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Abstract 

Background:  Antibiotic resistance is a global problem; especially the multidrug-resistant bacteria are a serious and 
fatal problem in the intensive care unit. Interestingly, biosynthesized silver nanoparticles are the promising key to 
eliminate these microbes. Using Pseudomonas aeruginosa supernatant is an easy and cheap method in silver nanopar-
ticle biosynthesis. The biosynthesis conditions were adjusted, and the profiling of the biosynthesized silver nanoparti-
cles was confirmed.

Results:  The UV spectroscopy at a wavelength at 400 nm was 0.539 A.U., transmission electron microscope showed 
nanoparticles were homogeneous with a square and spherical shape, its average size 20 nm, The capping material 
and the existence of silver nanoparticles were confirmed using Fourier transform infrared spectroscopy, and energy 
dispersive X-ray spectroscopy. The minimum inhibitory concentration was 1 mg/ml against multidrug-resistant bacte-
ria, and LC50 was 62.307 μg/ml on the hepatocellular carcinoma cell line.

Conclusions:  Microbial-synthesized silver nanoparticles have a potential application to combat multidrug-resistant 
bacteria, especially in the intensive care unit.

Keywords:  Silver nanoparticles, Multidrug-resistant bacteria, Pseudomonas aeruginosa, Cytotoxicity, Hepatocellular 
carcinoma
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Background
Antibiotic resistance is a global problem, due to increas-
ing the types of microorganisms that resist all types of 
antibiotics. However, there is a limited production of 
new antibiotic lines, so using new materials like nano-
particles (NPs) which have high antibacterial activity, is 

a promising solution to this problem. Multidrug-resistant 
(MDR) bacteria are a serious and fatal problem in the 
intensive care unit (ICU). During ICU admission, these 
bacteria infect more than 50% of the patients, and up to 
64% of the patients were infected via inhalation and aspi-
ration. The main infectious pathogens in the ICU clas-
sified as 62.2% were Gram-negative bacteria (GNB) and 
37.8% were Gram-positive bacteria (GPB). The common 
infectious species are Enterococcus faecium, Enterobacter 
spp., Acinetobacter baumannii, Klebsiella pneumoniae, P. 
aeruginosa, and Staphylococcus aureus [1, 2].
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Biosynthesis methods are the most promising and effi-
cient among numerous synthetic ways for silver nanopar-
ticles (AgNPs). The main advantages of the biosynthesis 
methods are rapid, easy, and non-toxic, which can form 
the AgNPs with well-defined size, high stability and 
solubility, and high yield by optimizing the biosynthesis 
conditions [3]. The biosynthesis of AgNPs has exten-
sively studied the mode of action as antimicrobial and 
cytotoxic activity against pathogenic bacteria. Microbial 
biosynthesis of the AgNPs using the supernatant is an 
easy and cheap method to synthesize NPs with specific 
size and morphology shapes. Microbial products such 
as enzymes, proteins, and bio-surfactants are the key to 
capping and/or stabilizing of the NPs in the biosynthesis 
process [4]. In addition, biosynthesized AgNPs are more 
acceptable for biomedical applications than chemical 
synthesized AgNPs [5].

Pseudomonas is an opportunistic pathogen commonly 
found in soil and aquatic environment. Many Pseu-
domonas species can grow under different environmental 
conditions, facultatively anaerobic, and oxidize glucose 
and xylose. However, it cannot ferment lactose and other 
carbohydrates, and it can use nitrate as an inorganic elec-
tron acceptor [6]. The most common species of human 
infection is P. aeruginosa, which can cause infections in 
the blood, lungs (pneumonia), and skin, particularly in 
the immunocompromised patients post-surgery.

Several reports showed that AgNPs are effective 
against pathogenic organisms. The antibacterial activity 
of the biosynthesized AgNPs against several pathogenic 
bacteria, such as, P. aeruginosa, Salmonella paratyphi, 
B. subtilis, K. pneumoniae, E. coli and Staph. aureus, 
was reported by Mohammed et al. [7], Bindhu et al. [8] 
and Prasad and Elumalai [9]. The antimicrobial activ-
ity of AgNPs is directly proportional to the surface area 
of the particles exposed to the interaction, which facili-
tates the mechanical penetration of the cell membrane 
and increases the adhesion to the surface of microbial 
cells better. An additional mechanism of antimicrobial 
AgNPs-based via forming of diverse reactive oxygen spe-
cies (ROS) can destroy cell envelope, enzymes, intracel-
lular substances, and DNA [10–12]. Meanwhile, ROS 
increases the cytotoxicity of AgNPs by reducing the met-
abolic activity, ATP content, and oxidative stress, damag-
ing the mitochondria and decreasing cell viability. The 
cytotoxicity of AgNPs was confirmed inside the mito-
chondria and nucleus using the transmission electron 
microscopic (TEM), as reported by AshaRani et  al. and 
Xue et al. [13, 14].

This study investigates the antibacterial efficacy of P. 
aeruginosa EGY1 biosynthesized AgNPs on MDR bacte-
ria from ICU and cytotoxicity using hepatocellular car-
cinoma cell line. The production and physicochemical 

characterization of AgNPs have been studied for P. 
aeruginosa.

Materials and methods
Ethical statement
This protocol was approved by the Ethics Committee 
of the First Affiliated Hospital of National liver insti-
tute Menoufia University (eNLI IRB Protocol number: 
00180/2019).

Specimen collection, bacterial identification, and antibiotic 
susceptibility
The bacterial isolates were collected from ICU patients 
in the National Liver Institute at the main Hospital of 
Menoufia University, Menoufia, Egypt. The specimen 
was collected according to the guidelines of the Euro-
pean Committee on Antimicrobial Susceptibility Testing 
(EUCAST) from January 2019 to June 2020, for a period 
of 1.5  years. The samples were collected from blood, 
urine, sputum, ascetic fluid, and wounds, the bacterial 
isolation and identification according to the guidelines 
of the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) [15]. All isolates were cultured 
onto MacConkey and blood agar, then incubated at 37 °C 
for 24  h to make sure of purity and viability. Bacterial 
isolates were identified using Gram stain and VITEK-2 
system version 08.01 bioMerieux to profiling the charac-
terizations of bacterial isolates and antibiotic susceptibil-
ity, and cards were used according to the manufacturer’s 
instructions. Suspensions of microbial culture were pre-
pared in 0.9% of NaCl solution, and the optical density 
was adjusted to 0.63 McFarland units using a Densi-
chek system (bioMérieux) [16]. The extended-spectrum 
β-lactamase (ESBL) were identified based on the results 
of VITEK-2 and according to the classification scheme 
for ß-lactamases reported by BUSH et al. [17], Bradford 
[18] and Lee et al. [19]. The bacterial strain was stored in 
20% glycerol, nutrient broth agar at −20  °C for further 
experiments [20].

