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Abstract

The clinical isolates of Staph aureus used in the current study are from (diabetic foot patients)
diagnosis results of S. aureus gram positive bacteria, beta hemolysis on blood agar, mannitol
fermenter and positive catalase and coagulase. Utilizing a scanning electron microscope, fourier
transforms infrared (FTIR), X-ray diffraction (XRD), and UV-visible spectrophotometer, were able
to characterize the physical-chemical composition of ZnO NPs produced during the biosynthesis
process (SEM). According to the XRD results, they were very small crystals with a majority
spherical form, measuring 13.5 nm in size. Using the agar well diffusion method and optical
densities data at 630 nm, the minimum inhibition concentration, or MIC test, of ZnO NPs at
concentrations (31.25 to 500) g/ml against bacterial isolates have been established. Results of
the best MIC trial with 125g/ml ZnO NPs concentration revealed a significant difference in the
anti-bacterial inhibition for isolates under study at P<0.01. Using the RT-gqPCR method and the
165rRNA gene as a reference, the expression of the Hla gene was examined both before and
after exposure to ZnO NPs. Cycle threshold (Ct) values for the Hla gene and gene expression
of the isolates were found to differ significantly at P<0.05, according to the data. According to
the study's findings, biosynthesized ZnO NPs with a concentration of 125 g/ml had inhibitory
effects on bacterial isolates and had the potential to downregulate gene expression.
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(Hla) gene and gene expression.

1. Introduction

One of the most common endocrine illnesses, it is
characterized by decreased glucose uptake and
caused by absolute or relative insulin deficiency,
resulting in hyperglycemia [1]. Diabetic mellitus is
divided into numerous forms, the most prevalent of
which are Type 1 diabetes mellitus (T1DM), Type 2
diabetes mellitus (T2DM), and gestational diabetes,
as well as additional types of diabetic mellitus [2].
Among complication of diabetic, the diabetic foot
ulcers (DFUs) are a complicated combination of risk
factors that include, peripheral vascular disease,
peripheral neuropathy, trauma, and reduced
infection resistance, and they continue to be a
significant cause of lower extremity amputation
worldwide [3]. Infections as a result of microbial
sources are an important element to consider in
diabetic wounds and is crucial and challenging to
manage and treat [4]. The normal microflora of the
skin consists of various bacterial species; were
identified to be clinically infectious [5]; [6]. Damages
caused by either direct or indirect trauma in the skin
encourages surface bacteria to infest into underlying
tissue, as a result of this microbial penetration, the
inflammatory cells cause inflammation by releasing
protease enzymes and reactive oxygen species to
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the infection site [7]. The infested bacterial secretes
endotoxins and an increased level of these
endotoxins are release at the site which increases the
pro-inflammatory cytokines as an immune response,
this immune response to the bacterial toxin reduces
collagen deposition along with decrease in growth
factor production which plays a crucial role in wound
healing, thus, wound healing is delayed [8]. This
study focused on the role cell membrane-associated
genes, Hal gene for S. aureus, that cause the lysis of
red blood cells, hemolysin are regulated by regulator
gene hemolysin the most important toxin is have
activity can induce the lysis of epithelial, erythrocytes
cells and cause the apoptosis [9].

2. Materials and Methods

Samples Collections

A swabs were collected under sterile conditions from
infected patients with diabetic foot ulcers in general
Al-Hashmia hospital Babylon Governorate during (4
months period) from 27 November to the 27
February 2022 and transferred to laboratory for
isolate and diagnosis Depending on the [10].
Molecular diagnostic of pathogenic

bacteria

The genomic DNA of pathogenic clinical isolates is
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extracted using a commercial purification used kit
extraction of Genomic DNA. (Mini Kit Genomic DNA
from (Blood-Cultured Cell) Favorgen / Korea), the
extraction was done following the manufacture's
protocols recommended for bacteria and DNA was
stored at -20°C.

Collection and Isolation of Pseudomonas
aeruginosa for biosynthesis of
nanoparticles.

The environmentally isolated bacterial was obtained
Pseudomonas aeruginosa which was cultivated again
for activation and do all the standard diagnostic tests
as well to ensure the isolate.

