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	 Urinary tract infections linked to catheters are believed to be caused most frequently 
by Proteus mirabilis. It produces urease, which greatly increases the potency of catheter 
occlusion caused by swarming. Pathogenic bacteria use swarming as one of their main 
virulence mechanisms to evade antibiotics; as a result, there is an increasing need to develop 
novel antibiotic substitutes. Investigating the possible antibiofilm capabilities of artificial zinc 
oxide nanoparticles (ZnO NPs) made from E. Faecium was the aim of this study. By generating 
reductive enzymes, bacterial cells are able to catalyze the biosynthesis process. Bacteriocin-
like inhibitory substance (BLIS) was used to create the nanoparticles. AFM, TEM, FESEM, 
and other analytical tools were used to characterize the synthesized zinc nanoparticles and 
determine the chemical and physical characteristics of the products. Weak swarming is shown 
by microorganisms that develop strong swarming. After incubation, the ZnO nanoparticles were 
incubated for 24 or 48 hours at 37°C at a sub-MIC of 32 µg/ml. After these isolates were treated 
with zinc nanoparticles, downregulation of rsbA expression was detected via real-time PCR 
compared to that in the untreated isolates. Zinc oxide nanoparticles can serve as antibacterial 
agents in a concentration-dependent manner, according to all of the study's findings. This was 
demonstrated by the notable downregulation of rsbA gene expression, which effectively inhibits 
the production of biofilms and swarming motility. This was demonstrated by their noteworthy 
downregulation of rsbA gene expression, which effectively promoted swarmed motility.
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	 Proteus mirabilis is rod-shaped motile 
bacterium  that belongs to gram-negative and 
facultative anaerobic species. P. mirabilis is 
a common causative agent of urinary tract 
infection (UTI) in the intricate urinary tract, most 
commonly in patients with Indwelling catheters 
, The organism shows swarming motility and 
urease activity.1 P. mirabilis grows on an agar 
surface for a riodof time (which varies depending 

on the medium,humidity and temperature), at 
which point it differentiates into swarm cells and 
proliferates as a population. Hauser originally 
described P. mirabilis’s capacity to swarm across 
solid surfaces in 1885 as an organized group P. 
mirabilis develops into very long, multinucleate, 
highly motile hyperflagellated cells during the 
swarm process.2 During the consolidation phase, 
swarm cells periodically slow down or cease to 
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move and dedifferentiate into shorter rod-shaped 
cells. The bull’s-eye pattern is the result of repeated 
rounds of swarming and consolidation.3 Flagellar 
function is the primary determinant of swarming 
motility. There is a hierarchy in the expression of 
the genes involved in flagellar biosynthesis,with a 
master regulatory transcription factor (or “master 
regulator”) controlling the expression at the 
top. Master regulators control the synthesis of 
flagellar basal bodies, stimulate the expression of 
flagellar genes, and act as an integrating point for 
environmental signals. The formation of flagellar 
membranes is intricate, and there exist species-
specific transcriptional and posttranscriptional 
regulatory systems.4 Swarming behavior Is 
partially controlled by Rsba gene product. rsbA 
may operate as a protein sensor of environmental 
circumstances, and rsbA was stimulated swarming 
production.5 The swarming regulation gene, rsbA 
. Due to its distinct features and the noteworthy 
importance of nanoparticles, it has emerged as the 
most innovative, cutting-edge, and well-known 
area of study in contemporary science. Materials 
science and healthcare both make substantial 
use of nanoparticles. Their innovative solutions 
in various scientific domains have led to their 
unexpected rise in prominence in recent years.6 

With respect to their macroscale counterparts, 
they are distinct from bulk materials due to their 
unique physicochemical features (such as color, 
dispersion, and thermodynamics) and high surface 
area-to-volume ratio.7 

	 N ic in  A ,  such  a s  Bac te r ioc in 
Produced from lactic acid bacteria, it provides 
additional protection and a crucial component 
for research and development of sustainable 
biotechnologies,including food preservatives for 
human health and environmental preservation.8 