Molecular identification of the bacterial isolate
The partial sequencing-based 16S rRNA gene method 
was used to identify the selected isolate [21]. The DNA 
of the selected isolate was extracted using the extraction 
kit of genomic DNA (Intron, Biotechnology, Korea). The 
PCR amplification of 16S rDNA was done using univer-
sal primers (5′AGA GTT TGA TCC TGG CTC AG 3′ (20 
mer) for 27F-forward primer and 5′CTA CGG CTA CCT 
TGT TAC GA 3′ (20 mer) for the 1492R-reverse primer) 
using the thermal cycler (Thermo Fisher Scientific, USA) 
for 35 cycles as follows; at 95 ºC for 5 min for the initial 
denaturation, at 94 ºC for 35 s. For denaturation, at 57 ºC 
for 30  s. for annealing, at 72ºC for 1  min for extension, 
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and finally, the extension was at 72  ºC for 10  min. The 
quality of the selected isolate’s amplicons (PCR product) 
was verified by electrophoresis on a 1% agarose gel and 
compared with 1 kb DNA ladder (Intron Biotechnology, 
Korea). The electrophoresis run was performed in 1x 
Tris–borate–EDTA (TBE) buffer at 80  V for 40  min in 
a Bio-Rad submarine (8 × 12 cm), stained with ethidium 
bromide. Then, visualizing the 16S gene amplicons’ DNA 
banding patterns was tested under UV light by UV-tran-
silluminator (Thermo Fisher Scientific, USA). The puri-
fication of PCR products was applied according to the 
manufacturer’s instructions of the genomic DNA puri-
fication kit (gene JET™, Intron Biotechnology, Korea). 
The sequencing of the PCR products was performed 
using forward and reverse primers with ABI 3730xl DNA 
sequences. The sequences of PCR product were identi-
fied with accession number MT071505 and compared 
with similar sequences from the GenBank database using 
NCBI and BLAST (https://​www.​ncbi.​nlm.​nih.​gov/​nucco​
re/​MZ936​999.1). Also, the phylogenetic analysis was 
formed by using BLAST tools.

Preparation of bacterial supernatant
Fresh culture of P. aeruginosa isolate was inoculated in 
nutrient broth (NB) in sterilized test tubes (10 ml) in par-
allel with a control (NB media without inoculation) and 
incubated for 24 h at 37 °C in a rotary shaker incubator 
at 150 rpm. After the incubation, the culture was centri-
fuged for 10 min at 6000 rpm to obtain cell-free filtrate 
(CFF). The supernatant was collected for further experi-
ments, but the pellet was discarded.

Extracellular synthesis of silver nanoparticles
Silver nitrate (from sigma Aldrich company) 1 mM con-
centration was added to the P. aeruginosa supernatant 
(CFF) under sterilized conditions, and the tubes were 
monitored at a regular interval for a color change for 
48  h. The formed AgNPs were dried and obtained as a 
powder for further characterization and antimicrobial 
studies [22, 23].

Optimization of silver nanoparticles synthesis
Microbial synthesis of AgNPs by the supernatants (CFF) 
of P. aeruginosa was investigated under different condi-
tions to identify the optimum conditions for bio-reduc-
tion of silver ions. The supernatant was added at different 
concentrations (10, 25, 50% of total mixture volume), 
different concentrations of AgNO3 (1, 2 and 4  mM), at 
different pH range (4, 7, 8) and incubation temperature 
(28–37 and 50  °C) using 1  mM of silver nitrate, 25% of 
bacterial supernatant at different pH and temperature, 
0.2  M NaOH and 0.1  M HCl for 48  h incubation time 
[24].

Characterization of AgNPs
UV–Vis spectrophotometer analysis
The biological reduction of the Ag+ ions was measured 
using the UV–Vis spectroscopy (T80 + UV–Vis Spec-
trometer) and scanning between 200 and 800 nm at 25 °C 
and aliquots (2 mL of the reaction mixture).

Field emission transmission electron microscopy (FE‑TEM)
The size, shape, assembly, elemental compositions, and 
purity of the synthesized AgNPs were identified using 
transmission electron microscopic (TEM) analysis 
(JEOL JEM-2100) at Science Faculty Menoufia Univer-
sity, Egypt. The samples were prepared for TEM stud-
ies by placing two drops of sterilized dispersed AgNPs 
mixture onto carbon-coated TEM grids. The TEM grid 
containing the samples were dried and transferred to the 
microscope at room temperature. Using FE-TEM, energy 
dispersive aTEM-2100 F(JEOL) and operated at 200 kV.

X‑ray diffraction (XRD)
The XRD investigations were carried out using a 
D8-Advance X-ray diffractometer (Bruker, Germany), 
which was operated at 40 kv, m A, with Cu Kα radia-
tion, at 6°/min a scanning rate, with a step size of 0.02, 
across a 2θ range of 20–80°. The samples were centri-
fuged and stored at 80  °C for 2  h, then lyophilized and 
pulverized the AgNPs samples before being used in XRD. 
X-ray crystallography was used to estimate the crystalline 
phase of the nanoparticles. The size of nanoparticles was 
obtained by Debye–Scherrer’s formula:

where D is the crystal size, ʎ is the X-ray radiation wave-
length of CuKα (= 0.15406 nm), K = 0.89, and β is the line 
width at half-maximum height [25].

Fourier transform‑infrared (FT‑IR) spectroscopy
IR spectral analyses identify the biomolecules responsi-
ble for the bio-reduction, the stabilization and capping of 
Ag NPs. The samples were pulverized for FTIR analysis 
using the freeze-dried. The spectra were measured from 
400 to 4000 cm−1 at a resolution of 4 cm−1 using a Perkin 
Elmer FTIR-spectrometer.

