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Salmonella is an important foodborne pathogen that can evade host immune defense by evolving unique mechanisms.
Salmonella manipulate host cell various signaling pathways by delivering specific effectors into target cells to establish
infection. The nuclear factor-kB (NF-kB) is an important nuclear transcription factor that requlates the host immune system
in Salmonella infection. The Salmonella pathogenicity island 1 (SPI-1) and Salmonella pathogenicity island 2 (SPI-2) encode
type Ill secretion systems (T3SSs), effectors that are associated with the NF-kB signaling pathway through regulate host
inflammation response. SPI-1 effectors SipA, SopE, SopE2, and SopB all can activate NF-kB signaling pathway to facilitate
Salmonella invasion and intracellular carriage. Studies have shown that T3SS1 and/or T3SS2 effectors such as GtgA,
GogA and PipA contain two histidine residues and have metalloprotease activity to control Salmonella replication. These
zinc metalloproteases redundantly target the NF-kB subunits p65, RelB, and c-Rel, whereas GogA and GtgA only inhibit
NF-kB-dependent gene transcription. The T3SS2 effectors SseK1, SseK2, and SseK3 are death domain-containing proteins
with N-linked glycosyltransferase characteristics that can inhibit NF-kB activity by inhibiting IkBa phosphorylation in TNF-
a-treated 293ET cells. Among them, SseK1 and SseK3 also suppress Salmonella-induced NF-kB activity in macrophages.
SseK3-mediated inhibition of the NF-B signaling pathway is not required for protein 32 containing a tripartite E3-ubiquitin
ligase motif. In addition, the SPI-2 T3SS effector SpvD inhibits NF-kB activity by preventing nuclear translocation of p65
through interaction with Exportin-2, but this does not affect IkBa degradation, which ultimately leads to systemic Salmonella
growth. However, other effectors SptP, AvrA, Ipad, SspH1, GtgA, GogA, and SPI-2 encoded Ssel, SpvB, SseK1, and GogB
all can effectively inhibit NF-kB signaling pathway, and contribute to Salmonella intracellular replication and virulence. In
this mini-review, we summarize the special mechanism how NF-kB signaling pathway is regulated by Salmonella T3SSs
effectors in the persistent infection of Salmonella, which will further elucidate the pathogenesis of Salmonella.
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Introduction. Salmonella is an important intracellular | phoid fever in pigs and cattle (Gal-Mor et al., 2018; Coburn
pathogen and can cause a severe systemic disease, such | etal., 2007). Salmonella enters the digestive tract by the oral
as typhoid fever in humans, diarrhea in chickens, paraty- | infection of contaminated food (Ménard et al., 2022). Once
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Salmonella reach the small intestine and colon, a large num-
ber of Salmonella attach to the intestinal mucosal epithelial
cells, and invade the submucosal tissue through the M cells,
then engulfed by immune cells like dendritic cells, macro-
phages and neutrophils, which can help the spread of Sal-
monella to systemic tissues, such as liver and spleen (Broz
et al., 2012; Xie et al., 2020; Krukonis et al., 2020). In addi-
tion to Salmonella flagellin and lipopolysaccharide (LPS) on
the surface of bacteria (Liu et al., 2019), it also has a vari-
ety of effectors that are secreted into host cells though the
T3SS, and control different cellular functions (Dos Santos et
al., 2020). These effectors of Salmonella interfere with cell
signaling cascades through a variety of mechanisms, and
enhanced their intracellular proliferation and survival in host
cells (Walch et al., 2021). NF-kB pathway is an important
signaling pathway that affects the host immune response in
Salmonella infection (Sun et al., 2016). This article reviews
the mechanism of Salmonella infection based on the latest
research results about the interplay of Salmonella effectors
and NF-kB signaling pathway, and will provide new ideas for
the pathogenesis of Salmonella.

Research materials and methods. The research and
review of scientific literary sources was carried out on the
basis of the Department of Virology, Pathanatomy and
Poultry Diseases, the Department of Veterinary Expertise,
Microbiology, Zoohygiene and Safety and Quality of
Livestock Products of the Faculty of Veterinary Medicine of
the Sumy National Agrarian University, as well as in Henan
Institute of Science and Technology, Xinxiang, China.

