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Toll-like receptors (TLRs)
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Figure 4.2: Structure, location,
and specificities of mammalian
Toll-like receptors.

Note that some TLRs are
expressed on the cell surface
and others in endosomes.
TLRs may form homodimers or
heterodimers. dsRNA, Double-
stranded RNA; LPS,
lipopolysaccharide; ssRNA,
single-stranded RNA; TIR, Toll
IL-1 receptor; TLR, Toll-like
receptor.

Cellular and Molecular Immunology 10th ed.
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Figure 4.5: The STING cytosolic
DNA sensing pathway.

Cytoplasmic microbial DNA and self DNA
that accumulates in the cytosol activate the
enzyme cGAS, which catalyzes the
synthesis of cyclic GMP-AMP (cGAMP)
from ATP and GTP. cGAMP binds to STING
in the endoplasmic reticulum membrane,
causing STING to translocate to the Golgi
(not shown), and then STING recruits and
activates the kinase TBK1, which
phosphorylates IRF3. Phospo-IRF3 moves
to the nucleus, where it induces type | IFN
gene expression. Self DNA may be
produced as a result of genomic or
mitochondrial damage or from turnover of
DNA. The bacterial second messenger
molecules cyclic di-GMP (c-di-GMP) and
cyclic di-AMP (c-di-AMP) are directly
sensed by STING. ATP, Adenosine
triphosphate; cGAS, cyclic GMP-AMP
synthase; ER, endoplasmic reticulum; GTP,
guanosine triphosphate; IFN, interferon;
IRF3, interferon response factor 3.

Cellular and Molecular Immunology 10th ed.
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AID expression history in the Peyer's patch
by lineage tracing (LacZ)
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AID expression history in the brain
by lineage tracing (LacZ)
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