Antimicrobial activity of Ag NPs
Well diffusion assay (WD assay)
The antibacterial activity of AgNPs was assessed using 
the WD assay method. The tested microorganisms K. 
pneumonia, P. aeruginosa, and A. baumannii were grown 
overnight in Luria broth (LB), 100  μL culture of each 
strain was conveyed on the surface of the LB agar plate. 
The wells were created on the surface of the LB agar plate 
using a sterile cork borer [26], each well (8 mm) contains 

(1)D = K�/(βCOS θ),

https://www.ncbi.nlm.nih.gov/nuccore/MZ936999.1
https://www.ncbi.nlm.nih.gov/nuccore/MZ936999.1
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100 μL of Ag NPs (0.5 mg/ml dissolved in water). AgNPs 
formed with silver nitrate concentration 1  mM and pH 
7 at well A, 2 mM and pH 7 at well B, 4 Mm and pH 7 
at Well C, 1  Mm and pH 8 at Well D, Well E for silver 
nitrate solution as a control. All plates were incubated at 
37  °C for 24 h. The antibacterial activity of AgNPs were 
compared to some commercial antibiotics alone (cipro-
floxacin, cefotaxime, and cefazolin). In combination with 
formed AgNPs by disc diffusion method, paper discs 
(6  mm) containing 50  μL of the Ag NPs (0.5  mg/ml in 
water) and incubation at the same conditions then meas-
ured the inhibition zones. The experiments were carried 
out in triplets to calculate the standard deviation.

Minimum inhibitory concentration (MIC)
The antibacterial effectiveness of the AgNPs was assessed 
using the standard tube dilution method on LB medium. 
The pathogenic bacteria (A. baumannii, P. aeruginosa, 
and K. pneumoniae) were inoculated and cultured over-
night at 37  °C under shaking at 150  rpm. The cultured 
bacteria were diluted to 5*106  CFU/ml and incubated 
at 37  °C for 10 min. The concentrations of AgNPs were 
prepared using 1  mM of silver nitrate, 25% of bacterial 
supernatant, pH 7 and applied to bacterial suspensions 
were 50, 100,150, and 200  ppm, respectively. Follow-
ing EUCAST’s instructions (2003), bacterial growth was 
observed after 24  h of incubation. The minimal inhibi-
tory concentration (MIC) of Ag-NPs that reduced bacte-
rial growth to 99.9% was determined after culturing the 
tested bacteria on LB agar for 24 h at 37 °C. The optical 
density of the incubated tubes with AgNPs was measured 
at 600 nm [27].

Cytotoxicity assay
The bioactivity of AgNPs on the viability of the cell was 
measured using Sulforhodamine B die (SRB assay). In 
96-well plates, aliquots of 100 L Hep G2 Hepatocellular 
carcinoma cell line suspension (5 × 103 cells) were cul-
tured in a complete medium overnight. An additional ali-
quot of 100 μL media with AgNPs was given to the cells 
at various doses (10 and 100 μg/ml). After 72 h of AgNPs 
treatment, the media were replaced with 150 μL of 10% 
trichloroacetic acid (TCA) to fix the cells after incubat-
ing for 1 h at 4 °C. The cells were washed five times with 
di.H2O to remove the TCA solution from the cells. SRB 
solution (0.4% w/v) was added as aliquots (70  μL) and 
incubated for 10  min at 25  °C. The plates were washed 
3-times with 1% CH3COOH and saved overnight for air-
dried. Finally, the protein-bound SRB stain was dissolved 
into 150 μL of TRIS solution (10 mM) and measured the 
absorbance at 540 nm using an Omega microplate reader 
(BMGLABTECH®- FLUO star, Ortenberg, Germany) 
[28].

Statistical analyses
Statistical analysis of all experiments was computed using 
Microsoft Excel from the mean of three trials and the dif-
ferences were considered significant when p < 0.01.

Results
Bacterial identification and antibiotic susceptibility
A total of 273 isolates were screened from the ICU 
patients. The types of isolated pathogens are mentioned 
in Table  1, of which 227 isolates (83.15%) were GNB. 
Among these GNB there are 64.46% identified as K. 
pneumonia, these isolates contained 21.97% as extended-
spectrum β-lactamase (ESBL) resistance strains, and 
15.38% were classified as carbapenemase-producing 
Enterobacteriaceae (CRE) strains. The Escherichia coli 
represent (8.42%) of this specie; about 2.19% are classified 
as (ESBL) and 2.19% as (CRE). Also, P. aeruginosa was 
(3.66%), Proteus mirabilis (3.30%), Acinetobacter species 
(2.56%), and Salmonella species (0.73%). Likewise, up to 
46 isolates (16.85%) identified as GPB, 5.49% were Staph. 
aureus, 8.79% were Streptococcus species, and 2.56% were 
Enterococcus species, as mentioned in Table 1.

The identification and antibiotic susceptibility tests 
were confirmed using the VITEC-2 system. All selected 
strains were classified as MDR bacteria with high resist-
ance to all tested antibiotics ß-lactam, cephalosporins, 

Table 1  Bacterial isolates percent from infected patients in the 
critical care unit

GNB, Gram-negative bacteria; GPB, Gram-positive bacteria; ESBL extended-
spectrum β lactamase resistance strains; CRE carbapenemase-producing 
Enterobacteriaceae strains
* Percent of strains divided into the total number of strains
a, b, c Different letters indicate significant differences among strains according to 
the Tukey-Kramer test at p < 0.01

Organisms ESBL CRE Non- 
ESBL&-
CRE

Number Percent*(%)

Facultative and aerobic GNB

 Klebsiella species 60 42 74 176a 64.4

 E. coli 6 6 11 23ab 8.42

 P. aeruginosa 10b 3.66

 Proteus mirabilis 9b 3.30

 Acinetobacter 
species

7b 2.56

 Salmonella species 2ab 0.73

 Total 227 83.15

Facultative aerobe GPB

 Staph. aureus 15c 5.49

 Streptococcus 
species

24c 8.79

 Enterococcus species 7c 2.56

 Total 46 16.85
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quinolone, aminoglycosides, macrolides, and carbapen-
ems. The antibiotic susceptibility of MDR P. aeruginosa 
isolates and MIC are listed in Table 2. Phenotypic identi-
fication of P. aeruginosa was done by the VITEC-2 auto-
mated system, and the results are present in Table 3. 