Results.

SPI and effectors. The genome size of Salmonella is
similar to that of Escherichia coli, with only 10% difference
in sequence (de Jong et al., 2012). The virulence factors of
Salmonella pathogenicity are mainly located on its pathoge-
nicity island (Jennings et al., 2017). The intracellular survival
and proliferation of Salmonella rely on the T3SS effectors
encoded by SPI-1 and SPI-2, which can inject some effector
proteins into the cytoplasm to promote Salmonella invasion
and dissemination (Brink et al., 2018). However, Salmo-
nella T3SS effectors can stimulate the signal transduction
pathways of host cells, leading to a series of cellular effects
such as the rearrangement of cytoskeleton, activation of
transcription factors, and stimulation of ion channels in vivo
and in vitro (Dos Santos et al., 2020; Jia et al., 2022). These
effectors expression of SPI-1 and SPI-2 are strictly regu-
lated in host cells and are essential for assembled T3SS at
different infection phases (Dos Santos et al., 2020).

Host immune response and NF-kB signaling path-
way. In order to cope with the infection of Salmonella,
the host has formed various defense mechanisms such
as innate immunity and adaptive immunity (Noster et al.,
2019). The innate immune system are initiated through a
series of pattern recognition receptors, which recognize
the relatively conservative and key structural components
of pathogenic microorganisms, thereby control the invading
pathogen (Kogut et al., 2020). Normally, pathogen-associ-
ated molecular patterns are usually composed of bacterial
surface components, such as LPS, flagellin, peptidoglycan,
lipoteichoic acid, and cell wall lipoproteins (Potrykus et al.,

2021; Lu et al., 2022). Furthermore, the pattern recognition
receptors of the innate immune responses were involved
include Toll-like receptors (TLR), nucleotide oligomerizaton
domain-like receptor (NLR), cytoplasmic RNA receptors,
and cytoplasmic DNA-related receptors (Liao et al., 2021).
NF-kB transcription factor is the regulatory center of host
inflammatory response that controls DNA transcription
(Stormberg et al., 2021). NF-kB is a homo- and heterodi-
mers in mammals whose subunit consists of five members,
such as c-Rel, p50 (NF-kB1), RelA (p65), p52 (NF-kB2), and
RelB (Hayden et al., 2008). These members contain the Rel
homologous domain with conserved DNA binding activity,
and have the ability to regulate the protein dimerization and
nuclear localization signals. Inactivation of NF-kB and inhi-
bition of IkB protein phosphorylation are located within the
cytoplasm (Bariana et al., 2022). When host is infected by
pathogenic bacteria such as Salmonella, and TLRs signal-
ing pathways are activated, resulting in initiate antigen pre-
sentation functions, thereby the NF-«kB dimers rapidly disso-
ciates from the cytoplasm to the nucleus, which triggers the
pro-inflammatory-related gene expression (Liu et al., 2019;
Li et al., 2022). However, Salmonella effectors target NF-«kB
signaling pathway to facilitate Salmonella invasion and dis-
semination within host cells at different stages of infection.

Activation of NF-kB signaling pathway by effec-
tors. There are many microorganisms in the intestines of
humans and animals (Markowiak et al., 2017). In order to
avoid unnecessary immune reactions, the NF-kB signaling
pathway is suppressed in intestinal cells (Tao et al., 2021).
Pathogens induce NF-kB activity through a variety of mech-
anisms, which is crucial to promote intracellular replication
and virulence in their host (Gémez-Chavez et al., 2021).
Inflammation aggravates the accumulation of nutrients
to the growth of Salmonella at an early stage of infection
(Sharma et al., 2022). Furthermore, numerous intracellular
effectors can drive the host's immune response to produce
the electron acceptor tetrathionate in the respiratory chain
(Bliska et al., 2012), which can enable Salmonella to more
efficiently gain host nutrients when compared with other
bacterial pathogens, leading to promote intracellular replica-
tion in the host (Lawrence et al., 2021).

