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Exploring the functional diversity of type V[ secretion systems
in gram-positive bacteria through the effector proteins
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Abstract: The type VII secretion system (T7SS) is the only secretion system exclusively found in Gram-
positive bacteria. It closely links to bacterial growth and virulence, which plays an important role in the
interaction between bacteria-bacteria, bacteria-host, and bacteria-environment. Overall, the functional
diversity of T7SS is associated with its effector proteins. Therefore, this study discussed the effector proteins
secreted by T7SS, providing a comprehensive review of their structure and function, secretion mechanisms,
and the regulatory modes of gene transcription, with the aim to offer new perspectives for further research

into bacterial T7SS.
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In panel A, Mycobacterium tuberculosis (M. tuberculosis) contains the T7SSa gene cluster, where genes in the RD1 region encode various
virulence proteins, and the deletion of RD1 is precisely the reason for the attenuation of the tuberculosis vaccine strain, Bacillus Calmette-
Guérin (BCG). Staphylococcus aureus (S. aureus) contains the T7SSb gene cluster, but has extremely low sequence similarity to M.
tuberculosis . Listeria monocytogenes and Bacillus subtilis also contain the T7SSb gene cluster, but the relevant researches are not in-depth.
In panel B, the orange illustrations represent the membrane protein structures of the secretion system, such as EccE, EccB, EccC, EccD for
T7SSa, and EssA, EssB, EssC for T7SSb. The yellow illustrations represent the effector proteins of the secretion system, such as the
WXG100 proteins, PE-PPE proteins, Esp proteins secreted by T7SSa, and the Esx proteins, LXG proteins secreted by T7SSb. In T7SSa,
effector proteins are secreted outside the cell through the pore formed by EccC. PE-PPE proteins have a transmembrane structure, are
transported out of the inner membrane by EccC., stably embedded in the mycobacterial acid layer. and form a pore by aggregating through
their own structural changes. The effector proteins of T7SSb are secreted out of the cell through the pore formed by EssC. EsaA is the only
component of T7SSb that spans the entire cell envelope. presenting a ‘needle tip-like” appearance.
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Fig. 1 The composition of gene clusters containing T7SSa and T7SSb from representative strains (A) and the schematic diagrams

of the two secretion system structures (B)
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Tab. 1 Classification and function of T7SSa effector proteins

Classification Effector proteins

Function

WXG100 protein family ™’ ESAT-6(EsxA)

CFP-10(EsxB)
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EspB™
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Interfere with the secretion of host cytokines;

Help bacteria invade into host cells

Induce apoptosis in macrophages and inhibit
phagosome maturation;

Promote the formation of granulomas

Act as chaperone proteins

Insert and disrupt the host cell membrane,

causing cells lysis

Stabilize the structure of other effector proteins

and assist in their secretion out of the cell

Stably embed in bacterial cell envelop, and aggregate
to form pores through structural changes;
Nutrient absorption;

Regulate the secretion of host cytokines or

modulate macrophage apoptosis
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Tab, 2 Classification and function of T7SSb effector proteins
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Function

Classification Effector proteins
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