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Abstract. Diabetic foot ulcers are a major public health problem and are quite costly
for diabetic patients. Besides, patients with diabetic foot ulcers often have a poor
quality of life. Most of the main complications of diabetic foot ulcers are the bacterial
infection that leads to gangrene when different types of antibiotics fail to prevent
bacterial infections. The research proposed in this study aims to determine the most
effective synthesis type of Zinc oxide nanoparticles (ZnO NPs) and study its effect
on some virulence factor genes expressions. Research includes the isolation and
identification of several bacterial species by biochemical tests, as well as
confirmation by the Vitek system and molecular diagnostics. Out of 100 swabs, 26
samples were found to be contaminated with bacteria Klebsiella pneumoniae is one
the main virulence factor that develops of diabetic foot ulcers. The biological
production of Zinc Oxide was using bacteria Pseudomonas aeruginosa. The
characterization of the Zinc Oxide products was using the Ultra-violet Visible
spectrophotometer, Fourier transform infrared spectroscopy, Scanning electron
microscopy, X-Ray diffraction spectrum very small crystals with a large spherical
shape were formed, with a size of 13.5 nm. The genes were included as the bacterial
virulence factors coding genes, MagA of gene Klebsiella pneumoniae, which are
responsible for the production of exotoxins that cause sepsis, necrosis, tissue
necrosis and non-healing. The expression of MagA genes the different before and
after treatment with ZnO NPs. The mRNA for both genes was extracted alongside
the mRNA for 16SrRNA acting as housekeeping gene. All mRNAs were converted to
cDNA through RT-PCR technique and then measure the expression by qPCR. The
expressions of MagA genes for the biological product nanomaterial, bacterial
nanomaterial, were significant for all the isolates with P<0.01. In conclusion from
the foregoing the biological nanoparticles product was more sufficient for inhibition
of most isolates.

Highlights:

1. Diabetic foot ulcers worsen by bacterial infections, causing severe
complications.

2. ZnO nanoparticles synthesized biologically; bacterial virulence gene
expression analyzed.

3. ZnO nanoparticles significantly inhibited K. pneumoniae virulence with
P<0.01.
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Introduction
Diabetic Mellitus (DM) is characterized by a rise in blood glucose levels known as

hyperglycemia that is caused by an autoimmune response that damages pancreatic cells,
resulting in insulin shortage, carbohydrate metabolism and the resulting insulin effect
are the basis of the pathophysiology of diabetes mellitus 1. Diabetes mellitus has been
increasingly predominant over the latest decades, where the expectation of DM
occurrence is increased to 592 million globally by 20352. It was found that 15% of
patients with this disease are exposed to diabetic foot ulcers3. The [ cells in langerhans
pancreas organ controls the levels of blood glucose and whose destruction is termed as
diabetes mellitus this physiological function of glucose-cell contact for energy production
is disrupted or perhaps entirely impaired if pancreatic cells do not secrete and glucose
levels in the blood do not decrease but instead rise, resulting in hyperglycemia, Another
cause of hyperglycemia is when target cells fail to use the pancreatic cell or insulin, TIDM
and T2DM , two types of diabetic: TIDM is an insulin-dependent form of diabetes in
which autoimmune cells destroy insulin-producing cells, resulting in a reliance on insulin
for survival, the most frequent (T2DM) which is causes with insulin resistance with the
tissues as well as increasing insulin resistance4. DFUs are one of the many problems
brought on by uncontrolled diabetic, and are considered a serious condition of diabetes
is foot and lower leg ulcers5. The antibiotic resistance and overuse of antibiotics which
has resulted because of their increased effectiveness against resistant bacteria, lower
toxicity, and heat resistance, different NPs can be used as antimicrobials to prevent
emergency and propagation of pathogens and resistant genes in harmful bacteria,
between many metal oxides, ZnO has a number of noteworthy qualities, including
biological and chemical stabilisation, high photocatalyst, and good antimicrobial
function6. Zinc Oxide NPs therapeutic agent for diabetic ulcers infections and its
associated wound healing, this is made possible as the zinc element is associated with
normal wound healing and its function in more than 300 enzymes7. Nanomaterials
remove contaminants in a number of ways, including attaching to the internal proteins,
inactivated them, producing ROS, and directly damaging bacterial cell walls, as was the
situation of Nanoparticles NPs' antimicrobial properties6.
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Methods

