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INTRODUCTION 
 

The secondary metabolites from microorganisms play a 

vital role as lead compound in developing new drug and 

in chemotherapeutics even though chemotherapy is 

efficient in enhancing patient survival with primary 

tumors continue to have deprived prognosis (Samuilov, 

et al., 2003). Researchers have reported several 

secondary metabolite including biopigment, that shows 

various bioactivities like antimicrobial, anticancer, 

immunosuppressive, immunomodulatory, antitumor etc. 
(Phatake, et al., 2014).  

 

Azurin, a low molecular weight cupredoxin produced by 

Pseudomonas aeruginosa and some other bacteria, which 

is a promising source of therapeutic peptides since it has 

anticancer, antiparasitic and anti-HIV properties (Fialho, 

et al., 2008). Azurin a redox protein that can enter human 

breast cancer cells and induce apoptosis mediated by the 

tumor suppressor P53 protein (Samuilov, et al, 2003, 

Yamada, et al., 2002b). 

 
Peptides from microbes have already shown to be useful 

in many pathologies like diabetes, infective diseases 

(bacterial, fungal and viral), oncology and osteoporosis 

(Vlieghe, et al., 2010). The majority of these peptides are 

derived from protein active sites although some are 

designed based on genetic, recombinant and chemical 

libraries (Duncan, 2008).  

 

Azurin also reported to function in cell cycle arrest 

(Chaudhari, et al., 2007) and inhibits angiogenesis 

(Mehta, et al., 2011) through interaction with different 

molecules. In particular, azurin’s p28 peptide, 

corresponding to amino acids 50 to 77 which include the 
PTD (protein transduction domain) responsible for cell 

entry, is able to induce apoptosis and inhibit 

angiogenesis and recently ended phase I clinical trials 

(Mehta, et al., 2011; Yamada, et al., 2009). 

 

Another azurin derived peptide, p26, corresponding to 

amino acid 88 to 113, was identified as being structurally 

similar to ephrinB2, the EphB2 ligand. p26 is able to 

competitively bind to EphB2 inhibiting cellular signaling 

pathways that ultimately contribute for cancer growth 

(Chaudhari, et al., 2007).  

 
Recently, P-cadherin, which is associated with breast 

cancer patients with poor prognosis (Paredes, et al., 
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ABSTRACT 
 

The secondary metabolites from microorganisms play a vital role in developing new chemotherapeutics. 
Microorganisms especially bacteria produce different secondary metabolites which had proved to be one of the 

most important source of lead compounds. In the present study potent azurin producing bacteria were isolated and 

screen from from three soil samples (Maharashtra, India) and identified by morphological, biochemical and 

molecular method (16s r DNA) as Pseudomonas aeruginosa which produce a biologically active protein azurin, 

that has array of bioactivities. The produced azurin was extracted and qualitatively characterized by using 

conventional and modern analytical methods. The spectroscopic study shows lambda max of produced protein as 

225nm. Finally the production process of azurin was optimized by classical method. The selected strain of bacteria 

produces maximum azurin in selective media-I containing yeast extract and potassium nitrate as carbon and 

nitrogen source respectively. The optimum pH for the yield of azurin was found to be 7. The time and temperature 

of incubation was also optimized as 24 hrs. and 37˚C respectively. Optimum speed of agitation for the azurin 

production was found to be 150rpm. 
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2007; Ribeiro, et al., 2010), was identified as a new 

target molecule for azurin (Fialho, 2009). 

 

The researcher also found that cell growth and protein 

production by Pseudomonas is influenced by carbon and 

nitrogen sources as well as other physical parameters. 
 

The aim of the present study was to isolate potent azurin 

producing Pseudomonas strain from the environmental 

sample and qualitative and quantitative characterization 

of the produced protein. The selected strain will be 

further identified up to species level by molecular 

method. Finally the production process will be optimized 

by using classical method to get maximum yield of the 

azurin.    

 

MATERIALS AND METHODS 
 

Sample collection 

Three soil samples were collected from different regions 

of Baramati and Satara of Maharashtra, India, for 

isolation of azurin producing microorganisms (bacteria). 

The samples were collected from 8-10cm depth using a 

sterile spatula and transferred to pre-autoclaved sterile 

glass bottles with rubber stoppers. All samples were 

brought to the laboratory and stored in refrigerator until 

use (Marathe, et al., 2015). 

 

Enrichment, isolation and characterization of 

bacteria  
For the enrichment, one gram of each soil sample was 

inoculated in nutrient broth (100 ml) aseptically and 

incubated at 37oC for 5-6 days in rotating shaker 

incubator. One ml from each sample was mixed with 9 

ml sterilized saline and the suspension was serially 

diluted up to 10-8 dilution. From the diluted suspension 

0.1ml from 10-4 onward was transferred onto the sterile 

nutrient agar plates. These plates were then incubated at 

37±2˚C for 24 hrs, as azurin is a secondary metabolite, 

produced by microbes in stationary phase of growth.  

