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Introduction
Natural pigments are colorants derived from natural sources 
such as plants, animals, and microorganisms [1]. The demand for 
biologically safe and environmentally sustainable alternatives drives 
interest in their production. With the growing global population, 
there is an escalating need for medications, antimicrobial agents, 
food, and beverages, as well as a wide range of colored paints, 
inks, and dyestuffs across multiple industries. Companies often 
employ synthetic pigments, which frequently pose risks, to meet 
this demand. Nevertheless, the detrimental consequences of 
overutilization and improper handling of artificial pigments are 
rising, presenting significant environmental concerns and grave 
health issues [2]. Living organisms serve as preferred sources 
of natural pigments due to their consistent availability, variety, 
and larger amounts. Mudaliar and Prasad assert that scientists 
increasingly focus on bacterial pigments such as pyocyanin due 
to their flexibility, ease of growth, genetic modification potential, 
and reduced risk of hypersensitive reactions [3].

The genus Pseudomonas synthesizes pyocyanin, a blue-green 
pigment with antioxidant qualities and a wide-ranging antibacterial 
effect against bacteria, fungi and parasites [4]. Researchers 
widely recognize pyocyanin as the most extensively studied 

member of the phenazines. P. aeruginosa strains exclusively 
cause the synthesis of the unique, blue-colored pigment. Several 
studies have utilized pyocyanin as a promising medicinal and 
biotechnological compound due to its remarkable physicochemical 
features and biological activities, particularly its antibacterial 
activity. Pyocyanin damages the cell walls of many microbes and 
pathogens. This causes harmful oxidative stress-related substances, 
such as ROS and free radicals, to build up inside the cells [5].

Pyocyanin’s antibacterial action indicates that it has the potential to 
be a medically useful chemical against various infections. Pyocyanin-
based medicines have the potential to enhance the effectiveness of 
current antibiotics and lower the likelihood of recurring infections. 
It possesses wound-healing qualities and exhibits anticancer effects 
[3]. The main way it stops cancer cells from spreading is by making 
a lot of Reactive Oxygen Species (ROS), such as hydrogen peroxide 
(H2O2) and superoxide (O2

-). These ROS induce considerable 
oxidative stress and inflict damage on the cells [6]. Only under 
specific growth conditions do bacterial species produce bacterial 
pigments as secondary metabolites [7]. When the cell runs out of 
resources during the lag phase, it produces pigments. The type 
of production medium also influences pigmentation [2]. Various 
bacterial species exhibit distinct growth requirements that result in 
the production of distinctive colors. To achieve the highest possible 
amount and quality of pigments, one can simply optimize the media 
and standardize the incubation conditions [8,9]. 

ABSTRACT
Pseudomonas aeruginosa is notable for its natural bluish-green pigment production, known as pyocyanin. Researchers have credited pyocyanin as an 
antimicrobial agent, in addition to its other biomedical applications. This study focused on isolating Pseudomonas aeruginosa from the local environment 
with the ability to synthesize pyocyanin and optimize its cultural conditions for improved yield. A total of thirty-one experimental combinations of process 
variables using the Central Composite Design (CCD) of Response Surface Methodology (RSM) was ran to find the best conditions for the organism to 
make pigments. Of the fermentation media evaluated, nutrient broth supplemented with maltose was the best fermentation medium for the organism’s 
pyocyanin production. A regression model described the interaction between the test variables and the pyocyanin yield with an R2 value of 87.52%, 
indicating that the model had a satisfactory fitness level. The determined optimal conditions include a maltose concentration of 18 g/L, a pH of 6.8, an 
inoculum size of 2.3 mL, and an agitation speed of 120 rpm. The optimized condition resulted in a 4.12-fold increase in pyocyanin yield compared to 
an unoptimized condition. Pyocyanin exhibits high antimicrobial activity compared to the conventional antibiotics assessed against E. coli and Candida 
albicans. Our study’s findings suggest that statistical models can improve pyocyanin synthesis by Pseudomonas aeruginosa. Furthermore, this pigment has 
the potential to replace conventional antibiotics in the treatment of microbial infections.
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Although pyocyanin shows promise in terms of its antibacterial 
and biological uses, it is crucial to emphasize that further 
study is necessary to comprehensively comprehend its modes 
of action, optimize its therapeutic potential, and address any 
potential safety issues. Also, making pyocyanin-based medicines 
from microorganisms requires careful consideration of many 
factors, including fermentation conditions, production dosage, 
administration methods, and interactions with host cells. In this 
study, we used response surface methodology to optimize the 
process conditions for pyocyanin production by Pseudomonas 
aeruginosa. We then evaluated the pyocyanin’s antimicrobial 
effects against some pathogenic microorganisms.

Materials and Methods
Sample Collection
We collected greywater samples from multiple restrooms in the 
students’ dormitories at Nnamdi Azikiwe University, Awka, using 
sterile sampling bottles. Nnamdi Azikiwe University in Awka 
has many student dorms, both on and off campus. These hostels 
provide accommodation for both male and female students. 
Each hostel structure has restrooms on every floor. The Nnamdi 
Azikiwe University Awka campus is located on the Enugu-Onitsha 
Expressway in Awka, Anambra, Nigeria. The university is located 
in Southeast Nigeria, precisely between latitude 6.245° to 6.283° 
N and longitude 7.115° to 7.121° E. We accurately labeled the 
samples with the collection date and promptly sent them to the 
university’s microbiology laboratory for isolation and analysis.

