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Efficient and high-throughput technique to
study the structure of DNA

March 14 2018
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From left to right: SEM image of DNA bundles homogeneously suspended over
a superhydrophobic device. In the related HRTEM image the fringes have a
spacing of 2.7 A, in good agreement with the diffraction pattern: both cases
show the distance between two bases in the DNA double helix. Credit: Monica
Marini

It may be the most famous structure in biology, but it wasn't until a few
years ago that biophysicist Enzo di Fabrizio and his colleagues took the
first direct images of the DNA double helix with an electron
microscope.
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Now, di Fabrizio and his lab group at KAUST have improved upon their
groundbreaking technique, tweaking the protocol to make it simpler and
faster.

"It's an efficient and high-throughput alternative to more conventional
techniques," says Monica Marini, postdoctoral fellow in di Fabrizio's lab
and first author of the new study.

The image that helped Watson and Crick decipher the corkscrew-like
structure of DNA 65 years ago was taken using a technique called X-ray
crystallography, which involves scattering electromagnetic radiation off
atoms in a crystalized form of DNA. For decades, this was the only way
to get 3-D renderings of the building blocks of life.

But those pictures were only abstractions, based on interpretations of
diffracted X-rays. They weren't true photographs. And it wasn't until
2012—when di Fabrizio, back in his native Italy, produced the first
direct image of DNA—that researchers got a faithful picture of the
double helix.

Di Fabrizio moved to KAUST in 2013, and over the past five years his
group has been steadily improving and building upon the original
imaging protocol, which involved transmission electron microscopy
(TEM), a technique in which electrons are beamed onto photographic
film.

Their method involves spreading minute droplets of fluid containing
DNA onto silicon wafers etched with tiny cylindrical pillars and holes.
As the droplets dry out, the DNA stretches itself out across the
microscopic bed of pillars, creating spools of interconnected thread.

Previously, Di Fabrizio's team had applied TEM to capture images of the
DNA strands directly. But now, they've also performed a more
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straightforward diffraction analysis of the TEM beams—thus "creating
an experiment that's quite similar, in terms of physical principles, to that
done by the scientists who first discovered the DNA structure," says
Andrea Falqui, another KAUST faculty member who has collaborated
with di Fabrizio in previous works.

As di Fabrizio and Marini show, this diffraction-based approach
produced pictures that measured the distance between rungs of the DNA
ladder just as accurately as direct TEM imaging. Now, the researchers
plan to use this technique to image more complex arrangements of DNA.
For example, they want to look at DNA when it's interacting with
proteins, drugs or heavy metals.

All these interactions "can cause variations to the pristine conformation
of the double helix," Marini says, and soon they should have the
photographic evidence to see those changes in detail.

More information: Monica Marini et al. Suspended DNA structural
characterization by TEM diffraction, Microelectronic Engineering (2017).
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