Abstract

Tn7 and Tn7-like elements are mobile genetic elements notable for
their specific target-site selection mechanisms and precise insertion. The
prototypical Tn7 element is the best-studied element in the family. It
employs two distinct transposition pathways using alternative target-site
selection proteins, TnsD or TnsE, and a conserved core transposition
machinery composed of the heteromeric transposase (TnsAB) and an
ATPase adaptor (TnsC). TnsABC+TnsD directs Tn7 insertions into a specific
chromosomal attachment site (attTn7), whereas TnsABC+TnsE
preferentially facilitates transposition into conjugating plasmids. TnsD
belongs to the TniQ family, which is commonly found in Tn7-like elements.
TniQ is integrated with various target-site selection modules, allowing for
the targeting of new genomic locations or the association with CRISPR-Cas
for RNA-directed transpositions. Despite their differences, all target-site
selection proteins recruit TnsC to assemble a targeting complex, which in
turn activates the transposase.

Target-site selection proteins also distort the target DNA as part of
the TnsC recruitment mechanism. To understand how TnsC preferentially
recognizes DNA distortions, | determined the high-resolution cryo-electron
microscopy (cryo-EM) structure of a gain-of-function variant of TnsC bound
to DNA with a central mispaired region. TnsC forms asymmetric, open
heptameric rings on DNA. The N-terminal face of the TnsC ring recognizes
the DNA distortion and contains the region of the protein predicted to
interact with TnsD, while the C-terminal face contains the regions that
recruit the transposase. As a result, TnsC physically segregates interactions
with the target-site selection proteins and the transposase, and imposes a
strict spacing between the target and integration sites.

To determine how TnsC is recruited to a pre-selected genomic
location, | then characterized the interaction between TnsC and the TniQ
domain of TnsD (TnsD"'™). High-resolution cryo-EM structures of TnsDN™
bound to TnsC and the ternary TnsC-TnsDN°-DNA complex demonstrate
that TnsDN'® facilities the unidirectional polymerization of TnsC around the
target DNA by interacting with the terminal TnsC protomer and enhancing
nucleotide exchange within TnsC. These findings, together with previous
studies, suggest that TnsD-dependent oligomerization of TnsC determines
the downstream insertion of Tn7 at a fixed distance from the TnsD binding
site.

Collectively, my thesis provides molecular insights into how TnsC
regulates target-site selection, facilitates the crosstalk between different
target-site selection proteins and the TnsAB transposase, and suggests a
mechanism for transposition immunity.
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