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Cell on a chip reveals protein behavior

March 18 2013

A simplified version of an artificial cell produces functional proteins and
even sorts them.

For years, scientists around the world have dreamed of building a
complete, functional, artificial cell. Though this vision is still a distant
blur on the horizon, many are making progress on various fronts. Prof.
Roy Bar-Ziv and his research team in the Weizmann Institute's
Material's and Interfaces Department recently took a significant step in
this direction when they created a two-dimensional, cell-like system on a
glass chip. This system, composed of some of the basic biological
molecules found in cells —- DNA, RNA, proteins — carried out one of the
central functions of a living cell: gene expression, the process by which
the information stored in the genes is translated into proteins. More than
that, it enabled the scientists, led by research student Yael Heyman, to
obtain "snapshots" of this process in nanoscale resolution.

The system, consisting of glass chips that are only eight nanometers
thick, is based on an earlier one designed in Bar-Ziv's lab by Dr. Shirley
Daube and former student Dr. Amnon Buxboim. After being coated in a
light-sensitive substance, the chips are irradiated with focused beams of
ultraviolet light, which enables the biological molecules to bind to the
substance in the irradiated areas. In this way, the scientists could
precisely place DNA molecules encoding a protein marked with a green
fluorescent marker in one area of the chip and antibodies that "trap" the
colored proteins in an abutting area. When they observed the chips under
a fluorescence microscope, the area in which they had placed the
antibodies turned a glowing bright green. This meant that the DNA
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instructions had been copied into RNA molecules, which were in turn
translated into fluorescent green proteins. The green proteins were then
ensnared by the antibodies.

Next, the scientists asked whether their cell-like system could reproduce
complex structural assemblies of naturally-occurring proteins. This time,
they attached a viral gene to the chips' surface encoding a protein that
can self-assemble into a nanotube. With the help of Dr. Sharon Wolf of
the Electron Microscopy Unit, they observed a forest of minuscule tubes
sprouting from the antibody area under an electron microscope.

The researchers then sought a way to produce and trap multiple proteins
simultaneously by confining each protein in the area of its gene on the
chip. On top of the chip to which the DNA encoding green proteins was
bound, the scientists added a solution with a second gene encoding a red
protein. The resulting red and green proteins competed for binding on
the antibody traps, yielding a graded spatial separation in which the
antibodies closest to the green genes had the highest concentration of
green protein, with red concentrations rising farther afield.

The results of this research recently appeared in Nature Nanotechnology.
Bar-Ziv: "We have shown that it is possible to build a protein
"production line" outside of the cell and use it to observe a spectrum of
protein activities." In the future, such a system may move from enabling

the observation of proteins to providing the basis for techniques to create
complex, active protein structures on demand.
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