
 

Blocking a fork in the road to DNA
replication

October 30 2014, by Matt Fearer

A team of Whitehead Institute scientists has discovered the surprising
manner in which an enigmatic protein known as SUUR acts to control
gene copy number during DNA replication. It's a finding that could shed
new light on the formation of fragile genomic regions associated with
chromosomal abnormalities.

In a developing organism, few cellular processes are as critical as
accurate DNA replication. When successful, replication transmits
genetic material from mother to daughter cells (as occurs during mitotic
cell division) or boosts DNA copy number in the cells of tissues that rely
on multiple copies of the genome to increase in size. When aberrant, the
process can cause genetic mutations, copy number variations, and other
flaws linked to cancer and developmental disorders.

Given its importance, DNA replication is tightly regulated, primarily
upon initiation at genomic sites known as origins of replication. A two-
pronged structure known as a replication fork forms at an origin and
moves along the double-stranded DNA, unwinding it to create two single
strands for copying. Throughout the genome, however, are regions where
replication is more challenging. It is likely that the DNA packaging
material known as chromatin, which has been shown to be particularly
dense in specific regions, poses a challenge to the progression of
replication forks. Some of these regions have been found lacking
replication origins and prone to DNA damage.

Whitehead Member Terry Orr-Weaver, who likens replication fork

1/3

https://phys.org/tags/replication/


 

movement to that of a train moving along a DNA railroad track, has long
used the fruit fly Drosophila as a model in which to study fork
progression and inhibition. Her lab recently implicated the protein
SUUR, produced by the SuUR gene (for "Suppressor of Under-
Replication"), in impeding replication fork progression in developing
and differentiating tissues.

At the time, Orr-Weaver, who is also a professor of biology at MIT,
surmised that SUUR was acting as a barrier resting on the railroad track.
In research published online this week in the journal Cell Reports, her lab
describes a very different action for this unusual protein.

"It turns out that rather than blocking the tracks, the protein is actually
moving along with the engine of the train, acting like a brakeman to
either stall or derail the train," Orr-Weaver says. "This is the first
definition of a protein that has this function. It sets up regions of the
genome that are under-replicated, and we think it's what causes
chromosomes to be fragile and prone to breaks."

For Jared Nordman, a postdoctoral researcher in the Orr-Weaver lab and
first author of the Cell Reports paper, this unexpected finding raises a
number of additional questions. For one, it remains unclear exactly how
SUUR exerts its braking function at the engine that is the replication
fork. Might it destabilize the fork, or is something else happening?
Another perhaps more profound question is why a protein whose sole
function is to impede replication forks exists in the first place.

"We don't really know why it's there," says Nordman. "Clearly, cells go
to great lengths to not copy these regions of the genome, even though
these regions tend to have lots of DNA damage. This is certainly another
way to control DNA replication beyond just blocking initiation."

Nordman and Orr-Weaver speculate that SUUR and its inhibition of 
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replication fork progression is involved in a broadly conserved process
known as replication timing, which controls when certain portions of the
genome are duplicated during a specific phase of the cell cycle.

"We also don't yet know why replication timing occurs," Nordman adds.
"But we do think SUUR could be having an impact on its regulation."

  More information: "DNA Copy-Number Control through Inhibition
of Replication Fork Progression" Cell Reports, October 30, 2014 (online)
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