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ABSTRACT: Bacterial strain was isolated from
rhizosphere soil and identified as Pseudomonas
aeruginosa P121 and Pseudomonas putida P133 by
16s TRNA gene sequence analysis. The bacterial
gene sequences were deposited in the GenBank.
The desired isolates were screened for the produc-
tion of pyocyanin, pyorubin and pyoverdine on
pseudomonas isolation agar. The extracted pyocya-
nin was analyzed by thin-layer chromatography
(TLC) with silica gel as the static phase and n-
butanol - acetic acid -water (13:4:7) as the mobile
phase and where as the pigments pyorubin and
pyoverdine was analyzed by thin-layer chromato-
graphy (TLC) with silica gel as the static phase and
Methanol- Dichloromethane (1:1) as the mobile
phase. The study concluded, the maximum yield of
pyocyanin and pyorubin by strain PI21, where as
the strain PI33 produced maximum yield of pyove-
rdine at alkaline conditions. Further, different pa-
rameters such as pH, temperature, carbon sources,
Nitrogen sources, Amino acids, Metal ions and
Agro-wastes will be used to improve the produc-
tion of phenazines by Pseudomonas aeruginosa
PI21 and Pseudomonas putida P133.

Keywords: Pseudomonas aeruginosa P121, Pseu-
domonas putida P133, pyocyanin, pyoverdine, pyo-
rubin, optimization.

I. INTRODUCTION

[1]. Bacteria are unicellular organisms which grow
very rapidly in the presence of moisture and mod-
erate temperature. Bacteria reproduce by cell divi-
sion, which can occur every 20 minutes under op-
timum growing conditions, turning in bacterium
into 8 million bacteria in a short time as 8 hours.
[2], [3]. Further, sub divisions in the bacteria fami-
ly are Gram positive (e.g. Staphylococcus aureus),
Gram negative (e.g. E. coli), spore bearing or non
spore bearing type. Some specific types of bacteria
are pathogenic and cause disease.

[4]. Microbial pigments are of great structural di-
versity. They may be derivatives of the material

classes of carotenoids, phenazine dyes, pyrrole
dyes, azaquinones etc. Moreover, the yield of pig-
ment may yet be improved by optimizing the pa-
rameters at the various method steps (dwell time,
solvent ratios etc.), in particular during cultivation
of the bacteria (nutrients, shaking frequency, oxy-
gen charge, pH value, salt content, temperature
etc.). Overall speaking, at moderately process con-
trol and in relatively short time, results of great
economic advantages, especially in respect to large
scale technical production can be achieved.

[5]. Pigmentation is one of the most striking cultur-
al characteristics. In some pigment producing bac-
terial species, the pigment is retained within the
cell and the mass of bacterial cells is coloured,
whereas for others the pigment is excreted and co-
lours the medium. The intensity of the pigment is
influenced by the composition of the medium and
the conditions of incubation. Pigment production
best observed from growth on solid media. Bacteria
are known to produce iron-chelating compounds
i.e. percent siderophores, which are often colour
pigments.

The genus Pseudomonas consists of a very
diverse assemblage of bacteria in which some are
pathogen to most of the plants and some are non-
pathogenic. The non-pathogenic Pseudomonadsare
divided into different groups, amongst which most
of the species have the ability of plant growth pro-
motion and biological control of plant pathogens.
[6], [71, [8]. Pseudomonas spp. are well known for
producing several pigments such as pyocyanin,
pyorubin and pyoverdines. All three pigments have
various applicational properties such as antimi-
crobial, [9]. biocontrol, [10]. textile dyesand [11].
siderophore activity. [12]. Pyocyanin is a blue co-
loured water-soluble pigment, synthesized by 90—
95% Pseudomonas aeruginosa under the control of
quorum sensing coordination. Pyroverdine is yel-
low fluorescent pigment which can observed under
Ultraviolet rays, where as Pyorubin is reddish
brown, water soluble pigment.
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II. MATERIALS AND METHODS
Isolation and screening : The samples from lake
water, rhizosphere soil sample and raw milk were
collected under aseptically. The samples were se-
rially diluted and plated on the pseudomonas isola-
tion agar. The inoculated agar plates were then in-
cubated at 37°C for 48 hours. Only 35 bacterial
colonies were isolated. Among 35 colonies, 14 iso-
lates were further selected based on the pigments
produced by the colonies on the pseudomonas iso-
lation agar. Both pyocyanin and pyorubin, were
screened based on distinct bluish-green colour

Calculations of concentration of the pigments:

pigment and brownish red colour pigment on the
agar medium. [13]. The pyoverdine producing iso-
lates were identified by exposing the culture plates
to the UV light by using Ultraviolet transilluminator
at 312 nm.

