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Salmonella Pullorum (S. Pullorum) is one of the host-restricted serotypes causing systemic infection in poultry. After
S. Pullorum infection, chicks and turkeys usually have acute systemic infection. The main clinical symptoms are white
dysentery and dyspnea, and the mortality can be as high as 100%. In adult chickens, local and chronic infections are the
most common without obvious clinical symptoms, and can be transmitted vertically to offspring through ovary. Although the
use of antibiotics reduces the death of sick chickens, it can not completely eliminate the pathogenic microorganisms in hosts,
and is prone to public health problems such as drug resistance and drug residues. No study has ever reported the role of
steE in HD-11 cells infected by S. Pullorum. The growth and biochemical characteristics of S. Pullorum AsteE were similar
to that of S. Pullorum. Furthermore, we also observed the effects of steE on cell proliferation and apoptosis in S. Pullorum-
infected HD-11 cells.In order to define the pathogenicity of steE gene of S. Pullorum, the steE deletion strain of S. Pullorum
and its complemented strain were successfully constructed, and then its characterization were analyzed. S. Pullorum was
preserved by the microbiology laboratory of the college of animal science and veterinary medicine, Henan Institute of
Science and Technology. The pKD4, pKD46 and pCP20 or pBR322 plasmids were used for the A-Red recombination system
or complementary strain. The biological characteristics of S. Pullorum AsteE were consistent with those of its parent strain
S. Pullorum and complementary strain S. Pullorum AsteE (pBR322-steE). Construction and confirmation of the AsteE strain.
To identify the roles of steE in S. Pullorum, the steE deletion mutant of S. Pullorum was correctly constructed. The virulence
test showed S. Pullorum AsteE decreased the proliferation and apoptosis of HD-11 cells compared to that of S. Pullorum
and S. Pullorum AsteE (pBR322-steE). Taken together, our data demonstrate that the deletion of steE in S. Pullorum had
no effect the growth and biochemical characteristics, but its proliferation ability decreased significantly in HD-11 cells, which
decreased cell apoptosis, indicating that steE was closely related to virulence of S. Pullorum. Altogether, our research
suggest that the steE gene was required for S. Pullorum virulence, which laid a foundation for further related research in
S. Pullorum vaccine strains.

Key words: Salmonella Pullorum, steE, biological characteristics, HD-11 cells, apoptosis, virulence.

DOl https://doi.org/10.32845/bsnau.vet.2022.2.2

Introduction. Chicken pullorum disease is an important | important cause of disease commonly existing in modern
bacterial infectious disease caused by Salmonella enterica | intensive chicken farms. After S. Pullorum infection, chicks
serovar Pullorum (S. Pullorum) (Ding et al., 2021). It is an | and turkeys usually have acute systemic infection. The main
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clinical symptoms are white dysentery and dyspnea, and the
mortality can be as high as 100%. In adult chickens, local
and chronic infections are the most common without obvi-
ous clinical symptoms, and can be transmitted vertically to
offspring through ovary (Fei et al., 2020; Matos et al). There-
fore, the prevalence of S. Pullorum has brought serious eco-
nomic losses to the poultry industry.

At present, there are few reports on the pathogenic
mechanism of S. Pullorum. The current effective measures
to prevent and control S. Pullorum are biosafety control
and purification measures, mainly to eliminate the diseased
chickens, continuously monitor the healthy chickens and cut
off the route of transmission (Ter et al., 2022; Islam et al.,
2020). However, the full implementation of these measures
is difficult and costly in many developing countries (Vaid et
al., 2021). Although the use of antibiotics reduces the death
of sick chickens, it can not completely eliminate the patho-
genic microorganisms in hosts, and is prone to public health
problems such as drug resistance and drug residues. There-
fore, it is very necessary to explore prevention and control
measures including new vaccines. As a new virulence phe-
notype, steE is encoded by Gifsy-1 through the regulation
of type Ill secretion system 1 and 2 (T3SS1 and T3SS2)
(Brodsky et al., 2020). steE plays an important role in the
evolution of Salmonella host specificity. In a mouse infection
model, steE increased the virulence of Salmonella and the
expression of anti-inflammatory cytokines (Johnson et al.,
2018). However, the role of steE in Salmonella pathogene-
sis needs to be further studied.

