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Abstract  

     Pyocyanin is a blue-greenish phenazine pigment produced by certain strains of 

Pseudomonas aeruginosa. This secondary product pigment is revealed to have 

antibacterial, anticancer, antiparasitic, antioxidant, and antibiofilm formation 

activity. This study investigates the effects of organic solvents, such as toluene, 

surfactants, and particularly triton X-100, on pyocyanin synthesis in the presence of 

glycerol. Moreover, the pyocyanin pigment was chemically characterised using 

Fourie Transform Infra-Red spectroscopy (FT-IR). The results showed the highest 

yield of pyocyanin was produced when glycerol 1% was the only carbon source 

used in the growth medium (nutrient broth). The production of pyocyanin went up to 

31.1 mg/L and 13.1 mg/L when either 0.2% toluene or 0.3% triton X-100 was added 

to the nutrient broth along with 1% glycerol. This was compared to the control level 

of 6.2 mg/L. FT-IR analysis revealed that pyocyanin had a hydroxyl group (O-H), 

an aromatic hydrocarbon ring (C-H), aliphatic saturated hydrocarbon chains (CH, 

CH2, CH3), and a C=N bond. It seems that adding glycerol-toluene to the nutrient 

broth medium can help P. aeruginosa make more extracellular yields, such as 

pyocyanin. Furthermore, FT-IR analysis showed that pyocyanin is biologically safe 

(has no biological toxic chemical compounds), and these findings confirmed that 

pyocyanin could be widely used in applications such as in the therapeutic, 

medication, nutrition, fabric, bio-control, nanotechnology, and physicochemical 

industries. 

 

Keywords: Pseudomonas aeruginosa, pyocyanin, glycerol, organic solvents and 

FT-IR. 

 

 تعزيز إنتاج وتوصيف كيميائي لصبغة البيوسيانين المستخرجة من الزائفة الزنجارية 
 

 ل لطفي ئ خما*، بكان عامر ن 
 العراق -، كلية العلوم، جامعة بغداد، بغدادعلوم الحياة قسم 

 

 خلاصة:ال
فينازين   البيوسيانين       تنتجها  صبغة  مخضرة  سلالات   زرقاء  الزنجارية.  بكتريا   من   بعض  اثبت    الزائفة 

ت ومضاد  مضاد للبكتيريا ومضاد للسرطان ومضاد للطفيليا بايولوجي  لها نشاط    لبايوسيانينأن صبغة ا  تجريبيا
الحيوية. الهدف من هذه الدراسة هو البكتريا للاغشية  المذيبات  التحري عن    للأكسدة ومضاد لتكوين  تأثيرات 

التولوين،  العضوية السطحي    مثل  للتوتر  الخافضة  انتاجية  على    X-100 تريتون مثل  والمواد  و  تصنيع 
التحليل الكياوي ،  بالاضافة الىالبيوسيانين بوجود الجلسرين.   البيوسيانين  توصيف و دراسة  باستخدام    لصبغة 

بالأشعة تحت الحمراء  إنتاج    . أظهرت نتائج هذه الدراسة (FT-IR) مطيافية تحويل فوري  زيادة معنوية في 
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ال ك1بتركيز    الجلسرين  باضافةبيوسيانين  صبغة  المغذي٪  المرق  النمو  لوسط  وحيد  كربوني  كما    . مصدر 
٪ تولوين أو  0.2اما  / لتر عند إضافة    لغم م  13.1/ لتر و    لغمم  31.1انين إلى  إنتاج البيوسي  ت قابليةارتفع
تريتون 0.3  ٪ X-100   المغذيات مرق  التوالي,  إلى  على  جلسرين1بوجود    ,  ا   بينما  ,٪  تركيز  نتاجية  كان 