Identification of selected isolates : the two iso-
lates were studied to have different morphological
and cultural characteristics. These were identified
by 16s rRNA gene sequence analysis. The bacterial
gene sequences were deposited in the GenBank.

[14]. Quantification of pyocyanin and pyrubin from Pseudomonas aeruginosa strain P1211.

Pyocyanin concentration = Luminar density of pyocyanin suspension at 690 nm

Absorption coefficient

Pyorubin concentration = Luminar density of pyorubin suspension at 320 nm

Absorption coefficient

Quantification of pyoverdine from Pseudomonas putida strain P133.

Pyoverdine concentration = Luminar density of pyoverdine suspension at 400 nm
Absorption coefficient

2.1. Production of phenazines

Pseudomonas spp. produces certain phe-
nazines which are nitrogen containing heterocyclic
redox agents. Phenazines (pyocyanin, pyorubin and
pyoverdines) were produced by strains PI21 and
PI33 in nutrient broth under shaking conditions
incubated at 25°C, 150 rpm for 24 hours.

[15].These strains were streaked on nu-
trient agar plates and incubated at room tempera-
ture (25°C) for 24 hours. A single colony were
picked up, inoculated into 500 ML conical flask
containing 100 ML nutrient broth and incubated at
25°C, 150 rpm for 48 hours.

2.2. Extraction of phenazines and separation by
TLC:

The bacterial cells were removed from the
growth medium by centrifugation at 7000 rpm for
10 minutes. The supernatant was further used to
extract the pigments. The cell-free supernatant was
extracted twice with equal volume of chloroform in
a separating funnel. The pyocyanin pigment in
chloroform layer were separated and re-extracted
using 0.1 N HCI. The acidic fraction was separated,

neutralized using 0.1 N NaOH, and again re-
extracted using chloroform, where as pyorubin and
pyoverdine were extracted from the aqueous frac-
tion. [15]. The obtained pyocyanin, pyorubin and
pyoverdine pigments were dissolved in methanol,
and absorbance was recorded on a UV—vis spectro-
photometer at 690 nm, 320 nm and 400 nm respec-
tively.

The extracted phenazines was analyzed by
thin-layer chromatography (TLC) with silica gel as
the static phase. For PYC, n-butanol - acetic acid —
water (13:4:7) was used as mobile phase where as,
for pyorubin and pyoverdine Methanol- Dichloro-
methane (1:1) was used as the mobile phase (Jaya-
priya et al., 2012).

III. RESULTS
Screening of Isolates:

Among the samples collected, only 35
pigment producing Pseudomonas spp. were iso-
lated from the lake water and rhizosphere soil using
pseudomonas isolation agar. Where as, none of the
isolates obtained from raw milk sample produced
any pigments on pseudomonas isolation agar.
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The pyocyanin producing isolates were
identified by the distinct bluish-green colour pig-
ment production on the pseudomonas isolation agar
and the isolates producing pyorubin pigment were
identified by the reddish colour pigment on the
agar medium . [13]. Where as the proverdine pig-
ment producing Pseudomonas spp. were screened
by exposing culture plates to UV light by usingUl-
traviolet transilluminator at 312 nm. Total 10 iso-
lates were positive for both pyocyanin and pyove-
rdine production, 2 isolates were positive for both
pyocyanin and pyorubin, 2 isolates were positive

for only pyoverdine production , where as 1 isolate
was positive for only pyocyanin production. The
selected pigment producing isolates for the pyo-
cyanin, pyorubin and pyoverdine pigments are ta-
bulated as shown in Table.1.