Isolation and Identification of Pseudomonas Aeruginosa
We used cetrimide agar, a selective medium, to isolate P. 
aeruginosa. We diluted the greywater sample in a series of 10-fold 
dilutions and then used the pour-plating procedure to inoculate 1 
ml of 10-3 diluted samples onto sterile cetrimide agar plates. We 
incubated the plates at 25°C for 24 hours to facilitate growth. 
Following the incubation period, we counted the developed 
colonies, sub-cultured them on an agar plate, and stored them on 
nutrient agar slants at a temperature of 4°C. Basic biochemical 
tests and 16S rDNA sequencing were used for the identification 
of the recovered isolate. The biochemical tests conducted include 
Gram’s reaction, catalase test, oxidase test, citrate test, motility 
test, utilization test, and sugar fermentation test.

Gram Staining
The isolate was spread over a clean glass slide, allowed to dry 
in the air, and then fixed by passing it over the Bunsen burner. 
After 1 minute, the smear was saturated with crystal violet and 
then washed with water. Lugol’s iodine was applied and allowed 
to remain for a further 1 minute. It was then rinsed off and treated 
with acetone, which functions as a decolorizing agent, for 10 
seconds. The slide was treated with safranin dye and then washed 
after 30 seconds. The slide was air-dried and examined using a × 
100 oil immersion lens [10].

Catalase Test
A 24-hour-old culture of the test isolate was smeared onto a slide 
that was devoid of grease, using a sterile inoculating loop. A 
minimal quantity (2–3 drops) of hydrogen peroxide solution was 
administered to the smear. The observation of gas bubbles on the 
slide’s surface indicated a positive outcome [10]. 

Oxidase Test
An oxidase test solution was prepared by dissolving 0.1 g of 
oxidase reagent in 1 ml of sterile water. An aseptic filter paper was 
submerged in the solution using aseptic forceps and subsequently 

allowed to air dry. A minute quantity of the 24-hour-old culture 
of the isolate was deposited onto the filter paper. The presence of 
a purple color indicated a positive result for the oxidase test [10].

Motility Test 
The bacterial isolate was introduced into test tubes with sterile 
semi-solid nutrient agar by stabbing and then placed in an 
incubator at room temperature for 24 hours. Observing growth 
in areas distant from the line of stabbing implied a positive result.

Sugar Fermentation
The sugars examined in the fermentation test included lactose, 
glucose, sucrose, and mannitol. A small amount of the 24-hour-old 
culture of the test isolate was transferred into a sterile solution 
containing 1% sugar, 1% peptone water, and bromothymol blue 
indicator in a test tube with an inverted Durham tube. The tube 
was placed in an incubator for 24 hours. A change in color from 
blue to yellow indicated a positive result for sugar fermentation. 
Additionally, the existence of bubbles at the tip of the Durham 
tube indicated the formation of gas [10].

Sequencing of the 16S rDNA 
The genomic DNA, specifically the 16S ribosomal RNA, was 
extracted using the ZR bacterial DNA miniprep kit from Zymo 
Research. The DNA was amplified using the polymerase chain 
reaction (PCR) with Taq 2X Master Mix from New England 
Biolabs (M0270). The primers used were the forward primer 
(27F: AGAGTTTGATCMTGGCTCAG) and the reverse primer 
(1525R: AAGGAGGTGWTCCARCCGCA). The amplification 
of the 16S rRNA used a cycling process with the following 
conditions: an initial denaturation phase at 94 °C for 5 minutes, 
followed by 36 cycles of denaturation at 94 °C for 30 seconds, 
annealing at 56 °C for 30 seconds, and elongation at 72 °C for 45 
seconds. The final elongation phase, conducted at a temperature 
of 72 °C, had a duration of 7 minutes. The amplified fragments 
were sequenced using a Genetic Analyzer 3130xl sequencer from 
Applied Biosystems, following the manufacturer’s instructions. 
We used the BigDye Terminator v3.1 cycle sequencing device 
as the sequencing kit. The genomic analysis was conducted 
utilizing the Bio-Edit program and MEGA X. The evolutionary 
history was inferred utilizing the neighbor-joining method, and 
the evolutionary distances were computed using the Maximum 
Composite Likelihood methodology [11,12]. 

Preliminary Synthesis and Extraction of Pyocyanin 
The method described in was employed. The initial synthesis 
of pyocyanin by Pseudomonas aeruginosa was done using four 
different fermentation media: peptone glycerol broth, nutrition 
broth supplemented with 1% w/v maltose, nutrient broth 
supplemented with 1% w/v glucose, and nutrient broth [13]. A 
24-hour culture of P. aeruginosa cells (1.2 x 105 cells/ml) was 
put into a 100-ml Erlenmeyer flask that already had 50 ml of the 
fermentation media in it. Subsequently, the flask was placed in 
a rotary shaker set at a speed of 150 revolutions per minute and 
maintained at a temperature of 25°C. 