So far, most studies on steE have mainly relied on
S. Typhimurium infection models, whereas little work has
been performed in chicken infection models (Panagi et al.,
2020). No study has ever reported the role of steE in HD-11
cells infected by S. Pullorum. In this study, we success-
fully constructed the steE deletion strain of S. Pullorum by
A-Red recombination system. The growth and biochemical
characteristics of S. Pullorum AsteE were similar to that of
S. Pullorum. Furthermore, we also observed the effects of
steE on cell proliferation and apoptosis in S. Pullorum-in-
fected HD-11 cells.

Materials and methods. Strains and pasmids.
S. Pullorum was preserved by the microbiology laboratory
of the college of animal science and veterinary medicine,
Henan Institute of Science and Technology. The pKD4,
pKD46 and pCP20 or pBR322 plasmids were used for
the A-Red recombination system or complementary strain.
S. Pullorum was cultured in Luria-Bertani(LB)broth. The
LB broth was supplemented with ampicillin (Amp; 100

pg/mL) or kanamycin (Kan; 50 yg/mL) as required. The
pBBR1MCS2-Tac-mCherry plasmid carrying the mCherry
gene was transformed into the wild type (WT) or S. Pullorum
AsteE (AsteE) strain to provide the red fluorescence in
S. Pullorum, respectively.

Cells culture and primers. HD-11 cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM; Solarbio, Bei-
jing, China) supplemented with 10% fetal bovine serum, 100
pg/mL penicillin, and 100 ug/mL streptomycin. The sequence
of the kanamycin resistance cassette (KanR) was amplified
from pKD4 plasmid, including 46-bp homology extensions
at the 5" and 3' ends of the steE gene. According to the pub-
lished sequence of S. Pullorum (GenBank: LK931482.1),
the primers were designed to amplify the gene from the
S. Pullorum using PCR method (Table 1). The above prim-
ers were synthesized in the study by Sangon Biotech Co.,
Ltd (Shanghai, China).

Small letter: KanR cassette amplification; *A
1089/683/2169 bp fragment was obtained by PCR method
from WT, AsteE and AsteE::kan strains, respectively;
1Underlined nucleotides denote the Xhol restriction site;
2Underlined nucleotides denote the BamH | restriction site.

Generation of the steE-deficient S. Pullorum and its com-
plementation. The steE deletion mutant of S. Pullorum was
constructed by A-Red recombination system as previously
described (Ho et al., 2021). Briefly, the kanamycin resist-
ance cassette (KanR) was amplified from pKD4 plasmid
using the primers P1/P2. The PCR products were purified
and transferred into S. Pullorum containing pKD46 plasmid
by electroporation. The steE gene was replaced to con-
struct the S. Pullorum AsteE::kan strain, and then the AsteE
strain was obtained through FLP recombinase expressed by
pCP20 plasmid. The AsteE strain was comfirmed by PCR
method using the primers CX1/CX2 or N1/N2. The steE
gene fragment was amplified by PCR method using prim-
ers steE-F/steE-R, and then cloned into pBR322 plasmid
to construct the pBR322-steE plasmid. The pBR322-steE
recombinant plasmid was then transformed into the AsteE
strain to construct the S. Pullorum AsteE (pBR322-steE).
The AsteE (pBR322-steE) strain was confirmed by PCR
method using primers CX1/CX2 or N1/N2.

Identification of growth curve and biochemical char-
acteristics of the AsteE strain. The WT, AsteE and AsteE
(pBR322-steE) strains were inoculated into LB broth at 37
°C with shaking at 180 r/min for 15 h and subcultured 1:100
into LB broth as previously described (Yin et al., 2016). At a
starting time point (0 h), the optical density was measured to
achieve an approximate concentration (OD600 = 0.01). The

Table 1
The primers used in this study
Primer Sequences (5'-3') F IR Size (bp)
P1 CGGGTGGCGATTTTAACGCCAGTGCGACGTTAGTCGTGGATTACCAgtgtaggctggagcetgcttc 1567
P2 | AACATTACGCCTCCGATCAAATGCCCGGCAGTTTGAAAAATACGGTcatatgaatatcctecttag
Y | ATTCAGGGAACCACCACCAT/ACGCCAATCGCAAAACCACT 1089/683/2169*
N1/N2 | ACGGTGAAATGCTGGAGGTC/CGTGCCGTTCTGTTGAAGTT 224
steE | CCTCGAG'ATGATGGAGAGATTCATAGTG/CGGGATCC*AGACCATTGGTAATCCACCTGTAACG 507
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OD600 nm value of the bacterial cultures was measured
at 2 h interval for 14 h by the Biodrop spectrophotometer
(BioDrop, Cambridge, England). Biochemical characteris-
tics of the WT, AsteE and AsteE (pBR322-steE) strains were
performed, following the manufacturer’s protocol, including
glucose, lysine decarboxylase, sucrose, mannose, manni-
tol, sorbitol, lactose, maltose, malonate, ornithine decarbox-
ylase, urease, arabinose and hydrogen sulfide.