According to9 Onother hand foucus synergestic 
bacteriocin-nanoparticales syntersis from different 
method have shown to be a workable solution 
and the most potent antibacterial agent in vitro 
and invivo.10 According to11 the biogentic fro 
synthesis silver nanoparticales from peel lemone 
green synthesizes and friendly to evnvironent 
Zinc oxide nanoparticles, or ZnO-NPs, are an 
important and versatile inorganic molecule that 
belong to the class of metal oxide nanomaterials 
due to their unique physical and chemical 

characteristics. They exhibit good photostability,a 
high electrochemical coupling coefficient, an 
extended radiation absorption spectrum, and high 
chemical stability. Their molecular formula is 
ZnO.12 Because of their small size, ZnO particles 
at the nanoscale exhibit potent antibacterial effects. 
These particles can initiate a number of bactericidal 
activities, including those in the bacterial surface 
or bacterial core,once they are within the bacterial 
cell.13 These findings align with other studies that 
looked at how certain nanoparticles, such zinc 
oxide, affected the movement of swarming gram-
negative bacteria like P. mirabilis. As stated by.14

	
Materials and Methods

Sample collection
Proteus mirabilis 
	 Between September 2023 and November 
2023, patients were referred to the Al-Yarmouk 
Teaching Hospitals in Baghdad, where urine 
samples were taken from various sources. There 
were 150 patients with symptoms of a urinary 
tract infection. Catheter urine collected midstream 
was transferred straight to the laboratory for 
culture in sterile containers. Samples were grown 
on blood agar and MacConkey agar, a selective 
and differentiation medium used in conjunction 
with the previously mentioned media, to establish 
preliminary identification. The cultures were 
incubated at temperature 37°C and  for twenty-four 
hours15.

Isolation and identification
	 Initial diagnoses depended on the 
phenotypic characteristics of a colony, including 
its shape, swarming phenomenon, size, color, 
texture, and arrangement. All P. mirabilis isolates 
were numbered from (M1 to M70). Proteus spp. 
appear as pale colonies on MacConkey agar, and 
swarming phenomena appear on blood agar plates 
after overnight incubation at temperature 37°C16. 
The results were confirmed by the VITEC 2 system.
Biochemical tests
	 Several standard biochemical tests were 
performed to diagnose bacterial isolates according 
to17 
Indole test
	 Bacterial colonies were inoculated into 
test tubes containing peptone water medium, 
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incubated for 24 hours at temperature 37°C, and 
then 1-2 drops of Kovacs reagent were gently 
shaken into the medium.  The appearance of a red 
ring (indole ring) on the medium’s surface indicates 
a positive test.     
Urease Production test
	 This test was used to detect bacteria’s 
ability to produce urease, an enzyme that converts 
urea to ammonia and carbon dioxide.   The Stab 
method was used to streak bacterial isolates 
onto slanted urea agar medium, which was then 
incubated at temperature  37°C for 24 hours.  As the 
medium changes color, pink indicates a positive test 
result and yellow indicates a negative test result.  
Motility test
	 The movement medium was inoculated 
with bacterial isolates in the shape of a stab , and the 
tubes were incubated for 24 hours at temperature 
37°C. Bacterial movement is evidenced by the 
spread of growth around the stab site.
Detection of Swarming motility
	 All P. mirabilis isolates were injected 
into 5% sheep blood agar plates (SBAs), and after 
24 hours at temperature 37°C to allow for revival, 
they were cultured. The next day, the turbidity of a 
single colony growing on SBA was reduced to 108 
CFU/ml, or 0.5 McFarland standard, by diluting 
it in a saline solution. A saline bacterial solution 
containing 107 CFU was produced in 100 ìl and 
used to inoculate several SBA plates. P. mirabilis 
swarming motility was observed by inoculating 
droplets of the bacterial suspension in the center 
of the plate. The next day, each isolate’s swarming 
motility was visually evaluated.
Detection of the rsbA gene
	 The tested gene was amplified using a 
primer and traditional PCR. The sequence was 
obtained fromthe references listed in the table(1) 
(18)(19). PCR amplification was carried out in 20 
µl volumes containing 10 µl of GoTaq Green 

Master Mix (2X), 1 µl of primer (10 pmol), 6 
µl of nuclease-free water, and 2 µl of template 
DNA. PCR Express (Thermal Cycler, Thermo 
Fisher Scientific, USA) was used for PCR cycling. 
The following temperature schedule was used: 5 
minutes of initial denaturation at 95°C, followed 
by 1 cycle of denaturation at 95°C for 30 seconds, 
annealing at 50, 55, or 60°C for 30 seconds, 
and extension at 72°C for 30 seconds. The last 
extension step was run for seven minutes at 72°C, 
after which the reactions were stopped by a ten-
minute incubation at 10°C. The rsbA primer used 
is indicated in Table (1).
Sample collection and bacterial identification of 
Enterococcus faecium
	 This study used 25 samples collected 
from patients visiting a private dental clinic from 
the gums.  Samples were collected using transport 
media, then kept in a cool place until transported 
to the laboratory.  Samples were then cultured in  
MRS broth.  Then on MRS agar and incubated for 
24 hours at temperature 37°C.  The isolates were 
then numbered (E1–E25) and cultured on MRS 
agar. Several tests have been used to diagnose.20