TLR5 is a receptor for Salmonella flagella, which in turn
activates MyD88-NF-kB signaling pathway, but some effec-
tors can activate NF-kB signaling pathway by other ways
(Jiang et al., 2015). SipAis a virulent effector of Salmonella,
and is translocated into the host cells by T3SS-1, enables
Salmonella invasion (Finn et al., 2017). Studies have found
that NF-kB activity is trigged by SipA that is not dependent
on the invasion of Salmonella, but it is requires for complete
T3SS (Keestra et al., 2011). Furthermore, the heterologous
expression of SipA affects NF-kB activity, but this signal
does not depend on MyD88. Conceivably, the intracellular
SipA and intracellular receptor NOD1 form a complex that
can activate NOD1/NOD2, which lead to the invasion of epi-
thelial cells and NF-kB activity within host cells (Keestra et
al., 2011).

T3SS1-related effectors can induce activation of
Rho-family GTPases such as Rac1 and Cdc42, and con-
tribute to Salmonella internalization by activating Rac-1 and
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inflammation by activating Cdc42, respectively (Parween et
al., 2019). These two Rho GTP enzymes are components
of the host signaling pathway and participate in the rear-
rangement of the actin cytoskeleton structure (Liu et al.,
2020). Several effectors, SopE, SopE2, and SopB within the
SPI1 all are associated with the stimulating MAP kinase and
NF-kB signaling pathway by activate Rho-family GTPases
(Bruno et al., 2009). SopE and SopE2 are guanine nucleo-
tide exchange factors of Rac1 and Cdc42 that induces rapid
membrane ruffling in host cells, which promotes Salmonella
invasion and systemic infection (Galan, 2021). SopB is a
phosphoinositide phosphatase and has the ability to activate
the Rho-family GTPases, such as Rac1 and Cdc42 (Pinaud
et al., 2018). These three effectors are secreted into host
cells by T3SS1 that is required for Salmonella invasion.
Therefore, the activated Rho-family GTPase significantly
increases detected by NOD1, and subsequent induces
inflammatory responses by activating NOD1-RIP2-NF-«B
signaling pathway in host cell (Bruno et al., 2009). Studies
have found that intracellular SopE forms complexes with
Rac1, Cdc42, NOD1, and heat shock protein 90, indicating
that SopE-dependent Rac1 and Cdc42 activation is required
for the proteasome-mediated pathway, which in turn acti-
vates NF-kB signaling pathway through NOD1 (Keestra et
al., 2013). Therefore, this multi-factorial and multi-channel
activation mechanism strongly ensures NF-kB activity and
is central to the system infection of Salmonella (Cuadrado
et al., 2014). This phenomenon indicates that the activation
of the immune response is greatly beneficial to Salmonella
invasion at an early stage of infection. However, the under-
lying mechanism of these effectors between innate immune
signal and innate immune receptors remains obscure.

Inhibition of NF-kB signaling pathway by effectors.
Although the activation of host inflammatory response plays
an important role against invading Salmonella, some effec-
tors are secreted into host cells by T3SSs that have the
ability to inhibit excessive immune response. However, the
specific mechanism by which Salmonella effectors interface
with NF-kB signaling pathway remains poorly understood.

AvrA. AvrAis a virulent effector of Salmonella within SPI-
1, and its code size is 33kDa (Lin et al., 2016). AvrA has the
activity of serine/threonine acetyltransferase and ubiquitin
hydrolase, and play a pivotal role in suppression of host's
innate immune response, thereby contribution to Salmonella
dissemination and intracellular carriage (Zhang et al., 2015).
AvrA decreases |kBa degradation and stabilizes -catenin,
and inhibit NF-kB activity through ubiquitin-proteasome
degradation pathway in vivo and in vitro (Ye et al., 2007).
AvrA is a deubiquitinase that can inhibit MAPK activity by
downregulating p-MEK/p-ERK in Salmonella-infected Hela
cells, leading to facilitate Salmonella invasion (Giogha et al.,
2014). AvrA as a key regulator of immune responses, which
can control both the inflammatory and apoptotic signaling
in infected macrophages (Jiao et al., 2020). Studies have
shown that the avrA-deficient strain increased apoptosis in
caspase-3-stimulated cells (Wu et al., 2012).

