Cargill Building for Microbial and Plant Genomics
University of Minnesota

Building Facts

First public research university building dedicated to microbial and plant genomics in the
nation.

First building in the university's biotechnology precinct on the St. Paul campus.

Unites 15 research groups from the Center for Microbial and Plant Genomics, from the
University’s Academic Health Center units; the College of Agricultural, Food and
Environmental Sciences; the College of Biological Sciences; the Institute of Technology;
and others.

Researchers in the building conduct basic research that could lead to disease- and
drought-resistant crops, create new ways to treat and prevent human and animal health
problems, and develop methods to improve the environment.

The facility accommodates research "hoteling" by visiting faculty and researchers to
foster national and international collaboration.

Highlights
The $20 million, 64,000-square-feet building includes:

Genomics and bioinformatics research laboratories

Bioinformatics workshop and tutorial area

Microbial fermentation lab space and plant growth chambers

Robotic high throughput center for screening new biological compounds

Atrium for special events, and an auditorium for seminars, workshops and meetings
Conference and meeting areas with writeable walls or countertops to foster collaboration

Funding

Minneapolis-based Cargill Foundation donated a gift of $10 million toward the project. It
is the largest single donation in Cargill's history. A matching $10 million was
appropriated by the state of Minnesota.

Other Biosciences programs and initiatives

Biodale, the one-stop shopping center for biological and biochemical lab support ‘
The future biotechnology incubator, which will nurture new businesses based on genomic 1

sciences

The biotechnology research alliance of the University of Minnesota, Mayo Clinic and the
state of Minnesota

The Molecular and Cellular Biology building that opened in October 2002

Building Research

Genomics

Genomics is the process of determining the location, sequence, function and
interrelationships of all genes in organisms, including, in'this case, the genes in microbes 1
and plants. It is among the fastest-growing fields in science.



e The Center for Microbial and Plant Genomics housed in the Cargill Building focuses on
basic genomics research. Genomic researchers work to unlock the genetic code
determines how plants and microbes (e.g. bacteria) live and function. Scientists are
genomic detectives uncovering the genetic blueprint of plants and microbes. No one can
predict exactly where that new knowledge and undiscovered science will lead.

Areas of Investigation

Genomics of plants, animals and pathogens:

e Investigate how plants develop means to fight off infection.

o Identify the specific genetic makeup of diseases that attack livestock.

e Focus on the genomics involved in the interaction between mosquitoes, the pathogens
that cause malaria and the animal host for the disease.

e Knowledge discovered in these areas could be used to develop treatments for costly
diseases or develop techniques to equip plants with natural disease resistance.

Harnessing friendly microbes:

¢ Friendly microbes help legume plants produce their own nitrogen, work in human
intestines to break down food and eliminate toxins in soil.

e Genomic research will provide tools to make use of these abilities.

e This could lead to maximizing the healthy benefits of the bacteria in yogurt, reducing the
need for plant fertilizers or developing methods for cleaning up contaminated soil.

e In addition, other researchers are looking at genomic information that could lead to
producing antibiotics, biodegradable plastics, natural product chemicals and other useful

products.
Developing basic research tools:

e Each DNA strand stores millions of pieces of data, and analyzing that requires a lot of
computer power and sophisticated programs. Researchers use DNA chips, or microarray
technology (slides that show activity of all genes within a genome), to study the activity
of a large number of genes (when genes are switched on or off).

e Gene shuffling assembles groups of genes to produce novel compounds that could be
used in medicine or industry.

e High throughput screening technology will sort through large numbers of cells, genes,
plants, microbes or compounds to find those that have useful characteristics or properties
that can be applied to crop improvement, environmental clean-up, or human health.

Ethics and economic impact: :

e Impacts of new genomic discoveries on society.

e  Agricultural and environmental ethics and policy issues.

e Economics of science and technology. '

e Impacts of biotechnology on public policy.

