A key to assembling materials on the surface of live neurons
by Grace Huckins

When Angqi Zhang arrived at Stanford University as a postdoc, she had just spent six years
learning to design and build brain implants: miniscule devices that could record the activity of
neurons while causing minimal tissue damage. She became used to constructing devices
herself, using metal films and precise beams of light. To begin this new phase of her career,
however, Zhang decided to learn something completely new: genetic engineering. Instead of
manufacturing devices herself, she would have to figure out how to leverage cellular machinery
to do the assembling for her.

“It was very intimidating at first,” Zhang says. “I felt like | had to prove myself again, in this
brand new field.”

For her postdoc, Zhang joined the Stanford University labs of Zhenan Bao, Professor of
Chemical Engineering at, and Karl Deisseroth, Professor of Bioengineering and of Psychiatry and
Behavioral Sciences. As part of a team of researchers, Zhang has designed a protein complex
that partially lodges in the cell membranes of specific types of neurons, where it can spark
substances injected into the brain to assemble cohesive materials. If those substances are
conductive, they can change neurons’ sensitivity to stimuli, create electrical connections
between neurons that previously functioned independently, or facilitate brain recording and
stimulation. The team’s work was published in Science Advances this August.
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The approach worked, but was inefficient. While some of the enzyme did reach the surface of
the neurons, where it could prompt the components to assemble into a functional polymer,
plenty of it remained on the inside of the cell, floating around uselessly. The challenge was to
figure out how to put the enzyme in the right place. When Zhang worked with devices, she
could easily redesign them, putting components precisely where she wished. To relocate the
enzyme, however, Zhang had to use an indirect approach that harnessed the cell’s natural
machinery.

Our cell membranes are swimming with proteins, each of which started life somewhere within
the gooey cytoplasm that fills our cells. Membrane-bound proteins are efficiently sorted,
packaged, and transported to their ultimate home at the cell’s margin. By binding her catalytic
enzyme to one of these membrane proteins, Zhang hoped it would be carried to the same
destination, a bit like a message tied to the leg of a homing pigeon.

But proteins can be finicky: Just because a protein winds up in the cell membrane under normal
circumstances doesn’t mean it will get all the way there when

weighed down by an extra enzyme. Finding the right protein Polyaniline
carrier for her enzyme required persistence. “I was stuck for one on HRP(+) neurons
and a half years,” Zhang says. “l made probably fifty constructs, s
and it was a lot of work.” Some protein carriers barely worked;
others managed to haul some enzyme to the membrane but left
plenty lingering in the cytoplasm.

Finally, Zhang decided to test CD2, a protein that lives on the
surface of the immune system’s T cells. It worked better than she
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both effective and tolerant: a potential workhorse for carrying
proteins to the surface of neurons.

Already Zhang is testing the limits of what CD2 can do. In one experiment, she switched out her
enzyme for one that will only create polymers if it’s stimulated by light. The genetic engineering
approach already allows Zhang to target specific subclasses of neurons—only those that release
the neurotransmitter dopamine, for example——so adding a light-sensitive enzyme to the mix
affords an impressive degree of finesse. Zhang’s hope is that she might one day be able to
“draw” electrodes directly into the brain with a beam of light. That’s certainly not something
she would have been able to do with her hand-built devices.



As much as Zhang is looking forward to leveraging CD2 to build minimally invasive brain
interfaces, she is just as thrilled to see what CD2 might do in the hands of other scientists. If
CD2 is as versatile as it seems, neuroscientists could use it to direct all sorts of engineered
proteins to the cell membranes, for purposes far beyond what Zhang has yet imagined. “It’s the
foundation of building all kinds of materials on the membrane,” she says.
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