SseL. Ssel is one of the Salmonella effectors secreted
through T3SS2, and has the activity of the deubiquitinase
(Geng et al., 2019). The function of effector SseL was
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performed by the two-component regulatory system SsrA/
SsrB, and can induce cytotoxicity in infected macrophages
(Rytkdnen et al., 2007). However, Ssel has no effect to the
intracellular replication of Salmonella within Salmonella-
containing vacuoles (SCV), but it participates in the
regulation of cytotoxicity (Figueira et al., 2013). SseL inhibit
NF-kB activity by deubiquitinating of IkBa in primary murine
bone-marrow-derived macrophages, but the following
study proposed that SseL does not affect the degradation
of IkBa and inflammatory response (Mesquita et al., 2013).
However, some in vitro experiments shown that SseL protein
directly targets the K63-polyubiquitin chain in the host cell,
and regulate the intracellular signal activation of host cells
degraded by the ubiquitin proteasome pathway (LaRock et
al., 2015). In addition, SseL also represents a member of the
deubiquitinate, but the regulatory effect of this protein in vivo
is not fully understood.

SptP. SptP is a GTPase activating protein encoded by
T3SS1 (Johnson et al., 2017), and inhibit NF-kB activity by
limiting the activation of Rac1, Cdc42, and Rho in host cells
(Johnson et al., 2017). The SptP translocation can interfere
with the actin cytoskeleton reorganization and c-Jun
N-terminal kinase (JNK) activation with the ability to inhibit
MAP kinases, thus causing the secretion of pro-inflammatory
factors (Cain et al., 2008; Lhocine et al., 2015). SptP can
increase the function of host cytoskeleton to recover
homeostasis by preventing the activation of Cdc42, and
contribute to the intracellular replication and dissemination
of Salmonella (Fu et al., 1999). SptP is composed of two
different effector protein regions, and the existence of the
amino terminal domain of SptP protein makes it have the
characteristics of activating target protein, while its carboxyl
terminal domain endows the protein with potential tyrosine
phosphatase activity (Pinaud et al., 2018). Some studies
showed that SptP protein exerts its tyrosine phosphatase
activity when Salmonella entry into host cells, thus causing
systemic infection (Johnson et al., 2017).

SspH1. SspH1 is encoded by T3SS-1 and/or T3SS-2
encoded, and can inhibit inflammatory reactions and NF-«B
signaling pathway in the mammalian nucleus (Keszei et
al., 2014). SspH1 has the activity of E3 ubiquitin ligase
contains a leucine-rich repeat (LRR) (Cook et al., 2019). It
is well documented that serine/threonine protein kinase N1
(PKN1) is the physiological substrate of SspH1 (Haraga et
al., 2006). Based on the structure of SspH1-PKN1 complex,
LRR domain of SspH1 protein interacts with human PKN1
in mammalian cells (Keszei et al., 2014). It can form the
catalytic domain of LRR and activate the catalytic function of
SspH1 protein (Batkhishig et al., 2018). Interestingly, SspH1
does not depend on its catalytic function to the inhibition of
NF-kB signaling pathway. Even if it does not interact with
PKN1, SspH1 still can inhibit NF-kB activity (Cook et al.,
2019). Therefore, except PKN1, SspH1 protein may also
interact with other substrates with the ability to modulate
host immune response. Later work suggested that SspH1-
mediated degradation of PKN1 is not required for inhibiting
NF-kB activation.