The Samples Collections

One hundred swab of DFUs was collected from diabetic mellitus admitters in
(General Al-Hashmia Hospital) during November 2021 to February 2022, the patients
have clinical features swelling, redness, skin discoloration, skin sores, numbness, pain,
tingling, foul smell, wounds and discharge of fluid or pus.
Samples Collection

The swab was collected under sterile conditions from patients infected with DFU
after removing pus and unwanted materials and before using sterile materials and
solutions used for lavage during a period of 4 months from November to February 2022.
The sample was transferred directly to the laboratory for cultivation, isolation and
diagnosis of pathogenic bacteria.
Prepare and Sterilization of culture media

All ready culture media agars, broths and indicators were prepared according for
manufacturing company instructions; the constituents were dissolved in D.W, for
dissolve the all constituents completely, sterilized by using autoclaving at item 121°C -
15min. After cooled to 45-50°C, each medium was dispensed into sterile petri dishes or
test tubes as required, media stored in a refrigerator 4-8°C until use to ensure their
safety8.
Identification of Isolates Based on 16SrRNA Sequence

A 16SrRNA primer was used mainly to identify this same isolates. RNA is an
evolutionary marker that really is available throughout all pathogens and now has got to
play a significantly roles in evolution of microorganisms phylogenetic, classification.
Bacterium are already characterized by the common ancestry of their sequenced
genomes, so any crude extract could be distinguished with great certainty if the
nucleotide sequences of said type varieties indicating all the famous bacterial species
were available9.
Synthesized of the ZnO — NPs
Biosynthesis ZnO NPs by Pseudomonas aeruginosa extract
Collection of Pseudomonas aeruginosa

The soil isolated bacterial was obtained P. aeruginosa by at the University of

Babylon / College of Science for women, which was cultivated again.
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Identification of P. aeruginosa.

The isolated bacteria were identified depending on morphological diagnostic,
microscopic characterization, biochemical tests, Vitek-2 system for activation and do all
the standard diagnostic tests as well to ensure the isolate10.

Preparation of Bacterial Suspension

The bacterial isolate used for research was selected by taking a number of single
colonies of the selected isolate (bacterial growth) and inoculated in 250 ml of sterile
brain heart medium for 24 h at 35+2°C in a 500 mL Erlenmeyer flask to grow, under
shaking conditions at 120 rpm on an orbital shaking incubator, then the sample was
filtered after centrifugation using filter paper with a diameter of 0.45 micrometer, then
the filter was taken for use in preparing the preparation of ZnO NPs11.

Synthesis of Zinc Oxide Nanoparticles

One hundred ml of the bacterial filtrated were taken, was mixed with 100 mL of
solution (1mM) Zinc acetate Zn(CH3C00)2.H202in a 500mL Erlenmeyer flask, incubated
for 96 hours at 32°C with agitation at 150 rpm, ZnO NPs were obtained by centrifuging
at 1000 rpm for 10 minutes, after which the precipitant washed once with 96% ethanol
and then dried in an oven at 60°C, and weight of ZnO NPs10;12.

Method (Agar —Well- Diffusion)

The antibacterial activity was evaluated used different concentrations of
biosynthesis and chemical synthesis ZnO NPs on all bacterial isolate that collected from
patients DFUs, by agar well diffusion method13. According to14, the test done on Muller

Hinton agar with different concentrations of (ZnO - NPs).

Result and Discussion
The isolated microorganisms from diabetic foot ulcers sources, which were the

identified using the Microscopic, Macroscopic, the Biochemical tests, results confirmed
by the ViteK-2 System, and molecular identification, revealed that the most frequently
isolated bacteria, which was consistent with previous findings15. The identity was then
verified using the Biomerieux-recommended VITEK 2 compact equipment, and the
resulting data was compared with the source supplied by16,17

The DNA Extraction
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For this study, the identified of pathogenic bacteria clinical isolated through DNA
of bacterial isolates, were isolates seven K. pneumoniae. Also the purity, concentration
were confirmed at was Nano-drop, the nucleic acid is purity from samples at range
between (1.8-2). Purity of DNA is a good indicator of the extraction process as well as
confirming the absence of impurities that could impede the processl5. Molecular
identification the (genomic-DNA) was successfully extracted of isolated bacteria in this
study through a commercial the (genomic-DNA) purification kit (FAVORGEN) according
to instructions of the company, extraction results were good for DNA, the extraction DNA
was confirmed, analytic by the horizontal gel electrophoresis in (1)% agarose for 45 min
at 100 volts and was exposed to UV light where the DNA appears as compact bands18.
As shown in Figure (1).

