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Abstract

Objectives: Tellurium has received substantial attention
for its remarkable properties. This study performed in
vitro and in vivo testing of the antibacterial action of
tellurium nanoparticles biosynthesized in actinomycetes
against methicillin-resistant  Staphylococcus — aureus
(MRSA), a common blood bacterial pathogen.

Methods: Nine actinomycete isolates were tested for their
potential to reduce potassium tellurite (K,TeO3) and form
tellurium nanoparticles (TeNPs). The most efficient acti-
nomyecete isolate in producing Tellerium nanoparticles was
identified through molecular protocols. The generated
TeNPs were characterized using UV, TEM, EDX, XRD
and FTIR. The bacterial species implicated in bloodstream
infections were detected at El Hussein Hospital. Bacterial
identification and antibiotic susceptibility testing were per-
formed using Vitek 2. An animal infection model was used
to test the efficacy of the produced TeNPs against the most
commonly isolated methicillin-resistant S. aureus using
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survival assays, colony counting, cytokine assessment and
biochemical testing.

Results: The most efficient actinomycete isolate was
identified as Streptomyces graminisoli and given the
accession number (OL773539). The mean particle size of
the produced TeNPs was 21.4 nm, and rods and rosette
forms were observed. Methicillin-resistant S. aureus
(MRSA) was the main bacterium (60%) causing blood
stream infections, and was followed by Escherichia coli
(25%) and Klebsiella pneumoniae (15%). The produced
TeNPs were tested against MRSA, the bacterium most
frequently isolated from blood, and showed a promising
action inhibition zone of 24 £+ 0.7 mm and an MIC of
50 pg/ml. An animal infection model indicated the promise
of TeNPs alone or in combination with standard drugs to
combat MRSA in a rat intravenous infection model.

Conclusion: TeNPs combined with vancomycin have
successive impact to combat bacteremia for further veri-
fication of results.

Keywords: Antibacterial activity; Blood stream infections;
MRSA; Streptomyces sp.; Tellurium nanoparticles

© 2022 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Nanotechnology is an important approach with diverse
impacts in various fields through the environmentally
friendly synthesis of nanoscale particles (NPs) from plants
and various micro-organisms. Actinomycetes including
Streptomyces, Saccharopolyspora and Amycolatopsis are
unicellular microorganisms with high GC content that may
have many beneficial applications.z‘?’ Streptomyces is the
predominant actinomycete producing bioactive secondary
metabolites with notable degrading activity.4 Many other
studies have reported antimicrobial and anti-biofilm roles
of compounds extracted from Streptomyces.” Many drugs on
the market are produced from Streptomyces.”

Tellurium (Te) is a natural rare metalloid on Earth with a
notable toxicity to both prokaryotes and eukaryotes. It has a
role in various industries including optics and electronics. It
may be present as a harmful pollutant in the soil and water in
areas near activity of these industries.”® Microorganisms
such as Rhodococcus erythropolis have enzymes that reduce
the toxicity of tellurite to zerovalent tellurium and can
be used in bioremediation of regions contaminated with
toxic tellurium.”'" Nanoparticles have various features
including a larger surface area and higher surface energy,
and thus have roles in fields including biomedicine and
pharmacology.”f14 Tellurium nanoparticles (TeNPs) have
recently been used in research and industry, owing to their
excellent biocompatibility,]5 antimicrobial and antioxidant
activity, ability to decrease cholesterol and triglyceride
levels, © and anticancer activity.'”'

Bloodstream infections (BSI) have recently been reported
to be caused by many resistant strains, thus leading to life-
threatening effects.” Primary BSI can be caused by
microorganisms introduced directly into the bloodstream;
for example, the use of contaminated medical devices can
lead to primary infections. Secondary BSI is determined by
the same organism causing infection in added mass
tissue.”’ Vancomycin is commonly used to treat MRSA but
often fails to eradicate this pathogen; therefore, alternative
tools with effective action and minimal resistance must be
explored through various methods.>' %3

In this study, TeNPs were synthesized by Streptomyces
graminisoli. The produced NPs were characterized, and
in vitro assessment of antibacterial activity against MRSA,
the predominant pathogen in this study, was performed.
In vivo determination of TeNP efficacy after intravenous
injection of MRSA illustrated its potential pharmaceutical
applications.

