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AbsTtracT

Oxidative stress poses a significant challenge to bacterial survival, with resistance to reactive oxygen species (ROS) being critical for bacterial
pathogenesis. The bcp gene, encoding a bacterioferritin comigratory protein with thioredoxin-dependent peroxidase activity, is hypothesized to play
a key role in oxidative stress defense. This study examines the impact of bep gene silencing on the oxidative stress resistance of Bartonella henselae,
a pathogen known for its intracellular survival. Gene knockdown experiments utilizing a bep-specific antisense construct revealed significantly
increased sensitivity of B. henselae to hydrogen peroxide (H,0,), leading to reduced growth under oxidative stress conditions. Additionally, silencing
of bep heightened the bacterium's susceptibility to oxidative stress induced by methyl viologen dichloride hydrate, a potent superoxide generator.
These findings underscore the essential role of the bcp gene in mediating B. henselae resistance to oxidative stress and suggest its involvement in
the bacterium's pathogenic mechanisms. Further exploration of the downstream effects of bep silencing may uncover novel therapeutic targets for

managing B. henselae infections.
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INTRoducTioN

Bacterioferritin comigratory protein (BCP) is a member of the sucking arthropods such as lice, fleas, sand flies, and mosquitoes. In
TSA/AhpC family in Escherichia coli and works as thiol peroxidase. mammals, the target cells are endothelial cells and erythrocytes.
BCP is responsible for reduced linoleic acid hydroperoxide rather than Bartonella has the ability to survival inside endothelial cells and
H(2)0(2) and t-butyl hydroperoxide with the use of thioredoxin as an erythrocytes and causes long-lasting intra-erythrocytic bacteremia [9].
in vivo immediate electron donor and showed a thioredoxin- They are considered opportunistic pathogens possessing a facultative
dependent thiol peroxidase activity [1]. intracellular lifestyle [10].

Bacteria are exposed to a serious risk from ROS during aerobic Marterials and Methods
metabolism. Through normal aerobic metabolism, these compounds
are generated and cause oxidative damage to cellular components, Growth of Bartonella Henselae Under Hydrogen Peroxide Stress

leading to cell death through processes such as DNA damage and the
peroxidation of membrane lipids, which causes functional and
structural integrity loss [2, 3]. In Bartonella spp, no catalases or
alkylhydro-reductases are generally recognized. However, a Bep [1]
encoding gene is well conserved, indicating Bartonella has the capacity
to degrade peroxides using a Bcp enzyme. There are over 40 species of o o
the genus %artonella, with atpleast 14 species being infeclzious to at 57°C and 180 rpm for 10 days. Growth and viability of 3 Aenselze

humans [4]. Such species include 8. bacilliformis [5), B. quintana under hydrogen peroxide stress were monitored, and results were
(6], and B henselae[7] ’ analyzed to determine the effect of H,0, concentrations on bacterial

growth and viability (figure 1). B henselaewas grown aerobically in

Bartonella spp. are Gram-negative bacteria in the a- 50 ml of BBH-H medium with H202 at 0, 25, 500 and 1000 pM and 37

Proteobacteria class. They are obligate aerobes that are nutritionally °C. Data shown are the means + standard error of two independent
fastidious (slow growing in vitro), requiring hemin supplements for experiments, each conducted in duplicate, 2- vz/e0.017

enhanced growth and a moist atmosphere with 5-10% €02 and a

temperature of 28-37 °C [8]. Bartonella cells are rods or slightly curved

Bartonella henselae (strain ATCC 49882/DSM 28221/Houston)
was cultured in 50 ml Brucella broth supplemented with haemin and
L-histidine (BBH-H) in 250 ml shake flasks. Various concentrations of
H;0; (0, 25, 500, and 1000 pM) were added to the cultures, with the
initial optical density (OD) adjusted to 0.05. Cultures were maintained

