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The present study was designed to explore the effect of gold nanoparticles 
on the hmgA gene expression and pyomelanin pigment production from 
local Pseudomonas aeruginosa isolates. Out of 162 patients suffering from 
ear infections, urinary tract infections, burns, wounds, cerebrospinal fluid 
(CSF), respiratory tract infections (RTI), and blood infection (sepsis), eight 
isolates identified to produce pyomelanin pigment (8.42%). All isolates 
were characterized using microscopical, morphological, and biochemical 
methods, VITEK-2 compact systems, and 16SrRNA gene, which showed 
that all these isolates belong to P. aeruginosa. Screening producing 
pyomelanin pigment was carried out by using a specific media to promote 
the production of pyomelanin pigment. The extracted pyomelanin 
pigment was purified using simple acid sedimentation followed by 
centrifugation to extract the crude product and purify it with HPLC. The 
purified pigment was positive for all major physical and chemical tests 
that characterize pyomelanin pigment, including UV-visible spectroscopy 
and Fourier transform infrared spectroscopy (FT-IR). The study also 
covered the preparation of gold nanoparticles using the green chemistry 
method, which used black tea-leaf extract. The resulting nanoparticles 
were positive for all significant qualitative tests used to characterize them, 
including UV-visible spectroscopy (FT-IR), X-ray diffraction (XRD), and 
SEM. The results of the SEM image showed spherical particles with a size 
of approximately 19nm nanoparticles. In conclusion, the effect of the 
prepared gold nanoparticles on the gene expression of the hmgA gene was 
studied at different concentrations compared to the control sample using 
a real-time one-step polymerization reaction, also the gene expression 
results showed that the gold nanoparticles significantly increased the gene 
expression of the hmgA gene.

INTRODUCTION
Pseudomonas aeruginosa is an opportunistic 

Gram-negative rod bacterium that lives in all wet 
and dry environments and animal tissues [1]. It is 
also one of the primary pathogens, especially in 

patients with urinary tract infections, burns, cystic 
fibrosis, and bacteremia. It possesses a natural 
resistance to many antibiotics, which causes 
widespread deaths in immunocompromised 
patients [2]. P. aeruginosa is an occasional pathogen 
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able to invade nearly all tissues. Furthermore, P. 
aeruginosa is a germ widely distributed worldwide 
[3]. P. aeruginosa produces several extracellular 
pigments that are important for virulence factors 
associated with its pathogenicity and virulence; 
among them are pyocyanin and pyomelanin 
pigments [4,5]. Pyocyanin blue phenazine 
belongs to the phenazine group, a redox-action 
pigment. It is considered an antibiotic for several 
microorganisms [6,7, 60]. Pyomelanin pigment 
is an extracellular brown pigment with high 
molecular weight and negative charge from the 
tyrosine catabolism pathway [8]. Several studies 
reported that pyomelanin pigment is produced 
from P. aeruginosa, isolated from the urinary tract 
and cystic fibrosis infections [9]. As a means of 
protection from light and free radicals for survival, 
it is also involved in iron reduction and acquisition 
and extracellular electron transport [10]. 

Gold NPs have long been used due to their 
unique optical, photochemical, and electronic 
properties[11]. The Chinese used colloidal red gold 
as medicine, which was used in Indian medicine 
[12]. The gold NPs are used in cosmetics and hair 
tonics[13]. Gold NPs emerged as an effective 
gene carrier due to their large surface area, low 
cell toxicity, and stability[14]. Also, it can escape 
from the lysosome digestions, protecting the DNA 
or the genes that carry it from degradation [15]. 
The gold nanoparticles produced by the bacteria 
showed no toxic effect on P. aeruginosa [16]. It 
inhibits biofilm formation [17]. Gold NPs interfere 
with bacterial cellular communication systems and 
influence the expression of many virulence factors 
[18]. This study aimed to use prepared gold NPs 
by green chemistry method using black tea leaf 
extract and investigate their effect on the hmgA 
gene expression involved in the biosynthesis of 
pyomelanin pigment.