Materials and Methods
Sample collection and actinomycete isolation

Soil samples from various depths below the soil surface
(from just beneath the surface to 1-foot depth) in Talkhaa-
Daghlia, Egypt, were collected in small sterile plastic bags.
The soil samples were dried in a hot air oven at 60—65 °C to
decrease the number of bacteria other than actinomycetes,
according to Mahato et al.”

Subsequently, 1 g of soil sample was transferred to 50 ml
of sterile water, then placed in a rotary shaker at 120 rpm/
min for 30 min. These solutions were serially diluted up to
1071°, and 100 pl aliquots of the appropriate dilution were
added to starch nitrate medium at pH 7.0 and incubated at
28 + 2 °C for 7 days. Actinomycete colonies were selected on
the basis of morphology and streaked on starch nitrate agar
medium.” The isolates were stored in a refrigerator at 4 °C
before further investigation.

Screening for TeN P-producing actinomycetes

All actinomycete isolates were grown on starch nitrate
broth medium at 30 °C for 7 days under 150 rpm shaking
conditions. The medium was filtered through a 0.45 nm
pore size filter at the end of the incubation period to obtain
a clear broth. Incubation at 30 °C for 48 h after the
addition of the broth medium to 4 mmol of potassium
tellurite (K,TeOs) was performed for each organism with
1 ml medium plus 2 mmol potassium tellurite solution.
Tellurium oxide was indicated by the presence of black
suspended particles, on the basis of comparison with blank
samples. Actinomycete extracts and distilled water were
used in equal volumes. The most promising TeNP pro-
ducing isolate was selected according to the intensity of
black particles.%*zx

Characterization of TeNPs

Various techniques were used to characterize the TeNPs.
To determine the optical absorption of the TeNPs, we used a
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UV—visible spectrophotometer (JENWAY 6305) operated at
a resolution of 1 nm. The FTIR spectra of pellets were
recorded using Fourier Transform Infrared spectroscopy
(Bomen MB-154) to detect functional groups on NP surfaces.
Transmission electron micrographs were taken with a Zeiss
902A TEM, operated at an acceleration voltage of 200 kV.
Energy-dispersive X-ray analysis (EDX) demonstrated the
presence of elemental trillium. An X-ray micro-analyzer
(Oxford 6587 INCA) attached to a JEOL JSM-5500 LV
scanning electron microscope was used for EDX microanal-
ysis at 20 kV. X-ray diffraction (XRD-6000) in a 26 range
from 10° to 130° was used to define the crystal shape?g

Identification of selected isolates

The selected isolates producing TeNPs were identified
according to their morphological, culture and physiological
characteristics.”’ >

Actinomycetes were grown on starch agar slants for 7 days.
Subsequently, 2 ml of spore suspension was inoculated into
starch nitrate broth, and incubated on a shaking incubator for
3 days at 200 rpm and 30 °C. Genetic material from cultured
microorganisms was purified with a PCR product extraction
kit (Qiagen, Valencia). DNA sequences were obtained with an
Applied Biosystems 3130 genetic analyzer (HITACHI,
Japan). Basic Local Alignment Search Tool (BLAST®)
analysis was initially performed to establish sequence identity
with respect to GenBank accessions. A phylogenetic tree was
created with the MegAlign module in Lasergene DNA Star
version 12.1 Phylogenetic analyses were performed with
maximum likelihood, neighbor joining and maximum parsi-
mony in MEGAG6.% %" Molecular analysis of the isolates was
performed at the Biotechnology Unit, Reference Laboratory
for Veterinary Quality Control on Poultry Production,
Animal Health Research Institute, Dokki, Giza, Egypt.

