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Abstract 
Pyocyanin is a blue-green phenazine pigment synthesized by Pseudomonas aeruginosa that has 
significant biotechnological applications. The present study aims to investigate pyocyanin extracts 
of multi-drug resistant P. aeruginosa isolates sourced from hospital wastewater and evaluate their 
antimicrobial activity against a panel of clinically relevant pathogens such as Staphylococcus aureus, 
Salmonella typhi, Achromobacter xylosoxidans and Candida albicans. Nutrient broth and King’s A 
broth supplemented with 1% nutrient supplements such as rice water and groundnut cake powder 
were used as a production medium. Extracted pyocyanin was confirmed by FTIR analysis. The isolates 
P8 and P9 demonstrated of varying concentrations of pyocyanin in different media. Isolate P8 showed 
maximum pyocyanin production in King’s A broth compared to nutrient broth with pyocyanin yields  
14.34 (µg/mL) and 5.63 (µg/mL), respectively, without the nutrient supplements. Preliminary 
antimicrobial activity of the pyocyanin extracts exhibited substantial inhibition of tested bacterial culture 
at a concentration of 25 mg/µl; however, did not show any antifungal activity against tested fungi.
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INTRODUCTION 

 Pseudomonas aeruginosa is a gram-
negative, aerobic, rod-shaped uniflagellate 
bacterium. It is remarkably adaptable and 
metabolically versatile microbe that demonstrates 
broad habitat tolerance, exhibiting ubiquitous 
distribution in various ecological niches such 
as soil, water, animals, sewage, hospitals, 
oil-contaminated areas, and sinks.1 It is an 
opportunistic pathogen that poses a serious 
threat particularly in healthcare settings and in 
individuals with compromised immune systems. 
P. aeruginosa generates a substantial diversity 
of extracellular pigments such as pyocyanin, 
pyomelanin, pyorubrin, and fluorescein. One 
of the significant features is the production of 
soluble blue-green pigment pyocyanin.2,3 Bacteria 
depend on secondary metabolites in order to 
survive in the environment and pyocyanin is 
majorly secreted by P. aeruginosa. Pyocyanin is 
important as a quorum sensing (QS) signaling 
molecule as well as a virulence factor for P. 
aeruginosa.4 Pyocyanin pigment is a redox-active 
nitrogen-containing heterocyclic secondary 
metabolite with a molecular structure of 5-methyl-
1-hydroxyphenazine.5 The two enzymes PhzM and 
PhzS, are involved in the synthesis of pyocyanin 
from the precursor phenazine. The synthesis of 
this pigment is influenced by iron concentration, 
as adding iron to a low-phosphate medium 
enhances the production of pyocyanin and related 
phenazine pigments by bacterium species.6 Carbon 
and nitrogen sources in growth media also affect 
pyocyanin synthesis. Pyocyanin is a zwitterion, 
and has a low molecular weight and enables 
permeation through biological membranes. At 
neutral pH, it is characterized by a blue-greenish 
color, and at alkaline pH, it changes to pink-red. 
The antagonistic activity of pyocyanin is due to 
its unique redox potential fiercely converting 
oxygen to the toxic superoxide radical.7 Its 
electron transferrable nature allows it to be 
used in a variety of industries, including medical, 
agriculture, and industry, while also having a good 
impact on the environment.8 Pyocyanin holds 
potential for use as a biocontrol agent. Studies 
show that the secondary metabolite, pyocyanin 
exhibits antibacterial, antiviral, antifungal, and 
anticoagulant properties.4 Studies also reported 

anticancer properties of pyocyanin agent due to its 
cytotoxic effect on tumor cells.9 Pyocyanin serves as 
a redox mediator in biosensors and microbial fuel 
cells, a food colorant, a preservative, and a textile 
colorant in the industry due to its antibacterial 
and antibiofilm activity.10 Bacterial infections have 
become difficult to treat due to increasing drug 
resistance and necessitate alternate methods to 
combat drug resistant pathogens. Pyocyanin has 
potent antibacterial activity against both Gram-
positive and Gram-negative bacteria and also 
have antifungal properties.11 Several microbial 
species including bacteria and fungi have the 
ability to flourish in a range of conditions, causing 
infections that are highly common in humans 
due to many types of exposure. In the present 
study, selected human pathogens were chosen to 
represent those that are associated with infections 
that transmit through various ways including 
contaminated food and water, direct contact and 
airborne transmission through the inhalation of 
respiratory droplets and dust particles. Because 
of their close association with the Pseudomonas 
in Cystic Fibrosis infections A. xylosoxidans was 
also chosen. Therefore, the aim of the present 
study was extraction of pyocyanin pigment from 
P. aeruginosa, and evaluate its microbicide effect 
against significant human pathogens such as 
Gram-positive S. aureus, Gram-negative S. typhi, 
A. xylosoxidans and fungi C.albicans.