 
After incubation, the plates were observed for the 

isolated colonies. Selected colonies were re-streaked on 

same media to get pure culture. Selected bacterial 

isolates were screen on the basis of their azurin 

production ability. 

 

One potent azurin producing bacterial strain was 

characterized by standered morphological and 

biochemical techniques. 

 

Selected isolate was also identified upto species level by 
molecular method (16s r DNA). 

 

Molecular identification of isolate 

For 16s r DNA sequencing selected bacterial strain was 

subjected to chromosomal DNA extraction (CTAB 

extraction method). After extraction quality of the DNA 

was checked on 1% agarose gel electrophoresis at 110 V 

for 30 min. Then it was subjected to polymerase chain 

reaction which is widely used technique of DNA 

amplification. Forward primer 5' 

AGAGTTTGATCMTGGCTCAG 3' 27F and reverse 

primer 5' TACGGYTACCTTGTTACGACTT 3' 1492R 

were used for this reaction. After reaction PCR products 

quality was tested on agarose gel electrophoresis and it 

was sequenced by using big dye terminator V 3.1 cycle 
sequencing kit, (make-applied bio systems). The analysis 

was carried out as per the instrument instruction manual 

and the sequence of the sample was used for further 

analysis when it passes the all necessary criteria 

(Worden, et al., 2009). 

 

The obtained sequence was analyzed by NCBI alignment 

server and finally phylogenetic tree was constructed.    

 

Qualitative and quantitative characterization of 

azurin 

After 24 hrs incubation, cells were harvested by 

centrifugation at 10000 g for 15 min. Cell pellets was 
collected and suspended in the appropriate volume of 

0.02M potassium phosphate buffer (pH 7) with protease 

inhibitor and kept in the ice basket for sonication. Then 

cells were sheared by ultra sonicator (ultrasonics) of 

approximately 100 ml batches of cell suspension. All 

batches were sonicated for 1-2 min. at 100W. After 

sonication the samples was stirred vigorously and 

centrifuged at 10000g for 20 min. which removes cell 

debris. The green-brown crude supernatant was stored at 

4OC until further use. Precipitate was resuspended in 

same buffer, stirred vigorously, centrifuged and the 
supernatant were stored with the previous extracts. 

 

Spectroscopic study 

The extracted supernatant was used for determination of 

its maximum absorbance (lambda max). For this the 

collected supernatant were exposed to different 

wavelength (200-400) of UV-visible spectrophotometer 

and the absorbance at different wavelength was recorded. 

The values of absorbance were plotted against respective 

wavelength for calculation of lambda max. 

 

Nanodrop method 

A standard curve is required every time before initiating 

the assay. The sample protein was loaded onto the lower 

measurement pedestal and sampling arm was lowered. 

Finally yield was calculated in mg/ml. 

 

Optimization of production process 

In order to determine the effect of different media type 

on azurin production, different media viz. nutrient broth, 

luria broth, selective media-I, selective media -II, 

tryptone soya broth, tryptone phosphate broth, 

MacConkey broth and tryptose phosphate broth were 
used. For evaluation of effect of carbon source on azurin 

production total six carbon sources such as glucose, 

lactose, maltose, sucrose, fructose and yeast extract was 

used. The effect of different nitrogen source on yield of 

azurin was also investigated by inoculating 0.1ml 

suspension of isolated Pseudomonas aeruginosa into 

pre-sterilized selective medium-I containing yeast extract 
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as carbon source. This medium was additionally 

supplemented separately with nitrogen sources as 

ammonium sulphate, ammonium nitrate, ammonium 

chloride, potassium nitrate and tryptone. The pH plays 

vital role in growth and development of microorganism. 

Provision of optimum pH is necessary for proper growth 
and maximum yield. So for optimization of the pH, the 

selected Pseudomonas aeruginosa was inoculated in 

selective medium having different pH viz.4, 4.5, 5, 5.5, 

6, 6.5, 7, 7.5 and 8. Production of azurin which is a 

secondary metabolite was generally starts in stationary 

phase of growth, so to determine optimum incubation 

time for production, organism was incubated for 

different time interval (6, 12, 18, 24, 30, 36, 42, and 48 

hrs.). Provision of optimum temperature is extremely 

important for optimum functioning of vital enzymes in 

bacteria. 0.1ml suspension of the Pseudomonas 

aeruginosa was inoculated in medium and incubated in 
different temperature viz. 20, 31, 37 and 400C. The 0.1ml 

suspension of the isolate was inoculated in the previously 

optimized medium and incubated in rotary shaker 

incubator at different speed of agitation viz. 0, 50, 100, 

150 and 200rpm for checking effect of agitation on 

production process. After each run of optimization, final 

yield of azurin was determined by nanodrop method. 