Structural screening for isolated actinomycetes

For structural screening of S. graminisoli, cultures were
prepared and investigated with scanning electron microscopy
(JEOL, Japan) at the Regional Center for Mycology and
Biotechnology, according to Abdukhakimova et al.*®

Bacterial isolate collection and identification

A total of 100 blood samples were collected from patients
admitted to the University Hospital El-Hussein between
January 2020 and August 2021. The blood cultures were
incubated aerobically at 37 °C and observed daily for the first
3 days for the presence of visible microbial growth, according
to hemolysis, gas production or coagulation of broth. Iso-
lates were identified with standard microbiological tech-
niques on the basis of Gram staining, colony characteristics
and biochemical properties. The bacterial identification and
antimicrobial susceptibility testing were performed using
Vitec 2, including susceptibility testing and Staph AST-P620
card testing for MRSA (bioMerieux, France).’w’24
Antibacterial activity of TeNPs against methicillin resistant

S. aureus

Mannitol salt agar was poured into Petri dishes and dried,
and colonies of methicillin resistant Staphylococcus aureus

(MRSA) were streaked on the surface. In a well of 1 cm
diameter in plates cultured with the MRSA, only 100 pl of
TeNP suspension was added. An inhibition zone was observed
after 24 h of incubation at 37 °C.*

Minimal inhibitory concentration determination of TeNPs

Miiller-Hinton broth was enriched with TeNPs ranging
from 0.062 mg/ml to 2 mg/ml, and inoculated with 5 x 10°
colony forming units (CFU) of MRSA, then incubated at
37 °C for 24 h. After incubation, 20 pl aliquots of 2,3,5-
triphenyl-2H-tetrazolium chloride (TTC) solution (0.5 mg/
ml) were added into the culture medium and shaken. After
incubation for an additional 2 h at 37 °C, the data were re-
ported as MICs, and the lowest concentration of TeNPs
showed no visible red color.*!

Animal model

Female Wistar albino rats were purchased from the an-
imal house of the Faculty of Medicine, Ain shams Univer-
sity, and kept in sterile conditions for 14 days an animal
facility in the Regional Center for Mycology and Biotech-
nology. Sixty female male Wistar albino rats weighing 170 g
were divided into five groups (n = 20) as follows. The first
group was a negative control group that was inoculated
with deionized water. All other groups received intravenous
injections of 100 pl of isolated and identified MRSA (10’
CFU/ml as reported LDsy dose with some modification)*’
to induce bacteremia. The second group did not receive
treatment. The third and fourth groups were injected
intraperitoneally daily with 100 pl of vancomycin (Sigma)
and 100 pl of TeNPs, respectively. The last group was
inoculated with 100 pl of a combination of vancomycin
and TeNPs (1:1). Animals were monitored daily, and
killed through cervical dislocation at 3, 5 or 7 days for the
experiments.

Survival assays

Rat survival rates were monitored daily for 2 weeks. At
the end of experiment, mortality was verified, and a survival
curve was drawn in GraphPad Prism version (5).43

Determination of colony forming units

Bacterial counts in infected organs (lung, liver and kid-
neys) were conducted. Animals were killed by cervical
dislocation at 3, 5 or 7 days. Organs were collected and
digested in phosphate buffer. Homogenates were diluted and
cultured on oxacillin resistance screening agar base medium
for 24 h at 37 °C, and the number of colonies in each group
was recorded.*

Cytokine assays

At day 7, blood was collected from sacrificed animal
groups, and serum was separated. TNF-alpha, 1L-10, IL-4
and IL-17 concentrations were measured according to the
instrlgc}tions of the commercial kits (Invitrogen, USA)
used.”™
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Blood function assays

Levels of aspartate aminotransferase (AST), gamma
glutamyl transpeptidase (GGT) and blood urea nitrogen
(BUN) were measured according to the instructions of the
commercial kits (Thermo Fisher, USA) used.”

Statistical analysis

Tests were performed three times, and the results are
represented as mean + SEM. Statistical analysis was per-
formed using (GraphPad Prism, version 5, USA). T-test and
one-way analysis of variance were applied, and P < 0.05 was
considered to indicate a statistically significant result.

Results

Culture, morphological, chemotaxonomic, physiological and
biochemical characteristics of actinomycete isolates

The culture, morphological, chemotaxonomic, physio-
logical and biochemical characteristics of the actinomycete
isolates grown on different culture media are summarized in
Tables 1 and 2. The aerial hyphae of the isolate were gray,
but the substrate mycelia were ivory, and light brown
diffusible pigments formed on oatmeal agar. Melanin
pigments formed on peptone yeast extract-iron agar. LL-
diaminopimelic acid was detected in the whole hydrolysate of
this strain, but no characteristic sugars were detected. Several
factors such as carbon and nitrogen utilization, degradation
tests, sensitivity tests, tolerance to NaCl, and growth pH and
temperature were examined.