MATERIALS AND METHODS 

Collection and characterization of Pseudomonas 
aeruginosa
 The current study utilized P. aeruginosa  
(n = 10) sourced from hospital wastewater, 
obtained from the institutional repository.

Molecular screening of Pseudomonas spp.
 Molecular assay was done by using a 
P. aeruginosa species-specific primer for the 
outer membrane lipoprotein OpRL gene. (OprL1 
F: ATGGAAATGCTGAAATTCGGCCT; OprL2 R: 
TCTTCAGCTCGACGCGACG) of P. aeruginosa 
(amplicon size 151 bp). A volume of 30 µl was 
used for Polymerase Chain Reaction (PCR) using 
Bio-Rad S1000, Thermocycler with reaction 
conditions, initial denaturation at 94°C for 5 min, 
denaturation at 95°C 30 sec, annealing at 55°C 
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for 30 sec, extension at 72°C 30 sec and a final 
extension 72°C for 7 min. The amplified products 
were visualized by electrophoresis in 1.5% agarose 
gel, stained with ethidium bromide and visualized 
in a gel documentation system (Bio-Rad, USA).12,13

Preliminary screening and media optimization for 
pyocyanin pigment production
 All confirmed isolates were checked for 
the production of pyocyanin by streaking onto 
the cetrimide agar. Only the colonies that showed 
vigorous blue-green pigmentation were selected 
for further analysis. Two growth media, Nutrient 
Broth (NB) and King’s A medium amended with 1% 
of nutrient sources were used for the production 
of pyocyanin. Briefly, 100 µL of P. aeruginosa liquid 
culture consisting of cell density 3×106 CFU/mL was 
inoculated into 100 mL NB and King’s A medium 
supplemented with 1% of nutrient supplements 
(NS) rice water and/or groundnut cake powder 
and incubated at 37°C in a shaker incubator (160 
rpm) up to log phase. After 72 hours of incubation, 
the culture medium was subjected to pyocyanin 
extraction. Bacteria grown without NS was 
considered as control and the growth of the strain 
was monitored during the study.14

Extraction and purification of pyocyanin pigment
 The pigment was extracted using the 
chloroform method.15 Isolates were grown in 
nutrient broth and King’s A Media with or without 
NS for 72 hours and centrifuged at 10000 rpm for 
10 minutes and the supernatant was collected. 
To the supernatant, chloroform was added at a 
ratio of 2:1, and mixed thoroughly to get a bluish-
green pigment. To this pigment, 0.1 N of HCl was 
added and mixed well to obtain an acidified pink 
color layer which was then neutralized with 0.2 
NaOH, the neutralized layer was treated with 
chloroform and kept in a vacuum evaporator for 
drying. The chloroform fraction, blue in color due 
to the presence of blue-colored pyocyanin was 
concentrated and purified by a silica gel column 
having a diameter of 3 cm and 60 cm length. The 
column was packed with silica having a mesh 
size of 200 and equilibrated using a chloroform-
methanol solvent system in the ratio 1:1 and 
the concentrated pyocyanin fraction was loaded 
into the column. Chloroform-methanol solvent 
system was used as the mobile phase to separate 

pyocyanin. The blue-colored pyocyanin fraction 
was collected and concentrated in a vacuum rotary 
evaporator at 40°C. Dried pyocyanin was stored at 
4°C until further use.16

Characterization of extracted pyocyanin pigment
 The purified pyocyanin was analyzed 
by spectroscopic method. The UV-visible 
spectrophotometer was used to measure the 
maximum absorption of the solution at 520 nm. 
Concentrations were expressed as micrograms 
of pyocyanin produced per milliliter of culture 
supernatant.15

Concentration of pyocyanin (µg/mL) = 
OD520nm × 17.072

Fourier Transform Infrared (FTIR) analysis
 Specific functional groups of extracted 
pyocyanin were observed using FTIR analysis 
and confirmed.16 Characterization was done at 
Poornayu Research Labs (Bangalore).