MATERIALS AND METHODS 
One hundred and sixty-two samples were 

obtained from different sources (ear, burns, sputum, 
blood, and urine) and collected from patients from 
other hospitals in Al-Anbar. The collected samples 
were inoculated on MacConkey agar at 37˚C for 
48 h. to select pale colonies, then subcultured 
on Cetrimide agar to obtain pure colonies. These 
isolates were diagnosed by morphological and 
biochemical tests and re-confirmed by VITECK-2 
and 16Sr RNA. All P. aeruginosa isolates were 
cultured on tyrosine production medium to obtain 

pyomelanogenic isolates and incubated at 37°C 
for 48h, then incubated at room temperature for 
six days. Mutants producing a brown pigment 
after incubation, referring to the positive result 
of pyomelanin production, were selected [19, 20, 
60]. 

Pyomelanin pigment was extracted from the 
culture of the pyomelanin production medium. 
Isolation and purification were carried out 
according to the reported method described 
by Singh[ 21]. HPLC analyzed samples using 
Shimadzu LC-2010 AHT liquid chromatography 
(Japan) with Reodyne 7125, 20µl injector. Shimdzu 
SPD-2010 A UV-visible detector set at 272 nm 
and the column used (250×4.6mm) C18, and a 5 
µm particle size was used at room temperature. 
Concentrations of L-tyrosine HGA and pyomelanin 
were determined by calculations of peak areas at 
272 nm and comparisons with standard agents 
of L-tyrosine, HGA, and pyomelanin [22]. Purified 
pyomelanin pigment was prepared using the initial 
concentrations of 100 mg in 3 ml of 0.1 N HCL. 
The solution was scanned from 190 to 1100 nm 
wavelengths using Shimadzu Spectrophotometer, 
and 0.1N HCL was used as the blank[23]. The 
spectroscopic properties of the pheomelanin 
pigment obtained from pyomelanogenic P. 
aeruginosa isolates were compared with those 
of the standard synthetic pheomelanin pigment 
obtained from Mahmood et al. [24].

Using KBr disks with an FTIR spectrophotometer 
(FT/IR-4100; Shimadzu-Japan) at 4000-400 cm-
1, the purified lyophilized pigment was used for 
FTIR analysis. Peak max changes were analyzed in 
various spectrum regions [25]. 

Preparation of gold nanoparticles (AuNPs)
The gold nanoparticles were prepared according 

to Sharma [26] as follows:
One gram of HAuCl4 (99% Germany) was 

dissolved in 200 ml distilled water in a 500 ml flask 
to obtain a solution of HAuCl4 (12 mM), which 
was stored in a brown bottle. The tea extract was 
prepared using 0.34 gm of black tea leaves in 100 
ml of distilled water. It was heated on a magnetic 
heating pad for 15 minutes at 70-80°C and then 
filtered with Whatman filter paper No.1. 

Synthetic AuNPs were synthesized by reducing 
HAuCl4 to Au. A 100 ml of HAuCl4 solution (12 mM) 
was mixed with black tea leaf extract (100 ml) 
on a magnetic stirrer hotplate at 80°C; the color 
of the mixture turned purple within 10-15min, 
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indicating the production of gold nanoparticles, 
then sterilized the solution using a filter syringe 
0.22µm. The AuNPs were then harvested by 
centrifugation at 12000 rpm for 20 min, washed 
three times with sterile distilled water, and dried 
at 40°C for 48 hours [27,28]. 

Characterization of AuNPs
AuNPs were characterized by V-visible, SEM, 

FTIR, and XRD to identify their chemical and 
physical properties.

UV-visible Spectroscopy
Analysis was performed to identify the 

absorbance of the visible and UV light spectrum 
at 400-600 nm wavelengths to monitor the 
interaction between gold ions and tea extract 
[26]. The gold NPs solution was diluted with sterile 
distilled water in a ratio of 1:9 ml using distilled 
water as a blank.

Infrared Spectroscopy measurements
FTIR analysis to identify functional groups 

of nanoparticles after they were deposited 
on a glass slide to dry. Then, they mixed with 
potassium bromide (KBr) granules in a ratio of 
1: 100 until they were in a disc form. Then were 
measured with (an FTIR-4100; Shimadzu-Japan) 
spectrophotometer[29].

X-ray diffraction pattern
The structural characterization of the 

manufactured gold nanoparticles was analyzed as 
the sample was placed in powder form on a glass 
slide [30]. X-ray diffraction device operating at a 
wavelength of 1.54060 with a Step Size of [°2Th] 
0.0500.

