
Synthetic polymers — think plastic and its chemical cousins — 
are among the foundations of modern life. The ubiquity of 
such petroleum-based materials has everything to do with their 

combination of strength, fl exibility, and chemical inertness, the last 
of which also makes them durable. Given the environmental impact 
of plastics, however, and the fact that petroleum deposits are fi nite, 
one grand challenge is to develop a new realm of sustainable bio-
based, high-performance alternatives to petroleum-based polymers. 
Harnessing nature to make these materials will be a huge undertaking 
requiring a fundamental change in how polymers are made.

To support such an effort, the National Science Foundation (NSF) 
has named UC Santa Barbara and UC Los Angeles joint partners in 
the BioPolymers, Automated Cellular Infrastructure, Flow, and 
Integrated Chemistry: Materials Innovation Platform (BioPACIFIC 
MIP). The fi ve-year, $23.7 million collaboration is part of the NSF 
Materials Innovation Platforms (MIP) Program and has a scientifi c 
methodology refl ecting the broad goals of the Materials Genome 
Initiative, which was established with the aim of developing new 
materials “twice as fast at a fraction of the cost.” BioPACIFIC MIP is 
one of two MIPs awarded this year. 

The BioPACIFIC MIP leverages the facilities, expertise, and 
experience of UCSB and UCLA, partners since 2000 in the California 
NanoSystems Institute (CNSI), which has headquarters at both 
campuses. It will include faculty and affi liates — thirteen from UCSB 
and seven from UCLA, supported by seven scientifi c staff. BioPACIFIC 
MIP will impact a large number of students and researchers at UCSB, 
UCLA, and across the country in the fi elds of materials science, biology, 
chemistry, and engineering. 

The project is aimed at developing bio-based plastics having 
properties superior to those of existing petroleum-based polymeric 
materials. It is envisioned as a closed-loop scientifi c system comprising 
every aspect of such research, from discovery of microorganisms that 
can be used as biological “factories” to generate building blocks for 
polymers, through simulation, design, building, testing, and learning, 
with feedback loops built into the system. Guest researchers will be 
welcomed to develop, characterize, and engineer new materials based 

on merging synthetic biology with materials synthesis. 
“Nature has an expansive range of functional building blocks, and 

we now know that it’s possible to synthesize them into better macro-
materials, like polymers,” says BioPACIFIC MIP director and principal 
investigator (PI) Javier Read de Alaniz, a UCSB professor of chemistry 
and associate director of the CNSI in the College of Engineering. “We 
will be extracting blocks from nature that you can’t access in any other 
way and then using synthetic routes to combine them into materials 
having properties that no other material has.”

“Our goal is to be the bridge between fundamental and applied 
research, driving collaboration with industry and establishing Southern 
California as an economic engine of biomaterials research and 
innovation,” says materials professor Craig Hawker, co-PI on the 
BioPACIFIC MIP and director of the CNSI at UCSB. “It has been our 
goal for many years to take advantage of our connection with UCLA to 
land a transformative project such as this.”

It is hoped that the BioPACIFIC MIP will support more than a 
thousand academic researchers and over two hundred companies 
annually and yield hundreds of peer-reviewed publications each year.

“I see this as a perfect partnership, because UCLA and UCSB have 
complementary characterization tools and complementary expertise, 
and when we put them together, we can make a user facility that will 
be unprecedented in the science it will enable and the services it will 
provide,” said MIP co-director Heather Maynard, a UCLA chemistry 
and biochemistry professor and associate director of the CNSI there.

The collection of expertise at UCSB and UCLA will be coupled with 
an automated, high-throughput living bioreactor platform and robotic 
automation to rapidly prepare libraries of bio-based polymer materials. 
Integration of these platforms with computer modeling and machine 
learning, as well as user access to a robust facility infrastructure at 
UCSB and UCLA, will further the process of optimizing plastics derived 
from living organisms. 