Senate Higﬁer Education Budget Division
1 February 2005
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FROM THE DEAN

Education at a Public Research University

Most people know that the University of Minnesota is a public research
university, which sets it apart from state colleges and private liberal aris
colleges. But what does that really mean?

At face value, it means our that our faculty brings in $500 million a year in federal
research grants to carry out research on human health, the environment,
renewable energy, and food, among other areas. They also contribute intellec-

tual property and train a highly skilled and creative workforce for industries
such as health care, agribusiness, and biotechnology. The University’s research enterprise is the
fuel that powers the state’'s economy.

It also means that we provide a different set of educational opportunities, particularly for
students interested in the sciences. They take classes from faculty who conduct federally
sponsored research and write textbooks. They work with real scientists in real labs on research
that addresses problems such as cancer and diabetes, global warming, and dependence on
foreign oil. These opportunities are not typically available at MnSCU and private colleges.

When Nobel Laureate and alumnus Ed Lewis (B.S. ‘39) passed away in July, | was reminded that

undergraduate research has a long tradition at the University of Minnesota. Lewis came here frof,_
Pennsylvania as an undergraduate to do research on fruit fly genetics with Professor Clarence Oliver,m
a former student of genetics pioneer Thomas Hunt Morgan. Oliver provided space for Lewis in his
own laboratory and freedom to conduct research outside of his scheduled classes. Lewis said his
experience at the U was pivotal to his development as a scientist.

Today, the National Research Council recommends that undergraduate students begin research
as early as possible in their education. And as we undergo a review of our own curriculum we are
stressing the value of learning by doing. You can read more about this in our cover story, “The
Evolution of Biology Education,” which begins on page 9.

| particularly enjoyed reading a student’s perspective on biology education from recent CBS
graduate Chuck Hernick (B.S. Ecology, Evolution, and Behavior, 2003.) He says, “Science is a dynamic
field. What you get from lectures and textbooks is history, which gives you the language to be a
scientist. But science is problem solving. The only way you can really learn how to be a scientist is by
doing research. Most of what | know about biology | learned from working in a research lab.”

That's another thing that distinguishes a large, public research university: the quality of our
students. The educational opportunities we provide bring the best and brightest students to our
doorstep. It's a privilege to welcome these talented young people and to guide their transformatio

into scientists.

Vi v/ A

Robert Elde, Dean
College of Biological Sciences
belde@chs.umn.edu
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strategy and pnorltles for developlng .
renewable fuel sources—such as
biomass, hydrogen wind, and solar

perspectives on renewable energy to
the table,” said Robert Elde, IREE chair
and dean of the College of Blologlcal
Sciences. They share a commltment k
to helping us bring renewable energy
to Minnesota and to sustaining IREE
- for the long haul.” Members of the

advisory council range from 3M and

Cargill executlves to heads of large

state growers’ associations to leaders

of smaller rural and envrronmental -

urgent need to reduce‘dependence j
on nonrenewable, fossil fuel-based
energy sources, and to sustain global k

advisory council, research projects ‘

CBS Researcher Discovers HIV

Search and Destroy Protein

A human protein that mutates
the AIDS virus (HIV) and holds
potential for keeping the
disease at bay has been
discovered and its function
described by a team led by
Reuben Harris, assistant
professor of biochemistry,
molecular biology, and
biophysics. The new protein,
called APOBECSF, and one
described previously called
APOBEC3G can directly
mutate HIV. Such proteins,
called retroviral restrictors,
may contribute to HIV resistance in some
people. Harris and colleagues at the uni-
versity reported the discovery in the June
24 issue of the journal Current Biology.