Analysis of HD-11 cells apoptosis. HD-11 cells were
seeded on 6-well plates at a density of 1 x 105 cells/well and
cultured for 18-20 h and reached 80%-90% confluence as
previously described (Wang et al., 2016). Briefly, the over-
night cultured of mCherry-WT and mCherry-AsteE strains in
LB broth with kanamycin (50 mg/mL) were washed with PBS
for 3 times to adjust the concentration of bacteria. HD-11
cells were infected with the indicated S. Pullorum at a multi-
plicity of infection (MOI) of 10:1. The cells were incubated for
3 h at 37 °C and then were fixed in 4% paraformaldehyde,
and were stained with 4’,6-diamidino-2-phenylindole (DAPI)
staining. Staining was assessed by laser scanning confocal
microscopy.

HD-11 cells infection assay. HD-11 cells were seeded
on 6-well plates at a density of 1 x 105 cells/well and cul-
tured for 18-20 h and reached 80%-90% confluence as pre-
viously described (Xian et al., 2020). Briefly, the cells were
infected with WT, AsteE and AsteE (pBR322-steE) strains at
a MOI of 10:1, the plates were then incubated at 37 °C for
1 h. To kill extracellular Salmonella, the cells were washed
three times with PBS and incubated for 1 h with 100 pg/mL
gentamicin of fresh medium, and then incubated with the 10
pg/mL gentamicin of fresh medium for the indicated dura-
tions. The bacteria number was counted at 6, 9, 12 and 24
h post infection. Intracellular growth was expressed as the
fold-change in the bacterial number at different time points
relative to the bacteria number at 2 h post infection.

Statistical analysis. All data were expressed as mean +
standard error of the mean (SEM) unless otherwise speci-
fied. All statistical analysis was performed using GraphPad
Prism 8 software. The significance of the difference was
determined between two samples using one-way analysis
of variance as *p < 0.05 and **p < 0.01.

Results. Construction and confirmation of the AsteE
strain. To identify the roles of steE in S. Pullorum, the steE
deletion mutant of S. Pullorum was correctly constructed. A
schematic diagram depicting the deletion strategy for AsteE
strain generation using A-Red recombination technology is
shown in Fig. 1.The upstream and downstream homologous
arms of the steE gene and Kan gene with fragment size of
1567 bp were obtained from pKD46 plasmid by PCR method
using primers P1/P2 (Fig. 2A). The AsteE::kan strain has a
length of 2169 bp by PCR method using primers CX1/CX2
(Fig. 2B). The AsteE strain was verified by PCR using prim-
ers CX1/CX2 or N1/N2 to generate a 1089 bp or 224 bp
fragment (Fig. 2C). These results indicated that the AsteE
strain was successfully constructed.

Confirmation of the AsteE (pBR322-steE) strain

The AsteE (pBR322-steE) strain was verified by PCR
method using primers CX1/CX2 or N1/N2. As shown in
Fig. 3, the WT and AsteE strains has a length of 1089 bp
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Fig. 1. Schematic diagrams for the construction
of the AsteE strain

or 683 bp by PCR method using primers CX1/CX2, respec-
tively. In addition, the WT and AsteE (pBR322-steE) strains
has a length of 224 bp by PCR method using N1/N2 primers.
These results indicated that the AsteE (pBR322-steE) strain
were successfully constructed.

The growth curve and biochemical characteristics of the
AsteE strain. The growth curve analysis revealed no sig-
nificant differences among the WT, AsteE and AsteE+steE
strains cultured in LB broth at different time points at 37
°C (Fig. 4). Similar to the WT and AsteE strains, the AsteE
strain was able to ferment mannitol, glucose, arabinose,
ornithine, mannose, decarboxylase and lysine decarboxy-
lase activity, but could not utilize sucrose, hydrogen sulfide,
maltose, sorbitol, lactose, malonate and urease. It shows
that the deletion of steE gene in S. Pullorum does not affect
the biochemical characteristics of the WT strain.