Sequencing of 16S rRNA genes and phylogenetic analysis

The 16S rRNA sequence was compared with the sequence
of Streptomyces sp. to confirm the identification of the acti-
nomycete isolate through multiple sequence alignment. Elec-
trophoresis on agarose gels was used to analyze PCR
amplification (Supplement 1). On the basis of multiple
sequence alignment, this isolate showed 98.6% similarity to
S. graminisoli (Figure 1). The sequence was submitted to the
GenBank Nucleotide Sequence Database under accession
number SUB10781525 Streptomyces OL773539 (https://
www.ncbi.nlm.nih.gov/nuccore/OL773539).

Table 2: Chemotaxonomic, morphological and biochemical
characteristics of the actinomycete isolates.

Characteristic

Result

Chemotaxonomic analysis:
Cell wall hydrolysis for:

Detection of diaminopimelic acid (DAP) isomers

Sugar pattern

Morphological characteristics:
Spore chains

Spore surface

Spore mass color

Substrate mycelial color
Diffusible pigment produced
Growth tests

Range of pH: 4.0—10.0
Optimum temperature (°C): 25.0—45.0
Optimum salinity (%): 0.0—5.0
Biochemical characteristics:
Nitrate reduction

Casein degradation

Urease production

Hydrogen sulfide production
Starch hydrolysis

Gelatin liquefaction

Methyl red test
Vogues—Proskauer test
Cellulose degradation
Utilization of carbon source:
Raffinose

Xylose

Glucose

Arabinose

Sucrose

Utilization of nitrogen source:
L-Arginine

L-Asparagine

L-Cysteine-

L-Methionine -
L-Tryptophan-

L-Serine +

L-Valine+

L-Leucine-

L-Lysine-

Sensitivity assay:

Penicillin G (10 i.u.)

LL-DAP
ND

Spirals
Spiny
Gray
Ivory

+
+
+

e B B

+++

+ 4+ |

+

Growth in the presence of sodium azide (0.01%, w/v) +

(+) = positive, (—) = negative, (ND) = not detected.

Table 1: Cultural characteristics of the actinomycete isolates grown on different media.

Types of media Growth Substrate mycelium color Aerial mycelium color Diffusible pigments
Starch-nitrate agar Good Ivory Gray None
Inorganic-trace salt-starch agar Good Light yellow Gray None

Glycerol asparagine agar Good Ivory Gray None

Yeast extract-malt extract agar Moderate Ivory Light gray None

Oatmeal agar Good Ivory Gray Light brown
Melanin pigment media:

1. Tryptone yeast extract broth Weak Ivory Light gray None

2. Peptone yeast extract iron agar Moderate Ivory White Light yellow

3. Tyrosine agar Moderate Ivory White None
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Figure 1: Phylogenetic analysis of Streptomyces isolates through neighbor joining.

Scanning electron microscopy

The electron micrographs and visual observations of the
isolate indicated the morphological characteristics of the
organism. The spore chain was composed of spiral spores
with spiny surfaces (Figure 2).

Characterization of TeNPs
i. Visible analysis

The biosynthesis of TeNPs in the reaction tubes was
identified by naked eye through black color formation
(Figure 3A).

10 ym
NRO{QUANTA FEG2

ii. UV—visible spectroscopy analysis

After inclusion of S. graminisoli extract in potassium
tellurite solution, a UV scan from 200 to 800 nm was con-
ducted. A broad peak of TeNPs was observed in this range,
thus demonstrating the formation of TeNPs (Figure 3B).

iii. Energy dispersive X-ray analysis

EDX was performed to detect the presence and percent-
ages of various elements potentially involved in the forma-
tion of TeNPs (Figure 3C). EDX analysis was conducted
through detection of the power and magnitude of X-ray
dissemination and indicated a tellurium percentage of
70.9% (Table 3).