HIV mounts its own defense against pro-
teins in the APOBEC family. But APOBEC3F
seems especially adept at getting around

Reuben Harris' research te
contribute to HIV resistance.

ered a protein that may

this defense. "APOBECs are a ‘'search and
destroy’ defense,” Harris explains. “It's
different from the defense found in some
HIV-resistant people, in which the outer

surfaces of their cells no longer offer
footholds for the virus to attach and beg
the process of infection.” m

RESEARCH GRANTS & AWARDS

Steve Gantt [Plant Biology) and colleagues
Kate VandenBosch (Plant Biology}, Carroll
Vance [Agronomy and Plant Genetics), Ernie
Retzel (Microbiology), Debby Samac

(Plant Pathology) at the

University of Minnesota and

Maria Harrison at the Boyce

Thompson Institute in New York

have received $2.1 million from the
National Science Foundation [NSF) Plant
Genome program for a four-year study
entitled “Use of Interfering RNAs to Identify
Gene Function in Medicago truncatula.”
They will silence the expression of about
1,500 individual genesin transgenhic roots
and examine the roots for altered develop-
ment and symbiotic associations.

Fumi Katagiri (Plant Biology) received funding

from the U.S. Department of Agriculture and

the Natural Resources Institute for a project
entitled Effluent Dlscovery of Plant
Regulatory Genes by Expl0|tat|on of Natural
Variation.” The project, which was
funded for three years for a
total award of $400,000, has
longterm implications for
crop. |mprovement Katagiri
says, ‘Naturally occurring
genetic variation is a great
genetic resource for t:rop improye‘ment "

Jeff Simon (Genetics, Cell Biology, and
Development] received $1.2 million from the
National Institutes of Health (NIH), for a
four-year continuation of an ongoing project
entitled “Transcriptional Repression by
Polycomb Group Products.” The project
aims to study chromatin mechanisms that
control gene expression and development in




Tilman Presents New

Theory of Species Diversity

David Tilman, Regents Professor and McKnight Presidential Chair
-~ Ecology, presented a new theory of species diversity and abun-
ance within ecosystems in the July 27 issue of Proceedings of the
National Academy of Sciences. The theory was inspired, in part, by
data he gathered over the past two decades at the Cedar Creek
Natural History Area. Through his new stochastic niche theory,

Tilman offers an explanation for the patterns seen during the assembly of species into
ecosystems, including what controls the number of species and their abundances, and
why some ecosystems are more readily invaded by exotic species than others. The article

suggests that stochastic niche theory offers a resolution to the controversy between

whether it is "neutral” or "niche” processes that determine the diversity and composition

of ecosystems. A biography of Tilman was published in the same issue. The two articles

recognize his inauguration into the National Academy of Sciences. =

U Explores Partnership with Norway

“The Environmental Impact of Agriculture and Energy Use” was the focus of a research and

technology seminar connecting the University of Minnesota and the Agricultural University of
Norway. It took place in Staur, Norway, in August. The conference was the first in a joint effort
to find the ways in which the U.S. and Norway can capitalize on the each other’s strengths,

resented the College of Biological Sciences.

pecifically in the areas of genomics and biomass/bioenergy. Bob Elde and Kate VandenBosch

Faculty from the College of Agriculture, Food

“and Environmental Sciences, the Institute of Technology, the College of Veterinary Medicine,
the College of Natural Resources, and the Medical School also attended. m

Drosophila. One rationale for the research
is to better understand basic molecular
mechanisms that contribute to prostate and
breast cancers.

Steve Ekker (Genetics, Cell Biology, and
Development) received renewed funding from
NIH for his research, “Systematic Vertebrate
Functional Genomics.” This grant supports a
collaborative effort at several universities
with Ekker as the principal investigator.

lyn Sitflow (Plant Biology) has obtained
#ur-year, $730,000 award from NSF for a
project entitled “Segregation and Positioning
of Basal Bodies.” This is a “gene discovery”
project to identify and elucidate the function
of genes involved in positioning of basal
bodies in Chlamydomonas.

Kate VandenBosch (Plant Biology] received a
three-year $360,000 grant from the U.S.
Department of Energy. The project is entitled
“Nodulation Genes of Medicago truncatula
Governing Early Responses to Rhizobia.”
This project complements genomic analysis
projects in Medicago by focusing on particu-
lar genetic loci.