We separated the supernatant from the fermentation broth after 
allowing the mixture to develop for 72 hours by spinning it in a 
centrifuge at a force equivalent to 10,000 times the acceleration 
due to gravity for 15 minutes and then repeated this process. 
The supernatant was recovered using the separating funnel and 
combined with chloroform in a ratio of 2:1. The mixture remained 
undisturbed for 10 minutes. The solvent layer containing the 
pigment was extracted using a separating funnel. The solution 



Citation: Chikodili G Anaukwu, Blessing I Onyebuagu, Chibuike G Obi, Vivian, N Anakwenze, Chito C Ekwealor, et al. (2024) Antimicrobial Effect of Response 
Surface Optimized Pyocyanin Produced by Pseudomonas aeruginosa. Journal of Biotechnology & Bioinformatics Research. SRC/JBBR-208. 
DOI: doi.org/10.47363/JBBR/2024(6)178

J Biotechnol Bioinforma Res, 2024            Volume 6(3): 3-7

was acidified with 0.1M HCl and then neutralized with drops of 
Tris buffer, resulting in the creation of a bluish-green pyocyanin 
pigment. We collected the generated pyocyanin pigment in a 
pre-weighed beaker. The pigment was subsequently concentrated 
through the process of desiccation in a low-temperature oven until 
it achieved a semi-dehydrated state. The pigment’s weight was 
determined by subtracting the initial weight of the beaker from 
its final weight, measured in grams.

Optimization of Pyocyanin Production using the Response 
Surface Method (RSM)
In this study, it was found that the most effective medium for 
pyocyanin production by Pseudomonas aeruginosa was nutrient 
broth supplemented with maltose. A Central Composite Design 
(CCD) of RSM to optimize key media components for enhanced 
pyocyanin yield was carried out [14]. A 24-full factorial central 
composite design was employed to establish a second-order 
polynomial model. The design consisted of four test variables, 
each with five levels, eight stars, and seven replicates at the center 
points. The variables evaluated include the maltose concentration 
(X1) ranging from 5 to 25 g/L, the pH (X2) ranging from 6 to 8, the 
inoculum size (X3) ranging from 1 to 3 ml, and the agitation (X4) 
ranging from 50 to 250 rpm. The experiment was devised with 
Minitab software version 17. We carried out a total of 31 trials, 
using the weight of the pyocyanin crude extract as the assessed 
experimental response (Y).

Table 1: Shows the Variables and their Levels Used in the 
Experiment
Variable -2 -1 0 1 2
X1 (g/L) 5 10 15 20 25
X2 6 6.5 7 7.5 8
X3 (ml) 1 1.5 2 2.5 3
X4 (rpm) 50 100 150 200 250

Empirical Validation of the Statistical Model 
We further analyzed the obtained results using Analysis of 
Variance (ANOVA) to determine the influence of each variable 
on the production of pyocyanin. The R2 value measures the 
percentage of variance that the considered model can explain. 
The best conditions were confirmed and recorded as the mean±SD 
[15]. The response optimizer of Minitab version 17 was used to 
predict the optimum conditions for pyocyanin production by P. 
aeruginosa.

Assessing the Antimicrobial Activity of the Pyocyanin Crude 
Extract
The antimicrobial activities of the produced pyocyanin against 
Escherichia coli and Candida albicans were evaluated using the 
modified Kirby-Bauer disc diffusion method [16]. We obtained 
the E. coli and Candida albicans strains for this investigation from 
the microbiological collection of the microbiology laboratory 
at Nnamdi Azikiwe University in Awka, Nigeria. We initially 
standardized the 24-hour-old test organisms using a 0.5 McFarland 
standard. Subsequently, they were evenly distributed over the 
sterile Muller-Hinton agar surface. The crude pyocyanin was 
impregnated onto sterile filter paper (No.1) discs at concentrations 
ranging from 100 mg/mL to 500 mg/mL. The discs were then 
placed on the surface of the culture plate containing the test 
organisms. We then placed the plate in an incubator at 25 °C for 
24 hours. The diameter of the zones of inhibition surrounding 
each pigment disc was measured and recorded in millimeters. 
The positive controls used in the study were a conventional 

antibacterial agent, chloramphenicol, and an antifungal agent, 
fluconazole [10].
 
Data Analysis 
The analyses were conducted in triplicate, and the findings were 
recorded as mean±SD. The mean and standard deviation were 
calculated using Microsoft Excel 365. The Analysis of Variance 
(ANOVA) of the responses obtained on CCD was conducted using 
Minitab software version 20.

Results and Discussion
Pseudomonas aeruginosa is the only natural source for pyocyanin 
pigment production [5]. This study revealed the high potential for 
pyocyanin production in Pseudomonas aeruginosa, locally sourced 
from wastewater in Awka, Nigeria. The organism’s preliminary 
identification revealed a bacterium positive for oxidase, catalase, 
glucose fermentation, and motility and negative for lactose, 
sucrose, and mannitol fermentation (Table 2).