السيطرة  عينة  في  تحليل  لغم م  6.2  الصبغة  كشف  لتر.   / FT-IR   مجموعة على  يحتوي  البيوسيانين  أن 
)  H) -(Oهيدروكسيل امين  وسلاسل هيدروكربونية   H) -(Cحلقة هيدروكربون عطرية و    (2NHو مجموعة 

  أن إضافة الجلسرين والتولوين   استنتجت هذه الدراسة,  .( C = N)  اصرة  و   CH2(CH, CH ,3( مشبعة أليفاتية
التريتون  يساعد   و  أن  يمكن  المغذيات  مرق  وسط  الزنجارية   إلى  خارج  الزائفة  الغلات  من  المزيد  إنتاج  في 

)لا تحتوي على    بايولوجيا  لبيوسيانين آمنان ا   FT-IRيانين. علاوة على ذلك، أظهر تحليلالخلية، مثل البيوس
سامة(  كيماوية  بينت  مركبات  بالتالي  البحث  و  هذا  استخدام   نتائج  تطبيقات    البيوسيانين  صبغة  امكانية  في 

و  والتغذية  والأدوية  العلاجية  الصناعات  مثل  النانو  صناعة  واسعة  وتكنولوجيا  البيولوجي  والتحكم  الأقمشة 
 .والصناعات الفيزيائية

 
1. Introduction   

     Pseudomonas species are Gram-negative, aerobic, curved rods that measure 0.5-1.0 µm by 

1.5-5.0 µm. Through the use of one or more polar flagella, they can move. They have highly 

tight oxygen-based aerobic respiratory metabolism, but nitrate has occasionally been utilised 

as a substitute that permits anaerobic development [1]. The pathogen that is most commonly 

related to nosocomial pneumonia is P. aeruginosa [2]. It is usually connected to a chronic, 

fatal lung condition that is the primary cause of morbidity and mortality in people suffering 

from cystic fibrosis (CF), in addition to the colonisation of burn wounds with P. aeruginosa, 

whose systemic invasion can lead to lethal consequences [3, 4].  

P. aeruginosa is considered one of the most important species of commercial interest, which 

produces a variation of soluble pigments, including pyocyanin (blue-green), pyoveridin 

(yellow-green), pyorubin (red) and pyomelanin (brown) [5, 6]. Pyocyanin is a secondary blue-

green metabolite, which converts red when the pH drops > 4.9, and has the capability to 

oxidize and reduce other molecules [7]. Carbon and nitrogen supplies, incubation, salt, 

oxygen, temperature, and pH are considered the major factors affecting the biological activity 

of the pyocyanin formation [7, 8]. Furthermore, alkaline protease escalates the synthesis of 

pyocyanin [10]. Pyocyanin is derived from phenazine. Phenazin is a type of extracellular 

secondary metabolite pigment produced by P. aeruginosa, which contains nitrogen 

(C13H10N2O) and naturally soluble in aqueous solutions. Pyocyanin applies a diversity of 

biomedical activities such as anticancer, antiparasitic, antibacterial, antibiofilm, antimalarial, 

immunosuppressive, and antioxidant [10-12]. All these characters of the pyocyanin form it as 

a vital pigment to be performed in pharmaceutical, medical, nanotechnology, nutrition, fabric, 

physicochemical and bio-control fields [7, 13, 14]. Different supplements such as fatty acids, 

organic solvents, surfactants, and vegetable oils have been tried by various researchers to 

enhance the synthesis of microbial products. They report that these supplements lead to the 

change in cell membrane composition, thus enhancing the quality of the desired product [16]. 

Pyocyanin is used in various fields, such as medicine, agriculture, and research. However, due 

to its limited availability (lack of large-scale yield) and the complexity of its production 

process, pyocyanin can be relatively expensive in the market. In view of the prospective uses, 

it is necessary to develop a new technique in order to get pyocyanin at an affordable price.  