The desired 14 isolates where further
grown in nutrient broth under desired conditions.
Among the 14 colonies, strain PI21 was selected
for the maximum yield production of pyocyanin
and pyorubin, where as the strain PI33 for pyove-
rdine based on UV-vis spectrophotometeric esti-
mation.

Table.l. Screening of Isolates producing pyocyanin, pyorubin and pyoverdine

Screening of Isolates producing pyocyanin, pyorubin and pyoverdine
Iso- Pyocya- | Pyoru- | Pyov | Isolat | Pyocya- | Pyo- | Pyove |Isolat | Pyo | Pyoru- | Pyove
lates | nin bin er- es nin ru- |rdine |es cya- | bin rdine
dine bin nin
PI1 | | | | | PI13 |+ | | + PI25 |+ | | +
PI2 3 B B PI14 |+ B + PI26 |+ + +
PI3 | | | | | | PI15 | _ | | | | P127 | _ | | |
P14 _ _ _ PI16 | _ _ _ PI28 | _ _ +
PI5 | | | | | | PI17 | _ | | | | P129 | _ | i
PI6 3 B B PI18 |+ B + PI30 | _ _ _
P17 | | | | | | PI19 | _ | | | | PI31 | _ | | i
PI8 _ _ _ P1I20 | _ _ _ PI32 | _ +
P19 + | | + PI21 |+ + + PI33 | _ | | +
PII0 | _ _ _ P22 |+ _ _ PI34 | _ _ —
PI11 | _ | | | | PI23 |+ | | + PI35 | _ | ||
PI12 |+ _ + PI24 |+ _ +

3.1. Identification:

The morphological and cultural characte-
ristics of the two isolates were studied to be differ-
ent and 16s TRNA gene sequence analysis was car-
ried out for the two isolates. The bacterial gene
sequences were deposited in the GenBank. The
maximum pyocyanin and pyorubin  pigments

yielded strain PI21 was identified as Pseudomonas
aeruginosa by using 16s r RNA sequencing me-
thod. The accession number is MK966380.

The maximum pyoverdine pigment
yielded strain PI 33 was identified as Pseudomonas
putida by using 16s r RNA sequencing method.The
accession number is MK966379.
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Fig. 1. Evolutionary relationship of Pseudomonas strain P121(GenBank (NCBI) accession no. MK966380) with
its relative inferred using Neighbor Joining method

uyl

B INenndommonan putada ol 1Y LS ribcmmimal INA gonsd, okl socjicon s
v Pt (nude Alr i NAA LY N omomidl KA e, bl sosiieniie

) wl oy 9 1 vl BN e, prh il sospienin

NI 20 IS il RNA s, (o0 ] annjieone
o 11D LN sonial NA e, partsil ssuonce

- IO cromenisohorats waiin MMY 15 T1A 165 1ibosomat INA poie, ot il wiphonss
b Permbromomnas gkl iruim €L NAG 165 el NNA gen, partisl seqpimes

ik RNA poone, il i e

NI 10N il MNA o, paria] sespasti o
sl KA grose, jwrt bl weuene
QP%endinmonmen o1 41 1K 0 AN i rndl INA g, et 4l wipese
UThendomonss . 1 LK 165 1ihowwnil INA gene, et il s goons

O Pandboinomss o atinin L34 LGS Dbusmal IRNA gons, pitial secpieice

W 5andmonss i atruin 2K2Y 165 ribommmel KNA pome, jurt il w quemce

Fig. 2. Evolutionary relationship of Pseudomonas strain PI33 (GenBank (NCBI) accession no. MK966379)
with its relative inferred using Neighbor Joining method

3.2. Extraction of pigments

According to Saosoong et al (2009), the
crude phenazine were purified by SPE method us-
ing a Chromabond SiOH cartridge. The study sug-
gested that 3 bands isolated appeared on the car-
tridge as yellow, yellow-green and blue band when
eluted with dichloromethane, 5% methanol: dichlo-
romethane and follow by 10% methanol: dichloro-
methane. As per the TLC assessment, purified phe-
nazines obtained TLC plate with Ry 0.77and Ry
0.53, respectively.