Molecular identification and phylogenetic analysis
Molecular identification using the 16S rRNA gene is the 
easiest, and fastest technique used widely for the micro-
bial identification and evaluation of the phylogenetic 
relationships between microorganisms. Sequencing of 
the 16S rRNA gene has been employed to aid the differ-
ential identification among the species of Pseudomonas.

The size of the amplified PCR product extracted from 
the selected isolates was (1391 bp). The sequences of the 
selected isolate “EGY1” was compared with the iden-
tified sequences in the NCBI GenBank database and 
showed the highest percentage of similarity (97.05%) 
with P. aeruginosa strain NBRC 1268 under accession no. 
MZ936999 and the significant matches with hi max score 
were 1982, zero e-value, and 97.05% nucleotide identity 
for isolate EGY1. The phylogenetic tree presented in 
Fig.  1 reveals a strong genetic relationship between the 
Egyptian isolate of P. aeruginosa EGY1 and P. aeruginosa 
strain NBRC 1268, which strongly confirms its identity as 
P. aeruginosa.

Biosynthesis of AgNPs using cell‑free filtrate supernatant
The biosynthesis of AgNPs can be identified using a vis-
ual indicator that can be seen by changing the color of 
the reaction. Bio-formation of AgNPs from the mixture 
of AgNO3 using microbial supernatants was monitored 
visually as the primary indicator of the biosynthesis 

Table 2  Minimum inhibitory concentration (mic) and antibiotic 
susceptibility of P. aeruginosa 

AMP, ampicillin; CFZ, cefazolin; CTR, ceftriaxone; CAZ, ceftazidime; CFX, cefoxitin; 
CPM, cefepime; AMS, ampicillin/sulbactam; TZP, 182 piperacillin/tazobactam; 
MEM, meropenem; AMK, amikacin; GEN, gentamicin; TOB, tobramycin; CIP, 
ciprofloxacin; LEV, levofloxacin; NIT, nitrofurantoin; SXT, Trimethoprim / 
Sulfamethoxazole

Antibiotics tested Isolates MIC 
(mg/L)

MIC breakpoint 
(mg/L)

 ≤  R > 

β-lactams

 AMP  ≥ 32 8 8

 CFZ  ≥ 64 16 16

 CTR​  ≥ 64 1 1

 CAZ  ≥ 64 1 4

 CFX  ≥ 64 1 2

 CPM  ≥ 64 1 4

β-lactam/

 AMS  ≥ 32 8 8

β-lactamase inhibitor

 TZP  ≥ 128 8 16

Carbapenems

 MEM  ≥ 16 2 8

Aminoglycosides

 AMK  ≥ 64 8 16

 GEN  ≥ 16 2 4

 TOB  ≥ 16 2 4

Quinolones

 CIP  ≥ 4 0.06 0.06

 LEV  ≥ 8 1 2

Others

 NIT  ≥ 512 4 64

 SXT  ≥ 320 2 4

Table 3  VITEK-2 identification result of P. aeruginosa 

APPA, Ala-Phe-Pro-arylamidase; ADO, adonitol; PyrA, L-pyrrolydonyl-arylamidase; IARL, L-arabitol; dCEL, D-cellobiose; BGAL, beta-galactosidase; H2S, H2S production; 
BNAG, beta-N-acetyl-glucosaminidase; AGLTp, glutamyl arylamidase pNA; dGLU, D-glucose; GGT, gamma-glutamyl-transferase; OFF, fermentation/ glucose; BGLU, 
beta-glucosidase; dMAL, D-maltose; dMAN, D-mannitol; dMNE, D-mannose; BXYL, Beta-xylosidase; BAIap, beta-alanine arylamidase pNA; ProA, L-proline arylamidase; 
LIP, lipase; PLE, palatinose; TyrA, tyrosine arylamidase; URE, urease; dSOR, D-sorbitol; SAC, saccharose/sucrose; dTAG, D-tagatose; dTRE, D-trehalose; CIT, CITRATE 
(Sodium); MNT, malonate; 5 KG, 5-keto-D-gluconate; ILATk, L-lactate alkalinization; AGLU, alpha-glucosidase; SUCT, succinate alkalinization; NAGA, Beta-N-acetyl-
galactosaminidase; AGAL, alpha-galactosidase; PHOS, phosphatase; GlyA, glycine arylamidase; ODC, ornithine decarboxylase; LDC, lysine decarboxylase; IHISa, 
L-histidine assimilation; CMT, coumarate; BGUR, beta-glucuronidase; O129R, O/129 resistance (comp.vibrio.); GGAA, Glu-Gly-Arg-arylamidase; IMLTa, L-malate 
assimilation; ELLM, Ellman; ILATa, L-lactate assimilation

Well Test Result Well Test Result Well Test Result Well Test Result Well Test Result

2 APPA − 3 ADO − 4 PyrA − 5 lARL − 7 dCEL −
9 BGAL − 10 H2S − 11 BNAG − 12 AGLTp − 13 dGLU  + 

14 GGT​  +  15 OFF − 17 BGLU − 18 dMAL − 19 dMAN  + 

20 dMNE  +  21 BXYL − 22 BAlap  +  23 ProA  +  26 LIP  + 

27 PLE − 29 TyrA  +  31 URE − 32 dSOR − 33 SAC −
34 dTAG​ − 35 dTRE − 36 CIT  +  37 MNT  +  39 5 KG −
40 lLATk  +  41 AGLU − 42 SUCT​  +  43 NAGA​ − 44 AGAL −
45 PHOS − 46 GlyA − 47 ODC − 48 LDC − 53 lHISa −
56 CMT  +  57 BGUR​ − 58 O129R  +  59 GGAA​ − 61 lMLTa  + 

62 ELLM − 64 lLATa  + 
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process (Fig.  2). The transition of the color from yellow 
to brown in the presence of bacterial supernatants, is a 
primary indicator of the biotransformation of Ag+ ion to 
Ag0. In contrast, there is no change of color in the con-
trol media, which indicates that compounds in the media 
did not affect the reduction of Ag+ ion. The reduction 
mechanism and biosynthesis process of AgNPs using 
the supernatant of P. aeruginosa was confirmed by the 
appearance of the surface plasmon peak at 300 to 400 nm 
using the UV–vis measurement (Fig.  3). These results 
showed only in bacterial supernatant and AgNO3. In con-
trast with neither bacterial extract nor AgNO3 solution, 
no absorption band was seen.

