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CALIFORNIA RESEARCH ALLIANCE

The College creates a new collaborative
research center

The College of Chemistry has launched a
new collaborative research center, California
Research Alliance by BASF (CARA), a
multidisciplinary effort focused on inno-
vation and technology transfer. Along with
Berkeley and the chemical company BASF,
CARA academic partners include UCLA
and Stanford University.

The opening event on April 2 featured a
scientific symposium and a ribbon-cutting
ceremony in Hildebrand Hall, the location
of the new center. Speakers at the ceremony
incduded Berkeley and BASF research leaders,
UC Berkeley Chancellor Nicholas Dirks,
UCLA Chancellor Gene Block, and a spe-
cial guest, former California Governor Gray
Davis.

CARA will operate on a hub-and-spoke
model, with the college acting as the head-
quarters and coordinator of research
projects. CARA funding will create ten
postdoctoral positions and extend existing
research partnerships with the mem-

ber universities. Currently, four BASF
researchers are working at the college.

CARA is led by Berkeley chemistry profes-
sors Peidong Yang and Omar Yaghi, along
with BASF Senior Research Manager
Kerstin Schierle-Arndt. The directors will be
supported in bioscience topics by Berkeley
chemistry professor Matt Francis and BASF
Vice President Klaus-Juergen Schleifer.

According to Chancellor Dirks, “The global
challenges we face related to energy, health,
the environment and sustainability are very
real and have serious implications for our
planet and our quality of life. Both basic
and applied research are needed in these
areas to understand the nature of the chal-
lenges and to develop long-term solutions.
Constructive collaboration between aca-
demia and industry is necessary if we hope
to translate our research into innovations
for the public’s benefit.”

College of Chemistry, UC Berkeley

“The West Coast is an innovation land-
scape of high relevance,” said Dr. Andreas
Kreimeyer, BASF Member of the Board of
Executive Directors and Research Executive
Director. “Using the creative spirit of this
environment and pairing it with the broad
expertise of BASF, UC Berkeley, Stanford
and UCLA in the fields of bioscience and
inorganic materials, we want to develop
solutions beyond the borders of chemistry
and biology.”

The center will focus on inorganic mate-
rials and techniques for the electronics
industry. One of the challenges researchers
will confront is the need to reduce feature
size in semiconductor computer chips for
ever-smaller electronic devices. This opens
up opportunities for new materials and
new manufacturing techniques.

Another area of focus will be renewable
energy, including more efficient photovol-
taics made from earth-abundant materials
and devices that harness artificial photo-
synthesis to produce fuels from sunlight.
Advances in metal organic frameworks
(MOFs) will enable the safe storage of
zero-carbon and low-carbon fuels onboard
vehicles, and the scrubbing of carbon
dioxide from power plant smokestacks.

In the biological realm, CARA research

will elucidate the molecular pathways that
lead to either the therapeutic benefits or the
toxicological effects of biologically active
compounds. Understanding these pathways
will help to develop safer drugs, plastics and
agricultural chemicals. Other biological
research topics will include creating protein
assemblies and other nanoscale structures
to deliver anti-cancer molecules directly to
tumors.

CARA was first envisioned when Omar
Yaghi, then at UCLA, met and began to work
with former Governor Gray Davis on a topic
of interest to them both—joint university-

industry research centers, where scientific
innovations could be quickly commercial-
ized via the technology transfer process.

In the year 2000, Governor Davis created
the California Institutes for Science and
Innovation at the University of California.
These institutes were designed to increase
the state’s capacity for creating the vital
knowledge and highly skilled workforce
needed to expand the California economy
into new industries and markets.

In recognition of his instrumental role in
their creation, the institutes have been
renamed the Governor Gray Davis Institutes
for Science and Innovation. The headquar-
ters for two of the centers, The California
Institute for Quantitative Biosciences (QB3)
and the Center for Information Technology
Research in the Interest of Society (CITRIS),
are located on the Berkeley campus.