Scanning Electron Microscopy (SEM)
Scanning Electron Microscopy (SEM) was used 

to determine the morphological structure of the 

Fig. 1. Amplification of 16SrRNA gene of Pseudomonas aeruginosa samples were fractionated on 
1% agarose gel electrophoresis stained with ethidium bromide. M: 100bp ladder marker. Lanes 1-17 

resemble 188bp PCR products.

Fig. 2. Amplification of hmgA gene of Pseudomonas aeruginosa isolates were fractionated on 1% agarose gel 
electrophoresis stained with ethidium bromide M: 100bp ladder marker. Lanes 4, 9, 10, 11, 12, and 15 resemble 

1589bp PCR products.
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surface layer [31]. The analysis involves scanning 
the sample and focusing the electron beam 
accurately to obtain microscopic images of the 
surface of the prepared gold nanoparticles [32]. 

Preparation of pigment-producing P. aeruginosa 
isolates

By mixing 0.1gm of AuNPs with 10 ml of distilled 
water (10 mg/ml), the stock solution of gold 
nanoparticles was prepared in concentrations (10, 
20, 40, 80, 160, 320, and 10000μg /ml) by mixing 
the known amount of the stock solution with 
sterile distilled water. The bacteria suspension 
was prepared and compared with McFarland No. 
0.5, then 100 µl of bacterial suspension were 
transferred to Luria broth, and tyrosine broth 
inoculated with 100µl of AuNPs concentrations (0, 
10, 20, 40, 80, 160, 320, and 10000μg / ml) then 
incubation of tubes at 37 for 18-24 hrs. [26, 33]. 
RNA was extracted from these replicates. The real-
time one-step technique was used to quantify the 
gene expression level of phzM and hmgA genes 
compared to the oprl gene (reference gene).

RESULTS AND DISCUSSION
Out of one hundred sixty-two specimens of 

ear infection, urinary tract infection (UTI), burns, 
wounds, respiratory tract infection (RTI), blood, 
and cerebrospinal fluid (CSF), ninety-five isolates 
of P. aeruginosa were obtained from the total 
number of study specimens with an isolates rate 
of 58.6% which was characterized by its growth 
on Cetrimide agar media (0.3%). Molecular 
identification of Pseudomonas aeruginosa was 
carried out using the 16SrRNA gene sequence 
(Fig. 1). Pyomelanin pigment was produced after 

3-4 days and cultured on pyomelanin pigment 
production media. The percentage of isolates 
producing pyomelanin pigment was 62.5 % from 
the ear, 12.5 % from UTI, and 25 % from the blood.

Six isolates carried the hmgA gene responsible 
for producing the pyomelanin pigment using the 
polymerase chain reaction (PCR). The PCR products 
of the hmgA gene (1589bp) were confirmed using 
a gel electrophoresis system (Fig. 2). This result 
was in agreement with Rodríguez-Rojas et al 
study, which was found that P. aeruginosa isolates 
produced the pyomelanin pigment contained 
the mutant hmgA gene [34]; also, it comes in 
agreement with Mahmood et al [24].
Extraction and purification of pyomelanin pigment

Studying bacterial pigments requires separating 
and purifying the pigment from the biological 
environment in which it is found. It is a method 
used to preserve pigment during isolation and 
obtain it in its original form. The extraction method 
used for pyomelanin is inexpensive and easy to 
apply in two steps; the pigment was precipitated 
by acid (1N) HCl pH 2, followed by a centrifuge 
of the pigment, which precipitates as brown 
sediment. The pyomelanin purification method 
was identical to the protocol used in previous 
studies [35, 36]. The purified pyomelanin pigment 
gave a positive result in the primary tests used to 
characterize the pigment. 

Spectral characterization of purified pyomelanin 
pigment

To better characterize the pyomelanin pigment, 
it is helpful to understand its structure, although 
until recently, the characterization of pyomelanin 
was elusive due to its size and complexity. The 

 

 
Fig. 3. UV absorbance for purified pyomelanin pigment. 
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relative purity of HGA-melanin gave an excellent 
start to determining the structure of bacterial 
pyomelanin, even though most microbial pigments 
contain metabolism residues [37]. UV and FTIR 
techniques were used to characterize pyomelanin 
in this study samples. 