Knockdown of Bartonella Henselae 4cp Gene

rods. Species of the genus Bartonella are some of the most important Genomic DNA of B henselae was extracted from cultures grown
pathogens in humans. They are responsible for a wide range of for 72 hours in brain heart infusion broth. Genomic DNA was isolated
diseases: cat-scratch disease, trench fever, Carron's disease, bacteremia using the GeneJET™ Genomic DNA purification kit, and DNA
with fever, bacillary angiomatosis and peliosis, endocarditis, and concentration was estimated using a Nanodrop spectrophotometer
neuroretinitis. Bartonella spp. are transmitted by specific blood- (figure 2).
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Figure 1: Effect of Hydrogen Peroxide on B, /enselae Growth.
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Figure 2: Electrophoretic Analysis (Agarose 0.7%) Genomic DNA of B, /enselae. Marker, 1 kb GeneRuler (Thermo Fisher Scientific).
The hcp gene was amplified from genomic DNA using PCR, with (figure 3) Purified PCR products were digested using BamHI and Xbal

primers containing specific restriction sites (BamHI and Xbal). PCR restriction enzymes, followed by purification using the GeneJET™ Gel
conditions included denaturation, annealing, and extension steps Extraction kit (figure 4).
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Figure 3: Electrophoretic Analysis (Agarose 0.7%) of bcp PCR Products. Marker, 1 kb GeneRuler (Thermo Fisher Scientific).
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Fiqure 4: Electrophoretic Analysis (Agarose 0.7%) of pNS2Trc After Digestion by BamHI and Xbal and Purification.

Plasmid DNA was extracted from £ co//TOP10 cultures harboring
the pNS2Trc plasmid using the GeneJET™ Plasmid Miniprep Kit.
Ligation reactions were conducted with T4 ligase using vector and
insert DNA, followed by transformation into chemically competent £
coli TOP10 cells.

Transformants containing kanamycin were selected on L-agar
plates. Sequencing was performed to confirm the presence of the
desired insert in plasmids (figure 5).

Electroporation of B. Henselze

B. henselae cells were made competent and electroporated with
plasmids. Electroporated cells were cultured on selective media
containing kanamycin to assess resistance after knockdown. The effect
of hydrogen peroxide or Methyl viologen dichloride hydrate on the
growth of B. henselae (PNS2Trc::bep and pNS2Trc) was evaluated in
BBH-H medium. Data analysis was performed to assess the impact of
gene knockdown on bacterial growth under oxidative stress conditions.

AB C

Fiqure 7: Electrophoretic Analysis (Agarose 0.7%) of bep Knockdown Constructs.

A- pNS2Tre-revsodbep without digestion, B, C pNS2Trc-revs bep isolates following digestion by BamHI and Xbal

Statistical Analysis

Data were analyzed using GraphPad Prism, comparing growth
between strains (pNS2Trc::bep and pNS2Trc) and conditions (control
vs. oxidative stress treatments) at both the 10-day endpoint of the time
course and the peak of growth. Statistical significance was determined
using a two-tailed unpaired t-test. Data are presented as means +
standard error of the mean (SEM) from two independent experiments,
each conducted in duplicate.

Results

To study effective of hydrogen peroxide as exogenous oxidative
stress in B. henselae bep knockdown, B. henselae (pNS2Trc:bep and
pNS2Trc) were grown in 50 ml Brucella broth (with haemin and L-
histidine; BBH-H) in 250 ml shake flasks and H202 (0. 500 and 1000
pM). The bacterial cultures were inoculated at a starting OD of 0.05
and grown at 37 °C and 180 rpm for 8 days. The result showed the B
henselae (pNS2Trc::bcp) were grown inhibited to 2-fold with 500 pM
and 3-fold with 1000 pM hydrogen peroxide (figure 6).
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Figure 6: Effect of Hydrogen Peroxide on B. /enselae Growth.