Optimization of AgNPs biosynthesis
The conditions of biosynthesis have a significant effect 
on final synthesized nanoparticles. The effect of the bio-
synthesis of AgNPs at the different volumes of bacterial 
supernatant (Fig.  4A), AgNO3 concentration (Fig.  4B), 
and pH (Fig. 4C).

The volume of supernatant is one of the significant 
parameters that control the size and shape of NPs and 
thus influences their properties. It has effects on reac-
tion time and the color of the reaction mixture. The vol-
ume of bacterial supernatant was added at 10, 25, and 
50% of the total volume as 1:9, 2.5:7.5 and 5:5 ratios, 
respectively. Figure 4 A, B shows the visual color of the 
final mixture after incubation at different volumes of 
bacterial supernatant. The reaction mixture contained 
25% supernatant, had the darkest color intensity than 
50% and 10% of supernatant volume. The absorbance 

Fig. 1  Phylogenetic tree of Egyptian bacterial isolate of P. aeruginosa EGY1 and selected strains of identified P. aeruginosa 

Fig. 2  The bacterial supernatant with 10% of supernatant and 1 mM of AgNO3 before and after incubation for 48 h. The biosynthesis confirmed by 
changing the color of the reaction as a visual indicator
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peaks of P. aeruginosa at supernatant volume 10%, 25% 
and 50% were 0.193 A.U., 0.29 A.U., 0.539 A.U., respec-
tively. Interestingly to mention that the UV–vis absorp-
tion intensity was higher for the AgNPs synthesized 
using 50% supernatant volume than 10% volume with 
absorbance beak 0.193  nm and 25% supernatant vol-
ume with absorbance beak 0.29 nm, as in Fig. 5A.

Silver nitrate concentration was added in three dif-
ferent concentrations 1  mM, 2  mM, and 4  mM. There 
are no significant visual changes in the color of the final 
prepared mixture, as shown in Fig. 4. However, UV–vis 
absorbance intensity was 0.2 A.U. 0.621 A.U., and 0.956 
A.U. for P. aeruginosa for the three concentrations, 
respectively. The maximum absorbance was at 4  mM 
silver nitrate concentration, as in Fig. 5B.

The optimization of biosynthesis conditions by 
changing the pH of the final mixture to pH 4, 7, and 8, 
which directly affect the biosynthesis of AgNPs. The 
changes in pH significantly affecting the color of the 
final mixture of P. aeruginosa, which gave absorbance 

after the incubation for 48  h were 0.178, 0.392, and 
0.368 A.U., respectively in Fig.   5C. These results indi-
cate that neutral pH is the most suitable pH for extra-
cellular biosynthesis of AgNPs by bacterial filtrate. The 
highest intensity was recorded at wavelength 400–
450 nm for pH 7 and 8. Contrariwise, there was almost 
no intensity at pH 4, indicating that this degree is not.

Characterization of AgNPs
Morphological and elemental profile of AgNPs using 
FE‑TEM
The FE-TEM evaluated the morphological, essential pro-
file and purity of the biosynthesized AgNPs. The mor-
phological profile of biosynthesized AgNPs at 25% of P. 
aeruginosa supernatant and 1  mM of AgNO3 formed 
homogenous particle size from 11 to 25 nm with an aver-
age size 18  nm, and well dispersed with different shape 
aspherical and square (Fig. 6A and B).

Fig. 3  UV–vis absorbance (arbitrary units, a.u.) curve of the reaction mixture after incubation. The maximum absorbance peak of surface plasmon 
of AgNPs present at 400 nm

Fig. 4  Optimization of nanoparticles synthesis at A different volumes of bacterial supernatant, B AgNO3 concentration, and C mixture pH. The 
biosynthesis confirmed by changing the color of the reaction as a visual indicator
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X‑ray diffraction (XRD)
The XRD identified the crystalline structure of biosyn-
thesized AgNPs using the extracellular metabolites of P. 
aeruginosa and AgNO3 solution (Fig. 7). The XRD pat-
terns at 2 θ values 27.153º 32.323º, 38.018º, 64.35º, and 
43.934 indicated (110), (111), (210), (211), and (320), 
respectively, were the reflections of metallic silver. The 
diffraction patterns were analyzed and matched with 
the database of Joint Committee on Power Diffraction 
Standards (JCPDS) 03-0921, which confirmed these 
patterns of the metallic silver have the structure of face-
centered-cubic (FCC). The crystallite size of AgNPs 

was determined according to the formula of Debye–
Scherrer. The calculated particle size was 7.59519  nm 
and 11.63109 nm (Table 4). These results were matched 
with the FE-TEM results and confirmed with the data-
base of JCPDS file no 03-092.

Fourier transform‑infrared (FT‑IR) spectroscopy
FTIR spectroscopy was used to identify the functional 
groups from the interaction between the metabolic com-
ponents of P. aeruginosa and the metallic particles in 
Fig. 8. The spectrum of FTIR identified the unique peaks 
at 3431.48, 2926.11, 2862.46, 1648.23, 1397.47, 1110.07, 

A

B

C

Fig. 5  Influence of the bacterial supernatant, AgNO3 concentration and pH on the biosynthesis of AgNPs. A.U., arbitrary units. A Bacterial 
supernatant at different volumes 10, 25, and 50% (v/v), B AgNO3 concentration (1, 2, and 4 mM), and C pH 4, 7 and 8. The maximum absorbance 
peak of surface plasmon of AgNPs was shifted based on the concentration and shape of AgNPs
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1076.32  cm−1. The peak at wave number 3431.48  cm−1 
was attributed to the O–H stretching from the amide 
group, the peaks at 2926.11  cm−1 indicate to methylene 
group (CH2), and the peak at 2289.58 cm−1 indicates CH2 
stretching. Also, the stretching of C=O from the amide I 
band of peptide linkage can be presented at 1648.23 cm−1 

