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A molecular raft, created using the "origami" technique. Credit: Vienna
University of Technology

T-cells are an important component of our immune system: with the
receptors they carry on their surface, they can recognize highly specific
antigens. Upon detection of an intruder, an immune response is
triggered. It is still unclear exactly what happens when antigens are
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recognized: How many antigens are necessary to elicit an immune
response, and does the response depend on their spatial arrangement?

These effects take place in the nanometer range—on the size scale of
molecules, far below what can be seen with ordinary microscopes. To
study all this, tiny tools are needed. Therefore, an unusual method was
used at TU Wien: DNA molecules were folded in an ingenious way,
similar to the paper folding art origami. In this way, not just a double
helix is created, but a rectangular "molecular raft" that floats across a 
cell membrane and serves as a tool for novel measurements. The results
have now been published in the scientific journal PNAS.

Artificial cell membranes

"T cells react to antigens presented by specific cells on their surface. To
be able to study this interaction between the T-cells and the antigen-
presenting cells in detail, we replace the antigen-presenting cell with an
artificial cell membrane. This allows us to control the number and type
of antigens ourselves," says Prof. Eva Sevcsik, biophysicist at the
Institute of Applied Physics at TU Wien.

"There was some evidence that the spatial distance between antigens
plays an important role in T-cell activation," says Joschka Hellmeier,
who did research on this project as part of his dissertation. "However, it
is difficult to study these effects precisely: The distance between the
individual antigens is not so easy to determine."

The cell membrane is not a fixed structure where every molecule stays in
place. The antigens in the cell membrane can move freely, much like
inflatable plastic toys floating on a water surface. "Therefore, we wanted
to establish a method to precisely set certain distances between antigens
and then study the reaction of the T-cells," Eva Sevcsik explains.
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DNA origami

To do this, the researchers made use of an important natural
phenomenon: DNA, the carrier of genetic information in our body,
consists of two precisely matching single strands that join together
without external intervention to form a DNA double helix.

This property is exploited in DNA nanotechnology: "By cleverly
designing single strands that only fit together in certain sections, you can
connect several double helices with each other and thus create
complicated structures," explains Eva Sevcsik. "This technique is called
DNA origami—instead of folding paper, we fold DNA strands."

In this way, the research team built rectangular DNA platforms to which
one can fix an antigen. This DNA rectangle is placed on the artificial
membrane and it moves there like a raft.

"This way we can guarantee that the antigens do not come arbitrarily
close to each other," says Joschka Hellmeier. "Even if two of these DNA
rafts move close together, there is still a minimum distance between the
antigens if only one antigen is fixed on each DNA raft." In addition, it is
possible to built DNA raft variants each carrying two antigens at the
same time. That way it is possible to study how the T-cells react to
different antigen spacing.

Old riddle solved

Using this strategy, they were able to explain the contradictory
observations that had caused confusion in the field of molecular
immunology in recent years: sometimes, several neighboring antigens
seemed to be necessary to activate T-cells, in other cases, a single one
was sufficient. "With the help of our DNA origami technique, we were
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able to clarify the role of molecular distances for T-cell activation," says
Eva Sevcsik.

For naturally occurring antigens, the distance does not matter—they act
"solo" and are thus very efficient in T-cell activation. In research,
however, instead of antigens, artificial T-cell activators are often used
that bind particularly strongly to the T-cell receptor—and in this case at
least two neighboring molecules are needed to activate the T-cell. "This
is an important result," says Eva Sevcsik. "We were able to show for the
first time that there are two different mechanisms here, this will play an
important role for future studies and the development of T-cell-based
immunotherapies used to treat cancer."

  More information: Joschka Hellmeier et al. DNA origami
demonstrate the unique stimulatory power of single pMHCs as T-cell
antigens, (2020). DOI: 10.1101/2020.06.24.166850
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