 

RESULTS AND DISCUSSION 
 

Isolation and screening of bacteria 

After incubation growth was observed on all plates of 
nutrient agar. However only the greenish colored 

colonies, which are peculiar characteristics of 

Pseudomonas spp. were selected as potential isolates. 

Total two isolates were obtained from selected soil 

samples. These isolates were labeled as SS1 and SS2.  

 

Selected two isolates were screen for their ability to 

produce azurin by using UV-visible spectroscopic 

studies and it was further quantified by using nanodrop 

method. The spectroscopic studies showed that both the 

selected isolated bacteria produce peptide showing 

similarity with azurin. 

 

 
Figure 1: Spectroscopic study of Azurin extract. 

 

Whereas on the basis of yield of azurin obtained by 

nanodrop method, one potential isolate (SS 1) was 

selected for further study, because it showed yield up to 

0.8564 mg/ml. while SS 2 producing azurin 0.6458 
mg/ml. 

 

Identification of the isolate 

After growth on nutrient agar isolate SS1 showed 

greenish yellow colored colonies by producing a 

diffusible pigment. The biochemical characters were 

performed by using standard methods described in 

Bergey’s manual of determinative bacteriology. 

According to King E.O. et.al. (1954) Pseudomonas 

aeruginosa colonies appear green to bluish-green due to 

production of pyocyanin pigments. 

 
The results obtained with morphological and 

biochemical characteristics (Table: 1) for SS1 were 

compared with the characters of reference Pseudomonas 

aeruginosa (Bergey’s Manual of Determinative 

Bacteriology) and it was found that SS1 exhibits more 

similarity with the Pseudomonas aeruginosa. 

 

Table 1: Morphological and Biochemical Characterization of isolate SS1. 
 

Sr. No Morphological Character Results Sr. No Biochemical test Results 

1 Gram staining Gram negative 1 Catalase test + 

2 Motility Motile 2 Oxidase test + 

3 Cell shape Rod 3 Sugar utilization test - 

4 Greenish pigment Present 4 Citrate utilization test + 

5 Capsule Absent 5 Casein hydrolysis test + 

6 Spore Absent 6   

 

Molecular identification of isolate 

For 16s r DNA sequencing, chromosomal DNA from 

selected bacterial strain was successfully extracted by 

CTAB extraction method, the results of agarose gel 

electrophoresis confirms it, when gel was observed under 

UV-transilluminator.  
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Figure 2: Quality of extracted DNA on agarose gel. 

 

After reaction PCR products quality was tested on 

agarose gel electrophoresis. PCR amplified DNA bands 

were observed on UV transilluminator. First well consist 
of 1kb ladder and second well consist of 1450 bp 

amplified PCR product. 

 

 
Figure 3: Amplified PCR product on agarose gel. 

 

PCR product was then subjected to nucleotide 

sequencing. Results of the cycle sequencing reaction can 

be seen on genetic analyzer computer using software 

sequencing analysis 5.2. The obtained sequence was 

submitted to National Center for Biotechnology 

Information, with accession number KY982541 (Sabale, 
S. S. et al., 2017). 

 

Sample name: (SS1): 

TTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTCCGGA

AACGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTATC

AGATGAGCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAA

CTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTAATACGGGAGGC

AGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAA

GGTCTTCGGATTGTAAAGCACTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTT

GACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGT

GCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGA

AATCCCCGGGCTCAACCTGGGAACTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTG

GTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCG
ACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACC

CTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCA

GCTAACGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAAT 

Figure 4: 16 s r DNA sequence of the isolate. 

 

Phylogenetic relationship with first five BLAST results 

from NCBI gen bank database, proved that isolated 

bacteria is Pseudomonas aeruginosa. 

 

 
Figure 5: Phylogenetic relationship with first Five 

BLAST results from NCBI Gen Bank Database. 

Optimization of production process 

Effect of type of medium on azurin production 

The effect of different media on growth of bacteria and 

on yield of azurin was determined. After incubation 

product was quantified and it was found that selective 

medium-I support maximum yield of azurin followed by 

tryptone soya broth, tryptone phosphate broth and 
selective medium-II. Nutrient broth, luria broth, 

MacConkey broth and tiptose soya broth not only 

suppress growth of organism but also significantly 

decrease azurin production. The selective medium-I 

contain KNO3 and CuSo4 which may be act as inducer 

for azurin production, whereas most frequently used 

medium in microbiology viz. nutrient broth, luria broth 

and MacConkey broth surprisingly inhibiting azurin 

production. The main component of tryptone soya broth 

 DNA ladder      Test DNA 
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viz. tryptone was found to show positive induction effect 

on production of secondary metabolite. 

 

 
Figure 6: Effect of type of media on azurin 

production. 