GogB. GogB is the first open reading frame on Gifsy-1
prophage of Salmonella Typhimurium (Svahn et al., 2023).
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GogB is translocated into the cytoplasm of host cells
by T3SS2, which are essential for cell-to-cell spread in
Salmonella infection (Cohen et al., 2021). GogB is regulated
by the transcription activating factor SsrB, which contributes
to the virulence of Salmonella (Coombes et al., 2005). GogB
is a chimeric protein with the characteristics of E3 ubiquitin
linking enzyme and can inhibit degradation of IkBa (Jennings
et al., 2017). GogB interacts with FBXO22 protein of F-box
family in host cells, which is beneficial for synergy with
other effectors (Pilar et al., 2012). More importantly, GogB
can inhibit NF-kB activity by suppressing ubiquitination and
degradation of IkBa in infected macrophages (Jennings et
al., 2017). In addition, the Salmonella gogB mutant-infected
mice will induce more inflammatory response, tissue
damage, intestinal colonization and chronic infection than
that in the wild-type Salmonella strain-infected group (Pilar
et al., 2012). As one of the anti-inflammatory effector, GogB
is required and is conducive to promote the colonization of
Salmonella by limiting tissue damage during Salmonella
infection.

SpvB and SpvC. Spv gene is an important pathogenic
factor on the Salmonella virulence plasmid and secreted
by T3SS2 (Wang et al., 2019). Spv contains three
essential genes: positive transcriptional regulation gene
spvR and two structural genes (spvB and spvC) (Passaris
et al., 2018). Like SpvC protein is encoded by spvC
that have phosphothreonine lyase activity, which can
dephosphorylates Erk (pErk), p38, and JNK, all of which
contribute to inhibit pyroptosis and intestinal inflammation by
interfering with the MAPK pathway during systemic infection
(Galan, 2021). In case of Salmonella infection, both SpvB
and SpvC were translocated into the cytoplasm of host
cells by T3SS2 to promote Salmonella virulence, which
can induce more cell apoptosis by depolymerizing actin
(Jennings et al., 2017). During the transport of nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase to cell
membrane, NADPH oxidase was strongly associated with
the function of actin cytoskeleton (Stanley et al., 2014).
Therefore, SpvB-mediated depolymerization of actin may
inhibit the recruitment of NADPH oxidase to phagosomes,
leading to reduce the oxidative killing effect of Salmonella.
Some studies have shown that SpvB and SpvC can
prevent the synthesis of anti-apoptotic factors and induce
macrophage apoptosis (Jennings et al., 2017). Surprisingly,
the enzyme activity of SpvC decreases the expression of
pro-inflammatory factors (IL-8 and TNF-a) and neutrophil
infiltration at an early stage of infection (Haneda et al., 2012).
Thereby, SpvC is required to Salmonella dissemination in
the systemic infection. Recent evidence suggests that SpvC
can also cooperate with SpvB to prevent the recruitment of
NADPH oxidase to phagocytosis, promote cell apoptosis,
block NF-kB activity and inhibit the differentiation of
macrophages (Jennings et al., 2017).

Ipad. IpaJ as an invasive plasmid gene of Shigella
flexneri, was initially identified, and its code size is 27kDa
(Burnaevskiy et al., 2013). IpaJ is a specific effector of
Salmonella Pullorum encoded by T3SS1 that can present
fragmentation state to Golgi body, and can attenuate NF-kB
activity induced by TNF-a, LPS and IL-1 in HeLa cells (Li et

al., 2020). It has been suggested that the transcription of
Ipad is regulated by ItrA with a novel DeoR family regulator
to inhibit MAPK activation in Salmonella-infected HeLa cells
(Yin et al., 2022). At the same time, IpaJ has the function
to inhibit the activation of NF-kB signaling pathway by
suppressing the ubiquitination degradation of IkBa during
Salmonella infection (Li et al., 2020). In addition, the absence
of SPI-1 and SPI-2 does not affect the protein expression of
NF-kB p65 showed that IpaJ was not regulated by T3SS1
and T3SS2 (Yin et al., 2022).