Davis and Yaghi, now a senior professor at
Berkeley, worked with BASF to bring about
CARA. Says College of Chemistry Dean
Douglas Clark, “CARA represents the new
wave in corporate-academic partnerships, a
collaborative intersection of the brightest
minds that work on the molecular and nano-
scale to achieve incomparable 21st century
innovation for real-world issues in energy,
health, the environment and sustainability.” [

Y- ¥ Y JMis the world's largest chemical

company. lts portfolio ranges from chem-
icals, plastics, performance products and
crop protection products to oil and gas. The
company operates in more than 8o countries.
Headquarters are located in Ludwigshafen,
Germany. BASF employs more than 112,000
people wordwide.
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enomics redux

2003 was a pivotal year for the biosciences. In that year the Human Genome Project was com-
pleted, along with the planned five-year doubling of the budget of the National Institutes of Health.

2003 was also the year that NIH started the Roadmap Initiative to encourage the development
of translational research to speed new discoveries “from bench to bedside.” The genomics
revolution was expected to bring a profusion of new drugs and medical therapies.

But it didn’t happen that way. The early enthusiasm for gene therapy faded, having yielded
little in way of immediate cures. And the pipeline for new drug candidates dried up, even as
our knowledge of the human genome was rapidly expanding.

The sequencing of the human genome seemed to raise more questions than it answered. Why
did humans have relatively few genes, and why did we share so many with even simple crea-
tures like yeast cells? More research led first to proteomics, then metabolomics and then to even
more 'omics. Like peeling an onion, there always seemed to be yet another layer.

With the discovery of epigenetics and RNA silencing and other post-transcriptional modifica-
tions, scientists began to question our understanding of evolution. The nascent evolutionist
Lamarck has been dismissed for arguing that the environment could influence inherited traits.
But it looks like he was right after all.

The early years of the genomics revolution have been a muddle. But then, that is typical of
revolutions, even scientific ones. It is only in retrospect that history appears neat and compact.

In the 1700s, the gap between the first piston-powered steam engine of Thomas Newcomen
and the improved engine of James Watt was 69 years. The development of the laws of thermo-
dynamics that showed why steam engines worked were still another lifetime away.

In the 1900s, the lag between the discovery of penicillin by Alexander Fleming and its first
chemical synthesis was 29 years. And that was for what was considered one of the most impor-
tant medical discoveries of the 20th century.

For genomics, the era of muddling may be coming to an end. New tools and fundamental research
have now primed the world for a sustained genomics revolution. Some of the more interesting
examples are flowing from the labs of researchers affiliated with the College of Chemistry.

In this issue of Catalyst, we feature three College of Chemistry researchers who have built upon
foundational research and are now creating startup companies and practical applications.
Here at the college we are privileged to have ringside seats at what could be the start of a new
genomics era.
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revolution

to a practical problem. Their story is oddly similar to that of Louis
Pasteur, the father of microbiology, who likewise was trying to solve
the practical problem of preventing the spoilage of milk and beer in
the 1860s.

Rodolphe Barrangou and Philippe Horvath worked for Danisco, a
Danish company that provided fermentation cultures and other products
for the food industry. One of the main bacteria used to produce yogurt
and cheese is Streptococcus thermophiles. The two researchers were puz-
zled by why some cultures were infected by bacteriophages, viruses that
attack bacteria, while other S. thermophiles cultures seemed immune.

They determined that CRISPR sequences were snapshots of the
genetic material of invading viruses, and that CRISPR was part of an
adaptive immune system in bacteria that remembered the genetic identity
of previous viral attackers and used that information to mount a defense.

Humans have an adaptive immune system based on antibodies,
biomolecules that are produced to fight specific bacterial or viral invad-
ers. We can train our adaptive immune system with vaccines, a concept
developed by Pasteur. It's been 150 years since Pasteur’s first studies
of bacteria, yet only in the last decade have researchers realized that
single-cell organisms also have an adaptive immune system.