SteE promoted apoptosis of HD-11 cells. To evaluate
the effect of steE on the apoptosis of HD-11 cells induced
by mCherry-S. Pullorum infection, DAPI staining was
observed by laser scanning confocal microscopy. The
result showed a large number of early apoptotic HD-11
cells were observed in WT strain infected group compared
to that of the cells infected with the AsteE strain (Fig. 5). In
addition, the cell apoptosis was not significant difference
in HD-11 cells infected the AsteE strain than that of blank
control group.

Deletion of steE decreased proliferation of S. Pullorum
in HD-11 cells. To evaluate the influence of steE on the
S. Pullorum infection in the HD-11 cells, we compared the
proliferation of the WT, AsteE and AsteE+steE strains in
HD-11 cells. As shown in Fig. 6, the proliferation fold of
WT strain was higher than that of AsteE strain in HD-11
cells. Significant difference was detected at 6 h and 24 h

"
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Fig. 2. Identification of the AsteE strain by PCR method. M: DL 2000 DNA marker. A. PCR identification of pKD4
plasmid with primers P1/P2; 1, 2: PCR products from pKD4 plasmid. B. PCR identification of the AsteE::kan strain
with primers CX1/CX2 or N1/N2; 1: WT; 2, 3: AsteE::kan. C. PCR identification of the AsteE strain with primers
CX1/CX2 or N1/N2; 1: WT; 2, 3: AsteE; 4: Negative control

Fig. 3. PCR identification of the AsteE (pBR322-steE)
strain. M: DL 2000 DNA marker; 1,3: WT; 2, 4: AsteE
(pBR322-steE)

in HD-11 cells. These results indicated that the steE dele-
tion of S. Pullorum has reduced bacterial colonization in
HD-11 cells.

Discussion. Salmonella is an important intracellular
pathogen. After S. Pullorum infection, Salmonella can form
Salmonella-containing vacuole (SCV) in the host cell, and
proliferate and diffuse in the SCV (Li et al., 2018; Yu et al.,
2016). This characteristic is very important for the patho-

- WT
- AsteE
- Asrel+stel

6 8 10 12 14
Hours growth

o
(]
NN

Fig. 4. Growth curves of the WT, AsteE and AsteE
+steE strains in LB broth. The OD600 values of
Salmonella cultures were determined in 2 h intervals
by spectrophotometry

genesis of S. Pullorum. Salmonella pathogenesis are two
T3SSs encoded in Salmonella pathogenicity islands 1 and 2
(SPI-1 and SPI-2) that are responsible for the secretion and
translocation of a set of bacterial proteins termed effectors
into host cells with the intention of altering host cell physiol-
ogy for bacterial entry and survival.

The maintenance of SCV function is inseparable from
the participation of a series of Salmonella virulence factors,
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Fig. 5. Effector protein steE promotes the apoptosis of HD-11 cells infected by S. Pullorum. The morphological
changes of HD-11 cells during apoptosis were observed by confocal laser scanning microscopy (20 x ). HD-11
cells were infected with mCheery-WT or mCheery-AsteE strain at a MOI of 10:1 showed red fluorescence at 3 hpi
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Fig. 6. steE inhibits proliferation of S. Pullorum in
HD-11 cells. Intracellular bacterial growth at indicated
times is shown as the fold change compared to the
primary intracellular bacteria (2 h)

in which the T3SS2 encoded by SPI-2 and its secreted effec-
tor protein (Kodama et al., 2015). As a potential virulence
protein of T3SS2, steE was found to regulate macrophage
activation and host immune response. Some studies have
found that Salmonella can be colonized in the intestine and
spleen, and directly take macrophages as target cells (Geng
etal., 2019; Lin et al., 2017). After S. Pullorum infection, the
bacterium can not only avoid the killing of intracellular active
substances, but also proliferate and spread in macrophages
(Gulati et al., 2019). steE is necessary for the replication
and virulence of Salmonella in macrophages (Stapels et al.,
2018). Therefore, we speculated that the pathogenic mech-
anism of S. Pullorum infection in chickens may be the same
as that in HD-11 cells.