Other effectors. Previous study reported that T3SS1 and/
or T3SS2 effectors, like GtgA, GogA, and PipA all contains
two histidine residues, and have metalloprotease activity
to control Salmonella replication (Galan, 2021). These zinc
metalloproteases redundantly target the NF-kB subunits
p65, RelB, and c-Rel, whereas GogA and GtgA only inhibit
NF-kB-dependent gene transcription (Takemura et al.,
2021). T3SS2 effectors SseK1, SseK2, and SseK3 all are a
death domain-containing proteins with the characteristics of
N-linked glycosyl transferase, which can inhibit NF-kB activity
by suppressing the phosphorylation of IkBa in 293ET cells
treated with TNF-a, (Jennings et al., 2017). Among them,
SseK1 and SseK3 also inhibit Salmonella-induced NF-«kB
activity in macrophages (Gunster et al., 2017). Another
report showed that SseK3-mediated inhibition of NF-B
signaling pathway is not required for the E3-ubiquitin ligase
tripartite motif-containing protein 32 (Yang et al., 2015).
In addition, the SPI-2 T3SS effector SpvD inhibit NF-kB
activity by preventing nuclear translocation of p65 through
interactions with the Exportin-2, but it does not affect the
degradation of IkBa, which finally lead to the system grow of
Salmonella (Rolhion et al., 2016).

Salmonella interact with host cells by using T3SSs to
inject some effectors into the host cells. These effectors, like
SopE, SopE2, and SopB all trigger NF-kB signaling path-
way by activating Rho family small G proteins, while SptP
has the activity of GTPase activating protein that can inhibit
activation of G proteins(Figure 1).

However, activation of NF-kB signaling pathway by
SipA needs the mediation of NOD1/NOD2. Some effectors,
including SspH1, AvrA, Ipad, and SselL all suppressed
NF-kB activity by blocking IkBa degradation. Furthermore,
the enzymatic activity of these effectors is closely associated
with their function in the regulation of NF-kB signaling
pathway during Salmonella infection. These results
suggesting that both T3SS1- and T3SS2-encode these
effectors are translocated into the host cell, and contribute
to downregulation of the inflammatory response and the
persistent infection of Salmonella by targeting NF-«B
signaling pathway when Salmonella invade target cells.

Discussion. Host-Salmonella interactions are a
very complex process. The host's immune system has
the ability to identify and clear the pathogens, which
manipulate cell signaling cascades through a variety
of pattern recognition receptors to facilitate bacterial
invasion and its intracellular replication. The activation
or inhibition of NF-kB signaling pathway was involved by
effectors associated with the initiation of the inflammatory
response, which is beneficial to the persistent infection of
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Figure 1. Salmonella effectors regulate the NF-kB signaling pathway in host cells.

Salmonella. As this review advances, the mechanism by
which Salmonella induces host inflammatory responses
by T3SSs-realted effectors are well clear now. These
findings illustrated that Salmonella pathogenicity and
host immune defense are a process of dynamic balance
within the host cells. But how Salmonella and its host
reprogram this metabolic state to establish a long-term
systemic infection remains obscure. However, various
hosts have significant genetic differences, and their
immune defense could also have great differences
in Salmonella infection. Future studies need to be

illuminated the interplay between the different host and
T3SS effectors.

Conclusions. In summary, the main objective of this
review shows that Salmonella have evolved complex
strategy to evade host immune defense. Salmonella utilizes
T3SSs to deliver some effectors into target cells that can
regulate NF-kB signaling pathway, so as to promote its
survival and replication within host cells. The study of both
Salmonella effectors and NF-kB signaling pathway will
provide new ideas and countermeasures for the prevention
and treatment of salmonellosis.
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CanbMmoHenbo3Ha iHghekuisi: e3aemodisi mix e¢hekmopamu T3SSs ma cueHanbHUM wiisixom NF-kB