Effect of carbon source on azurin production 

For evaluation of effect of carbon source on azurin 

production total six carbon source such as glucose, 

lactose, maltose, sucrose, fructose and yeast extract was 

separately added in selective medium-I. Less yield of 

azurin was obtained from medium containg maltose, 

lactose fructose and sucrose while positive effect on 

yield of azurin was found in the flask supplemented with 

glucose, highest yield was obtained in yeast extract. 

 

 
Figure 7: Effect of carbon source on azurin 

production. 

 

Effect of nitrogen source on azurin production 
The effect of different nitrogen source on yield of azurin 

was determined with selective media-I and yeast extract 

as a carbon source. The medium was additionally 

supplemented with nitrogen source such as ammonium 

sulphate, ammonium nitrate, ammonium chloride, 

potassium nitrate and tryptone. Highest azurin was 

obtained from flask containg potassium nitrate followed 

by tryptone and ammonium nitrate. Ammonium chloride 

and ammonium sulphate was found to be not supporting 
biosynthesis of azurin as their presence in the medium 

decrease azurin yield. 

 

 
Figure 8: Effect of nitrogen source on azurin 

production. 

 

Effect of pH on azurin production 

More acidic or more alkaline condition is not suitable for 

number of microorganism for synthesis and production 
of metabolite. Selective medium containing yeast extract 

as carbon source and KNO3 as nitrogen source with 

different pH i.e. 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5 and 8 were 

used. Highest growth and yield was obtain at pH 7 

followed by 6, 6.5, 7.5 & 8. While azurin yield was 

significantly decreased at acidic conditions (pH 4, 4.5, 5 

and 5.5).  

 

 
Figure 9: Effect of pH

 
on azurin production. 

 

Effect of incubation time on azurin production 

Bacteria require optimum time period to grow and 

produce product. Media containing selected carbon and 

nitrogen source and with pH 7 was incubated for 

different time interval i.e. 6, 12, 18, 24, 30, 36, 42, and 

48 hrs. After incubation, maximum product was obtained 

after 18 - 20 hrs. of incubation, followed by 24 - 30 hrs. 

incubation. Very low yield of azurin was obtained from 

flask incubated at 6, 12, 36, 42 and 48 hrs. 
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Figure 10: Effect of incubation time on azurin 

production. 

 

Effect of incubation temperature on azurin 

production 

Provision of optimum temperature is extremely 

important for proper growth and functioning of vital 

enzymes.  Selective medium-I supplemented with yeast 

extract as carbon source and KNO3 as a nitrogen source 

was incubated at different temperature viz. 20ºC, 31ºC, 
37ºC and 400C. After incubation azurin yield was 

determined, highest product was obtained from the flask 

incubated at 37ºC, notable decrease in azurin conc. was 

found with change in temperature.  

 

 
Figure 11: Effect of incubation temperature on azurin 

production. 

 

Optimization of speed of agitation. 

The effect of agitation on azurin production was studied 

by incubating medium at different speed i.e. 0, 50, 100, 

150 and 200 rpm, after incubation final yield was 

determined by nanodrop method and it was found that 

maximum yield was obtained at 150 rpm followed by 
200 and 100 rpm, but at low (0, 50 and 100) rpm 

significant decrease in the final yield was observed. 

 

 
Figure 12: Effect of agitation on azurin production. 

 

CONCLUSION 
 

The soil samples used for isolation of the azurin producer 

were found to be thriving source of the various 

microorganisms. Both the selected bacterial isolates were 

successfully screen for their azurin producing ability and 

one potent isolate SS1 was identified upto species level 

by molecular method (16s r DNA). The produced protein 

was qualitatively characterized as azurin by 

spectroscopic studies which are reliable and accurate 

method for characterization of bimolecule. In shake flask 

culture, yield and cell density was found to significantly 

depend upon the media used. Selective medium-I gives 
highest yield of azurin as it contains CuSo4 and a mineral 

base with KNO3 as a sole source of nitrogen and yeast 

extract as the carbon source.  

 

The pH of the medium play vital role in the the 

biosynthesis of metabolites. The earlier studies revealed 

that an optimum pH range for the growth of bacterial 

strains is between 6.0 and 7.0. In case of Pseudomonas 

spp. high biomass and protein content was observed at 

neutral pH. 

 

Incubation period affected the growth rate of the 
cultures, to short or long incubation period reduced the 

total protein content of the culture. It may be due to the 

accumulation of other by-products in the medium. In 

case of Pseudomonas aeruginosa high biomass and 

protein content observed at 18 to 24 hrs of the 

incubation.  

 

Finally the optimum temperature for azurin production 

was observed in the flask incubated at 370C. for 150 rpm. 

The large scale production using optimized parameter 

show two fold increase in the of azurin production, 
authenticating the significance and accuracy of the 

optimization process.  
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