For Doudna, this discovery only deepened the mystery. Somehow
bacteria were using CRISPR sequences to defend themselves. But
how? In 2011, while at a conference in Sweden, she met an ally in
Emmanuelle Charpentier, a European researcher then at Umea
University in Sweden. They began to work together to understand
how CRISPR and Casg, a relatively simple CRISPR-associated sys-
tem of proteins, functioned.

Doudna and Charpentier noted an important fact. The Doudna
lab’s postdoc Martin Jinek spoke the same Polish dialect as the
Charpentier lab’s research scientist Krzysztof Chylinski. Sensing a
good research team in the making, Doudna and Charpentier desig-

FEATUTURE

nated Jinek and Chylinski to be the lead researchers and the bridge
between the two groups.

The research collaboration revealed that CRISPR/Casg is a
ruthlessly effective viral assassin. CRISPR is the bacterial-coding
mechanism that stores a snapshot of the bad guy, the viral DNA. A
segment of RNA reads this snapshot of DNA and creates the com-
plementary strand, like a seamstress who can make one side of an
RNA zipper that custom matches its DNA complement. The RNA
side of the zipper is mated with a pair of very sharp molecular scis-
sors known as an endonuclease.

With amazing speed and specificity, the RNA/endonuclease
assassin scans the zipper sections of DNA that it encounters inside
the cell. If it finds viral DNA that is a match, this assassin uses the
endonuclease scissors to cut the viral DNA in half, destroying its
ability to infect the cell.

The resulting paper was published in Science in August 2012, with
Jinek and Chylinski as the lead authors. On the first page, at the bot-
tom of the middle column, appeared a sentence that couldn’t help but
catch the attention of the researchers who were working in this area:

“Our study further demonstrates that the Casg endonuclease
family can be programmed with single RNA molecules to cleave spe-
cific DNA sites, thereby raising the exciting possibility of developing
a simple and versatile RNA-directed system to generate double-strand
DNA breaks for genome targeting and editing.”

That comment indicated to the cognoscenti that the Doudna lab
was close to making a stunning breakthrough—a precise, simple
technique for making double-strand breaks in DNA in exactly the
right location. Earlier techniques for cutting DNA, based on zinc-
finger nucleases and Transcription Activator-Like Effector Nucleases
(TALENS), required making customized proteins for each DNA cut,
a laborious and expensive process.
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Friend of the
college

Alejandro C. Zaffaroni (Ph.D. 49, Biochem),
a former member of the college’s Advisory
Board and a biotechnology entrepreneur
who played a significant role in the devel-
opment of the birth control pill, the nico-
tine patch, the DNA chip and corticoste-
roids, died on March 1, 2014. Zaffaroni’s
research at Berkeley focused on how to
synthesize, isolate and measure cortico-
steroids. He founded at least ten biotech
companies in Silicon Valley and nurtured
other entrepreneurs. “I can’t imagine
anybody in modern biotech history who's
been responsible directly or indirectly for
more companies than Alex,” said Peter

G. Schultz, former College of Chemistry
professor, as quoted in the New York Times.
In 1968 Zaffaroni started the drug-delivery
company Alza. Alza innovations include
extended-release tablets, implantable devices
and skin patches. Zaffaroni also co-founded
Affymetrix, a pioneer in developing DNA
chips, which revolutionized genetic studies.
In 1995 Zaffaroni received the National
Medal of Technology and Innovation from
President Clinton for his pioneering
accomplishments and visionary leadership.

Alumni

138 We have learned that Milton Farber
(B.S. Chem) passed away on July
23, 2013, at the age of 96. Farber was the
founder and former president of Space
Sciences in Monrovia, CA. His career work
emphasized the research and development
of rocket propellants. Farber’s wife of 71
years, Constance, is also a Berkeley alum
(B.A. ’43, Art Practice & History).

o We have learned from his wife, Ella
Jane, that longtime friend John R.