Antimicrobial efficacy of extracted pyocyanin 
pigment
 Antibacterial assay of extracted pyocyanin 
pigment was carried out by well diffusion 
technique with DMSO served as control according 
to the protocol described by Saha et al.17 Wells 
with 0.5 mm diameter was made on sterile 
Muller Hinton agar plates. Three of the test 
bacteria namely S. aureus, A. xylosoxidans and 
S. typhi (previously confirmed and obtained 
from institutional repository) were inoculated 
into Muller Hinton broth (MHB) and incubated 
at shaker incubator at 37°C with 120 rpm until 
the turbidity reached 0.5 MacFarland. From this  
0. 1 mL of the culture was swabbed homogenously 
onto Muller Hinton agar. 40 µL of extracted 
pyocyanin was added to the well and the 
plates were incubated at 37°C for 24 hours. The 
inhibition zone around the wells was measured 
in millimeters. The antifungal activity of the 
pyocyanin was determined by agar well diffusion 
technique, according to method described in CLSI 
guidelines 2020 at a concentration of purified 
pyocyanin 40 mg/L obtained by adding DMSO. 
Briefly C. albicans were grown in MHB upto 0.5 
MacFarland and swabbed of MHA with 2% glucose 
and 0.5 µg/mL methylene blue. An aliquot of  
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50 µL of these concentrations was tested against 
Candida albicans MTCC 227 and were performed 
in triplicates. 

RESULTS

 P. aeruginosa isolates were obtained 
from the institutional repository and revived. All 
ten isolates were subjected to various biochemical 
tests and confirmed. All 10 isolates were found to 
be Gram-negative, rod-shaped bacilli that were 
positive for oxidase, catalase, and citrate utilization 
tests and negative for Indole, Methyl red, and 
Vogues Proskauer tests. 
 P. aeruginosa isolates were further 
screened by molecular method, PCR using a 
species-specific primer specific for the outer 
membrane lipoprotein. Figure 1 presents the DNA 
amplification at 151 bp confirming the presence 
of P. aeruginosa.

Preliminary screening and culture conditions for 
pyocyanin production
 All the confirmed isolates were streaked 
onto the cetrimide agar for preliminary screening 
for pyocyanin production. The colonies with strong 
blue-green pigment production, P8 and P9 isolates 
were selected for further optimization studies. The 
effect of incubation time for pyocyanin production 
for the two isolates P8 and P9 were tested at 72 

and 96 hours. Two flasks were inoculated with 
the culture, and incubation was carried out for 
4 days, i.e. 96 hours to observe the production 
of pyocyanin. Production of pyocyanin gradually 
decreased by increasing the incubation time from 
72 hours to 96 hours which was clearly shown by 
the change in the color from green to yellow as 
seen in Figure 2. Hence, the incubation time of 
72 hours was considered optimum for pyocyanin 
production.
 Pigment production by P8 and P9 isolates 
was carried out in Nutrient broth and King’s A 
broth medium with and without supplements 
such as 1% rice water and ground nut cake 
powder. Nutrient broth and King’s A broth without 
supplement which served as control and showed 
better concentration when compared with 
medium supplemented with carbon sources. The 
highest production of pyocyanin was observed 
with P8 isolate about 5.63 (µg/mL) without 
any supplements in Nutrient broth. In King’s A 
medium, also maximum pigment production was 
observed in P8 isolate 14.34 (µg/mL) without any 
supplements. Overall, isolate P8 exhibited better 
yield when compared to P9 isolate in both the 
medium. It was observed that the production 
of pyocyanin amended with inexpensive carbon 
sources like rice water and ground nut cake did 
not show any observable effect on the pyocyanin 
yield.

Figure 1. Gel image showing the band for P. aeruginosa. Lane M: Marker 100 bp; Lane 1-4: Positive isolates, Lane 
5: Negative control
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Purification and characterization of pyocyanin 
pigment
 UV-Spectrophotometer  ana lys i s 
confirmed the extracted pyocyanin with a 
maximum absorbance of 0.97 at 365 nm 
wavelength. 
 FTIR data revealed the presence of 
carbonyl group (C=O) observed at 1666 cm-1, 1688 
cm-1, C=N at 1572 cm-1, 1463 cm-1, respectively for 
P8 and P9 isolates, and the aromatic stretching of 
C-H was observed at 2956 cm-1 for both P8 and P9. 
Figure 3 shows the FTIR spectra of the extracted 
pyocyanin pigment of P8 isolate.