Preparation of Bacterial Suspension for The
Purpose of Preparing The nano-extract

The isolate used for research was selected by taking
a number of single colonies of the selected isolate
and inoculated in 250 ml of sterile brain heart fusion
broth medium for 24 h at 35+2°C in a 500 mL
Erlenmeyer flask to grow, under shaking at 120 rpm
on an incubator orbital shaking, 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 ZnO NPs
[11].

Formation of Zinc Oxide Nanoparticles

Takes 100 mL of the bacterial supernatant, then in a
500mL Erlenmeyer flask, 100 mL of supernatant was
mixed with 100 mL of solution (1mM) Zinc acetate
Zn(CH3CO0),.H20; (Sigma), 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 drying at 60°C in oven, and weight
of extracted ZnO NPs [11;12].

3. Results and Discussion

|dentification of Bacterial Isolates

The isolated microorganisms from diabetic foot
ulcers sources, which were identified using
microscopic, macroscopic, and biochemical tests
and the results confirmed by VITEK-2 system, and
molecular identification, revealed that the most
frequently isolated bacteria were Staphylococcus
aureus, which was consistent with previous findings.
[13]. The identity was then verified using the
Biomerieux-recommended  VITEK 2  compact
equipment, and the resulting data was compared
with the source supplied by [14; 10].

Genotyping Identification of Pathogenic

bacteria

In this study, the identification of pathogenic
bacteria clinical isolated through DNA of bacterial
isolates, were isolates eight S. aureus. Also, purity
and concentration were confirmed with Nano-drop,
the purity of the nucleic acid in the samples ranged
between (1.8-2). Purity of DNA is a good indicator of
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the extraction process as well as confirming the
absence of impurities that could impede the process
[15]. the extracted DNA was confirmed and analyzed
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 bands [16]. As
shown in Figure (1).

Figure (1): Presented the integrity of DNA which
extracted from Pathogenic bacteria isolated from DFUs,
S. aureus (1— 8) Agarose 1.3%, Volt 100, Time 45

minutes.

|dentification Bacteria for Biosynthesis of
ZnO NPs

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
showed transparent halo evidence of hemolysis and
production of hemolysin. While on the nutrient agar
they appeared in green, microscopically they were
gram negative 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 by [10].
Similar finding were recorded by [17]. Showed result
of the Vitec system was the bacterial isolate
identified as a belonging to the P. aeruginosa, as
mentioned at [18].

Characterization of Biosynthesis (Zinc

Oxide NPs)

The UV-Visible Spectrophotometer

The highest absorption peaks for ZnO-NPs was
observed at 379 nm, this result indicates the
successful biosynthesis of ZnO NPs by bacterial
filtrate, the successful biosynthesis of ZnO-NPs by
was confirmed by the color change to white
precipitate The results of this study are in agreement
with the highest absorption was observed when
biosynthesizing zinc particles from bacteria P.
aeruginosa was 380 nm. it was identical to the result
of [11].

X-ray Diffraction Characterization

The XRD pattern showed to bacterial biosynthesis
intense diffraction peaks at 2 values of respectively,
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these results confirm that the material is zinc oxide
and that it is of high purity, when compared to X-ray
diffraction, our observations were consistent with the
crystalline character of biologically generated ZnO-
NPs, and the presence of bacterial metabolites
including proteins and chemical compounds that
coated the ZnO NPs surface was strongly indicated
[11; 19]. The average ZnO NP size that matched the
highest diffraction peak was determined to be 15.8
nm.

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. Our study
succeeded in achieving good results with the
smallest sizes of ZnO NPs, which were less than what
was found [20]. Also [21], indicated in his research
that the average size ranged between (50-120) nm,
and [22], he indicated his results for ZnO NPs
biosynthesized by with an average size of (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.

Fourier Transformed Infrared Spectroscopy

(FTIR)

The formation of ZnO-NPs by bacteria was
discovered using FTIR. The stretching NH of amines
was represented by the overlap of the vibration
mode of the -OH group with that wave number,
whereas the stretching O-H of carboxylic acid was
represented by peaks at wave numbers between
3000 and 3700 cm-1 [23]. While the faint signal at
2590 cm-1 was connected to the stretching SH thiol
group, the medium peak at 1620 cm-1 was assigned
to the bending primary amine (NH) overlapped with
carboxylate salts or amide. [24]. Moreover, with
respect to CO2 and carbonates (CO32) adsorption
at the NPs surface, a medium peak at 1430 cm-1 was
identified as stretching C=0 of carboxylic salts. [23]
Strong peaks at 1032 c¢cm-1 and 895 cm-1 may
correspond to sulfoxide stretching S=O and alkene
bending C=C, respectively. [24; 25]. As previously
reported, the successful production of ZnO-NPs was
confirmed at peaks of 400 to 700 cm-1[26]. The
involvement of several groups, including the C=0,
O-H, NH, and SH thiol groups present in bacterial
reducing, capping, and stabilizing activities, was
validated by the FT-IR analysis of ZnO-NPs.

