Engineer puts
DNA to the test

Understanding molecule’s mechanical properties
could lead to medical advances

Some of today’s most innovative science
happens at the places where one field of
inquiry meets another. That’s precisely
where you'll find Changhong Ke, a
Binghamton University mechanical
engineer whose interests extend to

biology and physics.

“Interdisciplinary work is of particular
importance for discovery at the micro
and nano scale,” he says. “This is be-
cause the properties and behaviors of
small-scale structures that are building
blocks of large-scale systems are typi-
cally influenced by a variety of physical
forces.”

This so-called “multi-physics phenom-
enon” often involves linkages among
mechanical, electrical and chemical
forces and opens doors to many tech-
nological possibilities.

Ke, who has developed unique ways
of examining nanomaterials, brings
this background to his work on DNA.
He uses an atomic force microscope to
observe DNA damage and repair at the
molecular level.

“We are able to observe the mor-
phology — the structure — of each
individual molecule,” Ke says. “DNA
is a very stable molecule, but it can
experience damage. Some is from the
cell and some is from radiation, mostly
ultraviolet light.”

“There’s an internal strain in DNA,”
he continues. “One strand or two
strands may get cut, which can mean
a loss of internal strength. We observe
the changes, and we can quantify how
much damage the DNA experienced.”

Understanding DNA

A post-doctoral fellowship at Duke
University provided Ke with an in-
troduction to biophysics. At the time,
he says, he had a high school-level
understanding of DNA. These days, he

can offer a brief refresher course along
these lines:

DNA, or deoxyribonucleic acid, is
found in every cell in the human body.
Each strand contains all of a person’s
hereditary information. These strands
are packaged into chromosomes. One
tiny variation in the DNA sequence can
have dramatic results: giving someone
a different eye color, for example, or
putting someone at risk of developing
a certain disease.

Nearly 60 years ago, scientists created
the first model of the shape of DNA.
And while that double helix structure
— atwisted ladder — has since become
famous, scientists are still teasing apart
the mechanical properties of DNA.

That’s where Ke comes in.

“The mechanical property of DNA
molecules is important to their bio-
logical function,” Ke says. “We want

IMPACT

Changhong Ke's research on the mechanical
properties of DNA molecules may one day
lead to advances in gene therapy.
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These images from
Changhong Ke’s microscope
show three shapes of the
same type of DNA: linear
(above), circular (below) and
supercoiled (bottom).

to measure the force that stabilizes the
double helix.”

He and several colleagues used atomic
force microscopy to measure interac-
tions in DNA at the single molecular
level. The paper they published on the
topic in Physical Review Letters in 2007
was named one of the most exciting
projects in physics by the American
Physical Society’s APS News.

“DNA is so important to us that any
findings in this area can have a big im-
pact,”Ke says.

Key collaborations
Ke’s DNA research is moving forward
with help from two key collaborations:

With Jie (Jayne) Wu, an electrical en-
gineer at the University of Tennessee
who’s an expert in small-scale electro-
kinetics, he’s incorporating microflu-
idics into his study of DNA damage.
They will use an electrical field to
separate DNA based on the damage
it has experienced, a method that’s
potentially faster and more accurate
than using an atomic force microscope
to do the job.

With Binghamton mechanical engi-
neering colleague Peter Huang, Ke is
studying hybrid structures that com-
bine DNA and carbon nanotubes. The
two have a unique method of directly
measuring the binding force between
the DNA and the nanotube, Ke says.

While it’s difficult to separate carbon
nanotubes, DNA carries a negative
charge, which means individual strands
repel each other. Combining them, Ke

says, will make it easier to separate the
carbon nanotubes.

Other researchers have demonstrated
that carbon nanotubes can penetrate
cell walls. If this binding interaction
can interrupt the mechanical behaviors
of DNA molecules so that the DNA no
longer performs well — perhaps even
killing the cell — it may be possible to
use this technique in gene therapy.

Ke is also interested in the environ-
mental and health impacts of these
carbon nanostructures. They're widely
used in a variety of consumer products,
he notes, but it’s not well understood
what happens once they come into
contact with human tissues.

— Rachel Coker

GLOSSARY

Nanometer: A nanometer is a billionth of a
meter. A sheet of paper is about 100,000
nanometers thick. Dimensions between 1 and
100 nanometers are known as the nanoscale.
Unusual physical, chemical and biological
properties can emerge in materials at the
nanoscale.

Atomic force microscope: A high-resolution
microscope that enables observations at the
nanoscale. Information is gathered by touching
the surface of a specimen with a mechanical
probe. Such microscopes have been available
for about 20 years.
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