Screening for BLIS production by E. faecium
Bacteriocin-like inhibitory substance (BLIS)
	 In samples obtained from MRS broth 
culture, the antimicrobial spectrum synthesized by 
the isolated lactic acid bacteria was analysed. After 
24 h of incubation at 37°C and under conditions 
of an appropriate pH (5.30), yeast extract (1%), 
glucose (1%) and peptone (1%), the BLIS were 
recovered by centrifugation a speed  6000 rpm 
for 15 min21 and then transferred to new tubes 
for various tests (22). The isolate with the highest 
bacterial yield was selected using the filtration 
paper disk (FPD) method.
Filter Paper Disc Method (FPD)
	 To test for the presence of inhibitory 
substances, bacteria were spread on the surface 

Table 1. Primers used in this research

Primer 	 Sequence 5’-3’	 Annealing	 References
Name		  Temp.(°C)	

rsbA-F	 CTATACCTACCGCACCATGT		  18
rsbA-R	 GAAGTCCCATCCGTTGATAC	 60	
rpoA-F	 GCGTGTTATAGCCCAGTTGA		  19
rpoA-R	 AGGCTGACGAACATCACGTA		
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of MHA plates with the BLIS preparation. Five 
millimeter diameter sterile filter paper discs 
saturated with 100 µl of BLIS suspension were 
placed on MHA plates(23). The plates were 
subsequently incubated aerobically at temperature 
37°C for 24 to 48 hours after leaving the plates two 
hours at room temperature. The inhibition zones 
that formed around the paper discs were measured 
and recorded.
Solutions used for protein determination 
(Bradford, 1976)(24)

	 The protein reagent Coomassie Brilliant 
Blue G-250 (100 mg) was reconstituted in 50 
millilitres of 95% ethanol. Phosphoric acid (85% 
(w/V) in 100 ml) was added to this solution. A final 
volume of one liter was achieved by diluting the 
resultant solution. Brilliant Blue G-250, 4.7% (w/v) 
ethanol, and 8.5% (w/v) phosphoric acid were used.
Partial purification of the bacteriocin-like 
inhibitory substance
	 Partially purified crud bacteriocin was 
prepared via precipitation with ammonium sulfate 
at different concentrations25.
Ammonium sulfate precipitation
	 Precipitation of ammonium sulfate was 
achieved by gradually adding (5 g) ammonium 
sulfate to the crude enzyme with continuous 
stirring on ice at different degrees of saturation. 
After that, the mixture was centrifuged for 20 
minutes at 4°C at 6,000 rpm. When the precipitate 
at each concentration was dissolved in the 
appropriate volumes of phosphate buffer solution, 
the supernatant was discarded. The optimal 
saturation ratio was ascertained by measuring the 
enzyme activity.26

	 A stock solution of Zinc acetate 
[Zn.2H2O(CH3CO2)2] was prepared by dissolving 
0.01 gm of Zn.2H2O(CH3CO2)2 in 50 ml 
deionized water27.
ZnoNP Biosynthesis
	 For the synthesis of the Zn NPs, 7 ml 
of BLIS bacteria was added to 3 ml of 1 mM 
Zn.2H2O(CH3CO2)2 (final concentration) at 
room temperature with a pH of 5. The flasks were 
incubated at 30°C to 35°C for three days, and each 
color change was recorded28. After incubation, the 
reaction mixture used to prepare the ZnO NPs was 
centrifuged after 27 hours of incubation, and the 
precipitate was collected and washed three times 

with deionized water. The collected nanoparticles 
in the form of pellets were transferred to a hot air 
oven set at 120°C to evaporate all the liquid.The 
powdered dehydrate was meticulously collected 
and preserved for additional examination.29 The 
formation of nanoparticles can be identified by the 
change in color.30

	 Characterization of ZnO NPs: This study 
was performed in the Department of Chemistry/
College of Sciences laboratories at the University 
of Al-Nahrain.	
UV Visible (UV VIS) spectral analysis
	 The formation of nanoparticles was 
confirmed by measuring the wavelength of the 
reaction mixture in a 2 ml quartz cuvette with a 
path length of 1 cm in the UV VIS spectrum of a 
PerkinElmer spectrophotometer with a resolution 
of Inm. The samples were scanned from 200 -800 
nm at a speed of 500 nm/min with a blank reference 
used for spectrophotometer correction31.

