio cholerae) and the Gram
positive bacteria (Bacillus subtilis). Pyocyanin was extracted from the
broth culture by Chloroform /HCI technique and agar well diffusion
method was followed thereafter to assay the antagonistic effects . The
protonated (red) state in acidic environment was found to be more
potent antimicrobial agent as compared to the zwitterionic (blue) state
in neutral or slightly alkaline environment. The maximum zone of
inhibition was noted for the acidic (red) state of pyocyanin against
Gram positive Bacillus subtilis .Further high quality in vivo studies are
needed to fully assess the physiological manifestations of pyocyanin
exposure on the various cells including eukaryotic systems.
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Pseudomonas aeruginosa is a ubiquitous Gram negative; citrate, catalase, and oxidase positive bacterium that can
cause disease in plant and animals, including humans. It is medically important as a multidrug resistant pathogen
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and the agent for nosocomial infections. The organism is considered opportunistic because it produces a battery of
secretory virulence factors causing infections often during existing diseases or conditions notably cystic fibrosis and
burn cases.

The major group of these secretory virulent factors are known as phenazines ©. One of them is called pyocyanin
which has been widely emerged as an bioactive compound having antimicrobial properties. These pigments are also
involved in iron acquisition (sidephores) and quorum sensing “ %,

Pyocyanin is a redox active nitrogenenous heterocyclic compound belonging to the tricyclic phenazine class of
compounds secreted extracellularly as secondary metabolites. Due to its redox-active properties , pyocyanin
generates reactive oxygen species. The presence of the phenol group in the zwitterionic state gives a weak acidic
character (pKa of 4.9). Pyocyanin can exist as protonated or red form in acidic environment . The pigment is wine-
red at acid condition due to the basic property of one of the N atoms (Friedheim et al 1931). At physiological pH
(7.4) or neutral or slightly alkaline condition , pyocyanin exist in blue state or zwitterionic state (Fig 1). The low
molecular weight and zwitterionic properties of pyocyanin are believed to allow the toxin to easily penetrate the cell
membranes © . It has been already reported that pyocyanin also possess antimicrobial activity®®.Due to the great
solubility of pyocyanin in chloroform, it can be easily isolated chemically.

Thus , our initial work involved the extraction of pyocyanin(blue) secreted by P.aeruginosa chemically by
chloroform and its conversion into the red protonated state by acidification. The next phase of the work emphasized
on the comparision of the antimicrobial activities of red(acidic) and blue(zwitterion) states separately against few
test bacterial cultures (B.subtilis , V.cholerae , E.coli) by agar well diffusion method.
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Fig 1:- Chemical structure of pyocyanin in acidic and alkaline conditions.

Materials and Method:-

Preparation of microbial test cultures:-

Pure cultures of E.coli , V.cholerae , B.subtilis were grown in nutrient media for 18hours at 37°C from the stock of
the laboratory (IGE).

Isolation of P.aeruginosa:-

The laboratory (IGE) stock sample of P.aeruginosa was analyzed to investigate its presence by subculturing in
Pseudomonas Agar (King et al) and incubated for 48 hours at 37°C. UV illuminator was used to detect the presence
of the organism by fluorescence. The colony morphology was studied , screened morphologically by Gram stain
and biochemical tests for further confirmation.

Biosynthesis and isolation of crude pyocyanin:-

The suspected colonies were subcultured onto Kings A medium® and incubated overnight at 37 °C ; then the
incubation was continued for 6 days in room temperature . Centrifugation at 10000 rpm for 10 min was done to
remove the bacterial cells and media components (Fig 2). The supernatant was separated for Pyocyanin extraction.
3 ml of chloroform (1:2 ratio) was added to the supernatant (Fig 3).The distinct bottom organic layer (blue) ® was
separated (Fig 4) and divided into two parts.The top greenish layer was also assayed for antimicrobial activity .
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Preparation of the different states of pyocyanin:-

One part of the blue organic layer is treated with 0.2M HCI to give a deep wine- red colour solution in the upper
layer @ (Fig 5) . This upper red layer was separated and divided into two parts. Addition of 500 mM NaOH to one
part of red layer reconverts it into blue zwitterion (Fig 6) .Both the red (protonated/acidic ) state and the blue
(slightly alkaline) state were subjected further for antimicrobial assay.