Fig. 6  TEM pictures of AgNPs synthesized by P. aeruginosa supernatant, A aspherical shape and B square shape. The average size was 18 nm

Fig. 7  XRD of silver nanoparticles formed by P. aeruginosa supernatant. The XRD patterns at 2 θ values 27.153º 32.323º, 38.018º, 43.934 and 64.35º, 
indicated to the reflections of metallic silver

Table 4  Calculation of nanoparticles particle size using Bragg’s 
law

2 Theta hkl FWHM D

38.018 210 1.094 7.59519

64.354 320 0.798 11.63109
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[29]. The attributed peak at 1648.23 cm−1 represents sym-
metric stretching vibrations of carboxylate ion –COO–
groups of the amino acid, and protein residues. The 
stretching vibrations of the carboxyl group C–O showed 
at peak 1397.47 cm−1, as well as the stretching vibrations 
of C–O groups in the phenol, ether, or ester group attrib-
uted at peak 1110.07 cm−1, likewise the stretching of the 
aromatic group presented at 1076.32  cm−1. The peaks 
at 704.04  cm−1 and 618.21  cm−1 attributed to the OCN 
bending in the amide IV band arising, and the NH bend-
ing of peptide linkages in the amide V band arising iden-
tified at 821.70 cm−1 and the C=O of the amide VI bands 
arising presented at peak 536.23 cm−1.

Antimicrobial activity of AgNPs
Well diffusion assay (WD assay)
The bioactivity of the biosynthesized AgNPs as the 
antibacterial agent was assessed using WDA, and 
the results were illustrated in Table  5. The maximum 
inhibition zones recorded with A. baumannii were 
18  mm using AgNPs (1 and 4  mM). Furthermore, 
the maximum inhibition zone with K. pneumoniae 
was 19.17  mm at a concentration of 1  mM of AgNPs. 
Alongside P. aeruginosa, the maximum inhibition 
zone was 22  mm using 4  mM of AgNPs. The result 
approves the antibacterial activity of biosynthesized 
AgNPs formed from P. aeruginosa supernatant. There 
is no added benefit to increasing the concentration of 
AgNO3 to form the nanoparticles as there is no signifi-
cant difference between well A, B, and C. Changing of 
pH to 8 can decrease the antibacterial activity as shown 
by reducing the inhibition zone in well D, while there 
is no antibacterial activity for 1  Mm AgNO3 solution 
alone. Interestingly, the combination of antibiotics and 
AgNPs recorded higher inhibition zone diameter for 
the combination disc than the antibiotic or nanoparti-
cles alone, the antibiotics show no antibacterial activity 
against MDR bacteria in the current results in Table 6 
and Fig. 9A–C.

Fig. 8  FTIR of silver nanoparticles formed by P. aeruginosa supernatant. The spectrum of FTIR identified the unique peaks at 3431.48, 2926.11, 
2862.46, 1648.23, 1397.47, 1110.07, 1076.32 cm−1

Table 5  Well diffusion assay, antimicrobial activity of 
biosynthesized AgNPs at different concentrations of AgNO3

Bacterial strain Inhibition zone (mm)

AgNO3 concentration

1 mM (A) 2 mM (B) 4 mM (C) pH 8 (D)

A. baumannii 18 ± 0.18 16 ± 0.63 18 ± 0.85 14 ± 0.15

K. pneumonia 19 ± 0.14 17 ± 0.46 15 ± 0.23 14 ± 0.34

P. aeruginosa 19 ± 0.25 20 ± 0.92 22 ± 0.28 15 ± 0.09
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The minimum inhibitory concentration (MIC) and minimum 
bacterial concentration (MBC)
The biosynthesized AgNPs from the bacterial metabo-
lites of P. aeruginosa recoded 1 mg/ml for the MIC and 
1.5 mg/ml for MBC with K. pneumoniae, P. aeruginosa, 
and A. baumannii (Table 7). This result agreed with the 
MICs of AgNPs were recoded to be 3.125 mg/ml against 
K. pneumoniae and 1.56  mg/ml against P. aeruginosa. 
Additionally, they mentioned that the GNB recorded 
the MIC up to 150–600 mg/L by using AgNPs.

Cytotoxicity assay of silver nanoparticles in vitro
Cancer treatment by nanomedicine is promising, hepa-
tocellular carcinoma (HCC) Incidence is increasing 
worldwide, and it is considered cancer the main cause of 
death. This experiment evaluates the cytotoxic effect of 
AgNPs synthesized from the metabolites of P. aeruginosa 
in HepG2 cells. The cytotoxic effect at a concentration 
10 μg/ml was 94.9675, and the concentration of 100 μg/
ml has a higher cytotoxic effect for cell viability 19.7522 
by calculation LC 50% will be 62.307 μg/ml (Table 8).

Discussion
Antibiotic resistance is one global crisis annually, espe-
cially after increasing the types of resistant microorgan-
isms and antibiotic types that are resisted by microbes, 
particularly inside the ICU due to the weak immune sys-
tem of patients in these units. According to the Extended 
Prevalence of Infection in Intensive Care (EPIC) II study, 
51% of patients were infected in the ICU and the major 

Table 6  Inhibition zone of combination of nanoparticles and antibiotics ± SD

CIP, ciprofloxacin; CTX, cefotaxime; CZ, cefazolin

Bacterial strains Inhibition zone (mm)

CIP CIP + AgNPs CTX CTX + AgNPs CZ CZ + AgNPs

A. baumannii 6 12 ± 0.8 6 11 ± 0.6 6 11 ± 0.8

K. pneumonia 6 11 ± 0.4 6 11 ± 0.4 6 10 ± 0.6

P. aeruginosa 6 10 ± 0.7 6 10 ± 0.9 6 10 ± 0.4

Fig. 9  Effect of AgNPs on pathogenic bacteria A. baumannii (A), P. aeruginosa (B), K. pneumoniae (C), well A: AgNPs 1 mM AgNO3 and pH 7, well B: 
AgNPs 2 mM AgNO3 and pH 7, Well C: AgNPs 4 Mm AgNO3 and pH 7, Well D: AgNPs 1 Mm AgNO3 and pH 8, Well E: silver nitrate solution as control