Atomic force microscopy (AFM) analysis
	 We used atomic force microscopy to 
measure the average diameter of the generated 
nanoparticles. A few drops of the manufactured 
NPs were applied to a silica glass plate and allowed 
to dry at room temperature in the dark to produce 
a thin layer of the material. AFM was then used to 
scan the deposited glass film plate.32

X-ray diffraction (XRD)
	 X-ray diffraction (XRD) was used to 
determine the crystal structure of the NPs. There 
are several methods for grinding powdered samples 
via XRD, depending on the sample matrix, sample 
size, and/or amount of generated material needed. 
33

Energy dispersive X-ray (EDX) spectroscopy
	 Energy dispersive X-ray spectroscopy 
(EDX) can be used to determine the elemental 
makeup of materials, including nanoparticles. 
When a sample is exposed to a high-energy 
X-ray, EDX reveals the distinctive X-rays that the 
elements inside the sample release into the air34.

Field emission scanning electron microscopy 
(FESEM)
	 Field scanning electron microscopy 
(FESEM) was used to examine the morphology of 
the synthesized nanoparticles. To generate images, 
an electron beam was used to scan the sample 
surface. The electrons in the sample interact with 
the atoms and surface topography.35
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Antibacterial activity of ZnONPs
	 The microdilution method was used to 
determine the minimum inhibitory concentrations 
(MICs) of ZnONPs against P. mmirabilis, which 
was cultured in the appropriate medium for a full 
night. We dissolved and diluted the ZnONPs. 
Different concentrations of ZnONPs (1000, 500, 
250, 125, and 62.5 ìg/mL) were prepared. P. 
mmirabilis on Mueller–Hinton agar was cultured, 
and an agar well diffusion assay was used to test 
the presence of ZnONPs36

The minimum inhibitory concentration (MIC) 
of the ZNO NPS was determined
	 The microdilution method can be used to 
determine the minimum inhibitory concentration 
(MIC) in culture broth. Coagulants varying in 
concentration from 1000, 500, 250, 125, and 42.5 
g/ml were produced. One hundred litres of Mueller-

Hinton broth was added to the first column of a 
96-well microtiter plate, and an additional 100 
litres were added to each of the remaining wells. 
Next, 100 litres of each dilution were added to each 
well, bringing the total capacity to 200 litres. Each 
well received ten litres of a modified P. mirabilis37 
bacterial isolate. Microtiter plates were covered 
and incubated at 37°C for an entire day.
RT qPCR protocol
1-RNA purification
	 Following the TRIzolTM Reagent 
procedure, RNA was extracted from the sample 
using the following steps:
Sample lysis
	 S u s p e n s i o n - g r o w n  c e l l s :  A f t e r 
centrifuging the culture for two minutes at 13,000 
rpm, the supernatant was removed, and 0.5 mL of 
TRIzolTM Reagent was added to the pellet. The 
lysate was homogenized by pipetting repeatedly.
For three-phase separations
• The lysate was mixed with 0.2 mL of chloroform 
in each tube, and the tube cap was then fastened.
• The mixtures were separated into a lower organic 
phase, interphase, and a colorless upper aqueous 
phase after being incubated for two to three minutes 
and centrifuged for ten minutes at 12,000 rpm.
• A fresh tube was filled with the RNA-containing 
aqueous phase.
For RNA precipitation
• The aqueous phase was mixed with 5 mL of 
isopropanol, incubated for 10 minutes, and then 

Table 2. Synthesis of cDNA from RNA using 
primers for rsbA and rpo

Master mix components	 Volume

qPCR Master Mix	 5 ul
RT mix	 0.25 ul
MgCl2	 0.25 ul
Forward primer	 0.5 ul
Reverse primer	 0.5 ul
Nuclease Free Water	 2.5 ul
RNA	 1 ul
Total volume	 10 ul

