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Tiny Sensors Could Give an Atom-Level View
of Proteins

The advance could help researchers better understand the role of proteins
in disease.

Two reports published online in Science on Thursday open up the possibility that researchers may be
able to determine the structure of individual proteins in living cells. Although the work is still in early
stages, the potential is that researchers could get a better handle on the role of proteins in disease.

Physicists in the U.S. and Germany report important steps toward magnetic resonance imaging, or MRI,
of molecules in two separate studies. In both reports, the researchers show how specially modified
diamond flakes can be used as nanoscale magnetic field detectors. These tiny sensors can elucidate
the structure of single organic molecules. With nanoscale MRI, researchers may one day be able to
directly image proteins and other molecules at the atomic scale.

“If you can see on single molecule scale what is going on, and understand more details about what is
happening, you may be able to find exactly what the problem is and target it specifically,” says Texas
A&M University electrical engineer Philip Hemmer, who was not involved in the study but wrote a
perspective on the work for the same issue of Science.

Currently, researchers have limited tools to study the molecular structure of proteins. X-ray diffraction
can give them an atomic-level view of some proteins, but many copies of the protein must be
crystallized into a rigid lattice, a process that does not work for all proteins and results in an averaging
of protein shape. Conventional MRI, which can be used by doctors to peek inside the body, doesn’t let
researchers see anything smaller than a few micrometers in size because the detectors aren’t sensitive
enough to pick up magnetic field signals from very small structures. The authors of one of this week’s
studies, led by Daniel Rugar, manager of nanoscale studies for IBM Research, had previously reported
a method to study single molecules at the nanometer level, but that technique required ultra-cold
cryogenic conditions, which precludes studies on living cells.

To develop a method that works at ambient temperatures with single, unmodified molecules, Rugar’s
team, as well as a group based Stuttgart, Germany, takes advantage of defects in flakes of diamond
that behave as tiny magnetic field sensors.  The teams show that they can detect atomic sizes as small
as five nanometers. Both groups examined a plastic-like organic polymer called PMMA, and the
Germany-based team also looked at molecules within oils and other liquids.
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Friedemann Reinhard, a coauthor on the Germany-based study, says that today’s results are a step
toward a new technique that could determine the three-dimensional structure of a specific protein,
perhaps even while it acts in a larger biological structure. Such studies could help identify differences
in proteins, including spotting misbehaving proteins that might be implicated in triggering disease.
Indeed, directly seeing the structure of a single protein has long been a dream of biologists. Says
Reinhard: “It finally might be feasible.”
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