In this study, steE was selected as the research gene
based on A-Red recombination system to construct the
S. Pullorum AsteE strain. The results showed that the
growth and biochemical characteristics of S. Pullorum and
S. Pullorum steE strains are similar, which is consistent
with the research results of Pham et al (2020), indicating
that steE is not necessary for the growth and metabolism
of S. Pullorum. The results showed that steE would reduce
the colonization ability and virulence of S. Pullorum in HD-11
cells. S. Pullorum induced apoptosis of HD-11 cells is a spe-
cial virulence mechanism, which could promote the spread
of bacteria between cells. Recent studies have shown that
the deletion of S. Pullorum SPI-2 significantly reduced the
pathogenicity of chicks, which is consistent with steE belong-
ing to SPI-2 effector protein (Niemann et al., 2011; Lawley
et al., 2006; Gibbs et al., 2019). In addition, Pham et al
reported that steE can drive macrophages to polarize to M2
type and increased the ability of Salmonella infection-per-
missive state (Pham et al., 2020). Therefore, we suspected
that steE may be related to the virulence of Salmonella. The
results of S. Pullorum infecting HD-11 cells also showed that
steE enhanced the intracellular viability of S. Pullorum and
promoted the apoptosis of HD-11 cells.

Conclusion. In conclusion, we demonstrated that the
deletion of steE in S. Pullorum had no effect the growth
and biochemical characteristics, but its proliferation ability
decreased significantly in HD-11 cells, which decreased cell
apoptosis, indicating that steE was closely related to viru-
lence of S. Pullorum. Altogether, our research suggest that
the steE gene was required for S. Pullorum virulence, which
laid a foundation for further related research in S. Pullorum
vaccine strains.

Conflict of interest

The authors declare that there is no conflict of interest.

References:

1. Brodsky, I. E.,

(2020). JAK-ing into M1/M2 polarization SteErs Salmonella-containing macrophages away from

immune attack to promote bacterial persistence. Cell Host Microbe, 27:3-5. doi: 10.1016/j.chom.2019.12.007

2. Ding, J., Zhou, H., Luo, L., Xiao, L., Yang, K., Yang L., et al. (2021). Heritable gut microbiome associated with
Salmonella enterica serovar Pullorum infection in chickens. mSystems, 6:01192-20. doi: 10.1128/mSystems.01192-20

3. Fei, X,, Li, Q., Olsen, JE., Jiao, X. (2020). A bioinformatic approach to identify core genome difference between
Salmonella Pullorum and Salmonella Enteritidis. Infect Genet Evol, 85:104446. doi: 10.1016/j.meegid.2020.104446

4. Geng, S., Wang, Y., Xue, Y., Wang, H., Cai, Y., Zhang, J., et al. (2019). The SseL protein inhibits the intracellular
NF-kB pathway to enhance the virulence of Salmonella Pullorum in a chicken model. Microb Pathog, 129:1-6. doi: 10.1016/j.

micpath.2019.01.035

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

13

Cepis «BetepuHapHa meguumHay, Bunyck 2 (57), 2022



5. Gulati, A., Shukla, R., Mukhopadhaya, A. (2019). Salmonella effector SteA suppresses proinflammatory responses of
the host by interfering with IkB degradation. Front Immunol, 10:2822. doi: 10.3389/fimmu.2019.02822.

6. Gibbs, K. D., Washington, E. J., Jaslow, S. L., Bourgeois, J. S., Foster, M, W., Guo, R, et al. (2019). The Salmonella
secreted effector SarA/SteE mimics cytokine receptor signaling to activate STAT3. Cell Host Microbe, 27:129-139.e4. doi:
10.1016/j.chom.2019.11.012

7. Ho, K., Harshey, R. M. (2021). Goodbye PAM: Phage A's Red recombination system cripples PAMs and helps dodge
CRISPR attacks. Cell Host Microbe, 29:1469-1471. doi: 10.1016/j.chom.2021.09.011

8. Islam, M. S., Hu, Y., Mizan, M. F. R,, Yan, T,, Nime, I., Zhou, Y., et al. (2020). Characterization of Salmonella phage
LPST153 that effectively targets most prevalent Salmonella serovars. Microorganisms, 8:1089-1107. doi: 10.3390/
microorganisms8071089

9. Johnson, R., Mylona, E., and Frankel, G. (2018). Typhoidal Salmonella: distinctive virulence factors and pathogenesis.
Cell Microbiol, 20:€12939. doi: 10.1111/cmi.12939