Figure (1): Presented the integrity of DNA which extracted from pathogenic bacteria
isolated from DFUs., K. pneumoniae (1 7—_) ; Agarose 1.3%, Volt 100, Time 45
minutes.

Identification of Bacterial Isolate by Molecular Detection (Universal 16SrRNA

gene)

The isolates, and the gene of interest was PCR amplified using universal bacterial
primers to identify the 16SrRNA gene of all isolates, is the Polymerase Chain Rraction
and this produced were tested in electrophoresis, the agarose gel analysis and
photographed under UV light, showed clear pure bands, compared with the DNA ladder,
PCR product size (1239) bp was corresponding to the standard DNA ladder size of 1500
bp as presented in Figure (2). The result of the current study agree with19,20 identified

the following bacterial isolates: K.pneumoniae. The sequence analysis was performed
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using the (BLAST) of the (NCBI) to the 16SrRNA gene sequence for these isolates that
aligned, sequencing 16sRNA gene sequencing for bacterial isolates were received at
online, aligned to the NCBI data base using the blast software and aligned is multiple for
each other using the Bio-Edit software, the submitted in the fasta format to NCBI through
sequin software, that sequencing of the isolated explain similar with (NCBI) information,
above results were consistent with this results of biochemical, morphological

identification for these isolates.

Figure (2): Presented Amplification of 7657RN.A to molecular conform

DNA of pathogenic bacterial which isolated from DFUs., M:100 bp DNA
K. pneumoniae (1 —7). Agarose 1.3%, Volt 100, Time 45minutes.

Production of The Zinc - Oxide NPs
Biosynthesis of ZnO NPs by using Bacteria
Identification of P. aeruginosa

The characteristics results of the bacteria on the MacConkey medium were pale
in color due to their inability to ferment lactose, on the blood agar that showed
transparent halo evidence of hemolysis and production of hemolysin. While on the
nutrient agar they appeared with color green, microscopically they were Gram negative
bacilli as well as the shape and arrangement of cells and the biochemical examinations
results of P.aeruginosa showed that isolate had given negative result for indole, urease
test. While citrate was positive, oxidase positive and TSI alkaline/alkaline with no
production of H2S and gas. These results agreed with what mentioned by21. Similar

finding were recorded by22.
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Biosynthesis of ZnO NPs by using Pseudomonas aeruginosa

The results of the current study showed the appearance of a precipitate at the
end of the reaction process, and this is evidence of the biosynthesis of ZnO NPs, The
ZnO NPs were obtained white powder after drying, their weight was taken. The filtrate
extract of these bacteria P.aeruginosa was used as a reducing agent and stabilizer for
the purpose of biosynthesis of ZnO NPs, an way safe and economical, low toxicity, as
indicated23.

They got a product ZnO NPs, mediated by extracellular secondary metabolite
produced by P.aeruginosa, which stated that microbial enzymes play an effective and
essential direct role in the biosynthesis of ZnO NPs, pick up the target ions from the
surrounding environment and then reduced of the metal ions into elements through their
enzymes that release through the metabolic and cellular activity.

Characterization of (ZnO - NPs)
The UV-Visible Spectrophotometer

A highest the absorption peaks for ZnO-NPs was observe at 390 nm as shown in
Figure (3)., this result indicates the successful biosynthesis of ZnO - NPs by bacterial
filtrate. The successful biosynthesis of the ZnO - NPs by a confirmed by the color
changing to the white precipitate The results of this-study are in agreement with the
highest absorption was observed when biosynthesizing zinc particles from P.aeruginosa

was 390 nm. It was identical to the result of24.

