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Isolation and study of chemical properties of pyocyanin produced
from Pseudomonas aeruginosa TISTR 781 (ATCC 9027)
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Abstract

Blue antibiotic can be produced mainly by Pseudomonas aeruginosa TISTR 781 (ATCC 8027) when grown in King's
A medium (KA). After isolation and purification by both Ambetlite XAD-16 resin column and subsequently silica gel column
chromatography, bands on the silica gel column that appeared wete bright yellow, dark blue and dark green. The purified blue
pigment was examined for its homogeneity by TLC and HPLC. According to UV data, the isolated blue band could be pyocyanin
whereas the bright yellow could be 1-hydroxyphenazine. A study on the polarity of pyocyanin by varying solvents for TLC
indicated that the mixture of dichloromethane-methanol (1:1, v/v) is an optimum solveni. The effects of storage time on
structural stability and pH on maximum absorption of pyocyanin have also been studied.
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Introduction

Most natural products from a variety of
micreorganisms have been extensively studied.
Bacterial strains of fluorescent Pseudomonads have
been investigated widely as potential antibiotic agents
(Dwivedi and Johri, 2003). Phenazine compounds,
one group of bacteria natural products, are small,
nitrogen-containing heterocyclic pigments,
water-soluble, colored compounds and secondary
metabolites primarily obtained from soils or marine
habitats (Laursen and Nielsen, 2004). Strains of
Pseudomonas aeruginosa produce a variety of redox
active phenazines including pyocyanin (PYO),
phenazine-1-carboxylic acid (PCA), 1-hydroxyphenazine
(1-OH-PHZ) and phenazine-1-carboxamide (PCN)
(Chin-A-Woeng et al., 2003). Pyocyanin (N-methyl-
1-hydroxyphenazine) is a blue phenazine pigment of
low molecular weight. It is chloroform soluble and
exhibits as a redox cyclic compound (Cox, 1986).
Pyocyanin gives absorption maximum wavelength at
278 nm in 0.2 M HCI and has a melting point
in the range of 132-134 °C (Ferndndez and
Pizzarro, 1997). Only P. aeruginosa among various
Pseudomonas spp. can produce pyocyanin in several
media such as King’s A medium (KA) (Byng et al.,
1979), brain-heart infusion medium (BHI) (Kerr
et al., 1999) and glycerol-alanine medium (Reszka
et al., 2004). The isolation and purification processes
for pyocyanin require several steps including
liquid-liquid extraction (Stead et al., 1996), ion
exchange chromatography (Kanner et al., 1978) and
adsomption chromatography (Ohfuji et al., 2004). The
methods used for homogeneity test of pyocyanin are
thin-layer chromatography (TLC), gas chromatography
{GC) (Gurusiddaiah, 1986 and reverse phase-high
performance liquid chromatography (RP-HPLC)
(Ge et al., 2004). Moreover, UV, IR, NMR and
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GC/MS techniques have also been described in the
literature for pyocyanin characterization {Brisbane
et al.,, 1987; Kumar et al., 2004; Vukomanovic et al.,
1997; Mavrodi et al., 2001; Usher et al., 2002).
Pyocyanin is also shown as a mediator of a glucose
sensor (Ohfuji et al., 2604). Furthermore, some
evidence suggests that pyocyanin has antibiotic
properties against a range of microorganisms {Baron
and Rowe, 1981). Therefore, according to these
properties, it is an interesting organic compound for
applications. In this research, isolation, purification,
analysis and some chemical properties of pyocyanin
produced from P. aeruginosa TISTR 781 (ATCC 9027)

were studied.