10. Kodama, T., Hiyoshi, H., Okada, R., Matsuda, S., Gotoh, K., lida, T. (2015). Regulation of vibrio parahaemolyticus
T3SS2 gene expression and function of T3SS2 effectors that modulate actin cytoskeleton. Cell Microbiol, 17:183-190. doi:
10.1111/cmi.12408

11. Lawley, T. D., Chan, K., Thompson, L. J., Kim, C. C., Govoni, G. R., Monack, D. M. (2006). Genome-wide screen
for Salmonella genes required for long-term systemic infection of the mouse. PLoS Pathog, 2:e11. doi: 10.1371/journal.
ppat.0020011

12. Lin,Z., Tang, P, Jiao, Y., Kang, X., Li, Q., Xu, X., etal. (2017). Immunogenicity and protective efficacy of a Salmonella
Enteritidis sptP mutant as a live attenuated vaccine candidate. BMC Vet Res, 13:194-203. doi: 10.1186/s12917-017-1115-3

13. LiQ, Wang X, Xia J, Yuan Y, Yin C, Xu L, et al. (2018). Salmonella-containing vacuole development in avian cells
and characteristic of cigR in Salmonella enterica serovar pullorum replication within macrophages. Vet Microbiol, 223:65-71.
doi: 10.1016/j.vetmic.2018.07.013

14. Matos, M., Sommer, F., Liebhart, D., Bilic, I., Hess, M., Hess, C. (2020). An outbreak of Pullorum disease in a
young layer parent flock in Austria presented with central nervous system signs. Avian Dis, 65:159-164. doi: 10.1637/
aviandiseases-D-20-00091

15. Niemann, G. S., Brown, R. N., Gustin, J. K., Stufkens, A., Shaikh-Kidwai, A. S., Li, J., et al. (2011). Discovery of novel
secreted virulence factors from Salmonella enterica serovar Typhimurium by proteomic analysis of culture supernatants.
Infect Immun, 79:33-43. doi: 10.1128/I1A1.00771-10

16. Panagi, |., Jennings, E., Zeng, J., Glnster, R. A., Stones, C. D., Mak, H., et al. (2020). Salmonella effector SteE
converts the mammalian Serine/Threonine kinase GSK3 into a tyrosine kinase to direct macrophage polarization. Cell Host
Microbe, 27: 41-53. doi: 10.1016/j.chom.2019.11.002

17. Pham, T. H. M., Brewer, S. M., Thurston, T., Massis, L. M., Honeycutt, J., Lugo, K., et al. (2020). Salmonella-driven
polarization of granuloma macrophages antagonizes TNF-mediated pathogen restriction during persistent infection. Cell
Host Microbe, 27:54—-67. doi: 10.1016/j.chom.2019.11.011

18. Stapels, D. A. C, Hill, P. W. S., Westermann, A. J., Fisher, R. A,, Thurston, T. L., Saliba, A. E., et al. (2018).
Salmonella persisters undermine host immune defenses during antibiotic treatment. Science, 362:1156-1160. doi: 10.1126/
science.aat7148

19. Ter, Veen. C., Feberwee, A., Augustijn, M., de, Wit. S. (2022). High specificity of the Salmonella Pullorum/Gallinarum
rapid plate agglutination test despite vaccinations against Salmonella Enteritidis and Salmonella Typhimurium. Avian Pathol.
51:19-25. doi: 10.1080/03079457.2021.1990854

20. Vaid, R. K, Thakur, Z., Anand, T., Kumar, S., Tripathi, B. N. (2021). Comparative genome analysis of Salmonella
enterica serovar Gallinarum biovars Pullorum and Gallinarum decodes strain specific genes. PLoS One, 16:€0255612. doi:
10.1371/journal.pone.0255612

21. Wang, X. D,, Li, C. Y., Jiang, M. M., Li, D., Wen, P., Song, X., et al. (2016). Induction of apoptosis in human leukemia
cells through an intrinsic pathway by cathachunine, a unique alkaloid isolated from Catharanthus roseus. Phytomedicine,
23:641-653. doi: 10.1016/j.phymed.2016.03.003

22. Xian, H., Yuan, Y., Yin, C., Wang, Z., Ji, R, Chu, C,, et al. (2020). The SPI-19 encoded T6SS is required for
Salmonella Pullorum survival within avian macrophages and initial colonization in chicken dependent on inhibition of host
immune response. Vet Microbiol, 250:108867. doi: 10.1016/j.vetmic.2020.108867