0.39 390 ZnO

Absorbance (AU)
o
3
1

‘ Wave length ( nm)

Figure (3): Show UV of biosynthesis ZnO NPs
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X-ray Diffraction Characterization

The XRD pattern showed to bacterial biosynthesis intense diffraction peaks at 2
values of respectively, this results which confirmed using the material (Zinc Oxide) that
is high purity, When compared to X-ray diffraction, our observations were consistent
with the crystalline character of biologically generated ZnO-NPs, and the presence from
bacterial secondary metabolites including: (proteins and chemical compounds) that
coated the (ZnO — NPs) surface was strongly indicated 24, 25. The average of the ZnO
NP size that matched the highest diffraction peaks was determined to be 13.5 nm, as

presented in Figure (4).
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Figure (4): XRD graph of biosynthesis ZnO NPs

Scanning Electron Microscope (SEM)

The results showed the phenotypic features of ZnO NPs by the bacterial filtrate,
regular structures spherical. In addition to the particle size as show in Figure (5). Our
study succeeded in achieving good results with the smallest sizes of ZnO NPs, which
were less than what was found 26. Also 27, indicated in his research that the average
size ranged between (50-120) nm, and [28], he indicated his results for ZnO NPs
biosynthesized by with the average Size between (20-40) nm. The current study
succeeded in achieving the best and most accurate results at the level of the small sizes

of ZnO NPs, and the originality of good results for biosynthesis.
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Figure (5 ): SEM image of biosynthesis ZnO NPs

Fourier Transformed Infrared (FTIR)

The synthetic (ZnO - NPs) through used the bacterial was discovered using FTIR
as presented in Figure (6). The stretching NH of amines was represented by the overlap
of vibration of (-OH ) group by the wave number, whereas the stretching (O-H) for
carboxylic acid was represented by peaks at wave numbers between 3000 and 3700 cm-
1 28. While the faint signal the main amine (NH), which was bending, overlapped with
the carboxylated salts or amide, and the stretching thiol group (SH) was given the peaks
at (2590) cm-1. 29. Stretching of carboxylic salts' C=0 during CO2 and carbonates
(CO32) adsorption at the NPs surface was also shown by the medium peaks (1430) cm-
1. 30. Sulfoxide stretching (S=0) and alkene bending (C=C) may be responsible for the
strong peaks at (1032) cm-1, (895) cm-1, respectively. 30; 31. Peaks at (400 - 700) cm-
1 confirmed the generation of ZnO NPs, which was previously reported32. The (O-H),
(C=0), (NH), and (S-H) groups, which are present of bacterial that reducing, the
capping, and the stabilizing functions, are among the groups implicated, was validated
by the FTIR analysis of ZnO-NPs.
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Figure (6 ): FTIR of biosynthesis ZnO NPs

Agar Well Diffusion Method

The results showed of ZnO NPs bacterial product by P.aeruginosa give that the
bacterial product was recorded at K. pneumoniae a concentration of 500 pg/ml inhibition
zone diameter (16.8) mm, while it was recorded at a concentration of 250 pg/ml (11.0)
mm, as well as the concentration of 125 pg/ml recorded as an inhibition zone with a

drop (6.6) mm, and the other concentrations were unable to prevent bacterial growth.

Pathogenic No. of ZnO NPs by P. aeruginosa

bacterial Isolates
Concentrations (ug/ml) P-value
31.25 625 MIC125 250 500
K1 Non Non 5.4 10.2 15.0 0.0001 **'
K2 Non Non 6.4 11.2 16.0 0.0001 **'
K3 Non Non 6.6 10.6 16.8 0.0001 **'
K. pneumoniae K4 Non Non 6.0 11.0 16.0 0.0001 **'
K5 Non Non 6.0 11.4 16.3 0.0001 **'
K6 Non Non 6.4 11.0 16.6 0.0001 **
K7 Non Non 6.3 10.2 14.4 0.0001 **'

Real Time qPCR of 16SrRNA Gene Expression

In the present study, the internal control gene 16SrRNA was used, the range of
Ct values for this gene when not treated with ZnO NPs was from (14.55 - 14.68) in all
(7) K. pneumoniae isolates from DFUs, the isolates treated with synthesized ZnO NPs,
the Ct value did not change at a high rang from (14.03-14.99), as showed in Table (2),

10
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the statistical analysis showed a non-significant difference between isolates before and

after treatment. Figures (7) showing the pattern of gene amplification.