Materials and methods

Bacterial strain and culture conditions:

P. aeruginosa TISTR 781 (ATCC 9027)
was purchased from the Thailand Institute of
Scientific and Technological Research (TISTR) and
was used for pyocyanin production. It was streaked
on Luria-Bertani (LB) agar plates (Hernindez et
al.,, 2004) and incubated at room temperature for
1-2 days. A single colony from a LB agar plate was
transferred to 100 ml of KA medium {Bactopeptone
10 g (Oxoid, England), NaCl 5 g, glycerol (Carlo
Erba, Italy) 10 ml and K;SO 1.4¢g (Carlo Erba,
Italy) in 1 liter distilled water] and incubated at room
temperature with an orbital shaker for a day and was
used as a starter. To increase pyocyanin production,
the starter was transferred into KA medium with
1:100 bacterial dilutions. Batch fermentation was
performed in 500 ml shaking flasks containing 200 mi
of the growth medium, which were stirred on

a rotary shaker at 150 rpm at room temperature
(~28 °C) for 2 days.
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Isolation and purification of pyocyanin!:

The polymeric adsorbent of Amberlite
XAD-16 resin (Fluka, France) column (55 cm x 5.5
cm, i.d.) was used for pyocyanin isolation (Stead et al.,
1996), eluting with 70% (v/v) acetonitrile (AR
grade, Lab Scan, Ireland) in water. Pyocyanin was
purified by dichloromethane extraction and silica gel
column (60 em x 3 c¢m, i.d.) chromatography,
gradually eluted with dichloromethane (AR grade,
Carlo Erba, Italy), followed by 10% (v/v) methanol
(AR grade, Carlo Erba, Italy) in dichloromethane,
as previously reported (Ohfuji et al., 2004). For
monitoring of pyocyanin, the solution was detected
by Agilent 8453 UV-Visible spectrophotometer
range of 200-500 nm. The purity of pyocyanin was
determined by TLC with optimum solvent system
used and also by RP-HPLC under gradient elution
using the Waters HPLC system with a C,, reverse
phase column. Elution was undertaken on solvent A,
water: TFA (HPLC grade, BDH chemicals, England)
{100:0.01, v/v) and solvent B; water: acetonitrile
(HPLC grade, Lab Scan, Ireland): TFA
(10:90:0.01, v/v) (Ferndndez and Pizzarro, 1997)
as mobile phase. A 1 ml min ~' flow rate was used
and monitored at 254 nm with photodiode array
detection.

Analysis of pyocyanin: Full UV spectra were
obtained in 0.2 M HCI, methanol and
dichloromethane {Ferndndez and Pizzarro, 1997).
The solutions were detected by UV-Visible
spectrophotometer over the range of 200-500 nm.

Chemical properties of pyocyanin: Some
chemical properties of pyocyanin have been studied,
including optimization of TLC solvent, storage time
and pH effects. Based on TLC, it has been studied with

several solvent systems; these are dichloromethane,
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dichloromethane-ethylacetate (9:1), dichloromethane~
acetone (4:1), dichloromethane -methanol (9:1} and
dichloromethane-methanol (1:1). For pH effect, six
solutions of purified pyocyanin (1.03 mM) had pH
adjusted to 2, 4, 6, 9, 10 and 11. These were
monitored using the UV-Visible spectrophotometer
in the range 220-550 nm. For the effects of storage
time on structural stability, solutions were kept in
the dark and sampled at 6 time intervals of 0, 4,
17, 23, 42 and 52 hours storage times with various
pH values, which were monitored using the same

conditions as the pH study.

Results and discussion
P. aeruginosa TISTR 781 (ATCC 9027)

can be grown on a LB agar plate after 1 day and
single colonies obtained. After bacteria were grown
in KA medium at room temperature, the blue solution
appeared preliminarily indicating pyocyanin
production.

After isolation of phenazine derivatives using
Amberlite XAD-16 resin column, two bands (dark
yellow and blue) appeared on the column and the
interesting blue fraction was collected. When the
eluate was evaporated and lyophilized, crude
pyocyanin was approximately 1.05 g/ of bacterial
culture. The dark blue color was extracted into
dichloromethane. The organic phase was evaporated
and purified with a silica gel column. The bright
yellow band was obtained in the first fraction after
elution with dichloromethane. The dark blue band
was then eluted with 10% methanol in
dichloromethane. A dark green band still remained
at the top of the column. Finaily, blue crystals were

obtained after removing solvent from the dark blue
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solution. For phenazine purity determination, the
purified blue phenazine compound gives single spot
with R 0.53 on TLC plate when developed with
dichloromethane-methanol (1:1), indicating our
purified blue phenazine compound was free from other
contaminants.