CarnbMOHesa € 8axIu8UM Xap4o8UM amo2eHOM, SIKUL MOXe YHUKamu iMyHHO20 3axucmy xa3siHa 3a 00rOMO2OI0 yHi-
KarbHUX MexaHiamie. CanbMOHENU MaHImymoloms Pi3HUMU CU2HarbHUMU WsxaMu KiaimuHu-eocrnodapsi, 0ocmaensroyu
creyucidHi echekmopu 8 KrimuHu-miweHi 051 ecmaHoeneHHs1 iHgpekuyii. SdepHuti hakmop-kB (NF-kB) € eaxinugum sidep-
HUM hakmopoM mpaHCKpUnuji, SKul pegymtoe iMyHHy cucmemy xa3siHa npu 3apxeHHi Salmonella. Ocmpigeub namozeH-
Hocmi canbmorenu 1 (SPI-1) i ocmpigeub namoeeHHocmi canbmoHenu 2 (SPI-2) kodytomb cucmemu cekpeuii Ill murny
(T3SSs), ecbekmopu, siKi nog’asaHi 3 cueHanbHUM wsxom NF-kB yepes peaynsuyiio 3ananbHoi peakuii 2ocriodaps. Jocrii-
0XeHHs rokasanu, ujo ecpekmopu T3SS1 ma/abo T3SS2, maki sk GtgA, GogA ma PipA, micmsamae dea 3anuwku eicmuduHy
ma maomb MemarionpomeasHy akmusHicmb 0151 KoHmporo pennikauii Salmonella. Lii memanonpomeasu yuHKY HaOMipHO
HauineHi Ha NF-kB cy6oduHuyi p65, RelB i c-Rel, modi sik GogA i GtgA nuwe iH2ibytomb NF-KB-3anexHy mpaHCKpunuiro
eeHa. Ecpekmopu T3SS2 SseK1, SseK2 i SseK3 € binkamu, wjo micmsams doMeH cMepmi 3 xapakmepucmukamu N-roe’s3a-
HoI eniko3unmpaxcgepasu, ki MoXyms npuzHivyeamu akmusHicmbs NF-kB wisixom iHeibysaHHs chocghopurnrosaHHsi IkBa
8 knimuHax 293ET, obpobneHux TNF-a. Ceped Hux SseK1 i SseK3 makox npueHidytoms iHOykosaHy Salmonella NF-kB
akmusgHicmb y Makpoghazax. SseK3-ornocepedkosaHe iHeibysaHHs cueHanbHo20 wisxy NF-B He sumazaembcs 01151 binka
32, wo micmums mpucmopoHrHiIl E3-yb6ikeimuHnieasHuti momus. Kpim mozo, egpekmop SPI-2 T3SS SpvD iHeibye akmus-
Hicmb NF-kB, 3anobizatoqu si0epHiti mpaHcnokauii p65 yepes e3aemodito 3 Exportin-2, ane ue He ennueae Ha deepadauiro
IkBa, wo 8 kiHuyesomy nidcymKy npu3eodums 00 cucmemHo20 pocmy canbmoHenu. E¢pekmopu SPI-1 SipA, SopE, SopE2
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i SopB moxymb akmueysamu cueHanbHul wnsx NF-kB, wob cnpusmu iHeasii Salmonella ma eHympiwHb0KTIMUHHOMY
nepeHocHuKy. OdHak iHwi ecpekmopu SptP, AvrA, Ipad, SspH1, GtgA, GogA ma SPI-2, kodosaHi Ssel, SpvB, SseK1 ma
GogB, moxymb eghekmusHo iH2ibysamu wisix nepedavi cueHanie NF-kB ma crnpusmu eHympilWHbOKIIMUHHIU pennikauil
ma gipyneHsmrocmi Salmonella. Y ybomy Miki-02n150i Mu ridcymosyemo crieuiarbHUl MexaHi3M mo2o, SIK CU2HambHUU WX
NF-kB peeaynroembcsi epekmopamu T3SSs Salmonella npu nepcucmyroditi iHgpekuii Salmonella, wo dozeonums dodam-
Kog0 3’sicysamu namoezeHe3 Salmonella.

Knrovoei cnoea: canbmorenu; T3SSs epekmopu; cueHanbHul winsx NF-kB; iMyHHUU 3axucm 20crnodapsi; namoaeH-
HUU MexaHi3m.
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