Table (2): The Ct Value of (Housekeepingl16SrRNA gene) before

No. of The Ct value of ( HK') The Ct value of ( HK')

isolates gene before treatment gene after treatment
HK-1 14.92 14.92
HK-2 14.88 14.87
HK-3 14.81 14.03
HK-4 14.77 14.25
HK-5 14.80 14.67
HK-6 14.73 14.54
HK-7 14.71 14.22

NS: Non-Significant

Figure (7): The Amplification of 16SrRNA Gene before and after
Treatment with ZnO NPs.

Real Time qPCR of MagA Gene Expression

Demonstrated q RT-PCR using seven isolates of K. pneumoniae from diabetic foot
ulcer patients before and after treatment with ZnO NPs, the results of the MagA gene,

11
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which gave high expression for all isolates and with different degrees of the bacterial
biosynthesis product ZnO NPs. The treatment with the bacterial biosynthesis product
ZnO NPs, as it gave a high expression with an increase in Ct value and it was statistically
P<0.01 evidence of occupational differences that were between the isolates before and
after treatment as in Table (2) and Figures (8) showing the pattern of gene amplification.
Their differences depend on the range of the Ct values as untreated and treated. By
comparing the results on the extent of the Ct value of the gene when treating bacterial
isolates with ZnO NPs. As a result of the biological product’s possession of biologically
active functional groups such as the amine group, the carboxyl group and others and
merely touching the surface of the cell, the cell generates electrical charges that damage
its membranes and disrupts the genes of the cell membranes, and its influence stops
cellular activities and thus the death of the cell. As indicated33,34.

Figure (8): The Amplification of MagA gene before and after treatment with ZnO NPs.

12
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Table (2): Gene Expression of MagA gene (Before and After Treated with ZnO NPs)

Ct ACt AACt yaucs

Ct of
No.of eatment  (Magh) oo ence  Target  (ACt— Lo of

isolates ZnO NPs of (HK) (ct e ene el
A.niger Target ene (MagA)-  ACY) gression
gene g Ct (HK) P
Untreated 14.81 14.92 -0.11 -0.548 1.46
+0.24
K1 0.10 0.0063 **
Treated 18.66 14.92 3.74 3.30 £0.02
Untreated 14.87 14.88 -0.01 -0.448 i163162
K2 0 677 0.0067 **
Treated 18.99 14.87 4.12 3.68 +0.08
Untreated 14.86 14.81 0.05 -0.388 1:163104
K3 0 642 0.0058 **
Treated 19.04 14.03 5.01 4.57 +0.005
Untreated 14.72 14.77 -0.05 -0.488 11(54{)2
K4 0 1.18 0.0053 **
Treated 17.77 14.25 3.52 3.08 £0.07
Untreated 14.70 14.80 -0.1 -0.538 ;64153
K5 0 655 0.0050
Treated 19.28 14.67 4,61 4.17 +0.008
Untreated 1474  14.73 0.01  -0.428 ;63144
K6 0 679 0.0075
Treated 18.63 14.54 4.09 3.65 +0.004
Untreated 14.69 14.71 -0.02 -0.458 d:163176
K7 0 658 0.0087
Treated 18.75 14.22 4.53 4.09 +0.007
** (P<0.01).

q-Real Time-Polymerase Chain Reaction Evaluation

By comparing the Cycle threshold in (RT-PCR) of the target gene Cycle threshold
(MagA) to internal control Cycle threshold (16S), it was possible to determine the relative
expression of the hla gene: Ct MagA-Ct 16S is equals to the delta Ct. the relative gene
expression to the three biological replicated was averaged to assess the experiment's
repeatability. The standard deviation of the Delta Ct obtained to each the biological

replica was calculated to assess the RT-PCR reaction's repeatability35,36,37

13
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Conclusion

Efficiency of ZnO to inhibit on isolated bacteria, which had the potential for down
regulate MagA gene expression in this study. Our study succeeded where it was
distinguished with biosynthesis ZnO NPs, the study that have smaller size when
compared with previous studies, which is preferable to the achieve better anti-microbial
effects. As a result of the biological products possession of biologically active functional
groups such as the amine group, the carboxyl group, and others, merely touching the
surface of the cell, generates electrical charges that damage its membranes and disrupts
the genes of the cell membranes, and its influence stops cellular activities and the death
of the cell as indicated. The synthesis of hydrogen peroxide and eventual penetration of
cell envelope and disorganization of bacterial membrane following contact with ZnO NPs
are the two potential mechanisms linked to bacterial inhibition
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