G-quadruplex DNA inhibits unwinding activity but promotes liquidliquid phase separation by the DEAD-box helicase Ded1p
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G-quadruplex (G4) DNA inhibits RNA
unwinding activity but promotes liquid-liquid
phase separation (LLPS) of the DEAD-box
helicase Ded1p in vitro and in cells. This
highlights multifaceted effects of G4DNA on
an enzyme with intrinsically disordered
domains.
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Introduction
• G-quadruplexes (G4) are four-stranded nucleic acid structures of stacked planar guanine
tetrads. The guanines in each plane interact through Hoogsteen hydrogen bonding. G4
structures play important roles in gene expression, DNA replication, and telomere
maintenance. In addition, G4 structures have been linked to genomic instability and human
diseases, including cancer and neurodegenerative disorders.
• DEAD-box RNA helicases, characterized by a highly conserved “Asp-Glu-Ala-Asp”
(DEAD) motif, are found in all eukaryotes, as well as in many bacteria and archaea. These
enzymes are involved in most aspects of cellular RNA metabolism and in the formation of
stress granules and P-bodies, cellular RNA-protein condensates that form by liquid-liquid
phase separation (LLPS). Many DEAD-box helicases have been linked to diseases,
including cancer, neurodegeneration and viral infections.
• The Saccharomyces cerevisiae DEAD-box RNA helicase Ded1p, an ortholog of human
DDX3X, is involved in translation initiation and localizes to stress granules and P-bodies.
• We have shown previously that Ded1p binds tightly to, but does not unfold G4DNA.

G4DNA inhibits dsRNA unwinding activity of Ded1p

(a) Unwinding of dsRNA (50 nM) by Ded1p (1 nM).
(b) Inhibition of dsRNA (50 nM) unwinding by Ded1p
(1 nM) by G4DNA (30 nM)
(c) No significant impact of ssDNA at 30 nM on
dsRNA (50 nM) by Ded1p (1 nM).
(d) Unwinding of dsRNA (50 nM) by Ded1p (1 nM)
with increasing concentrations of G4DNA or
ssDNA. Apparent inhibition constants (Ki) for
G4DNA and ssDNA are indicated on the right.

G4DNA facilitates formation of large Ded1p granules in vitro
(a) Representative images of granule formation of 4
µM Ded1 (with 50 nM Cy5-Ded1p) with 0.05 µM
G4DNA, ssDNA, or ssRNA labeled with Cy3.
(b) Histogram of diameters of Ded1p granules per
image frame (0.135 mm2) for conditions described
in a. ~200 frames were averaged per condition.
Right lower panel, fold change in the number of
granules with a diameter greater than 20 µm.

The G4 stabilizer Phen-DC3 promotes LLPS of Ded1-GFP in cells

S. cerevisiae cells expressing Ded1-GFP
from its endogenous chromosomal locus were
grown to early-log phase at 28°C, then treated
with 10 µM Phen-DC3 for the indicated time.
Arrows indicate Ded1-GFP foci.
A high-resolution 3-dimensional scan of
the cell after 19 hours of Phen-DC3 treatment
shows that Ded1-GFP forms a non-membrane
organelle-like structure at the outside of the
nucleus in the cell.

Conclusion
•
•
•
•

G4DNA inhibits dsRNA unwinding activity of DEAD-box RNA helicase Ded1p.
G4DNA promotes LLPS of Ded1p in vitro.
The G4 stabilizer Phen-DC3 promotes LLPS of Ded1-GFP in cells.
Our findings suggest possible new roles for G4 structures and DEAD-box RNA helicases.