B

Figure 2: Scanning electron micrograph of Streptomyces isolate Azhar. T2. (A) 15,000 x , (b) 50,000 x .
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4 Te

Figure 3: Characterization of tellurium nanoparticles (TeNPs): (A) Color produced in potassium tellurite solution after addition of
S. graminisoli extract. (B) UV—visible spectra of TeNPs. (C) EDX spectrum of biosynthesized TeNPs. (D) TEM image of biosynthesized

TeNPs at 10,000 x magnification: (1) rod shape; (2) rosette pattern.

iv. Microscopic characterization by TEM

Particles were measured after examination using trans-
mission electron microscopy. The images represented various
forms of NPs produced, including rods and rosette structures
(Figure 3D). The mean size of the TeNPs was 21.4 nm
(Table 1).

v. FTIR analysis

FTIR analysis was performed to detect the functional
groups responsible for the activity of the TeNPs bio-
synthesized from actinomycete metabolites (Figure 4). The
FTIR spectra of biosynthesized TeNPs showed different
characteristic peaks at 446.68, 467.23, 522.93, 1643.51,

1642.83, 2083.73 and 3442.42 cm~'. The strong broad
peaks at 3442.42 and 1643.51 cm™! may be associated with
a primary amine or the amide N—H bond. The peak at
2083.73 cm ™! corresponded to C=C and O—H, whereas
the peaks at 467.23 and 522.93 cm ™! were attributed to the
formation of metal oxides. Thus, TeNPs might be due to
various chemical groups in filtrate to reduce metal to metal
oxide NPs.

vi. XRD analysis

XRD analysis (Figure 5) indicated the crystal structure of
biosynthesized TeNPs. The 26 peaks were at 23.4867 em ™!,
27.707 em™!, 29.2989 cm™!, 32.1699 cm~!, 38.0074 cm !,
46.2036 cm~' and 64.3965 Cmfl, corresponding to the

Table 3: Elemental percentage (%), determined with EDX and statistical measurements of TeNPs biosynthesized by Streptomyces

graminisoli, imaged with TEM (mean + SD).

EDX Means of elements (%) + standard deviation from mean (SD)
Elements Te Cl K Na P S
% 709 + 1.2 53+03 6.7 +22 12.8 + 0.63 2.39 +0.14 1.91 +0.11
TEM Count Mean Minimum Maximum SD
Nm
TeNP size 25 21.4 18.81 24.0 5.03
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Figure 4: FT-IR spectrum of TeNPs produced by Streptomyces graminisoli.
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Figure 5: XRD pattern of TeNPs produced by Streptomyces graminisoli.

TeNPs synthesized. XRD analysis indicated impurity peaks, Antibacterial action and MICs of TeNPs against MRSA

which may be caused be remnants of previous preparations

and could be overcome using higher temperatures. TeNPs tested against the most common bacterial isolate
in this study showed promising antibacterial action, with an

Identification of bacteria

A total of 100 blood cultures were collected from patients Table 4: In vitro anti-MRSA activity of biosynthesized tellu-
at the El Hussein Hospital and processed. Bacterial isolates rium NPs (TeNPs) and vancomycin, expressed as MIC (jig/ml)
were identified with a Vitec automated system; 60% of (mean = SD).
samples were identified as methicillin resistant S. aureus, Treatments Minimum inhibitory
while 25% of samples were Escherichia coli, and 15% of eomesiE e ()

samples were Klebsiella pneumoniae. Therefore, MRSA was
the most common bacterial isolate detected in this study
(Supplement 2).

TeNPs 50.13 £ 0.26
Vancomycin 1.60 = 0.26
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Figure 6: Survival rates of animals after intravenous injection with 1 x 10° CFU of MRSA. The survival rates of various groups are
indicated: (1) control animals, (2) infected rats with no treatment, (3) infected animals treated with vancomycin as a standard drug, (4)
infected animals treated with tellurium nanoparticles and (5) infected animals treated with a combination of standard drug and tellurium
nanoparticles. The graph was drawn at the end of the experiment after 7 days.

inhibition zone of 24 + 0.7 mm. The results of the serial
dilution method, in which TTC reagent (tetrazolium test)
was used to evaluate the MICs of the TeNPs against MRSA,
showed that the minimum inhibitory concentration was 50
pg/ml. Thus, TeNPs had antibacterial action against MRSA
and were further tested in an animal model (Table 4).

Survival assays

No difference was observed in survival in the first control
group after 7 days. In the second group, infected animals
showed weakness, and some gradually died during the
experiment. In the third group of infected animals treated
with a standard drug, 50% of animals died by the end of
experiment. In the fourth group, the survival rate was
approximately 70% among infected animals. Finally, infec-
ted animals treated with combination therapy showed a 90%
survival rate (Figure 06).