Table 2: Basic Biochemical Test Results for Identifying 
Pseudomonas Aeruginosa
Biochemical Test Result
Gram reaction Gram-negative rod
Catalase +
Oxidase +
Motility +
Sugar fermentation  
Lactose -
Glucose +
Mannitol -
Sucrose -

The organism was further identified as Pseudomonas aeruginosa 
by 16S rRNA sequencing and BLAST analysis, which showed that 
it was 100% similar to strain NO6 (FJ972534.1). Phylogenetic 
analysis (Figure 1) presented several P. aeruginosa strains with 
a pairwise similarity of 100%, such as strain NSJ003.1 (NCBI 
accession no. MT373468.1), strain GHJ12 (NCBI accession no. 
MG396955.1), and strain P60 (NCBI accession no. KF670598.1), 
with 99% similarity to other strains as shown on the phylogenetic 
tree.

Figure 1: Phylogenetic Tree showing the Isolate’s Evolutionary 
Similarity to Other P. Aeruginosa Strains
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P. aeruginosa can produce pyocyanin in a variety of fermentation 
media, including King’s A medium [5,17]. Luria Bertani medium, 
nutrient broth, and nutrient broth supplemented with glycerol 
and/or glucose [17,18]. This study evaluated various media with 
varying contents, including peptone glycerol, nutrient broth 
with maltose, nutrient broth with glucose, and nutrient broth, 
to determine the best medium for pyocyanin production by the 
organism. Results show that there was a significant difference 
(P value < 0.05) in the pyocyanin yield in the different media 
tested. As shown in Figure 2, nutrient broth supplemented with 
maltose gave the highest pyocyanin yield of 0.98 g/mL, followed 
by peptone glycerol with a 0.75 g/mL yield. The un-supplemented 
nutrient broth produced the lowest yield. Supplementation of the 
fermentation medium with adequate carbon and nitrogen sources 
is a booster for P. aeruginosa’s production of pyocyanin. Research 
reported sucrose as a much better carbon source than glycerol and 
glucose. Another study found that mannitol, as a carbon source, 
yielded the maximum pyocyanin yield, followed by maltose and 
glycerol [19,20]. It is worth noting that several research groups 
have attempted to utilize various renewable waste products for 
pyocyanin production. These include brewing process waste, 
maize cooking waste, corn steep liquor, potato washing water, 
coffee waste, tea waste, molasses, cheese waste, grape seeds, taro 
leaves, pea pods, moss, cotton seed meal, olive waste, vegetable 
frying oil, corn, soybean, sweet potato, watermelon seeds, and 
groundnut [17,21-24]. However, this method typically yields 
relatively low pigment synthesis; therefore, we recommend further 
research that integrates renewable waste and mathematical models.

Figure 2: Pyocyanin Yield in different Fermentation Media

Several external variables, such as nutrients, pH, agitation, 
aeration, and incubation time, influence the synthesis of pyocyanin 
pigment differently across different strains of P. aeruginosa [25]. 
Researchers have dedicated their research to genetic engineering 
methods to enhance pyocyanin yield, aiming to create a more 
viable strain the culture conditions and medium components can 
also be optimized to increase an organism’s production yield. 
Microbes’ susceptibility to fermentation conditions emphasizes the 
importance of precise process parameters in microbial production 
[26-30]. To generate pyocyanin, it is critical to carefully examine 
the process conditions. This research enables the identification of 
P. aeruginosa’s critical characteristics that influence productivity 
and optimal pyocyanin yield [31].

Furthermore, it is more precise to use statistical models to 
determine the interactions and significance of variables to process 
yield, as well as optimize the process [32]. We utilized Response 
Surface Methodology (RSM) to develop experimental designs that 
simultaneously evaluate the interactions between process factors 
(maltose concentration, pH, inoculum size, and agitation speed) 
and their impact on production yield. We conducted a multiple 
regression analysis to build a regression model that examines 

the influence of the four specified parameters on experimental 
responses [33]. Table 3 shows the central composite experimental 
design runs that were used to get P. aeruginosa to produce a large 
quantity of pyocyanin, along with the actual responses that were 
recorded. Table 3 records thirty-one experimental runs and the 
pyocyanin yield in grams per milliliter. The resultant regression 
model is a quadratic polynomial equation that accurately describes 
the empirical interaction between the test variables and the answer. 
The equation is as follows: Y = 1.1224 + 0.0108 X1 - 0.0007 X2 
+ 0.0203 X3 - 0.0111 X4 - 0.02462 X1

2 - 0.02837 X2
2 - 0.02462 

X3
2 - 0.02297 X4

2 - 0.0176 X1X2 + 0.0046 X1X3 - 0.0163 X1X4 - 
0.0105 X2X3 + 0.0077 X2X4 - 0.0056 X3X4, where Y represents the 
pyocyanin yield measured in grams per milliliter, X1 represents the 
concentration of maltose, X2 represents the pH level, X3 represents 
the size of the inoculum, and X4 represents the speed of agitation. 