23. Yin, J., Xia, J., Tao, M., Xu, L., Li, Q., Geng, S., et al. (2016). Construction and characterization of a cigR deletion
mutant of Salmonella enterica serovar Pullorum. Avian Pathol, 45:569-575. doi: 10.1080/03079457.2016.1187708

24, Yu, X. J., Liu, M., Holden, D. W. (2016). Salmonella effectors SseF and SseG Interact with mammalian protein
ACBD3 (GCP60) to anchor Salmonella-containing vacuoles at the golgi network. mBio, 7:¢00474-16. doi: 10.1128/
mBio.00474-16

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

14 Cepist «<BeTepuHapHa MeanLmHay, Bunyck 2 (57), 2022



Xyk Jli, acnipaHm, CymcbKuli HayjioHanbHUl agpapHull yHieepcumem, Cymu, YkpaiHa

®omina T. I, dokmop eemepuHapHuUx Hayk, npoghecop, Cymcbkul HauioHanbHUl azgpapHull yHisepcumem, Cymu,
Ykpaita

Mempoe P. B., dokmop eemepuHapHux Hayk, npogecop, CymcbKkul HaujoHanbHUl agpapHull yHieepcumem, Cymu,
Ykpaita

®omin A. I, kaHOudam eemepuHapHux Hayk, doueHm, CymcbKull HauioHanbHUU agpapHull yHisepcumem, Cymu,
Ykpaita

XOuHbto Ma, 0okmop semepuHapHUX HayK, npogecop, XeHaHcbKul iHcmumym Hayku i mexHonoeit, CiHbcsH, Kumati