UV-VIS Spectrophotometry characterization
The spectral properties of the pyomelanin 

pigment were detected using the ultraviolet 
spectrum on the samples, where the maximum 
UV absorption peaks were in the range of 208-
300 nm, and for standard pyomelanin 235-300 
nm as shown in (Fig. 3) this typical for brown 
pigment. A gradual decrease in absorbance offsets 
the increase in wavelength in the UV region. This 
is the most crucial feature of the pyomelanin 
pigment [38]. In other words, the relationship 
between the optical density and wavelength of 
the pyomelanin solution in the graph showed 
a negative slope with a linear curve. The reason 
that all of the absorption spectra were strong 
at the range of 200-300 nm could be due to the 
complex structures conjugated to the molecule 
of pyomelanin pigment. The presence of oxygen-
containing systems also contributed to the dark 
color of the pyomelanin pigment. Therefore, the 
pyomelanin pigment has efficiently converted 
the absorbed photon energy from ultraviolet rays 
to heat, and the speed of this process reduces 
harmful damage to optical chemicals. Therefore, 
it can be said that pyomelanin pigment protects 
microorganisms from harmful radiation. Melanin 
pigment can dissipate more than 99% of UV rays 
into harmless heat, indirectly preventing DNA 

damage, which is usually the cause of skin cancers 
[39]. 

Fourier transform infrared spectroscopy
Fourier transform infrared spectroscopy (FTIR) 

is one of the most accurate methods in analyzing 
and identifying the structure of melanin and its 
functional groups. This technique gives high-
resolution spectral data using a broad spectrum 
of infrared rays [40]. FTIR results of (HGA-melanin) 
absorbance peaks were compatible with the 
polymeric structures of OH stretch, aliphatic- C-H 
bonds, aromatic C=C bonds associated with C=O 
and/or COO groups, and phenolic OH group is 
revealed [41, 42]. 

The purified pyomelanin was tested with FTIR 
for characterization and results compared with 
other results of the standard pyomelanin (Fig.  
4). The pigment absorption results for infrared 
spectra showed several peaks representing their 
functional groups, where a broad peak appeared 
at 3448 cm-1, which belongs to the linked or 
polymeric hydroxyl group. The peak at 2924 cm-1 

indicates the aliphatic groups, which are the 
hydrogen hydroxide group and the presence of 
an aldehyde –CH bond group. Area analysis of 
1500-2000 cm-1 shows well-defined maxima at 
1720, 1628cm-1 and 1544 cm-1; these maximal 
absorption peaks were allocated to carbonyl C=O 
and aromatic rings, C=C/C=N double bonds and 
conjugated with C=O and/or COO groups. Although 
1460 cm -1 corresponded to the modes of C-H 
vibration, 1372 cm-1 corresponded to the modes 
of oscillation of O-H alcohol groups. The binding of 
metal ions to the HMG-melanin pigment caused 

Fig. 4. FTIR analysis of purified pyomelanin pigment.
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a change in the FTIR vibration that was affected 
by the adsorption ratio. The 1060 cm-1 and 752 
cm-1 peaks are associated with the asymmetric 
stretching vibrations of the -C-N and -C-H aromatic 
groups, respectively. These results showed a high 
degree of similarity with the absorbance peaks of 
the standard pyomelanin [22].

Biosynthesis of gold nanoparticles by green 
chemistry method

An eco-friendly method was used to prepare 
gold nanoparticles, where dry black tea leaves 
that contain polyphenols, which is a good reducing 
agent for the formation of NPs and phytochemicals, 
which include water-soluble catechins that act as 
a reducing agent and envelop the surface of the 
gold particles to prevent their clumping [43, 44]. 
Water has also been used as an environmentally 
harmless solvent [26]. The preparation was done 
by using a stock solution of gold chloride with a 
stock solution of tea leaves mixed at 60oC for 
15 min, where the solution turned into a deep 
purple color, indicating the formation of gold 

nanoparticles (AuNPs) (Fig. 5), the color change is 
a sign of interaction between tea extract and gold 
chloride tetrahydrate (HAucl4), this color change is 
due to the excitation of the Plasmon surface as a 
result of the collective movement of free electrons 
present in the nanoparticles in the visible light 
area[45].