Real Time gPCR of Hla Gene Expression

Demonstrated g RT-PCR using eight isolates of S.
aureus from a diabetic foot ulcer patient before and
after treatment with ZnO NPs, the results of the Hla
gene, 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 low
expression with an increase in Ct value and it was
statistically P<0.01 evidence of occupational
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differences that were between the isolates before
and after treatment as in Table (1) and Figures (2,3)
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
indicated [27].
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Figure (2): The Amplification of Hla gene before
treatment with ZnO NPs.

43000 T T T T

00 4
30400 1
300 1
28800 1

& 24000 1
19200 1
1400 1

%0 4

4300 1

ﬂ' 1

[ RN P S S |
+ L L L SO O B L B B

UL R

2046 8101141618 00 %% NBNNHENDL
Cycle

Figure (3): The Amplification of 16SrRNA Gene after
treatment with ZnO NPs biosynthesis by P. aeruginosa.
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No. of Treatment ZnO NPs | Ct (Hla) of | Ct of reference (étC(tH'E:)r S_Jeét AACt (ACt| 2-AACt Fold of Pvalue
isolates p-aeruginosa Target Gene| (HK) gene (HK) — Ave ACt)|gene expression
s Untreated 14.79 14.92 -0.13 -0.076 1.054 =0.17 | 0.0072
Treated 18.11 14.92 3.19 3.243 0.105 +0.042 *x
2 Untreated 14.83 14.88 -0.05 0.003 0.997 +0.11 | 0.0078
Treated 19.75 14.87 4.88 4.933 0.032 +0.006 **
3 Untreated 14.81 14.81 0 0.053 0.963 £0.10 | 0.0093
Treated 18.96 14.03 4.93 1.686 0.31 +0.08 **
4 Untreated 14.75 14.77 -0.02 0.033 0.976 £0.09 | 0.0077
Treated 18.76 14.25 4.51 4.563 0.042 +0.01 *x
S5 Untreated 14.79 14.80 -0.01 0.043 0.970 +0.11 | 0.0082
Treated 19.30 14.67 4.63 4.683 0.038 +0.005 *x
6 Untreated 14.66 14.73 -0.07 -0.016 1.011 =0.12 | 0.0075
Treated 19.91 14.54 5.37 5.423 0.023 +0.008 **
57 Untreated 14.69 14.71 -0.02 0.033 0.976 +0.10 | 0.0075
Treated 18.97 14.22 4.75 4.803 0.035 +0.007 *x
8 Untreated 14.55 14.68 -0.13 -0.0762 1.054 =0.14 | 0.0069
Treated 18.32 14.16 4.16 4.213 0.053 +0.007 **
** (P<0.01).

No. Of isolates| The Ct value of (HK) gene before treatment The Ct value of (HK) 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
HK-8 14.68 14.16
NS: Non-Significant

Real Time gPCR 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 (8) S. aureus 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), the statistical analysis
showed a non-significant difference between isolates
before and after treatment. Figures (4,5) showing the
pattern of gene amplification.

g T 0 T — T g T
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Cycle

Figure (4): The Amplification of 165rRNA Gene before
treatment with ZnO NPs.
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Figure (5): The Amplification of 16SrRNA Gene after
treatment with ZnO NPs.

4. Conclusion

The Gram-positive bacteria such as S. aureus causes
diabetic foot ulcer infections, but Gram positive were
dominant S. aureus. Nano-products is preparing
from bacteria Pseudomonas aeruginosa and using
them to inhibit a treatment diabetic foot ulcer,
efficiency of ZnO to inhibit the pathogenic bacteria
and inhibitory effects on bacterial isolates and had
the potential to down regulate Hla gene expression
in this study. Our study succeeded where it was
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distinguished with biosynthesis ZnO NPs in the
present study have smaller size when compared with
the previous studies, which is preferable to achieve
better antimicrobial effects.
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