Table 7  MIC and MBC of P. aeruginosa AgNPs concentration (mg/ml) on A. baumannii, K. pneumoniae and P. aeruginosa 

Bacterial strains A. baumannii K. pneumonia P. aeruginosa

MIC MBC MIC MBC MIC MBC

P. aeruginosa AgNPs concentration (mg /l) 100 150 100 150 100 150

Table 8  Cell viability percent of hepatocellular carcinoma cell 
line treated with silver nanoparticles

Nanoparticles ug/ml Cell viability %

Concentration 10 94.9675 ± 0.81215

100 19.7522 ± 2.307

LC 50% 60.584 50
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cases up to 64% were infected through the respiratory 
origin, and most of the infected bacteria were GNB 
(62.2%) [1]. The MDR bacteria were recently classified 
to GPB and GPB. The current results in Table  1 con-
firmed that the high percentage of pathogenic bacteria in 
ICU patient’s cultures were GNP. These results matched 
the previous result that recorded more than 80% of the 
pathogens in the ICU were classified as Enterococcus fae-
cium, Enterobacter spp., A. baumannii, K. pneumoniae, P. 
aeruginosa, and Staph. aureus [2]. The coloration of the 
mixture was the primary indicator to confirm the bio-
synthesis of AgNPs from the mixture of AgNO3. Color 
transition of the bacterial supernatants from yellow to 
brown gives an indication of the biosynthesis process 
by biotransformation of Ag+ ion to Ag0. The reduction 
of Ag+ ions could be carried out by the metabolic prod-
ucts of the bacterial cell, such as proteins, amino acids, 
and / or extracellular enzymes. Contrary, the color of the 
control experiments did not change, confirming that the 
metabolites byproducts of P. aeruginosa are responsible 
for the reduction of Ag+ in the biosynthesis process and 
not the media components. The second confirmation 
test was the spectroscopy measurement of the UV–vis 
absorption intensity to confirm the mutual vibrations of 
the surface plasmon resonance (SPR) in the nanomet-
als as in Fig. 3. The confirmed peak of SPR was reported 
at the absorption between 400 and 450 nm. The current 
findings matched with the UV–vis spectra of biosynthe-
sized spherical AgNPs, which reported a single, strong, 
and broad peak at 400 nm [7, 30]. Furthermore, the same 
absorption peak was recorded at 390  nm from A. bau-
mannii [31], broad peak at 405–407  nm with superna-
tant of K. pneumoniae [32], a broad absorption peak was 
determined at 420  nm by supernatant of P. aeruginosa 
[33], and a single peak was observed at 440 nm with A. 
calcoaceticus LRVP54 [24]. The biosynthesis of AgNPs 
was reported using fungus species such as Fusarium 
oxysporum and discovered the reduction agents of Ag+ 
ion were the proteins, mainly NADH-dependent reduc-
tase [34]. This was also confirmed by Monowar et  al., 
who studied the effect of secondary metabolites of endo-
phytic  A. baumannii and P. aeruginosa, especially the 
phenolic compounds as antioxidant agents, on the for-
mation of AgNPs from silver nitrate solution [35].

To reach the optimum conditions for AgNPs biosyn-
thesis, the bacterial supernatant was used at different 
volumes, representing the master key to controlling the 
size and shape of AgNPs. It has effects on the reaction 
time and color of the reaction mixture. Figures  4 and 5 
show that the reaction mixture containing 50% super-
natant had the higher absorbance intensity than 25% 
and 10% of supernatant volume. The absorbance inten-
sity was increased by increasing the volume of bacterial 

supernatant as an indicator to increase the biosynthesis 
of AgNPs, as seen in Fig. 5. The high production rate of 
AgNPs at 50% could be related to the high concentration 
of the secondary metabolites and enzymes in cell-free 
supernatant of P. aeruginosa.

The second key in the biosynthesis process was the 
concentration of AgNO3, and the maximum intensity was 
recorded at 4 mM concentration of AgNO3 in the three-
mixture volume of the supernatant as in Fig.  6, which 
indicates that AgNO3 concentration has directly propor-
tional to nanoparticles formation from the biosynthesis 
process-based P. aeruginosa. This finding confirms the 
effect of the bacterial supernatant, as increasing the con-
centration of silver ions requires an increase in reducing 
agents such as enzymes to reach the maximum reduction 
degree of silver ions.

These results confirm the results obtained from 
increasing the volume of the mixture, as increasing the 
concentration of Ag+ ion requires a high concentra-
tion of the reducing agents such as secondary metabo-
lites. Also, enzymes saturate the Ag+ ion and reach the 
maximum reduction degree of silver ions, based on the 
enzyme–substrate kinetics of the active biomolecule site. 
The same strain of P. aeruginosa for the biosynthesis of 
AgNPs was reported with the same finding; the AgNPs 
production was increased with increasing AgNO3 con-
centrations, till 3.0  mM AgNO3 (0.389). After that, the 
production of AgNPs started to decrease gradually by 
increasing the concentrations of AgNO3 [36]. In contrast, 
Wadhwani et al. found the maximum reduction of silver 
ions in the biosynthesis process of AgNPs was at the low-
est concentration of AgNO3 (0.5 and 0.7  mM), and the 
lost reduction of Ag+ ion was obtained at a high concen-
tration of AgNO3 (5 mM) [24].

The third factor was the pH of the biosynthesis reac-
tion, which directly affects biosynthesis of AgNPs as each 
enzyme has a particular pH range and any change in the 
pH will affect the activity of bacterial enzymes as in Fig. 7. 
Extreme pH values can cause denaturation of enzymes 
and reduce the binding parts of the biomolecules due to 
the changing of the electrical charges of silver metals, as 
in Fig. 7. A general trend is to get the SPR and the shift-
ing of peak toward the short wavelength region become 
narrower by increasing the pH value. Alqadi et al. found 
an inverse correlation between the pH and the size of the 
synthesized particles, increasing the pH of the small size 
of the AgNPs [37]. Furthermore, the reduction in AgNPs 
size was identified by shifting the peak and the shorter 
wavelength. Abo-State and Partila reported that the most 
efficient pH in nanoparticle biosynthesis from P. aerugi-
nosa was pH 7 [36]. This result is matching with current 
results at pH 8. The UV–vis absorbance was less than pH 
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7 and smaller particle size, while pH 4 is unsuitable for 
enzyme interaction [37].