Characterization of gold nanoparticles (AuNPs)
UV-visible analysis

The visible and ultraviolet spectrum analysis was 
used to study the properties of gold nanoparticles. 
The maximum absorption of AuNPs was at 546 nm 
(Fig. 6), as the nanoparticles possess free electrons, 
and when subjected to a UV-visible source, the 
surface of the Plasmon is irritated. The electrons 
vibrate each other, which leads to an increase in 
the absorbance of the Plasmon [46]. Sharma et al. 
prepared the AuNPs by tea extract with different 
concentrations, so UV-visible 530-563 nm [26]. 
The absorbance peaks of AuNPs prepared using 
apple extract as a reducing agent were at 535-
555nm [17, 47]. There is a strong relationship 

 

 

 
Fig. 6. UV-visible for AuNPs green synthesis by black tea extract

Fig. 5. Biosynthesis of gold nanoparticles using black tea extract as a reducing agent. 
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between the size of the AuNPs and the difference 
in the absorbance peaks, as the larger the NPs’ size 
increases their absorption peaks [48]. 

Scanning Electron Microscopy (SEM) for the 
detection of gold nanoparticles

The gold nanoparticles deposited on the 
slide were examined using a scanning electron 
microscope (SEM), which was accurately prepared 
for the surface topography of the NPs. A scanning 
electron microscope (SEM) showed the shape and 
size of the AuNPs, which were spherical or semi-
spherical in shape and size of 19.11 nm (Fig. 7). 

These results showed a mismatch with Parida 
et al, as they found that the size of gold NPs 
manufactured by using onion extract as the 
reducing agent was about 100 nm with cubic and 
spherical shapes [49]. Nun et al, indicated that the 
size of the AuNPs was 15-45 nm and had a spherical 
shape after its preparation with tea extract as 
a reducing agent [43]. Also, it contradicted the 
results of Samanta et al. They synthesized AuNPs 
using the fungus Laccaria fraterna as a reducing 
agent. They found that the AuNPs size was 79.69 
nm with different shapes [30]. The difference in 
the size of AuNPs is due to the difference in the 

 

 

 Fig. 8. IR-spectra analysis for green synthesized AuNPs. 

Fig. 7. Scanning Electron Microscopy (SEM) for green synthesized AuNPs with size (19.11 nm), spherical and collected in the 
cluster of 200 nm dimensions, the image is dimensioned (1.38x1.38 µm) and zoom ratio 200kx. 
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type of extract used as an oxidizing agent for the 
gold chloride reduction, as well as the difference 
in the concentration of the extract [50].

FT-IR analysis of gold nanoparticles (AuNPs)
The infrared spectrum analysis was used 

to identify the functional groups responsible 
for the formation and stability of AuNPs. The 
analysis results are shown in (Fig. 8), which 
showed the presence of a strong peak at 3479 
cm -1, representing a bond in the O-H group of tea 
extract involved in the biosynthesis of AuNPs [51]. 
Also, the presence of a strong absorbance band at 
2970 cm-1 indicated the C-H bond in alkane groups, 
an absorbance peak at 1947 cm-1 represented 
(C=C), a band of absorbance at 1710 cm-1 indicated 
C=O stretching in carbonyl group [16]. The band 
of absorbance at 1610 cm-1 for C=N stretching of 
the amide group in the proteins. The peak located 
at 2541cm-1 was attributed to the N–H stretching 
vibrations [52]. The absorbance peaks at 1070 

cm-1 were for C- aliphatic amines, and the weak 
band was at 1375 cm-1 for C-N functional group in 
aromatic amines. The band at 1218 cm-1 for C-O 
stretching is related to polyphenols [53].

The presence of an absorbance peak at 3479 
cm-1 showed the involvement of the -OH group of 
polyphenols as catechins in the green synthesis of 
AuNPs, and the band at 1392 cm-1 illustrates the 
presence of caffeine [54]. The absorbance peaks at 
1070, 1610, and 1218 cm-1 demonstrate that AuNPs 
may bind to the protein through the carboxylate 
group [53]. These results follow previous reports 
[16, 17] and revealed the presence of black tea 
polyphenols as reducing agents in the biosynthesis 
of AuNPs, which gave stability to the NPS [43].