Therefore, this project sought to study the effect of toluene on P. aeruginosa pyocyanin 

production and examined its composition and possible impacts. In addition, examining the 

functional groups and chemical structure of pyocyanin is an essential aspect of a safety 

investigation. It gives vital insights into potential risks, toxicity mechanisms, and the creation 

of safety measures to protect human health and the environment. 
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2. Materials and methods 

2.1 Microorganism and preparation of inoculum 

     Out of eight P. aeruginosa isolates (SPA 1–8) used in the current study were obtained 

from postgraduate students at the Department of Biology, College of Science, University of 

Baghdad. These strains were isolated from wound burn patients in hospitals across Baghdad 

city in Iraq. Standard procedures were used to confirm the isolated identities. Bacterial 

isolates were stored at -20°C in nutrient broth (HiMedia, India) supplemented with 20% (v/v) 

glycerol (Merck). Isolates were grown on cetrimide plates at 30°C for 20 h. One colony was 

transferred to 10 mL of nutrient broth and cultivated at 30°C for 20 hours. 1 mL of bacterial 

suspension ~ (108 CFU/mL) was inoculated into a flask (250 mL), which contained 100 mL 

of nutrient broth, and cultivated at 30°C for 20 h. For pyocyanin production and extraction, 

the nutrient broth supplemented with either toluene or triton X-100 along with glycerol was 

inoculated into flasks and incubated at 30°C for 72 h with agitation at 150 rpm/min. 

 

2.2 Bacterial strains, deoxyribonucleic acid (DNA) extraction and polymerase chain reaction 

(PCR) identification 

     The cultivation of all strains was conducted in nutrient broth by incubation at 37°C for 20 

h. The growth was collected using centrifugation at 12,000 xg for 5 min. The bacterial gDNA 

was extracted using the EZNA Bacteria Genome Kit (Omega Bio-Tek, USA) following the 

guidance provided by the manufacturer. DNA concentration and purity were assessed by 

agarose gel electrophoresis and NanoDrop 2000c UV-Vis spectrophotometer (Thermo Fisher 

Scientific, USA). The extracted DNA was preserved at -20°C until it was subjected to PCR 

investigation. 

Primer3 software was used to design the PCR primers 5’ >̶ 3’ (FOR-16s: 

AGAAAGTCGGGGATCTTCGG) and (REV-16s: CTTGCGCCCATTGTCCAATA) 

targeting the conserved sequence of 16S rDNA. Primers with no hairpin assemblies or dimers 

were picked. Their specificity was first confirmed using the NCBI Blast tool 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The PCR mixture included 10 μL of 2 × Phusion 

Master Mix (Thermo Fisher Scientific, USA), 1 μL of each primer (10 μM), 50 ng of DNA 

template, and DNase/RNase-free H2O to achieve a final volume of 20 μL. The process of 

PCR amplification was performed using a thermal cycler (Bio-Rad, USA). PCR conditions 

used: initial denaturation phase (98°C for 3 min), followed by 35 cycles (95°C for 30 s, 52°C 

for 30 s, and 72°C for 15 s), final extension step  (72°C for 10 min). PCR amplicons were 

visualised by running on 2% agarose gel, and they  made visible by staining with ethidium 

bromide (0.5 µg/mL) [16, 17]. 

 

2.3 Effect of glycerol on pyocyanin production 

     To determine the effects and identify the optimal concentration of supplementing media 

with carbon sources on the efficiency of pyocyanin production, glycerol was added to the 

nutrient broth at 0.5, 1, and 1.5% (v/v). Before autoclaved media, the pH values were adjusted 

to 7.2. One isolated colony for each bacterial strain was separately inoculated into the media 

and incubated at 30 °C for 24 h with agitation at 150 rpm/min. 