We performed an analysis of variance (ANOVA) to evaluate 
the statistical significance and appropriateness of the regression 
model. The findings from Table 4 demonstrates that the regression 
model exhibited statistical significance (p = 0.05). The lack of 
significance (P > 0.05) in the lack of fit test shows that the model 
is good for improved production by the organism. The study 
showed that the levels of the variables studied did not significantly 
impact the pyocyanin yield. We evaluated the model’s fit using 
the regression coefficient (R2) value, which was 87.52%. The 
calibration of the regression model to the experimental data is 
appropriate, as it explains 87.52% of the variation between the 
predicted and observed data. This confirms the model’s suitability 
for predicting pyocyanin production by P. aeruginosa, which was 
locally isolated in this investigation under experimental conditions.

The regression model showed that the best conditions for the 
process were 18 g/L of maltose, a pH of 6.8, an inoculum size of 
2.3 ml, and an agitation speed of 120 rpm. These conditions were 
coded as 0.6263, -0.3838, 0.6263, and -0.5859, respectively. In this 
study, RSM optimization resulted in a substantial improvement 
in prodigiosin production output, a 4.12-fold increase compared 
to the initial fermentation conditions. Previous studies [18,20,34-
36] have recorded the optimization of fermentation media and 
environmental conditions using response surface methodology 
to improve the yield of pyocyanin.

Table 3: Central Composite Design Runs showing Actual and 
Coded Variables, as well as the Responses

Run X1 X2 X3 X4 Response 
(Y)

Yield (g)
1 15(0) 7.0(0) 2.0(0) 250(2) 0.99
2 10(-1) 7.5(1) 1.5(-1) 200(1) 1.00
3 15(0) 7.0(0) 2.0(0) 150(0) 1.12
4 10(-1) 7.5(1) 1.5(-1) 100(-1) 1.05
5 20(1) 6.5(-1) 2.5(1) 200(1) 1.04
6 20(1) 7.5(1) 1.5(-1) 100(-1) 1.05
7 15(0) 6.0(-2) 2.0(0) 150(0) 0.98
8 10(-1) 7.5(1) 1.5(-1) 100(-1) 0.98
9 15(0) 7.0(0) 2.0(0) 150(0) 1.12
10 20(1) 6.5(-1) 1.5(-1) 200(1) 1.02
11 15(0) 7.0(0) 2.0(0) 150(0) 1.12
12 15(0) 8.0(2) 2.0(0) 150(0) 0.97
13 15(0) 7.0(0) 2.0(0) 150(0) 1.12
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14 15(0) 7.0(0) 1.0(-2) 150(0) 1.00
15 10(-1) 6.5(-1) 2.5(1) 200(1) 1.05
16 20(1) 7.5(1) 2.5(1) 200(1) 1.04
17 15(0) 7.0(0) 2.0(0) 150(0) 1.11
18 10(-1) 6.5(-1) 2.5(1) 100(-1) 1.04
19 10(-1) 6.5(-1) 2.5(1) 200(1) 0.99
20 25(2) 7.0(0) 2.0(0) 150(0) 0.99
21 10(-1) 7.5(1) 2.5(1) 200(1) 1.11
22 15(0) 7.0(0) 2.0(0) 150(0) 1.12
23 20(1) 7.5(1) 2.5(1) 100(-1) 1.07
24 20(1) 6.5(-1) 2.5(1) 100(-1) 1.22
25 15(0) 7.0(0) 3.0(2) 150(0) 0.98
26 10(-1) 6.5(-1) 1.5(-1) 100(-1) 0.98
27 20(1) 7.5(1) 1.5(-1) 200(1) 0.99
28 15(0) 7.0(0) 2.0(0) 150(0) 1.12
29 5(-2) 7.0(0) 2.0(0) 150(0) 0.99
30 15(0) 7.0(0) 2.0(0) 50(-2) 1.03
31 20(1) 6.5(-1) 1.5(-1) 50(-2) 0.97

Table 4: Analysis of Variance (ANOVA) for the Quadratic 
Response Surface Model for Pyocyanin Production by 
Pseudomonas Aeruginosa
Source DF Adj SS Adj MS F-Value P-Value
Model 14 0.082199 0.005871 2.38 0.050
Linear 4 0.012483 0.003121 1.26 0.325
X1 1 0.002528 0.002528 1.02 0.327
X2 1 0.000010 0.000010 0.00 0.950
X3 1 0.008146 0.008146 3.30 0.088
X4 1 0.002810 0.002810 1.14 0.302
Square 4 0.056178 0.014044 5.68 0.005
X1

2 1 0.017220 0.017220 6.97 0.018
X2

2 1 0.022864 0.022864 9.25 0.008
X3

2 1 0.017220 0.017220 6.97 0.018
X4

2 1 0.016498 0.016498 6.68 0.020
2-Way 
Interaction

6 0.013048 0.002175 0.88 0.531

X1X2 1 0.004188 0.004188 1.69 0.211
X1X3 1 0.000250 0.000250 0.10 0.755
X1X4 1 0.003933 0.003933 1.59 0.225
X2X3 1 0.001419 0.001419 0.57 0.460
X2X4 1 0.000920 0.000920 0.37 0.550
X3X4 1 0.000474 0.000474 0.19 0.667
Error 16 0.039537 0.002471   
Lack-of-Fit 8 0.035201 0.004400 8.12 0.080
Pure Error 8 0.004336 0.000542   
Total 30 0.121735    