Fig. 1. Incidence of P. mirabilis in collected samples
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Fig. 2. Swarming motility of P. mirabilis on blood agar at 37°C for 24 h. incubation

centrifuged for 10 minutes at 12,000 rpm.
• The supernatant was discarded when total RNA 
precipitated, and a white gel-like pellet formed at 
the bottom of the tube.
For RNA washing
• For each tube, 0.5mL of 70% ethanol was added 
and vortex briefly then centrifuged for 5 minutes 
at 10000 rpm.
• Ethanol then aspirated and air-dried the pellet.
For RNA solubility
	 Pellet was rehydrated in 50 µl of Nuclease 
Free Water then incubated in a water bath or heat 
block set at 55-60°C for 10-15 minutes.
Determination of RNA and cDNA yields
	 The Quantus Fluorometer was used 
to evaluate sample quality for downstream 
applications by measuring the concentration 
of extracted RNA or cDNA. 199 µl of diluted 
QuantiFlour Dye was mixed with 1 µl of RNA or 
CDNA. RNA concentrations were measured after 
a 5 min incubation period at room temperature in 
a dark place.

Results

Identification of Bacterial Isolates
Proteus mirabilis isolates
	 A total of one hundred and fifty specimens 
were collected during the period between September 
and December 2023 from different urine sources, 
including urine samples from UTI patients (70) and 
catheter urine (80). All specimens were directly 

inoculated on MacConkey agar and blood agar 
plates. Of the total number of specimens, 70 (46%) 
were identified as P. mirabilis, as shown in Table 
(3). Furthermore, 30 (42.85%) cultured urine 
samples were diagnosed with P. mirabilis strains. 
Additionally, 40 (50%) of the catheter urine sample 
cultures were identified as P. mirabilis (Figure 1).
Biochemical tests for Proteus mirabilis
	 Different biochemical tests were 
performed for each isolate, including the catalase 
test, urease test, motility test, which yielded 
positive results. The indole test yielded negative 
results.
Detection of Swarming motility
	 All Pmirabilis isolates were cultivated on 
blood agar to test their capacity for extravasation. 
After one day, 40 isolates (66.6%) exhibited 
narrative movement, according to the results. 
Figure (2) Reliance on genetics. The isolates 
(M8 and M3) were found to be the most potent 
in creating the swarm phenomenon. mirabilis can 
swarm on various catheter surfaces, and because 
of this, it has been observed to move from the 
associated urinary tract infection (CAUTI) through 
the periurethral skin, the catheter, and the bladder.
Polymerase chain reaction (PCR)
	 PCR revealed that ten P. mirabilis 
isolates containing the rsbA gene were amplified; 
these isolates were chosen due to their multidrug 
resistance (MDR) status. After electrophoresis on 
a 1.5% agarose gel stained with ethidium bromide, 
at 75 volts for 50 minutes, and under an ultraviolet 
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Table 4. Prevalence of E. faecium isolates among the 
samples

Source of 	 Other gram -negative 	 No. of 
samples	 bacteria No. Isolates	 E. faecium

Gums	 15	  10 (66.6%)
Total	 25	 10(40%)

Fig. 3. Results of the amplification of rsbA genes of bacterial species were fractionated on 2% agarose gel 
electrophoresis stained with Eth.Br. M: 100 bp ladder marker. Lanes M1-M10 resemble  bp PCR products

no evidence of DNA degradation, as indicated by 
the absence of any smearing of the gene band.
Identification of Bacterial Isolates of E. faecium
	 Isolation of E. faecium In this study, 
twenty-five specimens of E. faecium from the 
gums were collected . were examined, and only 
10 isolates were identified, as shown in Table 4.

Table 3. Prevalence of Proteus mirabilis isolates among the 
samples

Source of	 No. of	 No. (%) 	 No.of 
samples	 Samples	 P .mirabilis	 proteus spp.

Catheter urine	 80	 40(50%)	 10(12.5%)
Urine	 70	 30(42.85%)	 5(7.14%)
Total	 150	 70 (46%)	 15(10%)

(UV) trans illuminator, the positive gene result 
was subsequently confirmed. The present study 
revealed the presence of a sharp, singular, and 
nondispersed 180 bp MexB gene band, which 
was clearly distinguished from the DNA ladder, 
as demonstrated in Figure (3). Notably, there was 