Skinner (B.S. 41, Chem) passed away on

Nov. 11, 2013, at the age of 94. Skinner,

who served in WWII in electronics, made
his career as a staff engineer in research
and development at Shell Oil Company. He
and Ella Jane were regular attendees at col-
lege and campus events, enjoying in partic-
ular the G.N. Lewis Era alumni luncheon,
the Dean’s Dinner and the Cal homecoming
football games. A volunteer fundraiser for
the college, he and Ella Jane were among
the key supporters in the establishment of
the G.N. Lewis Endowed Chair.

42 William J. Knox (B.S. Chem; M.A.
’s1, Ph.D. ’51, Physics), an emeritus
professor of physics at UC Davis, passed
away on July 77, 2013. While still an under-
graduate, Knox was selected by Glenn
Seaborg to join the Manhattan Project; he
worked on the production and separation
of plutonium at several national sites. He

was one of a group of Manhattan Project
scientists who signed a letter to President
Truman urging him to detonate the atomic
bomb at sea as a demonstration of its
might, rather than drop it on a city. After
the war, Knox initially worked in
Washington, DC, at the Atomic Energy
Commission on peaceful uses for nuclear
energy. In 1960 he joined the UC Davis
faculty and helped develop their physics
program. For many years, he also served in
the UC Academic Senate.

) John L. Dobson (B.A. Chem),
4 designer of the powerful, inexpen-
sive Dobsonian telescope that remains one
of the most popular telescopes on the
market, died January 15, 2014, in Burbank,
CA. Called the “Johnny Appleseed of ama-
teur astronomy,” Dobson was a co-founder
of the San Francisco Sidewalk Astronomers,
a non-profit global organization that focus-
es on public service in astronomy.

We have learned belatedly that Lloyd N.
Ferguson (B.S. 40 Chem with honors; Ph.D.
Chem with Gerald E. K. Branch and Melvin
Calvin), emeritus professor of chemistry
and biochemistry at Cal State Los Angeles
(CSULA), passed away on November 30,

I N MEMORIAM

2011. Ferguson, the first African American
to receive a Ph.D. in chemistry at Berkeley,
was a pioneering black chemist.

Initially refused interviews at major chemical
companies because of his race, he conducted
research through a Guggenheim Fellowship
and the NSF before joining CSULA in 196s.
Ferguson'’s research sought to elucidate
the relationships between molecular struc-
ture and biological activity, with a specific
focus on the relationship of molecular
structure to the sense of taste. He authored
six books, including three widely used
organic chemistry textbooks. Ferguson led
the establishment of CSULA’s Minority
Biomedical Research Support program, par-
ticipated in the formulation of the Support
for the Educationally and Economically
Disadvantaged Program (SEED) of the
American Chemical Society, and in 1972
was a founder of the National Organization
for the Professional Advancement of Black

Chemists and Chemical Engineers.

'45 Michael Kasha (Ph.D. Chem with

Gilbert N. Lewis), emeritus profes-
sor of chemistry at Florida State University
(FSU), passed away on June 12, 2013.
Kasha, who was Lewis’s last graduate stu-
dent, joined the FSU chemistry depart-
ment faculty in 1951 and became one of
the nation’s leading researchers in spec-
troscopy. In 1960, the Atomic Energy
Commission awarded Kasha a grant to cre-
ate FSU’s Institute of Molecular
Biophysics. In addition to his work as a
chemist and educator, Kasha was known in
the musician subculture for his guitar
design. Kasha presented the G. N. Lewis
Memorial Lecture in the College of
Chemistry in 1983.

59 Dale E. Van Sickle (Ph.D. Chem with
Andrew Streitwieser), a loyal sup-
porter of the college, passed away in his
home in Kingsport, TN, on July 24, 2013,
at the age of 8o. He began his career at
Stanford Research Institute. In 1969 he
joined Eastman Chemical Company in
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