Antimicrobial efficacy of extracted pyocyanin 
pigment
 The antimicrobial susceptibility tests of 
pyocyanin were performed against pathogenic 
strains of S. aureus, S. typhi, and A. xylosoxidans 
as shown in Figure 4. The inhibition activity was 
observed by the zone of clearance around the 
pigment. S. aureus, A. xylosoxidans, and S. typhi 
showed a significant zone of inhibition. Pyocyanin 
extracted from P8 and P9 isolates did not show any 
inhibition zone with tested fungi.
 

DISCUSSION
 
 Hospital wastewater are a major reservoir 
of antibiotic-resistant bacteria which might harbor 
bacteria with potential industrial applications.18 
P. aeruginosa being opportunistic bacterium with 
economic significance is widely used for various 
applications due its ability to secrete phenazine.4 
In order to increase the yield of pyocyanin pigment 
produced by Pseudomonas strains, use of an 
inexpensive medium was investigated. Different 
culture conditions and nutrient supplements affect 
the overall production of pyocyanin pigment. On 
observing the pigment production at two different 
temperatures of incubation, the production of 
pyocyanin gradually decreased by increasing 
the incubation time from 72 hours to 96 hours Figure 2. Effect of incubation time on pyocyanin 

production in Nutrient broth medium (a) 72 hr (b) 96 hr

Figure 3. FTIR spectroscopic analysis of the pyocyanin pigment extracted from P8 isolate
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which was clearly shown by the change in the 
color from green to yellow as seen in Figure 2. 
Hence, the incubation time of 72 hours can be 
considered optimum for pyocyanin production. 
Pyocyanin production depends on the incubation 
period. A study by Rani et al. reported the same 
incubation time, i.e. 72 hours as the optimum for 
pyocyanin production. There were remarkable 
changes in the color of the media after 72 hours 
of incubation.19 Similar results were obtained in 
a study by Elbargisy, where it was observed that 
the optimum conditions for pyocyanin production 
are to use King’s A fluid medium with inoculated 
medium incubated at 37°C with shaking at 200 rpm 
for a period of three to four days.20 Both shaking 
and longer incubation periods (3-4 days) improved 
pyocyanin production. Longer incubations start to 
create additional pigments including pyoverdine, 
pyomelanin, and pyorubin, which slow down the 
production of pyocyanin and make it more difficult 
to extract the pigment.21

 Overall, isolate P8 exhibited better yield 
when compared to P9 isolate in both Nutrient 
Broth and King’s A broth medium. Carbon and 
nitrogen sources highly affect the production of 
pyocyanin.22 However, in this study it was observed 
that the media amended with carbon sources 
such as rice water and ground nut cake did not 
show any effect on the pyocyanin yield. Pyocyanin 
production was maximum in King’s A broth upto 
14.34 µg/mL compared to nutrient broth which 
yielded 5.63 µg/mL. Production of pyocyanin is 
nutrient-dependent, the natural nutrients such as 
fat, minerals carbohydrates, and proteins in King’s 
A growth medium carrying peptone, magnesium 
chloride, and glycerol as major chemical nutrients 
influence the production of pyocyanin. A detailed 
study of the medium composition and nutrient 

supplement composition was not carried out due 
to time constraints. The combination of nutrients 
both natural and chemical nutrients in King’s 
A medium might have increased the bacterial 
density and maximum pyocyanin pigment. The 
yield obtained in the present study without 
nutrient supplements may be due to the contents 
of the King’s A broth medium which is rich in both 
organic and inorganic nutrients which enable an 
increase in pigment production. Peptone, glycerol, 
and magnesium chloride supplemented in King’s 
A broth, whereas nutrient broth has few energy 
sources due to which pyocyanin yield was low.
 A study for P. aeruginosa proliferation 
and pyocyanin production was done using media; 
King’s A medium, glycerol-supplemented nutrient 
broth (GSNB), and mineral medium. King’s A 
medium supported the highest increase in the 
growth yield for P. aeruginosa strains used. Under 
shaking conditions, King’s A medium resulted in 
the highest growth yield for both P. aeruginosa 
strains R1 and U3. The study demonstrated 
similar results that King’s A media supports good 
growth of Pseudomonas for pyocyanin production 
either in shaking or static conditions.23 For P8 
and P9 isolates, FTIR measurements showed 
the presence of carbonyl groups (C=O) at 1666 
cm-1, 1688 cm-1, and C=N at 1572 cm-1 and 1463 
cm-1, respectively. For both P8 and P9 isolates, 
the aromatic stretching of C-H was seen at 2956 
cm-1. These bands match the several functional 
groups that are present in pyocyanin and all result 
is in accordance with previous studies.24 The 
intensity of the pyocyanin concentration exhibited 
maximum absorbance at 365 nm wavelength, 
which is typical of the pyocyanin molecule. Studies 
have reported pyocyanin exhibits an absorbance 
band at 230-380 nm.25