P. aeruginosa can produce more than one type
of phenazine (Kumar et al., 2004 ) and UV technique
was used for analysis of the purified fraction obtained
from the silica gel column. The appearance and
absorption wavelengths of the pigments are shown in
Table 1. Both pigments were identical to those
previously described by Fernindez and Pizzarro
(1997). The crude and purified blue pigments were
analyzed under gradient HPLC by the modified method
(Ferndndez and Pizzarro, 1997) and chromatograms
are shown in Figs. 1(A) and 1(B). The results show
that bacterial phenazines including pyocyanin (I) and
other phenazines [(I1), (I11)] could be separated with
retention times of 12.7, 20.4 and 22.7 min
respectively, as shown in Fig. 1(A). The phenazine
derivatives were further purified by silica gel column
chromatography and a single peak with retention time
of 12.7 min obtained as shown in Fig. 1(B). The
maximum absorption of purified blue pigment was at
278 nm in 0.2 HCI, 308 nm in CH2C12 and 319
nm in methanol and the maximum absorption of
purified bright yellow pigment was at 274 nm in
0.2 HCl, 264 nm in CI-12C12 and 263 nm in methanol
‘ (Table 1), which corresponds to a previous report
(Fermnéndez and Pizzarro, 1997). Therefore, as shown
from UV data, the purified blue pigment should be
pyocyanin and the purified bright yellow pigment
should be 1-hydroxyphenazine, with chemical

structures as shown in Fig. 2.
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Some chemical properties of the blue
pigment obtained from P. aeruginosa TISTR 781
(ATCC 9027) are as follows. In a previous report,
the purity test of phenazine antibiotic by the TLC
method has been studied (Gurusiddaiah et al., 1988).
The phenazine compound has proven to be pure by
TLC under various solvent systems. In this study, we
also optimized TLC solvents for pyocyanin, as shown
in Table 2. We found that the single blue spot of
pyocyanin pigment appeared on the TLC plate in all
cases of solvent system. However, the selected
solvent for the TL.C method was dichloromethane-
methanol (1:1) since the R of the studied pigment
is not too low or too high. This solvent system can
also separate both yellow and blue pigments with
good separation. The color of pyocyanin solutions
changed depending on pH variation. They appeared
red at pH 2-4, purple at pH 5 and blue at pH = 6,
respectively. Correlation between color variation and
pH of pyocyanin solutions has been reported (Ohfuji
et al., 2004). Maximum absorption wavelengths of
various pH of the solutions are shown in Fig. 3. At
279 nm the absorbance decreased with pH varying
from strong acidic to strong basic solutions. However,
it increased with pH varying from strong acidic to
strong basic solutions at 311 nm at time O hour,
Since the structure of pyocyanin contains an OH group
on its C1’ this is the phenolic character (pKa ~ 4.8)
{Reszka et al., 2004 ). The deprotonation of pyocyanin
with increasing pH affects its absorbance (Hypochromic
shift at 279 nm and Hyperchromic shift at 311 nm)
and maximum absorption wavelengths (Bathochromic
shift or Red shift}). The absorbance and maximum
absorption wavelengths of the solutions at pH lower

than 10 were independent of time. On the other hand,
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the color of the solution at pH 11 started appearing
from blue to red-violet in basic, and also changed to
yellow in acidic solution from 5 to 52 hours.
Furthermore, the maximum absorption wavelength of
pyocyanin in pH 11 shifted from 311 nm to 293 nm
(Fig. 4). The storage time and pH had a close
correlation with the structural changes of pyocyanin to
be 1-hydroxyphenazine. It was reported that
1 -hydroxyphenazine can be generated from pyocyanin
by alkaline hydrolysis (Wilson et al., 1987). In
addition, the acidic yellow solution in this study with
maximuom absorption wavelength at 273 nm is also
consistent with a previous report (Watson et al.,

1986).