B. henselae (pNS2Trc-revsbep and pNS2Tre) were grown Aerobically in 50 ml of BBH-H Medium With Hydrogen Peroxide (0. 500 and 1000 pM) and at 37 °C. Data Shown
are the means + Standard Error of two Independent Experiments, Each Conducted in Duplicate. P- Value 0.019

The growth of B fAenselae strains carrying either pNS2Trc or
pNS2Trc-revbep plasmids was analyzed in the presence of varying
concentrations of Methyl viologen dichloride hydrate (paraquat). Both
strains exhibited similar growth patterns in BBH-H medium at 37°C,
reaching an OD600 of approximately 3.0 by day 10 in the absence of
paraquat. The addition of 10 uM paraquat to the pNS2Trc strain
resulted in a slight decrease in growth, with a final 0D600 of 2.0 at day
10. Interestingly, 100 pM paraquat did not significantly impact the

growth of the pNS2Trc-revbep strain, which achieved a similar final
0DG600 as the untreated control. However, the pNS2Trc-revbep strain
exposed to 100 uM paraquat exhibited delayed growth, reaching an
0DG600 of only 1.1 by day 10. Error bars representing the standard error
of the mean from two independent experiments, each conducted in
duplicate, are not discernible in the figure, suggesting minimal
variation between replicates (figure 7).
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Fiqure 7: Effect of Methyl Viologen Dichloride Hydrate on B /enselae Growth.

B. henselae (pNS2Trc::bep, and pNS2Trc) were grown aerobically in 50 ml of BBH-H medium with Methyl viologen dichloride hydrate (0 and 100 pM) and at 37 °C. Data
shown are the means =+ standard error of two independent experiments, each conducted in duplicate. P- Value=0.0006

Discussion

We have examined the responses of Bartonella henselae to
oxidative stress by calculating its growth rate and regulating specific
genes through knockdown analysis. This helped us to understand the

complex mechanisms used by the bacterium to survive environmental
stresses. The simultaneous methodology of the research in which the
growth of the microbe under hydrogen peroxide pressure is
characterized and the selective disruption of the bcp gene involved in
the oxidative stress resistance offer a thorough comprehension of
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bacteria's resistance. The hydrogen peroxide resistance strength of B. another evidence that the bep gene is indispensable in the oxidative
henselae has been found to be significant, as seen in the growth stress response [16]. The research also made an exhilarating move,
analysis. Given the fact that growth was not affected up to 500 uM and its area of study broadened for Resistance Studies under Methyl
peroxide, it suggests that there might be an adaptive response that viologen dichloride hydrate-induced oxidative stress. More growth
limits the lethal effect when oxygen is in shortage [11]. Nonetheless, a patterns shown under varying concentrations of this oxidative stressor
decrease in growth at 1000 uM means the existence of an upper also give a clear explanation behind the mechanism specificity in the
concentration threshold that results in oxidative stress, which can B. henselae response process that the bacterium is selectively damaged
cause the bacterium to yield, meaning the upper concentration of the by hydrogen peroxide stress [17]. However, this study has contributed
oxidative stress for the growth inhibition or cell death [12, 13]. This to clarifying the pertinent mechanism of oxidative stress of the
point accentuates the critical concept that is mainly addressed by other organisms to a great extent, and therefore, further research is required
researchers on the microbial treatment of oxidative distress, in this field. Future research may be directed at exploring the
highlighting the necessity of determining the role of concentrations downstream follower effects of bcp down-regulation in order to identify
[14, 15]. The following experiment employed the precise RNAi the specific pathways whose expressed forms are altered. Furthermore,
technology to eliminate the vital bcp gene, which is located in the the scope of the study can be extended to encompass other disease-
micro metabolism of antioxidant defence [1]. The tendency of causing Dbacteria, especially those with catalase-peroxidase
transversing the bep gene in the antisense orientation into the plasmid metabolism, which may bear similarities too. The study here, however,
after strict molecular methods were chosen. This tool helped us in is complete and holds the key to the underlying relationship between
laying bare the consequences of lower bep expression on the resilience the bacterium, hydrogen peroxide-induced oxidative stress and the
of oxidative stress. Knockdown of the bcp gene via successful catalase-peroxidase gene. Through the investigation of the details of
electroporation of B. henselae has significantly correlated with the these interplays, this study develops a general awareness of the
bacteria's resistance to oxidative stress in laboratory conditions, mechanisms of the bacterial stress response, with the implication that,
observed through growth analysis. The higher peroxide concentration in the end, it is useful both for essential microbiology and for the
in bep knockdown strains, which look susceptible to oxidative stress, is creation of therapeutic strategies targeting pathogenic bacteria.
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