Screening of the Antimicrobial Activity of E. 
faecium
	 The bacterial productivity of BLIS was 
investigated using the filter paper disc method 
(FPD) to discriminate the isolates that possessed 
the capacity to produce an inhibitory substance 
(BLIS). The primary screening revealed that 
approximately five isolates of E. faecium produced 
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Fig. 5. UV visible absorption spectrum of the synthesized ZnO NPs

inhibitory substances, and inhibition zones between 
10 mm and 26 mm were recorded. After secondary 
screening, the greatest inhibition diameter of the 
isolate was detected (E20). The 5 isolates were 
generally screened for BLIS production utilizing 
filter paper disk, and the resulting isolate was 
named E. faecium (E20) was the most productive 
isolate, and the best result was obtained with the 
filter paper disk method. The best productivity 
was observed at pH 5, and the optimal incubation 
conditions were 72 hours. The optimal nitrogen 

source was 1% yeast extract, and the optimal 
carbon source (glucose and peptone) was 1%.
Protein Determination
	 The protein concentrations in the four 
isolates were 12.81 mg/ml for E3, 12.43 mg/ml for 
E11, 12.32 mg/ml for E5, and 36 mg/ml for E20. 
The E20 isolate was the most productive.
Partial purification of the bacteriocin-like 
inhibitory substance
	 The bacteriocins generated by E. faecalis 
were partially purified using a step-gradient 

Fig. 4. Zinc nanoparticle biosynthesis
A: After incubation, the cell-free extract was incubated with zinc acetate; B: Nanoparticle sedimentation; C: Drying 
of zinc oxide nanoparticles
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Fig. 7. SEM images of ZnO NPs

elution assay with ammonium sulfate in 100 mM 
phosphate buffer (pH 5). The experimental model 
must be followed when bacteriocins are applied as 
crude, partially purified preparations.
Zinc Oxide Nanoparticle Biosynthesis
	 In the present study, zinc acetate solution 
and E. Faecuim metabolic filtrated extract were 
mixed for 20 minutes before a white precipitate 
became visible to the unaided eye, marking the first 
visual observation of the ZnO-NPs. The appearance 
of this white precipitate was caused by the presence 
of zinc hydroxide, which was coated with the 
metabolic filtrate of E. faecium. The second stage 

involved drying zinc hydroxide to create ZnO-NPs. 
Figure (4).
Characterization of ZnONPs
UV Vis spectral analysis
	 UV visible spectroscopy was utilized to 
measure the optical characteristics of the ZnONPs 
in the 200-800 nm range. As the particle size 
decreases, the intensity of the absorption peak shifts 
(blueshifts) toward a lower wavelength. When 
ZnONPs are stimulated by UV light, their valence 
electrons show an absorption peak in the 267 nm 
spectrum, indicating a characteristic band for pure 
ZnO. Figure (5).

Fig. 6. 2D AFM image of ZnO NPs biosynthesized by S. mutans
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Fig. 9. XRD analysis of synergistic ZnO NPs

Atomic force microscopy (AFM) analysis
	 We can learn more about the topography 
and roughness of nanoparticles through AFM 
investigations. The AFM 3D image shown in 
Figure (6) shows the smooth surfaces of different 
types and sizes of nanoparticles. Round and 
triangular artificial nanoparticles are produced
Field emission scanning electron microscopy 
(FESEM)
	 S EM was  u sed  t o  ana ly se  t he 
morphological characteristics of the biosynthesized 

ZnO-NPs. Figure 11.  Samples subjected to 
two separate magnifications during scanning. 
The as-prepared ZnO-NPs were found to have 
distinct architectures and rough surfaces based 
on the scanned samples. Moreover, the number 
of aggregated particles was greater. Overall, tiny 
ZnO-NPs were effectively created by the metabolic 
filtrated extract of E. faecium.
Energy dispersive X-ray (EDX) spectroscopy
	 Energy dispersive X-ray analysis (EDX) 
was used for analysis. Fig. 8 shows the presence of 

Fig. 8. EDX analysis of ZnO-NPs
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zinc and oxygen in the ZnO-NPs. Moreover, other 
components, such as nitrogen, carbon, phosphorus, 
and sulfur, are predominantly attributed to the 
metabolic filtrated extract of E. faecium.
X-ray diffraction (XRD)
	 XRD is a powerful technique that provides 
information about the structure, average size and 
crystalline nature of a sample. Figure (9) shows the 
XRD pattern of the ZnO NPs synthesized using E. 
faecium.
Antibacterial activity of ZnONPs
	 According to the MIC results and the 
diameters of the zones of inhibition observed in 
Figure 14, the ZnO nanoparticles had significant 
antimicrobial activity against P. mmirabilis 
bacteria isolated from urine and catheter urine. 
Further evidence of a statistically significant 
difference (p < 0.05) in the disseminated mean 
zone of bacterial inhibition following treatment 
with varying concentrations of ZnONPs (1000, 
500, 250, 125, and 62.5 ìg/mL) is shown in Fig. 
10. The statistical analysis revealed a significant 
difference (p < 0.05) in the mean zone of bacterial 
inhibition after treatment with 1000 µg/mL ZnNPs. 
There were significant differences between the P. 
mmirabilis isolations.
Minimum inhibitory concentration of ZnO NPs
	 The MICs of ZnO NPs were determined 
for P. mirabilis isolates (P.m2, P.m3, P.m4, P.m5, 