Conclusions

Phenazine derivatives were produced by P.
aeruginosa TISTR 781 (ATCC 9027) in KA
medium at ambient temperature with vigorous shaking
incubation for 2 days. The produced phenazine was
isolated by Amberlite XAD~16 resin column eluting
with 709% acetonitrile in water, Dark vellow and
blue fractions were obtained and only the interesting
blue fraction was collected and lyophilized to give
crude pyocyanin. The approximately yield of crude
pyocyanin was 1.05 g/1 of bacterial culture. In
purification by mean of gradual elution, a yellow
pigment was achieved when eluting with
dichloromethane and a blue pigment was achieved
when eluting with 109 MeOH in dichloromethane.
Chemical structures of the phenazine derivatives
were preliminarily confirmed by UV spectra, and
homogeneity tested by TLC and gradient HPLC. The

obtained blue pigment showed a single spot when

INTIDY V. 12 (1) 1A, - 1.0, 2550

tested with a suitable TLC solvent system, which is
dichloromethane-methanol (1:1, v/v), indicating
that it was free of other contaminants. Furthermore,
when testing the purity with HPLC, a single peak of
blue pigment with retention time of 12.7 min was
found. Based on color compounds and UV data, the
blue pigment should be pyocyanin. At pH 7.0,
pyocyanin solution is blue in color with maximum
absorption wavelengths at 379, 311 and 238 nm n
0.2 M HCL The color of the pigment solution changed
depending on the pH. Correlation of storage time and
pH variation was found causing structural changes of
pyocyanin. At pH 11, the color of pyocyanin
solution started appearing from blue to red-violet in
basic solution with absorption maxima shifted from
311 to 293 nm. The red-violet solution changed to
yellow in acidic with maximum absorption
wavelengths at 384 and 272 nm that should be
from 1-hydroxyphenazine. On the other hand, the
absorption and maximum absorption wavelengths of
the solutions at pH lower than 10 were independent

of time within 52 hours at room temperature.
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Table 1. The appearance and major peaks in uitraviolet spectra of both yellow and blue pigments

Compaound

Blue pigment

Yellow pigment

This study

Femindez and

Pizarro, 1997

This study

Fermnindez and Pizarro,

1897

Appearance Dark blue needie

Absorption maxima (nm)

in 0.2 M HCl 388, 278*
in CH,CI, 325, 308*, 238
in methanol 368, 319*, 238

Dark blue needle

388, 278*

3217, 309*, 242

368, 318%, 238

Yellow fine needle

383, 364, 274*, 239

368, 360, 353, 264*

368, 363, 350, 263*

Yellow fine needle

383, 364, 274", 242

368, 360, 350, 264*

368, 360, 350*, 263~

* Maximum absorption wavelength
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Table 2. Silica gel thin-layer chromatographic migration of blue pigment

31

Solvent system R,
Blue pigment Yellow pigment
Dichloromethane 0.00 0.44
Dichloromethane -ethyl acetate (9:1) 0.05 0.66
Dichloromethane -acetone (4:1) Q.05 0.68
Dichloromethane -methanol (9:1) 0.49 0.70
Dichloromethane -methanol (1:1) 0.53 0.77
0.064 (A) @
004 ;
04 o
2 - =
0.02- 3 M an (1t
o
0.00 . N N - W - S " S e
500 10.00 15.00 20.00 25.00 30.00
Minutes
0
0154 (B) {
d
a 0104 N
0.054
0.00 S . S ————— -
5.00 10.00 15.00 20.00 25.00 30.00
Minutes
Figure 1. The chromatograms of crude (A) and purified pyocyanin (B): Chromatogram in Fig. (A)

showing peaks of pyocyanin (I} and other phenazines [(I1}, (III)] using RP-HPLC under gradient

elution system with C18 column and eluting with gradually changing composition of solvent A;

water: TFA (100:0.01, v/v) and solvent B; water: acetonitrile: TFA (10:90:0.01, v/v), 1

ml min -1 of flow rate and monitoring at 254 nm with photodiode array detector.
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(a) (b)
OH
N N
\ \
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Figure 2. Chemical structures of 1-hydroxyphenazine (a) and pyocyanin (b) (Mavrodi et al., 2001)
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Figure 4. Effect of storage time on maximum absorption wavelength of pyocyanin at pH 11