The BioPACIFIC MIP will be broken into four sections — In-House 
Research, External Users, Education, and Knowledge Sharing — 
while the scientifi c mission will be organized into four interconnected 
Elements, each described in one of the following sections.
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UC Santa Barbara engineering students who are taking ECE 10A 
or 10C in this fall quarter probably do not fully grasp what it took 
to ensure that they can do hands-on lab work for the courses, 

which are being taught remotely.
Second-year electrical engineering majors at UCSB must normally 

take those two courses, plus a third, ECE10B; together they make up 
the Foundations of Analog and Digital Circuits & Systems requirement. 
Students learn the essentials of analog and digital circuits in 10A, 
are introduced to MOSFETs (metal–oxide–semiconductor field-effect 
transistors) in 10B, and learn the basics of transient analysis (a circuit’s 
response over time) in 10C.

Each course includes a lab to provide hands-on experience in 
applying core knowledge. Last spring quarter, when the COVID 
pandemic closed campus labs — undergraduate labs will remain 
closed at least through fall quarter — the ECE 10 labs were run online, 

with simulations taking the place of hands-on work. When summer 
arrived, department faculty, including department vice-chair Clint 
Schow and assistant professor Galan Moody, came up with a plan for 
fall quarter that would afford students the critically important hands-on 
experience. “We concluded that online simulations weren’t the way to 
go,” says Moody. 

“The students really need to work with the hardware to build an 
intuitive and conceptual understanding of the content in the lectures,” 
Schow adds.

But that hardware is prohibitively expensive. The solution was to 
put together and mail to each student, wherever they might be, a 
package containing the parts needed to do the lab assignments at 
home. The main piece is an Arduino board, which costs only about 
$50, as opposed to an alternative that costs $500. Arduino is an 
open-source electronics platform based on easy-to-use hardware and 
software. The programmable board has a micro-controller that can 
read inputs, such as a light on a sensor or a finger on a button, and 
turn them into an output to perform some action, such as activating a 
motor or turning on an LED.

The task of ensuring that these mailed lab packages would work 
fell to four doctoral students who are TAs in the various ECE10 courses: 
Nikita Buzov, I. T. Fufuengsin, Shabnam Larimian, and Kamyar 
Parto. Their work involved “tweaking” the Arduino board to give it the 
required functionality, because, as Parto said, the cheaper instrument 
came with measurement limitations. “This is not necessarily a bad 
thing,” he told students in a written message. “The definition of being an 
engineer is having the ability to adapt to come up with a smarter way.”

Their “smarter way” involved accessing and tweaking a lower 
level of the Arduino’s software, so that it could function as a generator. 

“Normal users are not supposed to do that with an Arduino 
board, but we did it, and it worked fine, says Parto. “We 
also modified some codes so that it can function as an 
oscilloscope. That’s the key thing we did, and now we can 
do a lot of processes with a fifty-dollar device that would 
normally require a thousand-dollar device.”

They tested the Arduino by using it to do all the labs 
in the course and then adjusting them as needed given the 
board’s somewhat different abilities.

“I feel good that we now we have the actual physical 
lab so that the students can really touch the stuff and 
work with the physical parts. It will help them for the 
future,” says Larimian. “I think, too, that at the end of 
this year, the students will be able to problem-solve and 
debug the circuits even better than the students before 
who were present in the class on campus. Doing the labs 
independently, they’ll learn the material much better.”

ECE shop director Paul Grit and his colleague Chris 
Wimmel assembled and mailed the kits, which included 
the Arduino board, a “breadboard” (a kind of blank canvas 
for building electronic circuits), a digital multimeter, LEDs, 
operational amplifiers, capacitors, inductors, and resistors.

“The graduate students are heroes for this,” Moody 
says. “It would not have been possible without them.”

Schow said that he is very pleased with the result, 
adding, “It’s a great example of everyone not doing the 
easy thing but realizing what the right thing was to do and 
then pulling together to get it done as best we can under 
tight circumstances with limited resources.”
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Thanks to creativity, initiative, and teamwork, undergraduate electrical engineering 
students have what they need (above) to do their lab work at home.
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