Antimicrobial assay/antagonistic activity:-

The crude forms of the pyocyanin extractives which were obtained in the present work were labelled for our
successive work of antimicrobial susceptibility assay. The forms were labelled as follows: (Fig 7)

1. G - Top aqueous greenish layer (after chloroform addition)

2. B1 - Blue (bottom organic layer after chloroform addition)

3. R > Red (top layer after acidification of B1 by HCI)

4. B2 - Blue form (NaOH treated top red layer R)

All the above mentioned crude extractives were evaluated for the zone of inhibitions separately against the test
microbial cultures(Table 1,2,3). Nutrient agar plates were spreaded aseptically with 20ul of 18 hours grown test
cultures (E.coli , V. cholerae and B.subtilis). Wells were bored over these agar plates in proper spacing and filled
with 100 pl of the above mentioned crude extractives separately.The plates were incubated for 24 hours at 37°C.
The solvent of extraction (CHCI; HCI and NaOH) were also assayed for antimicrobial activity against the same said
test microbial samples considering as Control.

Fig 3:- Blue pyocyanin dissolves in chloroform layer(bottom)
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Fig 4:- Separation of chloroform layer containing crude pyocyanin(blue)

Fig 5:- Crude protonated pyocyanin in acidic condition on treatment with 0.2M HCI

Fig 6:- Crude zwitterionic pyocyanin in alkaline condition Of 500 mM NaOH

Gz e
Fig 7:- Different states of crude pyocyanin prepared in order to assay the antimicrobial efficacy.
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Results:-

The different forms of crude pyocyanin extracted in our present study were evaluated for the antimicrobial activity
against each of the test microbial samples; V.cholerae , E.coli , B.subtilis (Fig 8a,b,c).The diameter of the clear zone
of inhibitions were measured in cm and tabulated.(Table 1,2,3).

TABLE 1

Test microbial sample

Crude Pyocyanin isolates

Diameter of Clear Zone of
inhibitions

(incm)
G(green top aqueous layer) 1.6
V.cholerae B1(Blue bottom chloroform layer) 2.5
(Gram negative) R(red protonated,acidic layer) 4.4
B2(blue alkaline isolate) 1.2

(#Solvent of extractions taken as control showed no zone of inhibitions)

TABLE 2

Test microbial sample

Crude Pyocyanin isolates

Diameter of Clear Zone of
inhibitions

(in cm)
G(green top aqueous layer) 1.9
E.coli B1(Blue bottom chloroform layer) 2.4
(Gram negative) R(red protonated,acidic layer) 4.7
B2(blue alkaline isolate) 1.5

(#Solvent of extractions taken as control showed no zone of inhibitions)

TABLE 3

Test microbial sample

Crude Pyocyanin isolates

Diameter of Clear Zone of
inhibitions

(incm)
G(green top aqueous layer) 1.5
B.subtilis B1(Blue bottom chloroform layer) 13
(Gram positive) R(red protonated,acidic layer) 5.2
B2(blue alkaline isolate) 1.7

(#Solvent of extractions taken as control showed no zone of inhibitions)

Fig 8 a:- Zone of inhibitions against V.cholerae
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Fig 8 b:- Zone of inhibitions against E.coli

Fig 8 c:- Zone of inhibitions against B.subtilis

Discussion:-

The present work demonstrated the successful extraction of the crude natural bioactive pigment pyocyanin from
Pseudomonas aeruginosa and showed a significant antimicrobial property against few test microbes .In our present
work,it has been evaluated that ,among all the different forms of the pyocyanin , the red protonated state showed a
maximum clear zone of inhibitions with a diameter of 4.4 cm, 4.7 cm and 5.2 cm against Vibrio cholerae, E.coli,
and Bacillus subtilis respectively. The Gram positive bacteria (B.subtilis) was found to be relatively more
susceptible to the antibiotic action of red (protonated) and blue (zwitterion) form of pyocyanin than Gram negative
bacteria.

Conclusion:-

The study showed that the red protonated state of pyocyanin is a potential antimicrobial agent as compared to the
alkaline blue zwitterionic form.This observation may offer a new insight to put forward a hypothesis that the
difference in the cell wall structures between Gram positive and Gram negative bacteria might play an important
role in the penetration of the Pyocyanin molecule .The thick LPS layer of Gram negative bacteria might behave as a
relative barrier for the entry of the toxin at low concentration .At the same concentration the red protonated form
was proved to be more potent as an antimicrobial. This wine-red state at acidic condition possessing a basic
property due to one of the N atoms may explain the easy attraction of this toxin towards the negatively charged cell
wall components of the Gram positive bacteria.
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