P.m6, P.m7 and P.m8). Serial dilutions of each 
nanoparticle (1000, 500, 250, 125 and 64 µg/ml) 
were introduced into the bacterial broth tube. The 
different MIC values were as follows: ZnO NPs 
had a significant effect on bacterial cell viability 
and resulted in 100% viability at 1000 µg/ml, 
while the MIC of ZnO NPs was 250 µg/ml for the 
seven isolates. The sub-MIC of the ZnO NPs was 
125 µg/ml. The sub-MIC of each nanoparticle was 
used to determine the inhibitory effect on swarming 
motility
Effect of ZnO NPs on rsbA gene expression
	 Real-time PCR was used to determine 
changes in rsbA gene expression after exposure to 
ZnO NPs at sub-MICs (250 µg/ml). The expression 
of the RsbA gene was significantly downregulated 
in the M8 isolate, while the expression of the RsbA 
gene was upregulated in the M3 isolate. Several 
studies have confirmed the decreased folding 
of rsbA after exposure to ZnO NPs and other 
nanoparticles. studied the impact of zinc oxide 
and silver nanoparticles on the expression of the 
rsbA genes involved in the swarming phenomenon 
in P. mirabilis and discovered a decrease in gene 
expression for isolates after treatment compared to 
pretreatment gene expression. Figure 11 shows that 
the expression of the rsbA gene was significantly 
(p <0.01) downregulated after bacterial CuO-ZnO 
NP treatment compared with that in the control (no 

Fig. 10. Mean (± SD) zone of bacterial inhibition in mm after treatment with different concentrations of ZnONPs 
(1000, 500, 250, 125, and 62.5 ìg/mL) against P. mmirabilis standard deviation (n = 3).

**: p < 0.05, NS: not significant, SD: standard deviation
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treatment). This study may be the first to investigate 
the possible impact of ZnO NPs on these genes, 
even though no research has investigated how ZnO 
NPs affect the expression of the rsbA gene in P. 
mirabilis. It should be noted, however, that other 
nanoparticles were used to target genes related to 
the regulation of quorum sensing in this species.

Discussion

	 Using the VITEK 2 system, seventy 
isolates of P. mirabilis were discovered in addition 
to swarming on blood agar and forming colonies 
on MacConkey agar. One feature of P. mirabilis 
that is easily noticeable on firm agar surfaces is 
the bull’s-eye pattern. Proteus mirabilis, a human 
opportunistic pathogen, and other highly resistant 
bacteria concurred with these results38. Various 
biochemical tests were conducted on P. mirabilis 
isolates and showed positive results for catalase, 
urease, and methyl red and motility tests and 
negative results for indole oxidase tests. These 
results are similar to39. The results of this study 
are consistent with studies confirming that P. 
mirabilis possesses bull’s-eye swarming motility 
that enables bacteria to rapidly migrate through all 
types of catheters through their numerous flagella 
and easily spread the infection to other parts of 
the urinary system40. The antibacterial activity of 

the BLIS suspension was studied using the disk 
diffusion method to distinguish isolates that possess 
the ability to produce the inhibitor. According 
to a different study, the filter paper disk test has 
numerous benefits over alternative techniques, 
including simplicity, affordability, the capacity to 
test a large number of bacteria and antimicrobial 
compounds, and ease of interpreting the results41. 
The generation of a light yellow to white precipitate 
served as an indicator of nanoparticle production. 
Following centrifugation, the precipitate turned 
white and was collected as a white powder after 
being microwave-dried. In recent years, bacteria 
have been used to create nanomaterials with 
exceptional properties, primarily gold, silver, and 
zinc nanoparticles, for the creation of antimicrobials 
with in vitro activity against harmful bacteria42. UV 
spectroscopy was used to verify the biogenesis of 
the ZnO NPs. The generation of freshly generated 
ZnO NPs with a maximum peak at 267 nm was 
confirmed by the results. This is in line with 
research showing that ZnO NPs have a restricted 
distribution of sizes because they are nanoscale 
particles, which causes a sharp absorption peak to 
be visible. Because zinc oxide nanoparticles absorb 
light well in the 200–400 nm UV range, they are 
appropriate for use in medical applications43. In this 
study, AFM analysis of ZnO NPs was performed 
using scanning microscopy (CSPM) to identify 