 

2.4 Effect of toluene and triton X-100 on pyocyanin formation in the presence of glycerol 

     Toluene and triton X-100 were separately supplemented to the growth (production) media 

at one of the following concentrations (0.1%, 0.2%, or 0.3%, v/v) post 24 h of bacterial 

cultivation. Both control and test flasks were made from nutrient broth without toluene or 

triton X-100, and it was included 1% (v/v) glycerol. For the test flasks, post 24 h incubation, 

either toluene or triton X-100 was added under aseptic conditions. The fermentation was 

conducted for an additional 48 h (for a total of 72 h fermentation time point) at 30°C with 

agitation at 150 rpm/min. 
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2.5 Measurement of pyocyanin production 

     The quantity of pyocyanin synthesised by P. aeruginosa was evaluated after 72 h of 

incubation. The bacterial culture was centrifuged at 5000 xg for 25 min to collect the bacterial 

supernatant. The absorbance (A) at 520 nm was utilised to calculate the quantity of pyocyanin 

existing in the supernatant. The below formula was used to estimate the quantity of pyocyanin 

(mg∕L) = A520 × 17.072 [19]. 

 

2.6 Pyocyanin extraction and partial purification 

     At a concentration of 108 colony forming unit/mL (CFU/mL), the strain was used to make 

pyocyanin for the first 72 h of incubation with shaking at 30°C with 150 rpm/min. The blue-

green colour in the broth medium acted as a sign that pigment was being produced. After 72 h 

incubation, the culture was precipitated at 5000 xg for 25 min. The separated supernatant was 

then mixed in a 1:2 ratio with chloroform (Merck) to extract the blue-green pigment. A fresh 

test tube was filled with the newly combined solution before being treated with 0.2 M 

hydrochloric acid (HCl) (Merck). After that, 0.2 M NaOH was added until the colour of the 

solution changed from deep pink to greenish-blue. A 0.45 μm membrane filter (Fisher 

Scientific) was used to filter the mixture in order to get a clear, blue-greenish solution of 

pyocyanin, which was then extracted in chloroform once again. Drop by drop, dry petroleum 

ether was added until the chloroform evaporated and the formation of blue pyocyanin crystals 

occurred (3 mL of petroleum ether was added for every 1 mL of chloroform) [5]. 

 

2.7 FT-IR spectroscopy for pyocyanin analysis 

     To get the FT-IR spectrum for pyocyanin and figure out what functional groups it belongs 

to, a Shimadzu IRprestige-21 in transmittance mode was used. Mixing 2 mg of pyocyanin 

with 200 mg of KBr (Sigma-Aldrich) made 3 mm discs that were compressed. The spectrum 

was then changed to account for KBr background. This proceeded by inspecting the pellets in 

the 3500-750 cm1 range with a resolution of 4 cm1 and 10 scans [20]. The analysis was 

carried out at the Department of Chemistry/ University of Baghdad, Iraq. 

 

2.8 Statistical analysis 

     The research data of this study were statically analyzed against the control sample by using 

graphPad (Presim version 5). The results are presented as the mean value (+/-) [(standard 

deviation (SD)] gained from 3 independent biological experiments. Data were analysed 

against the control sample, and an asterisk represents a P value of (*p≤0.05, **p≤0.01, 

***p≤0.001), which was considered to be significant and was determined using the student t-

test (two-tailed). 

 

3. Results  

3.1 Identification of 16S rDNA for P. aeruginosa  

     PCR amplification of the genomic DNA from the SPA 2–7 isolates of P. aeruginosa 

generated an amplicon of the anticipated size (about 192 bp). However, no PCR products 

were obtained for the two isolates (SPA 1 and 8). Consequently, these two isolates were 

excluded from further experiments or studies in this research (Figure 1). 
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Figure 1: PCR amplicons of P. aeruginosa (SPA 1-8) genomic DNA samples. Lane M: 

100bp DNA ladder (NEB, UK). Lane 1-8 (SPA 1-8 bacterial genomic DNA), lane 9 no 

template control. PCR amplicon expected size is (192 bp). 