KoHcmpykuis ma xapakmepucmuka stee-OeneyiliHo2o mymaHma Salmonella Pullorum

CanbmoHenb03 Kypel — ye bakmepiarnbHe iHbeKyiliHe 3aX80pio8aHHs, Wo cripuduHeHe ceposapom Salmonella enterica
Pullorum (S. Pullorum). Lle 3axgoprogaHHsi, WUPOKO peecmpyembCs 8 CyyacHUX nmaxigHu4ux 2ocriodapcmeax. OCHOBHUMU
KIiHIYHUMU cumnmomamu xeopobu € npoHoc 6inoeo konbopy ma 3aduwika, cmepmuicmes moxe docsizamu 100 %. [NomoyHi
3axo0u Ons 3anobieaHHs ma 6opombbu 3 3aX80pHBaHHAM — Ue KOHmMposnb biobesneku ma 3axodig npochinakmuku,
AIKI HarpaerieHi Ha ceoeYacHe 8USIBIIEHHSI X80POI mMmuyi, MocmiliHo20 criocmepexeHHs1 3a 300posUMU Kypyamamu ma
gusierieHHs1 wWnsxie nepedadi iHgbekyii. Hessaxarouu Ha me, WO UKOPUCMAaHHS aHmubiomukie 3MeHWwye 3a2ubesnb
xeopoi nmuui, ane ye He moxe 100% 3HUWUMU namoaeHHi MIKpoOpaaHi3Mu 8 opaaHiami nmuui, KpiM moao ue 8UKIUKae
BUHUKHEHHSI aHmMubiomuKope3icmeHmMHUX wWmamig MIKpoOopeaHiamie, W0 € 3agpo30r 0151 NIH0OUHU. ToMy 8aXnueum
€ HeobxiOHicmb 8ug4eHHs ma po3pobKu 3axodie npoinakmuku ma KOHMPOIT, 8KITHOYaAKYU HOBI 8aKUUHU. 5K Hosul
¢heHomun gipyneHmHocmi, steE kodyembcs Gifsy-1 yepes peaynsauito cucmemu cexkpeuii Il muny 12 (T3SS1i T3SS2).
SteE esidiepae saxnusy porb 8 egontouii crieyugiyHocmi ocrnodaps mikpoopaaHiamie pody Salmonella. Ha nabopamopHiti
molerni npu 3apaxeHHi muwel steE nidsuulyemscs sipyneHmsicme Salmonella ma ekcripecisi npomu3ananbHUX UUMOKiHIe.
OO0Hak porib steE e namozeHesi Salmonella nompebye nodanbuwozo susyeHHs. Ha cy4acHomy pigHi binbLuicmb 00CTiOKeHb
steE 8 ocHogHOMY npogodumscsi Ha modeni iHgbekuii S. Typhimurium, modi sik Ha modensix S. Pullorum 6yno npogedeHo
mario docnioxeHb. Hemae nosidomneHb npo ponb stek e knimuHax HD-11, iHgbikosaHux S. Pullorum. B ceoix docnidxeHHsIx
MU ycriwHo ckoHcmpyroeanu OeneuiliHul wmam steE S. Pullorum 3a dornomozor cucmemu pekombinauii A-Red. Picm
i GioximiyHi xapakmepucmuku S. Pullorum steE 6ynu nodibHi 0o S. Pullorum. Kpim mozo, Mu makox criocmepieanu ennug
steE Ha nponighepayito ma anonmo3 knimuH HD-11, iHghikosaHux S. Pullorum. NamozeHe3 Salmonella — ue dsa T3SS,
3akodosaHi 8 ocmpisusix namoeeHHocmi Salmonella 1i 2 (SPI-1i SPI-2), siki 8idrnogidaromb 3a cexpeuyito ma mpaHciokauyjo
Habopy 6akmepianbHux binkig, siKi Ha3ugarMmMbCs ehekmopamu, y KIimuHU-20crnodapi 3 Hamipom 3MiHUMU bisionoaito
KnimuHu-2ocnodaps 07151 MPOHUKHEeHHsT ma euxxueaHHs bakmepitl. [Midmpumka yHkuii SCV HesiddinbHa 6id y4acmi psdy
¢bakmopig eipyrneHmHocmi canbmoHenu, 8 skux T3SS2, kodosaHuli SPI-2, i lioeo cekpemosaHull echeKmopHul BifloK.
Lo steE peeynioe akmueauito makpoghazie ma iMyHHy 8i0nogidb eocriodaps. [ocnidxeHHs noka3anu, Wo canbMOHerna
MOXe KOJIOHI3yeamucsi 8 KUWEYHUKY | cene3iHyi ma 6e3rnocepedHbo npuliMamu Makpoghazu sk KnimuHu-miweHi. licns
3apaxeHHs S. Pullorum 6akmepisi MOXe He MiflbKu YHUKHYMU 3HUWEHHST 8HYMPIWHBOKIIMUHHUX akmugHUX PEYOBUH, are
U nponichepysamu ma nowiuprosamucsi 8 Makpoghazax. SteE HeobxiOHul Onisi pennikauii ma sipyneHmHocmi Salmonella
8 Makpoghazax. TakumM YUHOM, MU 8CMaHOBUNU, WO namo2eHHUl mexaHiam iHegekyii S. Pullorum y nmuui moxe 6ymu
makum xe, K i 8 knimuHax HD-11. SteE 6yno obpaHo sik 0ocniOHUUbKUL 2eH Ha OCHO8I cucmemu pekombiHauii A-Red 0nsi
KoHempyrosaHHsa wmamy S. Pullorum steE. Pesynbmamu roka3sanu, Wo pocmosi ma 6ioXiMidHi xapakmepucmuku wmamie
S. Pullorum i S. Pullorum steE cxoxi. [JogedeHo, wjo steE 3meHwums 30amHicmb 00 KomoHi3ayii ma eipyrneHmHicms
S. Pullorum y knimurax HD-11. Indykoearut S. Pullorum anonmo3 knimuH HD-11 € ocobnusum MexaHiaMoM 8ipynieHmHocmi,
AKUL MOXe Crpusmu nowupeHHo bakmepil mix knimuHamu. [ocnidxeHHs nokasanu, wo deneyis S. Pullorum SPI-2 3HayHo
3HUXYE namozeHHiCmb Kyp4am, Wo y3200XKyembCs 3 npuHanexHicmio steE do egpekmopHo20 binka SPI-2. Pesynbmamu
iHpikyeaHHs1 S. Pullorum knimun HD-11 makox nokasanu, wo SteE nocurnoe 6HympiluHbOKMIMUHHY Xumme3damHicmb
S. Pullorum i cnpusie anonmosy knimuH HD-11. Y cykynHocmi Hawi QaHi 0emoHcmpyromb, Wo 2eH SteE bepe yyacmb
y sipynesmuocmi S. Pullorum i cnipusie po3pobui ocrnabneHoi eakyuHu npomu S. Pullorum.

Knroyoei cnoea: Salmonella Pullorum, steE, 6ionoeiyHi xapakmepucmuku, knimuHu HD-11, anonmos, eipyneHmHicme.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty 15
Cepis «BetepuHapHa meguumHay, Bunyck 2 (57), 2022



