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DESCRIPTION

T3SSs are syringe-like membrane-embedded nanomachines that
allow effector proteins to be translocated directly into the
cytoplasm of eukaryotic cells. The T3SS injectosome is made up
of about 20 proteins and is connected to the bacterial flagellum
in terms of evolution. It is widespread among Gram-negative
bacteria. The T3SS has long been recognised as a key virulence
determinant in a variety of significant human diseases.
Pseudomonas syringae, for example, uses its T3SS to translocate
effector proteins into plant cells, modulating host defence

responses and promoting infection.

T3SSs are employed by pathogenic bacteria to promote infection
and influence the host immune system, but they may also be
found in many non-pathogenic bacteria. Researchers conducted
a thorough search of around 20,000 accessible bacterial genomes
for T3SS gene clusters. These were discovered in 109 genera, and
included several ambient strains with no known relationship
with eukaryotic hosts, as well as plantbeneficial bacteria
including rhizobia and Pseudomonas isolates.

Rhizobia are a paraphyletic group recognised for their symbiotic
associations with many legumes, which are mediated by nitrogen-
fixing nodules that protect the bacteroids. The formation of
these symbiotic organs necessitates a sophisticated coordination
of rhizobial infection and nodule organogenesis, with both
partners secreting and recognising signal molecules. Numerous
rhizobial strains carry one or more T3SS biosynthetic gene
clusters, as well as genes producing effector proteins released
through the T3SS, to aid the rhizobia-legume symbiosis.

T3SSs have also been discovered in freeliving plant-beneficial
bacteria of the genus Pseudomonas. These bacteria colonise the
rhizosphere aggressively, promoting plant growth either directly
by generating plant hormones and solubilizing phosphate, or
indirectly by suppressing soil-borne illnesses. T3SSs in plant-
beneficial Pseudomonas appear to have functions other than the
exclusive interaction with the plant, in contrast to T3SSs
observed in rhizobia.

Italy

Many nitrogen-fixing rhizobia have functioning T3SS. The

Rhizobiales family is named after the T3SS gene clusters present
in the genomes of rhizobia (Rhc-T3SS). This family is separated

into four subgroups, which are -Rhcl, -Rhcll, -Rhclll, and -Rhc.

Most rhizobia have a -Rhcl T3SS, but some strains have an extra
T3SS gene cluster belonging to the Rhizobiales-T3SS families-
Rhcll subgroup. This T3SS gene cluster is also present in various

plant-pathogenic P. syringae strains. The function of this second

T3SS is still unknown.

Nitrogen-fixing rhizobia produce effectors (known as nodulation
outer proteins, Nops) into the cytoplasm of legume cells via their
T3SS. Numerous rhizobial strains' effector repertoires have been
studied.

Several reserches have done on rhizobia inoculation in the
vicinity of leguminous root cells and causes a transitory rise in
the expression of numerous defencerelated genes, similar to
MAMP-triggered immunity. Because no rhizobial MAMP has
been demonstrated to be active on legumes, the basis of this
MAMP-triggered immunity remains unknown. Rhizobia quickly
reduce the defence response through the action of nodulation
and  exopolysaccharides.  Furthermore, rhizobial
symbionts use T3SS effectors to control the plant immune
response and decrease MAMP-induced immunity.

The effector identified in Sinorhizobium fredii strains NGR234
and HH103, as well as B. elkanii USDA61, for example, is
translocated into legume cells. It inhibits the expression of
numerous genes that encode pathogenesisrelated defence
proteins involved in MAMP-triggered immunity, hence avoiding
nodule senescence. Mitogen-Activated Plant Kinases (MAPK)
phosphoryate this effector, which interferes with MAPK
signalling and hence weakens the plant immunological response.

factors

Rhizobial symbionts release another effector to control legume
defence responses. The effector comprises a Novel E3 ubiquitin
Ligase (NEL) domain and its expression in Nicotiana
benthamiana greatly reduced the formation of Reactive Oxygen
Species (ROS), which is one of the key MAMP-triggered immune
responses. This is a member of a wide family of bacterial
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effectors that influence plant ubiquitin systems. In wvivo, it
produces unanchored polyubiquitin chains, which may target
plant defence proteins for proteasome-dependent destruction.
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