3.2 Strains for production pyocyanin and effect of glycerol on pyocyanin production 

The findings of this study, which assessed the pyocyanin production capability of SAP 2–7 

strains, suggested that SPA 3 isolate could be a strain worth considering. Therefore, the SPA 

3 isolate was elected for the remaining experiments in this research. The inquiry was 

performed to evaluate the impact of glycerol on the synthesis of pyocyanin, and the findings 

are shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of glycerol on the efficiency of pyocyanin production. Data were analysed 

against the control sample, and an asterisk represents a P value of (*p≤0.05, **p≤0.01, 

***p≤0.001), which was considered to be significant and was determined using the student t-

test (two-tailed). 

 

3.3 Enhancement of pyocyanin production in presence of toluene and triton X-100   

     The effects of toluene and triton X-100 on pyocyanin production in P. aeruginosa (SPA 3) 

isolate were investigated by adding 0.1-0.3% (v/v) of either toluene or triton X-100 to the 

growth medium, which contains 1% glycerol for 72 h fermentation period time. Our result 

found that added of toluene at 0.2%, v/v led to the highest level of pigment formation (31.1 

mg/L) (Figure 3). However, added triton X-100 at 0.3% v/v yielded the highest level of 

pigment formation (13.1 mg/L) (Figure 3). These outcomes propose that pyocyanin 
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production is greatest when toluene and triton X-100 are added to the nutrient medium 

supplemented with 1% glycerol. Based on these findings, toluene at 0.2 % (v/v) was chosen 

for further use since it produced the maximum amount of pyocyanin when supplemented to 

the growth medium. In general, bacteria produce pyocyanin as a secondary metabolite.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Effect of toluene and/or triton X-100 on pyocyanin formation. In the presence of 

1% glycerol, either toluene or triton X-100 was added to the fermentation medium after 20 h 

post-incubation. Data were analysed against the control sample, and an asterisk represents a P 

value of (*p≤0.05, **p≤0.01, ***p≤0.001), which was considered to be significant and was 

determined using the student t-test (two-tailed). 

 

3.4 FT-IR analysis of pyocyanin pigment 

     FT-IR test was used to detect the active chemical groups of the pyocyanin pigment 

generated by the SPA 3 strain, as shown in Figure 4. The existence of the following active 

chemical groups: hydroxyl group (O-H) at wave number rate 3134.11cm-1, aromatic 

hydrocarbon rings (C-H), and aliphatic saturated hydrocarbon chains (CH, CH2, CH3) at wave 

number rate 2921.96 cm-1 remarkable the tested pyocyanin. The pyocyanin pigment, which is 

represented by the peak of 1629.47 cm-1, is the only one with C=N link. As a result of 

stretching vibrations of C=C in the aromatic ring, FT-IR spectrum showed aromatic 

hydrocarbon at the ranges of 1500-1400 cm-1 and 1600-1585 cm-1.  
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Figure 4: FT-IR analysis of extracted pyocyanin pigment. 

 

4. Discussion 

     In this study, P. aeruginosa was identified using an endpoint PCR test by targeting the 16S 

rDNA. Six out of eight isolates were identified as P. aeruginosa strains. Differentiating 

between the major phyla of bacteria may be achieved by comparing their 16S rRNA gene 

sequences. These sequences also allow for the categorization of strains at several levels, 

including species and subspecies [21]. 

 

     In order to enhance the formation of pyocyanin pigment, the inquiry was performed to 

evaluate the impact of glycerol on the synthesis of pyocyanin, and the findings are shown in 

Figure 2. Based on these findings, it can be concluded that a 1% concentration of glycerol is 

an appropriate carbon source for maximising the efficiency of pyocyanin yielding. Other 

studies have reported glycerol enhances and increases the production of pyocyanin pigment 

because it is a source of carbon [20, 21]. The exact process through which glycerol enhances 

pyocyanin production in P. aeruginosa may comprise a combination of metabolic processes, 

genes transcription, oxidative stress response, and quorum-sensing regulatory systems [24]. 