CFU results

Lung, liver and kidney samples were processed and
cultured after 3, 5 or 7 days in all groups, and the CFU count
are shown in Tables 5—7. A significant decrease (P < 0.05) in
bacterial count was observed in the tested organs of animals
treated with the standard drug (vancomycin) or TeNPs.
Administration of a combination of vancomycin and
TeNPs markedly decreased (P < 0.001) the bacterial
counts in the tested organs, thus showing very promising
results.

Cytokine results

Serum levels of the inflammatory mediators TNF-alpha,
IL1B, IL-4 and IL-17 were measured after 7 days
(Figure 7). A significant increase in TNF-a, IL-1p and IL-17

Table 5: CFU counts in lungs in various groups of animals after 3, S or 7 days (n = 3). Data are presented as means = SD.

Time (days) Control Induced Induced + SD Induced + TeNP Induced + combination
3 0 4 x 10° + 10 7 x 10+ 9 5x10°+5 3x10°+3
5 0 5x 107 £+ 16 6 x 10° + 14 3x10°+8 5x10+2
7 0 7 % 108 + 8 5% 10%+ 13 2x10>+2 1 x10+£1

Table 6: CFU counts in livers in various groups of animals after 3, 5 or 7 days (n = 3). Data are presented as means + SD.

Time (days) Control Induced Induced + SD Induced + TeNP Induced + combination
3 0 1 x10%+9 10 x 10* £ 11 4 x10* + 4 6 x 10°> + 4
5 0 2 x 107 + 13 8 x 103+ 7 3x103+7 4% 10+3
7 0 5% 108 + 15 7 x10*+3 2x10°+6 1 x10+1

Table 7: CFU counts in kidneys in various groups of animals after 3, 5 or 7 days (n = 3). Data are presented as means + SD.

Time (days) Control Induced Induced + S.D Induced + TeNP Induced + combination
3 0 3 x 10° + 16 6 x 10* + 11 6 x 10* 4%x10*+5
5 0 4 %107 + 14 5% 10°+7 8 x 10° 2x10+4
7 0 4 % 10° + 13 5% 102+ 3 3 x 10° 1 x 10+ 10
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(P < 0.05) was observed in the infected group, in contrast to
the negative control group. Levels of the tested mediators
significantly decreased (P < 0.05) with use of TeNPs, van-
comycin and combination therapy, and combination therapy
showed the best results relative to the negative control.
Furthermore, IL-4 levels were significantly lower (P < 0.05)
after induction of bacteremia in the second infected group
than the negative control group. Combination therapy
significantly increased I1L-4 levels (P < 0.05) to values similar
to those in uninfected animals.

Blood function results

Liver and kidney function was assessed on the basis of
serum levels of SGOT, GGT and BUN in various groups of
animals after 7 days (Figure 8). A significant increase
(P < 0.05) in SGOT and BUN levels was observed after
induction of bacteremia, in contrast to the negative
control. However, the levels were lower (P < 0.05) in
groups receiving vancomycin, TeNPs or combination
therapy than in the second group. Furthermore, GGT
levels were slightly higher after induction of bacteremia
than those in the negative control and were slightly lower
after the three treatments.

Discussion

Actinomycetes are a group of microorganisms isolated
from various habitats including soil.*>  Actinomycetes
contain diverse molecules and have vast biomedical
applications, owing to their antimicrobial activity and
immune-modulating activity.*® In the present study,
various actinomycetes were isolated from soil samples from
Talkhaa-Daqghlia, Egypt, and nine isolates were obtained
and stored for further testing.

Different microorganisms can be used to produce NPs
through extra- or intracellular actions. These NPs have
different applications and may be sensitive to various factors
including light, heat and the level of the used element to
biosynthesise nanoparticles.*’

TeNPs can be produced through many chemical methods,
each with certain limitations. Consequently, researchers have
tested green biosynthesis methods to prepare these types of
NPs.*® One method involves intracellular production by
microorganisms and consequently requires additional steps
to obtain pure TeNPs.”

