
 

Study reveals dynamics of DNA ligation
during genome replication
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AlphaFold prediction of the Lig1–PCNA complex. a First ranked model
showing the Lig1 N-terminal region (residues 1-263) and Lig1 Core (residues
264-919) as yellow and red ribbons, respectively, and PCNA trimer as ribbons in
different shades of blue. The insets show close-ups of the three predicted
binding sites and associated aligned error (PAE), with Lig1 residues shown as
sticks and PCNA as surface. The middle panel shows an overlay of the predicted
PIPDBD interface (red sticks) and that from the cryo-EM structure (green sticks).
The high PAE, lack of conservation and absence of experimental evidence of
binding for PIP3 suggest that PIP3 is a spurious prediction. b Overlay of the
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AlphaFold model and cryo-EM structure on PCNA. The positions of the Lig1
Core are related by a 29° rotation around the indicated axis. The N-terminal
region of the AlphaFold model and DNA in the cryo-EM model are omitted for
clarity. Credit: Nature Communications (2022). DOI:
10.1038/s41467-022-35475-z

Unconnected strands of DNA must be sealed together during genome
replication and repair, and a new KAUST-led investigation shows how
the fastening enzyme involved gets the job done.

By combining cryogenic electron microscopy (cryo-EM) imaging,
structural modeling and biochemical assays, the researchers have shown
how this enzyme, known as human ligase 1 (Lig1), quickly scans the
genome looking for nicks in DNA. To guide the search, Lig1 hitches
itself to a ring-shaped protein called PCNA that encircles strands of
genetic material and travels along the DNA like a sliding clamp. When a
nick is found, Lig1 changes its conformation and wraps around the DNA
to seal the nick.

The interaction between Lig1 and PCNA in turn dislodges another
enzyme, a protein called FEN1. As the researchers demonstrate, this
ouster of FEN1 is necessary to prepare the nicked DNA before Lig1 can
clinch it. "This is an essential process that occurs every time one of two
strands of the DNA double helix experiences a break," says structural
biologist Alfredo De Biasio, who co-led the study with his KAUST
colleague Samir Hamdan.

"By using cryo-EM," De Biasio continues, "we showed that PCNA
functions as a kind of toolbelt to which both enzymes can attach
independently and simultaneously, enabling the efficient handoff of the
nicked DNA from FEN1 to Lig1 and the sealing of the nick."
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This molecular handoff between enzymatic tools on the PCNA toolbelt
underpins various cellular processes, including DNA repair and
recombination. To dissect the toolbelt's structure, however, the
researchers focused on just one process: DNA copying—specifically the
synthesis and conjoining of short DNA fragments created during part of
genome replication.

PCNA's recruitment of the nick-sealing enzyme relies on a delicate
dance between different parts of Lig1. First, Lig1 tethers its front end to
the PCNA ring near sites of discontinuities in the genome. Lig1 then
swivels around, encircling the DNA and contacting PCNA through the
so-called DNA binding domain, ultimately forming a two-ringed stack
structure around the nicked DNA.

This conformational change leads to the displacement of FEN1, an
enzyme that cuts away extraneous flaps of DNA generated at certain
stages of genomic replication and repair. With FEN1 out of the picture,
Lig1 is free to circle around the DNA at the nick, an essential step for
Lig1 to fulfill its DNA-fastening function, as experiments with a
mutated form of the enzyme showed.

The research is published in the journal Nature Communications.

  More information: Kerry Blair et al, Mechanism of human Lig1
regulation by PCNA in Okazaki fragment sealing, Nature
Communications (2022). DOI: 10.1038/s41467-022-35475-z
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