
 

Researchers develop technique to produce a
direct image of the DNA helix and its inner
structure
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Enzo di Fabrizio and his team have developed a new technique to
produce a direct image of the DNA helix and its inner structure. This is
the first time scientists have ever been able to produce an image of DNA
that allows a direct visual evaluation of quantitative and qualitative
characteristics of the building blocks of life. The study is thought to
open a whole new field of genetics research and nanobiology, giving the
world a new tool to understand how proteins and other biomolecules
interact within the DNA and the epigenetic influences.
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An X-ray axial projection of a DNA helix taken by Raymond Gosling
back in 1952 was, up to recent times, the only possible way to see DNA.
The X-ray diffraction technique is able to produce images very far from
the colorful whirling of strands we have in mind today and Photo 51, at
the time, needed a good amount of interpretation to determine the 
double helix structure of DNA before Watson and Crick received the
Nobel Prize in 1962.

From 1952, DNA was sequenced, modified and extensively studied, but
no technique was able to produce clear direct images of DNA. Then in
2012, Enzo di Fabrizio and his team at Italy's University of Catanzaro
achieved an experimental breakthrough using a transmission electron
microscope to produce the image of the DNA treads in a plane
projection, allowing, for the first time, the visual identification of the
DNA helix periodic swirl.

Today, Enzo di Fabrizio and his colleagues Dr. Monica Marini, Prof.
Andrea Falqui and Dr. Sergei Lopatin, together with their international
team of researchers at the King Abdullah University of Science and
Technology (KAUST), Saudi Arabia have gone one step further,
producing the very first direct image of a DNA strand with resolution 20
times better than that achieved by Di Fabrizio in 2012. This record
resolution allows an unprecedented reading of the DNA structural
molecules, showing quantitative and qualitative characteristics of the
sugar-phosphate backbone, the inner C-G A-T paired bases, down to the
hydrogen bonds connecting the nucleotides. Other quantitative measures
of the helix geometry, such as the grooves and the tilting, were also
inferred and successfully compared to X-ray diffraction measures. The
results of this research will be published today in Science Advances.

Enzo di Fabrizio explains why it took so long to actually see DNA. "A
direct image of DNA is difficult to obtain for two reasons: the elements
composing the DNA molecules have a very low contrast and there is an

2/4

https://phys.org/tags/double+helix+structure/
https://phys.org/tags/transmission+electron+microscope/
https://phys.org/tags/transmission+electron+microscope/


 

intrinsic difficulty in preparing the sample while maintaining its pristine
shape and size. Our new technique overcomes both problems." To obtain
the DNA image, Di Fabrizio used a high resolution transmission electron
microscope (HRTEM) that allowed the imaging of a suspended single
DNA molecule at room temperature with no need for additional
treatment that could cause disturbance to the original structure of the
strand.

The outcome of this research opens the door to a deeper understanding
of the dramatic impact that epigenetic factors have on genetic materials.
Di Fabrizio says, "Two identical genes can express different proteins
with very different characteristics due to a simple methyl group placed
between the bases. These differences are not due to genetic mutations
but to the activation or deactivation of the gene encoding." Di Fabrizio
says. Epigenetic influences are triggered by environmental factors such
as diet, chemical exposure and stress-induced metabolic alterations, and
now, for the first time, details of base couple methylation or
phosphorylation can be measured, thanks to the new preparation method
for HRTEM imaging. "This is seminal research that we hope will open
the way to a deeper understanding of the DNA functioning, epigenetics
and DNA-protein interaction giving also mutual inputs to molecular
dynamics," Di Fabrizio concludes.

The title of the Science Advances paper is "The structure of DNA by
direct imaging."
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