Fig. 11. Mean ± SD of the fold change in the gene expression of rsbA before and after treatment with ZnO NPs 
compared with that in untreated cells (n =3) NS: Nonsignificant, *: p < 0.05, SD: standard deviation.
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and characterize the nanoparticle distributions. 
The estimated grain size and average square 
roughness were determined. Microbial synthesis 
of ZnO nanoparticles can produce products with 
different sizes, shapes, activities and behaviors. 
These differences can be attributed to the synthesis 
pathway, enzymes used by the microorganisms, 
temperature, and other biological factors44. 
Compared with chemical methods, the size of 
biosynthesized zinc oxide NPs can be larger45. To 
determine the morphology, size, and elemental 
and structural content of the NP samples, FESEM 
analysis was carried out. FESEM images from a 
previous study revealed that they were essentially 
spherical and uniform in appearance with a 
diameter of 15 to 19 nanometers. Compared to 
EDX, FESEM allows the determination of 
the presence of different components in the 
examined model46. The XRD patterns showed 
clear peaks that matched the diffraction peaks at 
20 Hz, confirming the generation of ZnO NPs. The 
composite material was in the nanoscale range, 
as indicated by the broadening of the diffraction 
peak line47. The MIC of ZnO NPs in this study 
was 250 µg/ml. The sub-MIC of ZnO NPs was 
125 µg/ml. The sub-MIC of each nanoparticle 
was used to determine its inhibitory impact on 
motility during swarming. Numerous studies 
have documented the anti-biofilm activity of 
zinc oxide NPs; one study revealed that treating 
Pseudomonas aeruginosa bacteria with zinc oxide 
NPs significantly reduced the ability of bacteria 
to produce biofilms48. Compared with other metal 
nanoparticles, nanoparticles exhibit enhanced 
properties that improve their activity, such as a 
larger surface area, smaller band gap, smaller 
particle size, and greater stability, according to 
recent research on this topic49. Real-time PCR 
technology was used to determine changes in 
rsbA gene expression after exposure to ZnO NPs 
at Sub-MIC level (125 ìg/ml).  The results of this 
study are consistent with research that confirmed 
that PCR technique showed a decrease in the 
gene expression of  gene rsbA in the presence of 
the nanoinhibitor material, which is zinc oxide 
nanoparticles ZnONPs and silver nanoparticles 
AgN50. Bacteria use a variety of efflux mechanisms 
to extrude metal ions beyond cellular boundaries, 
thus blocking their entry. It has been observed 
that the exposure of therapeutically relevant 

bacteria to NPs leads to the upregulation of genes 
encoding efflux pumps.51 Reducing the harmful 
consequences of synthetic processes, the chemicals 
they include, and the complexes they produce is 
the main objective. One useful strategy in green 
nanotechnology is the creation of nanoparticles 
using different biomaterials. Moreover, utilizing 
nature’s biological attributes in a range of ways is a 
great strategy. During the past several years, many 
materials, such as algae, plants, bacteria, and fungi, 
have been utilized to create nontoxic, low-cost, and 
energy-efficient metallic nanoparticles.52

Conclusion

	 Over the past few decades, numerous 
attempts have been made to develop revolutionary 
green synthesis techniques. The production of 
nanomaterials by living organisms holds great 
promise for application in a variety of fields, 
including healthcare. Proteus spp. are only a few 
of the bacterial genera that exhibit the swarming 
phenomenon and are recognized as having 
significant pathogenicity. Such bacterial infections 
caused by swarming germs might be treated. The 
higher incidence of Proteus species and virulence 
factors in the present study could be caused by 
variations in the sanitary methods used. In P. 
mirabilis treated with ZnO-NPs, the expression of 
the rsbA gene was dramatically downregulated, 
whereas ZnO-NPs had no discernible influence on 
rsbA gene expression. These results imply that by 
controlling P. mirabilis gene expression, ZnO-NPs 
may be used as antimicrobial agents.
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