In the current study, actinomycete isolates were tested for
biogenic formation of TeNPs in supernatant aliquots of nine
isolates. Reduction of tellurium salt (K,TeO3) to tellurium
metal (Teo) indicated that this isolate had TeNP formation
ability. Our findings were in accordance with those of
Amoozegar et al.,”” who screened 49 bacterial strains for the
removal of tellurite and screened the filtrate using 200—
800 nm range, and observed the ability of specific strains to
reduce the tellurium salt.

In this study, one actinomycete isolate was identified to
show the most promising TeNP production, and was sub-
jected to morphological characterization, molecular identi-
fication and phylogenetic analysis. This isolate showed
98.6% similarity to S. graminisoli. Various research groups
have used molecular techniques for the identification of

certain strains of actinomycetes producing natural beneficial
products.49’50 Furthermore, examination of NPs through
transmission electron microscopy indicated that the TeNP
shapes comprised rod and rosette forms, with a mean
particle size of 21.4 nm. Zare et al.”' have reported the
same structure or TeNPs produced by bacteria.

EDX, FT-IR and FTIR analyses of the biosynthesized
TeNPs reflected a tellurium percentage of 70.9%, and peaks
corresponding to the functional groups and crystal structures
reported by other research groups.ﬁ’53

Emerging resistance to antibiotics has led researchers to
investigate different types of resistant microorganisms,
particularly blood borne types in hospitals, to overcome
these life-threatening infections. In the present study,
screening and identification of 100 blood culture samples of
patients from a hospital in Cairo, Egypt, indicated the
presence of many types of pathogenic bacteria, including
MRSA, E. coli and K. pneumoniae. MRSA was the most
common bacterial infection in this study, in line with findings
from Licata et al.,>* who screened confirmed blood stream
infections in Italy and reported the presence of 12 invasive
bacterial pathogens, among which oxacillin-resistant S.
aureus were most common (28.1%). Furthermore, El-
Sokkary et al.’> have reported the predominance of
multidrug-resistant bacteria as well as extensively drug-
resistant bacteria (65.1% and 4.9%, respectively) in blood
cultures of patients from various hospitals in low-, middle-
and high-income countries.

Pugin et al.>® have reported that TeNPs have no activity
against MRSA strain 622-4, whereas Gupta et al.”’ have
reported that TeNPs efficiently eradicate MRSA. Thus, the
presence of various strains of hazardous pathogens
indicates the need to apply various NPs to these isolated
strains to overcome this problem, by alteration of the cell
membrane”® or production of reactive oxygen species.”

In the current study, TeNPs enhanced the survival rates of
infected animals, in line with findings from Cao et al.,(’o who
have reported the efficiency of TeNPs in delivering cisplatin
in tumor-induced animals with minimal adverse effects.
Moreover, Gomez-Gomez et al.®! have confirmed the role of
TeNPs in eradicating E. coli and S. aureus bacterial films,
thus leading to changes in NP structure.

In the present study, TeNPs combined with standard dug
treatment enhanced the protective effects against bacteremia,
through decreasing bacterial counts in various crucial or-
gans, upregulating the pro-inflammatory cytokines TNF-
alpha and IL-1B, downregulating the anti-inflammatory
mediator IL-4 and regulating the concentration of (Th17)
represented by IL-17. Our findings are in line with those from
Hussain et al.,62 who have characterized the roles of NPs
loaded with vancomycin in suppressing staphylococcal
bacteremia and targeting infected organs to a greater
extent than vancomycin alone. These effects may involve
targeting of essential virulence factors of MRSA (e, g: -
toxin, FtsZ and Sortase B), which have essential roles in
increasing the severity of MRSA infection in an induced
model of bacteremia.®

The synergistic effects of TeNPs with vancomycin in the
current model enhanced activity against bacteremia with
considerable safety with respect to liver and kidney function.
Our findings are in line with those from Lee et al.,(‘4 who have
tested the roles of NPs in targeting MRSA infections and the
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filer small particle (20 nm) size by the kidney, thus leading to
minimal burden with respect to blood function.

Conclusions

This study indicated that some isolated actinomycetes can
be used for production of TeNPs with efficient activity
against most common bacterial isolates from certain clinical
settings, compared to the drug of choice. In vivo results
revealed that TeNPs, either alone or combined with vanco-
mycin, may provide a possible alternative to combat
bacteremia in the future, after further verification.
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