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3-D antibody arrays could help diagnose
malaria and other diseases

January 4 2017, by Anne Trafton

MIT chemical engineers discovered that they could force antibodies and other
proteins to form layers by attaching each protein to a polymer tail. The proteins
and polymers repel each other, so the molecules arrange themselves in a
structure that minimizes the interactions between the protein and polymer
segments. Credit: Massachusetts Institute of Technology
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Exploiting a process known as molecular self-assembly, MIT chemical
engineers have built three-dimensional arrays of antibodies that could be
used as sensors to diagnose diseases such as malaria or tuberculosis.

These sensors, which contain up to 100 stacked layers of antibodies,
offer much more sensitivity than existing antibody-based sensors, which
have only a single layer of antibodies.

"The more antibodies you put on a surface, the lower the concentration
of molecules you can detect," says Bradley Olsen, an associate professor
of chemical engineering at MIT. "You can have a big impact on
biosensors by potentially improving the sensitivity by several orders of
magnitude."

Olsen is the senior author of the study, which appears in the journal
Angewandte Chemie. The paper's lead author is MIT postdoc Xue-Hui
Dong, and former postdoc Allie Obermeyer is also an author.

Layered assembly

The team's new design approach relies on a phenomenon known as self-
assembly, which occurs when thermodynamic interactions drive
molecular building blocks to take on certain configurations.

In this case, the researchers discovered that they could force antibodies
and other proteins to form layers by attaching each protein to a polymer
tail. The proteins and polymers repel each other, so the molecules
arrange themselves in a structure that minimizes the interactions between
the protein and polymer segments.

"Because the protein and polymer are bonded together, they can't
separate like oil and water. They can only get apart from each other by a
distance about the size of one molecule," Olsen says. "If you do this in
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three dimensions, then you get things like cylinders of protein
surrounded by polymer, or alternating layers of protein and polymer."

Olsen and his colleagues attached each protein to a polymer chain known
as a PNIPAM. When they coated a solution of these molecules onto a
surface, the molecules formed a thin film containing between 10 and
100 layers of the protein-polymer structures.

Boosting sensitivity

A few years ago, Olsen and his colleagues showed that they could use
this technique to create nanostructured arrays of simple proteins,
including green fluorescent protein and a red fluorescent protein known
as mCherry. That success led them to explore whether they could also
create arrays of larger proteins, such as antibodies.

"[The antibody] IgG has a complex structure," Olsen says, "with four
different molecules that are folded together in a very exquisite way."

The traditional method for creating large arrays of antibodies on a
surface is to chemically or physically bond them to the surface.
However, this technique only creates a single layer of antibodies. A
thermodynamic principle holds that the more antibody molecules there
are on a surface, the lower the concentration of molecules they can
detect. Therefore, stacking layers of antibodies on top of each other
offers a way to dramatically improve the sensors' sensitivity.

Using their new self-assembly strategy, the researchers created three-
dimensional arrays of IgG antibodies, the main type of antibodies found
in human blood. These densely packed arrays, which have the potential
to be 100 times more sensitive than existing antibody sensors, also
featured nanoscale channels that allow the sample to flow easily through
the entire sensor.
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"By controlling the location and density of the antibodies, this method
will open up routes to higher sensitivity diagnostics compared to current
methods, which randomly place the antibodies," says Matthew Gibson, a
professor of chemistry at the University of Warwick, who was not
involved in the research. "This publication represents proof of principle,
but the methods used are versatile and can be applied to most antibodies,
and I would expect this work to make a significant impact in the field."

Olsen 1s now working with Hadley Sikes, an MIT assistant professor of
chemical engineering, to create sensors with antibodies specialized to
detect pathogens from blood or urine samples. These types of sensors
may also be useful one day for monitoring the health of pilots based on
biomarkers found in their sweat or saliva.

Another avenue the researchers are now exploring is making arrays using
proteins that are smaller than antibodies, which is a challenge because
the thermodynamic force that drives self-assembly gets smaller as the
protein size decreases.

More information: Xue-Hui Dong et al. Three-Dimensional Ordered
Antibody Arrays Through Self-Assembly of Antibody-Polymer
Conjugates, Angewandte Chemie International Edition (2016). DOI:
10.1002/anie.201607085

This story is republished courtesy of MIT News
(web.mit.edu/newsoffice/), a popular site that covers news about MIT
research, innovation and teaching.
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