Key: DF stands for degree of freedom, SS for sum of squares, 
MS for mean square, and P-value ≤ 0.05 is significant at 95 % 
confidence level. Model Summary: S = 0.0905284, R-sq = 87.52%, 
R-sq (adj) = 48.21%, R-sq (pred) = 0.00%

The antimicrobial activities of the pyocyanin were assessed 
using the Kirby-Bauer disc diffusion method. Table 5 shows 
the results of the antibiotic susceptibility test, which showed the 
growth-inhibitory zone of different concentrations of pyocyanin 
pigment against Escherichia coli and Candida albicans. This 
was compared to chloramphenicol, a common broad-spectrum 
antibiotic, and fluconazole, a common antifungal. Pyocyanin 
has shown remarkable efficacy against E. coli, with a zone of 
inhibition ranging from 1.4±0.01mm to 9.2±0.05 mm, and Candida 
albicans, with a zone of inhibition ranging from 0.00±0.00 mm to 
7.5±0.12 mm. The conventional antibiotics, chloramphenicol, and 
fluconazole, on the other hand, had antimicrobial effects against the 
test bacteria and fungi, with inhibition zones measuring 1.2±0.02 
mm for chloramphenicol and 2.5±0.01 mm for fluconazole. The 
antibacterial and antifungal effects of pyocyanin increased with 
increasing concentration of the pyocyanin (Table 5), and they were 
much stronger than the effects of the common antibiotics that were 
tested. However, pyocyanin inhibited bacterial (E. coli) growth 
more than fungi (Candida albicans) based on the zone of inhibition 
recorded. The antibiotic effect of pyocyanin recorded in this study 
corroborates reports in other studies. For example, the pyocyanin 
produced by P. aeruginosa strains isolated from different clinical 
specimens was effective against E. coli and Candida species [37]. 
Several other researchers have recorded a strong antibacterial 
effect of pyocyanin against E. coli, for example, [21,38, 39]. 
According to [40], the most sensitive bacteria to pyocyanin is 
E.coli. They also recorded inhibition of ranges of pyocyanin (250–
300 µg/ml) was recorded and antifungal activity of pyocyanin was 
better than fluconazole. Another study demonstrated that topical 
application of pyocyanin in 5 mg/ml concentration eliminated 
C. albicans in rabbits [41]. On the contrary to our result, high 
resistance to pyocyanin by E.coli was recorded in a study on the 
biotechnological and pharmacological assessment of pyocyanin 
from marine Pseudomonas sp. [42].

Table 5: Antimicrobial Sensitivity Testing of Pigments on Test 
Organisms in(mm)

Test 

Organism

Chloramphenicol Fluconazole

100 200 300 400 500

E. coli 1.4±0.01         1.7±0.10       1.8 ±0.02 6.8±0.01          8.2±0.05          1.2±0.02       -

C. albicans 0.0±0.00          0.9±0.02       4.9±0.00          5.2±0.01         7.5±0.12         - 2.5±0.01         

Conclusion
In this study, Pseudomonas aeruginosa with the potential for 
pyocyanin production was isolated from grey water samples 
in Awka, Nigeria. The response surface method of statistical 
optimization identified the fermentation condition suitable for 
production by the isolate and improved pyocyanin yield by 
4.12-fold. Pyocyanin produced showed a significantly higher 
antibacterial and antifungal effect against E. coli and C. albicans 
respectively than the conventional antibiotics tested. Pyocyanin is 
thus an excellent alternative to conventional antibiotics. However, 
the genomic study of the isolate is recommended for enhanced 
prodigiosin yield. 

Acknowledgement
The Authors wish to acknowledge the Department of Applied 
Microbiology and Brewing for the provision of laboratory space 
and resources for the project work.



Citation: Chikodili G Anaukwu, Blessing I Onyebuagu, Chibuike G Obi, Vivian, N Anakwenze, Chito C Ekwealor, et al. (2024) Antimicrobial Effect of Response 
Surface Optimized Pyocyanin Produced by Pseudomonas aeruginosa. Journal of Biotechnology & Bioinformatics Research. SRC/JBBR-208. 
DOI: doi.org/10.47363/JBBR/2024(6)178

J Biotechnol Bioinforma Res, 2024            Volume 6(3): 6-7

References
1. Singh T, Pandey VK, Dash KK, Zanwar S, Singh R (2023) 

Natural bio-colorant and pigments: Sources and applications 
in food processing. J Agric Food Res 12: 100628.  

2. Agarwal H, Bajpai S, Mishra A, Kohli I, Varma A, et al. 
(2023) Bacterial pigments and their multifaceted roles 
in contemporary biotechnology and pharmacological 
applications. Microorganisms 11: 614. 

3. Mudaliar SB, Bharath Prasad AS (2024) A biomedical 
perspective of pyocyanin from Pseudomonas aeruginosa: 
its applications and challenges. World J Microbiol Biotechnol 
40: 90.

