MAKING THE FLOW GO 
Undergraduate Prize Winner: Wei Gu, University of Michigan at Ann Arbor

Adviser: Shuichi Takayama, Department of Biomedical Engineering

Invention: A convenient system for controlling the flow of fluids through microscopically thin channels--based on a 30-year-old gadget for outputting in Braille

Application: Safer, faster testing of new drug compounds

Wei Gu used an old Braille device to spell the solution to a new problem. The 21-year-old undergraduate student at the University of Michigan programmed it to control the flow of fluid in minuscule channels carved into flexible silicone rubber chips. The system has been compared to an integrated circuit for microfluidic flow. Among its potential uses is a better way to test new drugs on human cells before clinical trials.

Gu was born in Shanghai. In 1989 he and his mother emigrated to Canada, where his father was pursuing a doctoral degree, shortly after tanks rolled through Tiananmen Square. The family moved on to the U.S. six years later. Gu was in the sixth grade when he began to hint at his future: while most kids were playing computer games, he was learning how to program them.

Although he assumed he would enter the fields of computer science or electrical engineering, Gu was also interested in biology. Once at the University of Michigan, he began working in the laboratory of Shuichi Takayama, who was trying to use microfluidic technology to study cell behavior.

Soft silicone rubber chips are about the size of a credit card. They basically consist of a thin slab of silicone rubber that has had small channels etched onto it, sealed off with another thin slab of silicone rubber. (The channels are truly tiny: they can be as little as 0.05 millimeter wide and one tenth that deep.) Controlling the flow of fluid through the channels was cumbersome.

"There were methods to control flow," Gu explains. "But they were either driven by gravity, by which you only have a unidirectional flow from whatever's higher to whatever's lower, or by pressure generated with a syringe pump, where there's a source syringe." The silicone rubber chip was thus infested with external control devices. "So it was either a lack of flexibility or a lack of accessibility," Gu says.

Takayama hit on the idea of the old Braille pin readers as a possible control system. These readers consisted of a forest of motorized pins, each of which could be raised and lowered. The device's software drove pin movement, translating text on a computer screen into familiar Braille letters--thereby allowing blind people to use computers much more easily. Gu fished a pin reader out of a closet at the university's center for disabled students and examined it. Using a 486 computer rescued from his family's garage, outdated software and the discarded Braille display, Gu took microfluidic flow control from Rube Goldberg to the Goldberg Variations--from awkward to elegant.

In Gu's device, the grid of vertically moving pins sits underneath the network of silicone-rubber channels. "When the pins move up against the channel, it squishes them shut, like stepping on a garden hose," Gu explains. "When this happens, it's essentially a valve. And when you have three of these valves in a sequence, you can peristaltically pump inside of these channels. So when you have a grid of these pins, you essentially have a grid of valves and pumps, and with that you can accurately control fluid inside of our channels."

Gu hopes that this engineering feat quickly finds biological applications, such as in drug testing. His winning entry included additional published research on growing cell cultures within the microfluidic channels. "You could use human cells in vitro in a format that more closely simulates an in vivo situation," Gu says, "because you've arranged different compartments of human cells into a circulatory system much like a real human being." He adds: "You're trying to imagine what route the drug will take inside the human body and sending the drug through to see what happens. For example, you could see how a drug gets modified in the liver and then the effect on the next organ system. It could be a mini human on a chip."