Figure 4. Representative images of antagonistic activity of extracted pyocyanin showing zone of inhibition against 
tested bacteria and fungi
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 Antimicrobial activity screening of 
the extracted pyocyanin showed inhibition 
of pathogenic strains of S. aureus, S. typhi, 
and A. xylosoxidans as shown in Figure 4. The 
inhibition zone of P8 and P9 against S. aurues 
were 24 mm and 21 mm. The highest zone of 
inhibition was observed for isolate P8 against 
S. typhi with 26 mm. Based on the results of an 
experimental study, it was observed that for S. 
aureus, a concentration of 23.78 µM is necessary 
for antibacterial activity.26 According to Devnath 
et al., Gram-negative bacteria are reportedly 
less susceptible to pyocyanin as compared to 
Gram-positive bacteria.27 Recently, Kamer et al. 
further demonstrated antimicrobial activity of 
pyocyanin against methicillin resistant S. aureus 
(MRSA) which highlights the potential prospective 
application of pyocyanin as biocontrol agent.28

 The possible mechanisms of resistance 
and sensitive patterns of isolates for the pyocyanin 
depends on the level of catalase and superoxide 
dismutase production by the Gram-positive 
and Gram-negative bacteria. The difference in 
the cell wall content of these bacteria might be 
associated with the sensitivity and resistance of 
bacteria to pyocyanin pigment.29 A. xylosoxidans is 
a genus of non-fermenting Gram-negative bacteria 
primarily isolated from the respiratory tract of 
people with cystic fibrosis and often co-exists 
with Pseudomonas species, it can cause a broad 
range of infections in hosts with other underlying 
conditions.30 Remarkably in this study, pyocyanin 
pigment of P8 and P9 showed considerable 
microbicidal activity against A. xylosoxidans 
with inhibition zone size of 19 mm and 12 mm, 
respectively. To the best of our knowledge, this 
is the first study to test the efficacy of pyocyanin 
against A. xylosoxidans The specificity of the 
targeted pathogen needs to be studied further. 
Fungi that commonly infect humans and cause 
detrimental infections include Candida spp. and 
Cryptococcus spp. Pyocyanin has been shown to 
impede the growth of several fungal species to a 
significant extent. Pyocyanin acts against fungi in 
a concentration-dependent manner depending on 
the fungal species. A study by Abdul-Hussien and 
Atia reported pyocyanin was able to inhibit the 
growth of Aspergillus niger, Aspergillus fumigatus, 
Cryptococcus neoformans, Candida tropicalis, 
and Candida albicans in the concentration range 

of 47.56 µM to 475.65 µM while Candida krusei 
was not as significantly inhibited.31 In the present 
study no antifungal effect of pyocyanin by P8 and 
P9 isolates were observed. Robust fungal cell wall 
structure and detoxifying mechanism against ROS 
could be the reason for the resistant towards 
pyocyanin.
 Pyocyanin exhibits  versat i l i ty  in 
applications, serving as a food colorant, fabric 
dye, and therapeutic antimicrobial agent as 
studied by various researchers. Recognizing its 
multifaceted utility, the present study investigated 
synthesis of pyocyanin from P. aeruginosa 
through cost-effective fermentation techniques, 
in contrast to expensive synthetic methods. A 
comprehensive investigation into various low-cost 
nutrient sources can be conducted to maximize 
pyocyanin production by Pseudomonas spp. at 
different growth conditions, offering a deeper 
understanding of optimal conditions for enhanced 
synthesis. The pyocyanin extracts of P8 and P9 
isolates showed substantial antibacterial activities 
against human pathogens which could be used in 
future as potential biocontrol against infections 
cause by these microorganisms.

CONCLUSION

 The present study demonstrated that 
P8 and P9 isolates of hospital wastewater 
origin are able to produce pyocyanin at varying 
concentrations in different media. King’s A 
broth could be used for pyocyanin production 
at optimum culture conditions. The optimum 
conditions for the production of pyocyanin was 
found to be 37°C at 160 rpm for 72 hours in King’s 
A medium. The study demonstrated no significant 
increase in pyocyanin production using rice water 
and groundnut cake powder which are inexpensive 
energy sources. Although, potent antibacterial 
activity of extracted pyocyanin against selected 
human pathogen A. xylosoxidans may have 
promising applications, especially in an era where 
antibiotic resistance is a growing concern. 
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