4. Numan M, Bashir S, Mumtaz R, Tayyab S, Rehman NU, et 
al. (2018) Therapeutic applications of bacterial pigments: a 
review of current status and future opportunities 3 Biotech 
8: 207.  

5. Goncalves T, Vasconcelos U (2021) Colour Me Blue: The 
History and the Biotechnological Potential of Pyocyanin. 
Molecules 26: 927.  

6. Vipin C, Ashwini P, Kavya A, Rekha P (2017) Overproduction 
of Pyocyanin in Pseudomonas aeruginosa by supplementation 
of pathway precursor shikimic acid and evaluation of its 
activity. Res J Pharm Technol 10: 533-536. 

7. Celadon RS, Diaz LB (2021) Natural pigments of 
bacterial origin and their possible biomedical applications. 
Microorganisms 9: 739.  

8. Dorina S, Judith S, Bjoern W, Julia S, Andrea S, et al. (2020) 
A new strategy for combined isolation of EPS and pigments 
from cyanobacteria. J Appl Phycol 32: 1729-1740. 

9. El Naggar NEA, El Ewasy SM (2017) Bioproduction, 
characterization, anticancer and antioxidant activities of 
extracellular melanin pigment produced by newly isolated 
microbial cell factories Streptomyces glaucescens NEAE-H 
Sci Rep 7: 42129. 

10. Cheesbrough M (2006) District Laboratory Practice in 
Tropical Countries. Second Edition. Cambridge University 
Press, Cambridge, United Kingdom pp: 113-200.

11. Saitou N, Nei M (1987) The neighbor-joining method: A 
new method for reconstructing phylogenetic trees. Mol Biol 
Evol 4: 406-425.

12. Tamura K, Nei M, Kumar S (2004) Prospects for inferring 
very phylogenies by using the neighbor-joining method. Pro 
Nat Acad Sci 101: 11030-11035.

13. Zara S (2016) Biosynthesis of Prodigiosin and its Application 
J Biol Sci 11: 01-28.

14. Anaukwu CG, Ogbukagu CM, Ekwealor IA (2020) Optimized 
biosurfactant production by Pseudomonas aeruginosa strain 
CGA1 using agro-industrial waste as sole carbon source. Adv 
Microbiol 10: 543-562.  

15. Anaukwu CG, Ekwealor CC, Anakwenze VN, Orji CC, 
Ogbukagu CM, et al. (2024) Heavy metal application of 
response surface optimized-lipopeptide biosurfactant 
produced by Pseudomonas aeruginosa strain CGA-02 in 
low-cost substrate. Discover Applied Sciences 6: 252.

16. Yin D, Guo Y, Han R, Yang Y, Zhu D, et al. (2023) A 
modified Kirby-Bauer disc diffusion (mKB) method for 
accurately testing tigecycline susceptibility: a nation-wide 
multicenter comparative study. J Med Microbiol. https://www.
microbiologyresearch.org/content/journal/jmm/10.1099/
jmm.0.001671. 

17. DeBritto S, Gajbar TD, Satapute P, Sundaram L, Lakshmikantha 
RY, et al. (2020) Isolation and characterization of nutrient 
dependent pyocyanin from Pseudomonas aeruginosa and its 
dye and agrochemical properties. Sci Rep 10: 1542. 

18. Ozdal M, Gurkok S, Ozdal OG, Kurbanoglu EB (2019) 
Enhancement of pyocyanin production by Pseudomonas 
aeruginosa via the addition of n-hexane as an oxygen vector. 
Biocat. Agri Biotech 22: 101365.  

19. Özcan D, Kahraman H (2015) Pyocyanin production in the 
presence of calcium ion in Pseudomonas aeruginosa and 
recombinant bacteria. Turkish J Sci Technol 10: 13.

20. Gahlout M, Chauhan PB, Prajapati H, Tandel N, Rana S, 
et al. (2021) Characterization, application and statistical 
optimization approach for enhanced production of pyocyanin 
pigment by Pseudomonas aeruginosa DN9. Sys Microbiol 
Bioman 1: 459-470. 

21. El-Fouly MZ, Sharaf AM, Shahin AAM, El-Bialy HA, 
Omara AMA (2015) Biosynthesis of pyocyanin pigment by 
Pseudomonas aeruginosa. J Radiation Res Appl Sci 8: 36-48. 

22. Bianca Teixeira Morais de Oliveira, Patrik Saul Zarpellon 
Barbosa, Thiago Gonçalves Cavalcanti, Ian Porto Gurgel 
do Amaral, Ulrich Vasconcelos (2019) Craft beer waste as 
substrate for pyocyanin synthesis. Journal of Pharmacy and 
Biological Sciences 14: 21-25.

23. Bacame-Valenzuela FJ, Pérez-Garcia JA, Figueroa-Magallón 
ML, Espejel-Ayala F, Ortiz-Frade LA, et al. (2020) Optimized 
production of a redox metabolite (pyocyanin) by Pseudomonas 
aeruginosa nej01r using a maize by-product. Microorganisms 
8: 1-17. 

24. Kahraman H, Karaderi CC (2021) Pyocyanine production, 
twitching motility and hydrophobicity of different wastes on 
Pseudomonas aeruginosa. Pol J Environ Stud 30: 1641-1645.