X-ray diffraction analysis (XRD) for the detection of 
gold NPs

X-ray diffraction analysis (XRD) was used to 
find the crystal structure of AuNPs fixed on a glass 
slide using an X-ray beam incident. The crystal 

 

 

 

 
 Fig. 10. Curves of cycle threshold (CT) values for gene expression of hmgA gene.     

Fig. 9. X-ray Diffraction of gold NPs surface
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structure of the AuNPs appeared with three peaks 
(Fig. 9), corresponding to the standard Prague 
diffraction or reflections 111, 200, and 220. The 
strong peak at 38.37 corresponds to 111, whereas 
peaks at 44.53 ̊ and 64.72 ̊ correspond to 200 and 
220, respectively. These results agree with those 
reported by Mishra et al., who indicated that the 
XRD gold NPs had three peaks: 38.1, 44.56, and 
64.74 [55]. Also, the results agree with Long et al., 
who demonstrated the three peaks corresponding 
to the standard X-ray diffractions 111, 200, and 
220 [56]. 

Assessment of the effect of gold nanoparticles on 
pigment production

The effect of gold NPs on the pigment 
production genes was detected by using the real-
time technique, by culturing isolates on broth 
media suitable for producing inoculated pigments 
with different concentrations of AuNPs (0, 10, 
20, 40, 80, 160, 320, and 10000 µg/ml. RNA was 
extracted from these replicates in 10-500 ng/µl. 
The real-time one-step technique was used to 
quantify the gene expression level of hmgA genes 
compared to the oprl gene (reference gene).

The effect of gold- NPs on hmgA gene expression
Cycle Threshold (CT) is the basic rule for the 

amount of gene expression in qRT-PCR (Fig. 10), the 
cycle in which the maximum fluorescence in the 
curve expresses the amount of gene expression, 
measured by the one-step method. In which 
RNA is converted to cDNA in a single tube. Gene 
expression was measured by the relative method, 
in which the target sample’s gene expression is 
estimated based on a reference sample known as 
control. The gene expression is quantified for each 
sample, and the CT results for each sample are 
compared with the CT results for gene expression 
of the reference gene. Gene expression values 
were computed according to the Livak method.

One sample t-test was used to compare the 
difference between means of gene expression 
in folding. The differences in the folding of the 
hmgA gene were significant (P< 0.03) (t=2.60, 
d. f=7). The treatment with gold NPs led to an 
increase in the gene expression of the hmgA 
gene at a concentration of 80 µg / ml to 1.69-
fold in comparison to the control; also, the 
gene expression was 4.62-fold at 160 µg/ml 
concentration, 8.45, and 1.68-fold at 320 and 
10000 µg / ml concentration, respectively (Table 
1) [57].  

The gold NPs did not show toxicity to P. 
aeruginosa but could affect cellular communication 
systems, which affects the expression of some 
virulence factors [18]. The nanoparticles were used 
directly in a study of AgNPs that caused a decrease 
in the gene expression fold value of the PKS1and 
SCD1 genes responsible for the production of 
the melanin pigment in Bipolaris sorokiniana 
fungus at concentrations of 0.1, 0.05 mg/ml 
[58]. Nanoparticles (NPs) have several features, 
including a large surface area, the ability to 
penetrate cells and reach within a size of less than 
a micron with fast absorption ability [60, 61, 63], 
so they have been used to transport nucleic acids 
that can alter or change cellular gene expression 
it is also considered distinguished as an excellent 
means of altering cellular gene expression [14, 
59, 62]. The increased gene expression can be 
attributed to the production of pigments in P. 
aeruginosa to resist the effect of nanoparticles, 
a possible additional resistance mechanism in 
clinical isolates of P. aeruginosa [59].

CONCLUSION
This study showed a significant effect of gold 

nanoparticles on the hmgA gene expression. 
Specific concentrations of gold NPs have induced 
the expression of the hmgA gene, which is involved 
in the production of pigments to resist the effect 

Table 1. Gene expression values for hmgA and reference genes. 
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of the nanoparticles, which leads to increasing the 
production of coloring as a means of resistance. 
These gold NPs did not have a toxic consequence 
on P. aeruginosa.
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