The second part of the current study was to study the enhancement of pyocyanin production 

in the presence of toluene and triton X-100. It’s well knowledge that secondary metabolites 

are produced towards the conclusion of the growth cycle or very close to the stationary phase 

[25]. The various optimal fermentation periods that have been described in the literature may 

be a result of the various strain types, fermentation medium compositions, and culture 

conditions [26]. According to Ozcan and Kahraman, and Murat, P. aeruginosa NRRL B-771 

and OG1, respectively, produced the most pyocyanin after 72 h incubation [7, 25]. When 

introduced directly to the growing medium, several organic solvents, including benzene, 

xylene, and toluene are very poisonous and kill the majority of microorganisms at low doses 

[28, 29]. OprF, the major porin-forming protein in P. aeruginosa outer membrane, allows 

hydrophilic solutions to flow through and reach the periplasm. Toluene cannot cross the outer 

membrane in toluene resistance mutants where OprF has been deleted [30]. Several research 

groups have found ways to significantly boost enzyme synthesis. Alkaline protease synthesis 

by Streptomyces clavuligerus was found to be greatly boosted by the addition of some organic 
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solvents such as xylene benzene, butanol (0.1%, v/v), and acetone (0.3%, v/v) [28, 29]. 

Pyocyanin is made from the amino acids alanine, glutamic acid, proline, leucine, and 

isoleucine, which are metabolised by the enzyme protease by means of organic solvents. In 

addition, pyocyanin formation may be enhanced by alkaline protease [10]. 

Furthermore, the FT-IR test was used to detect the active chemical groups of the pyocyanin 

pigment generated by the SPA 3 strain. Our data found that the extracted pyocyanin is safe 

(does not have any of known toxic chemical structure as a part of the chemical active groups), 

as shown in Figure 4. Published data supporting the representation of the pyocyanin pigment 

by FT-IR analysis and indicating its presence as the predominant molecule in the extract were 

supported by the FT-IR analysis peaks, and the bonds discovered at these peaks as follows: 

hydroxyl group (OH) (3300–3600), amino group (NH2) (3200–3400), aromatic hydrocarbon 

ring (C–H) (3100–3200), aliphatic saturated hydrocarbon chains (CH, CH2, CH3) (2850–

2980), C=N bond (1585–1600), aromatic double bonds (–C=C–) (1500–1600), carbonyl 

group (–C=O) (1700–1750), cyano group (C≡N) (2000–2250), and acetylenic group (C≡C) 

(1700–1750) [12, 30-32]. The absence of potentially harmful cyano (C≡N) (2000-2250) and 

acetylenic (C≡C) groups served as proof of safety. Most of the above-mentioned functional 

groups were earlier well-known in a research that confirmed the standard pyocyanin FT-IR 

spectrum [35]. 

 

5. Conclusions  

     Based on prior researches, it has been shown that pyocyanin has antimicrobial effects on 

fungi, bacteria, and protozoa. Pyocyanin, the main phenazine pigment connected to P. 

aeruginosa and renowned for its significant antibacterial, antioxidant, and anticancer 

activities, is produced by 90–95% of these strains. In order to improve pyocyanin 

manufacturing utilising organic solvents like toluene, we have leaned on earlier research. 

These investigations show that the generation and yield of pigments are greatly increased by 

the addition of 0.2% toluene, 1% glycerol, and chloroform. Pyocyanin’s safety has also been 

established by FT-IR analysis, paving the way for additional research into its antibacterial and 

anticancer effects utilising pathogenic bacteria, cell lines and animal models. Its hypothesis 

that both amine (-NH2) and hydroxyl (-OH) play a crucial role in pyocyanin’s biological 

action via increasing the redox cycling and interaction with cell targets, making it a potent 

compound works as an antibacterial and anticancer agents. 
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