The morphological characteristics of the biosynthe-
sized AgNPs were identified using TEM analysis. The 
AgNPs particles were characterized by their homogeneity 
in size (11–29 nm) and spherical shape. In the same con-
text, these results are consistent with the reported data 
by Wadhuani et al., who found the TEM analyses of poly-
disperse AgNPs from 1 mM AgNO3 of 10–60 nm in size 
after 168 h [24]. Also, Wan et al., synthesized the AgNPs 
in size of 5–12  nm, in addition to its stability for more 
than 6  month at 37  °C [30]. While Shaker and Shaaban 
reported that the biosynthesized AgNPs have hetero 
shapes (spherical and square) ranging between 37 and 
168  nm in diameter [31]. Likewise, Singh et  al. synthe-
sized irregular shapes of the AgNPs from P. aeruginosa in 
size of 10–40 nm [38].

The X-ray diffraction of AgNPs-based P. aeruginosa 
identified the diffraction patterns of metallic silver at 2 
θ values of 27.153°, 32.323°, 38.018°, 64.35°, and 43.934° 
(Fig. 9). This pattern confirmed the metallic structure of 
AgNPs in face-centered-cubic (FCC). These results were 
in the same context as the reported database of JCPDS 
file no 03-092. Furthermore, Singh et  al. investigated 
the XRD pattern of synthesized AgNPs from P. aerugi-
nosa at 2θ values (20–82°), which consisted of five peaks 
at 38.116°, 44.227°, 64.426°, 77.472°, and 81.536°, these 
peaks corresponding to the 111, 200, 220, 311 and 222 
orientations, respectively. The value of 2θ between 20° 
to 82° confirmed the crystalline structure of the biosyn-
thesized AgNPs according to the standards spectrum 
(JCPDS file no 04-0783) [38].

The FTIR analysis confirmed the responsibility of the 
amino acids and proteins in the metabolites of P. aer-
uginosa to stabilize the AgNPs via the carboxylate ion 
(COO−) [39]. In this regard, it can be stated that the 
FTIR spectrum can establish the presence of capping 
amino acids and protein around the AgNPs synthesized 
from the bacterial supernatant of P. aeruginosa.

The activity of biosynthesized AgNPs as antimicrobial 
agents to inhibit the growth of MDR bacteria A. bauman-
nii, K. pneumonia, and P. aeruginosa using well diffusion 
assay. AgNPs have higher antibiotic efficacy when com-
bined with antibiotic disc due to its destruction of cell 
walls and facilitating antibiotics entrance inside bacterial 
cells. The antibacterial activity of AgNPs against patho-
genic organisms has extensively studied and reported [7, 
38, 40], they reported the mode of action of antibacterial 
effects due to the small size with the large surface area 
of AgNPs can be attached to the cell membrane or break 
through it, and the toxicity of AgNPs was increased with 
decreasing the particle size. The alternative mechanism 
refers to the formation of free radicals which can break 

the membrane lipids, peptidoglycan, DNA, and protein, 
which can cause damage, dissociation and inhibit the 
growth of the bacterial cell [12]. Quinteros et  al. report 
that the AgNPs generated or in P. aeruginosa, E. coli, and 
Staph. aureus mediated, and that was correlated with 
inhibition of the microbial growth [41]. Moreover, the 
antimicrobial activity of biosynthesized AgNPs from P. 
aeruginosa [41] and E. coli [42] were also studied against 
opportunistic microorganisms and human pathogens 
and they found the better effect of AgNPs recorded in 
combined with antibiotics against microbes [43]. The 
synergistic antibacterial effects of AgNPs with commer-
cial antibiotics were extensively studied against differ-
ent pathogenic bacteria such as Staph. aureus by using 
neomycin and gentamicin with AgNPs [44]. Similarly, 
Qaralleh group’s and Nikparast and Saliani reported the 
maximum synergistic effect against Staph. epidermidis, 
Staph. aureus, P. aeruginosa and E. coli was recorded by 
the combination of the antibiotics such as ciprofloxa-
cin, trimethoprim, cefotaxime, ampicillin, tetracycline, 
and gentamicin with AgNPs and/or essential oils [40, 
45]. Finally, the anticancer and cytotoxicity efficacy of 
AgNPs was evaluated by (SRB assay) on Hep G2 Hepa-
tocellular carcinoma cell line, and LC 50% is 60.584 μg/
ml. This result agreed with Vijayakumar et al., who used 
chitin extracted from shrimp shells as a reducing agent 
to synthesize AgNPs. Also, the anticancer and cytotoxic-
ity activity of biosynthesized AgNPs were examined on 
human hepatocellular carcinoma (HepG2), and the value 
of IC50 was 57 ± 1.5 μg/ml [20]. Wan et al. investigated 
the effect of AgNO3 at the different concentrations on the 
AgNPs and their cytotoxic effects on cell growth. They 
found that the high concentration of AgNPs has insig-
nificant cytotoxicity in A549 and HL-7702 cells, espe-
cially at higher concentrations than 10  μg/mL. These 
results approved current results and confirmed that the 
cytotoxicity effect of AgNO3 is higher than AgNPs [30]. 
Alongside, Raj et  al. investigated the cytotoxicity of 
β-sitosterol-assisted AgNPs (BSS-SNPs) in HepG2 cells, 
the AgNPs have high cytotoxic activity, and the IC50 was 
7 ng/mL of BSS-SNPs in HepG2 cells [46].

Conclusions
Nanotechnology is the most promising solution to com-
bat presence of multi-drug resistance, especially in the 
ICU. Cell-free filtrate of P. aeruginosa containing reduc-
ing agent can reduce and capping AgNO3 to AgNPs with 
significant antibacterial activity alone and/or has a poten-
tial synergistic action with other antibiotics. Also, the 
AgNPs has considered as promising therapeutic option 
as anticancer against the hepatocellular carcinoma. It is 
worth noting that the productivity of nano-silver needs 
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more future studies to find the optimal conditions to 
obtain the highest productivity and the best specifica-
tions with a better effect against pathogenic MDR and 
various cancer cell lines.
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