The extracted pyocyanin was analyzed by
thin-layer chromatography (TLC) with silica gel as
the staticphase and n-butanol - acetic acid —water

(13:4:7) as the mobile phase and Rf values was

match with Rf value of pyocyanin reported by

(Saosoong et al. 2009; Jayapriya et al. 2012).

The extracted phenazines (pyorubin and
pyoverdine) were analyzed by thin-layer chromato-
graphy (TLC) with silica gel as the static phase and
Methanol- Dichloromethane (1:1) as the mobile

phase and Rf values was match with Rf value of

pyorubin, where as the extracted pyoverdine was
analyzed by thin-layer chromatography (TLC) with
silica gel as the static phase and Methanol- Dichlo-

romethane (1:1) as the mobile phase and Rf values

were recorded as given in table 2.

Table.2. Rf values of pyocyanin, pyorubin and pyoverdine after thin-layer chromatography

Phenazines

Solvent system

Sample Ry value

n-Butanol-Acetic acid- Water

Pyocyanin (13:4:7)

0.87
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Phenazines

Pyorubin

Solvent system

Methanol- Dichloromethane

(1:1)

Sample R; value

0.74

Pyoverdine

(1:1)

Methanol- Dichloromethane

0.88

Fig. 3. Thin-layer chromatography of pyocyanin, pyorubin and pyoverdine

Pyocyanin

-

IV. DISCUSSION

PYC is one of the most common marker
phenazine derivative produced by P. aeruginosa
compared to PYR and PYV. According to Abdul et
al (2016) chromatogram of colored spot on TLC
plate showed an RF value of 0.83 for pyocyanin.
The result was comparable with previous studies
reported by Genevive et al (2006). Baron and John
obtained RF value of pyocyanin (0.71) by eluting
with chloroform solvent. The phenazines were ana-
lysed by thin-layer chromatography (TLC) using
silica gel as the stationary phase and methanol and
dichloromethane (1:1) as the mobile phase and
found to match the R¢ values reported by Saosoong

et al. (2009).

In the present study The extracted pyocyanin was
analyzed by thin-layer chromatography (TLC) with
silica gel as the static phase and n-butanol - acetic

acid —water (13:4:7) as the mobile phase and Rf
values was match with Rf value of pyocyanin re-
ported by (Saosoong et al. 2009; Jayapriya et al.
2012).

The extracted phenazines (pyorubin and
pyoverdine) were analyzed by thin-layer chromato-
graphy (TLC) with silica gel as the static phase and
Methanol- Dichloromethane (1:1) as the mobile

phase and Rf values was match with Rf value of

pyorubin, where as the extracted pyoverdine was
analyzed by thin-layer chromatography (TLC) with
silica gel as the static phase and Methanol- Dichlo-

romethane (1:1) as the mobile phase and Rf values

were recorded.
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V. CONCLUSION

In conclusion, the strain PI21 produced
maximum yield of pyocyanin and pyorubin, where
as the strain PI33 produced pyoverdine at alkaline
conditions using basal nutrient growth medium at
25°C for 24 hours which were in consistency with
reports. 16s TRNA gene sequence analysis was car-
ried out for the two isolates. The maximum pyo-
cyanin and pyorubin pigments yielded strain PI121
was identified as Pseudomonas aeruginosa and the
maximum pyoverdine pigment yielded strain PI 33
was identified as Pseudomonas putida by using 16s
r RNA sequencing method. The extracted pigment
pyocyanin was analyzed by thin-layer chromato-
graphy (TLC) with silica gel as the static phase and
n-butanol - acetic acid —water (13:4:7) as the mo-

bile phase and Rf values was match with Rf value

of pyocyanin, where as pyorubin and pyoverdine
were analyzed by thin-layer chromatography (TLC)
with silica gel as the static phase and Methanol-
Dichloromethane (1:1) as the mobile phase and Rf
values match with Rf value of pyorubin. Further,
different parameters and economical wastes such as
pH, temperature, carbon sources, Nitrogen sources,
Amino acids, Metal ions and Agro-wastes will be
used to improve the production of phenazines by
Pseudomonas aeruginosa PI121 and Pseudomonas
putida P133.
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