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A DNA four-way junction (cylinders) labeled with dyes (red and green dots) are
controlled by applying force via a bead trapped in a laser beam through the
linker. The DNA structure interconverts between two conformations which can
be detected via fluorescence resonance energy transfer (FRET) between the two
dyes. How the applied force influences the interconversion frequencies can be
determined by this hybrid technique combining optical trap and single molecule
FRET. Credit: Taekjip Ha, University of Illinois, Urbana-Champaign

Scientists studying biological systems at the molecular level now have a
new hybrid technique to probe the dynamics of the Holliday junction.
The Holliday junction is a four-stranded DNA structure that forms
during a process known as homologous recombination, which occurs
when damaged DNA is repaired. Understanding how DNA repairs itself
is an essential step in ultimately developing therapies for genetic
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disorders.

The hybrid technique is described by principal investigator Taekjip Ha
and his colleagues at the University of Illinois in the Oct. 12 issue of 
Science. The Holliday junction is named after geneticist Robin Holliday,
who proposed the model of DNA-strand exchange in 1964. To better
understand the mechanisms and functions of proteins that interact with
the Holliday junction, the researchers needed a way to study the
structural and dynamic properties of the junction itself.

"Based on our previous studies, we knew the Holliday junction
fluctuated between two structures, but how it moved from one place to
the other and what intermediates were visited along the pathway were
unknown," Ha said. With this latest work, the researchers have
determined that the intermediate structure is similar to that of a Holliday
junction bound to its own processing enzyme.

The hybrid technique combines the exquisite force control of an optical
trap and the precise measurement capabilities of single-molecule
fluorescence resonance energy transfer. To use the technique,
researchers first attach two dye molecules--one green and one red--to the
molecule they want to study. Next, they excite the green dye with a laser.
Some of the energy moves from the green dye to the red dye, depending
upon the distance between them. The changing ratio of the two
intensities indicates the relative movement of the two dyes. Therefore,
by monitoring the brightness of the two dyes, the researchers can
determine the motion of the molecule. With the optical trap, a focused
laser beam locks onto a microsphere attached to one end of the molecule
to be studied. The optical trap can then pull on the molecule like a pair
of tweezers.

The project is funded by the Physics and Molecular and Cellular
Biosciences divisions at the National Science Foundation (NSF) through
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a CAREER award for the development and utilization of advanced
single-molecule techniques to study the fundamentals of DNA-protein
interactions.

Past techniques, such as X-ray crystallography and nuclear magnetic
resonance, have provided a vast amount of structural detail for biological
molecules, but the data is largely limited to a static view. Single molecule
approaches make it possible to study dynamic interactions at the single
molecule level. The ability to follow bioprocesses as they actually occur
in real time transforms the way we visualize and ultimately understand
the complex dynamics of living systems.

"The two NSF divisions supporting this project have been working
closely together for several years to foster this research and other similar
approaches," said NSF Program Manager Denise Caldwell. "These
results highlight the importance of fostering a cross-disciplinary
approach to understanding complex living systems because input from
both directions is essential to the success of the project." She added that
"a lot of junior scientists are migrating into fields like this one because
the science is intellectually exciting."

Source: NSF
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