25. Abdelaziz AA, Kamer AMA, Al-Monofy KB, Al-Madboly 
LA (2023) Pseudomonas aeruginosa’s greenish-blue pigment 
pyocyanin: its production and biological activities. Microb 
Cell Fact 22: 110.

26. Ajunwa OM, Odeniyi OA, Garuba EO (2022) Evaluation of 
extracellular electron transfer in Pseudomonas aeruginosa 
by co-expression of intermediate genes in NAD synthetase 
production pathway. World J Microbiol Biotechnol 38: 1-12.

27. Da Silva AJ, Cunha J, de Hreha S (2021) Metabolic 
engineering of E. coli for pyocyanin production. Metab Eng 
64: 1525. 

28. Wang K, Kai L, Zhang K (2020) Overexpression of phzM 
contributes to much more production of pyocyanin converted 
from phenazine-1-carboxylic acid in the absence of RpoS in 
Pseudomonas aeruginosa. Arch Microbiol 202: 1507-1515. 

29. Askitosari TD, Boto ST, Blank LM, Rosenbaum MA (2019) 
Boosting heterologous phenazine production in Pseudomonas 
putida KT2440 through the exploration of the natural sequence 
space. Front Microbiol 10: 1-12.

30. Voidarou C, Antoniadou M, Rozos G, Tzora A, Skoufos, I, et 
al. (2021) Fermentative foods: Microbiology, biochemistry, 
potential human health benefits and public health issues. 
Foods 10: 69

31. Wang X, Cui Z, Zhang Z, Zhao J, Liu X, Meng G, et al. (2024) 
Two-step optimization for improving prodigiosin production 
using a fermentation medium for Serratia marcescens and an 
extraction process. Fermentation 10: 85.

32. Bacame-Valenzuela FJ, Pérez-García JA, Castañeda-Zaldivar 
F, Reyes-Vidal MY (2020) Pyocyanin biosynthesis by 
Pseudomonas aeruginosa using a biodiesel byproduct. Mex 
J Biotechnol 5: 1-16. 

33. Nayebi H (2020) Multiple regression analysis. In: Advanced 
Statistics for Testing Assumed Causal  R e l a t i o n s h i p s . 
University of Tehran Science and Humanities Series. Springer, 
Cham pp: 1-46.

34. Moayedi A, Nowroozi J, Sepahy A (2018) Cytotoxic effect 



Citation: Chikodili G Anaukwu, Blessing I Onyebuagu, Chibuike G Obi, Vivian, N Anakwenze, Chito C Ekwealor, et al. (2024) Antimicrobial Effect of Response 
Surface Optimized Pyocyanin Produced by Pseudomonas aeruginosa. Journal of Biotechnology & Bioinformatics Research. SRC/JBBR-208. 
DOI: doi.org/10.47363/JBBR/2024(6)178

J Biotechnol Bioinforma Res, 2024            Volume 6(3): 7-7

Copyright: ©2024 Chikodili G Anaukwu, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited.

of pyocyanin on human pancreatic cancer cell line (Panc-1). 
Iran J basic Med Sci 21: 794.

35. Iiyama K, Takahashi E, Lee JM, Mon H, Morishita M, et al. 
(2017) Alkaline protease contributes to pyocyanin production 
in Pseudomonas aeruginosa. FEMS Microb Let 364. 

36. Jayaseelan S, Ramaswamy D, Dharmaraj S (2014) Pyocyanin: 
production, applications, challenges and new insights. World 
J Microb Biotech 30: 1159-1168. 

37. Ozyurek SB, Sinem DG, Isil B (2016) Investigation of 
antimicrobial activity of pyocyanin produced by Pseudomonas 
aeruginosa strains isolated from different clinical specimens. 
J Biol Chem 44: 1-6.

38. Reszka KJ, Xiong Y, Sallans L, Pasula R, Olakanmi O, et al. 
(2012) Inactivation of the potent Pseudomonas aeruginosa 
cytotoxin pyocyanin by airway peroxidases and nitrite. Am 
J Physiol Lung Cell Mol Physiol 302: 1044-1056. 

39. Hamad MN, Marrez DA, El-Sherbieny SMR (2020) Toxicity 
evaluation and antimicrobial activity of purified pyocyanin 
from Pseudomonas aeruginosa. Biointerface Res Appl Chem 
10: 6974-6790.

40. Abdul-Hussein ZR, Atia SS (2016) Antimicrobial effect of 
pyocyanin extracted from Pseudomonas aeruginosa. Euro J 
Exp Biol 6: 1-4.

41. Shouman H, Said HS, Kenawy HI, Hassan R (2023) Molecular 
and biological characterization of pyocyanin from clinical 
and environmental Pseudomonas aeruginosa. Microb Cell 
Fact 22: 166. 

42. Abuohashish HM, Amany S El Sharkawy (2023) 
Biotechnological and pharmacological assessment of 
pyocyanin from marine Pseudomonas otitidis EGY-NIOF-A1 
as an antimicrobial agent against clinical pathogens. Curr Res 
Biotechnol 6: 100156. 