Akhouri A. Sinha (Genetics, Cell Biology, and
Development] received $471,421 from the
U.S. Department of Defense for “Prediction
of Aggressive Human Prostate Cancer by
Cathespin B.”

Nathan Springer {Plant Biology) received
$327,757 from NSF for “Assessment of the'
Use of Oligonucleotide Microarrays for
Single Nucleotide Polymorphism Mutation
Detection in Maize.” u

MEET THE
NEW FACULTY

Mark Borrello,
(Ecology,

Evolution, and
Behavior] is a
historian of biol-
ogy with a par-
ticular interest

in evolutionary
theory, genetics,
behavior, and the
environment. His
work explores the Mark Borrello
varied interpretations and applications
of evolutionary theory from the late
19th century to the present.

Helene Muller-
Landau (Ecology,
Evolution, and
Behavior) has
research inter-
ests that include
plant community

Helene Muller-Landau

ecology, espe-
cially of tropical
forests; ecological and evolutionary
theory; and anthropogenic influences
on plant community structure and
dynamics.

Daniel Bond,
(Microbiology
and Biotechnology
Institute) focuses
his research on
renewable ener-
gy. He helped
create a battery
that uses
common bacteria

to turn organic

Daniel Bond ‘

matter from
the ocean floor into electricity.
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University Enterprise Laboratories

enovation of the University
' Enterprises Laboratories
| U (UEL) incubator began this
summer, after board members
completed fundraising.

Contributors include Xcel Energy
($2 million), 3M ($1 million), Boston
Scientific, Dorsey & Whitney, Ecolab,
Guidant, Medtronic, and Surmodics
($500,000 each), the City of St. Paul
($6.75 million), and the University of
Minnesota ($2 million).

UEL is a nonprofit, public-private partner-

ship created to advance Minnesota’s
biotechnology industry by providing lab
space and support services for biotech
start-up companies. Offices move in this

Renovation Gets Underway

Companies have started moving into the
UEL incubator.

fall; laboratories in July, 2005.

The facility is located within the St. Paul

Bioscience Zone and between the

University's Twin Cities campuses. It will

also house the University's Office of
Business Development and Carlson
Venture Enterprises. m

Freshmen get a head start with
CBS “Nature of Life” program

The incoming freshmen class got a
preview of life at CBS during the
second annual "Nature of Life”
program, which was held at Itasca
Biological Station and Laboratories from
July 18-30. Students attended one of
four three-day sessions. Each session
offered mini-courses on topics ranging

from bog biology to molecular biology,
opportunities for students to get to
know each other, returning students,
faculty, staff, and administrators and to
learn “Hail Minnesota” and the
“Minnesota Rouser,” thanks to bio-
chemistry professor John Anderson,
who served as singing coach. m

CBS Says Goodbye t
Edward B. Lewis

The College of Biological Sciences lost a good
friend and distinguished alumnus when N¢
Laureate Ed Lewis (B.S. '39) died in July in
Pasadena, California, after a long battle with
cancer. He was 86.

Lewis won a flute scholarship to Bucknell
University, but after a year there, he gave up his
scholarship and transferred to the University of
Minnesota because Minnesota offered the
opportunity to pursue genetics research. He
received a B.S. in biostatistics from Minnesota.

With his 1950s experiments in fruit fly genetics,
Lewis became the first to explain how genes
control the development of organs during the early
growth of an embryo. His work had particular
usefulness in the study of children’s cancers such
as brain tumors and leukemia, which develop
differently in children than in adults, says Bob Elde
dean of the College of Biological Sciences.

Lewis was a professor at Caltech, a smalle
with fewer hiring opportunities. So he helped
Minnesota recruit young star scientists for its labs,
among them Michael O'Connor (Genetics, Cell
Biology, and Development) who is a Howard
Hughes Medical Institute professor and holder of
the Ordway Chair in Genetics. Lewis was a gener-
ous contributor to the college, and received an

PEOPLE

Kathy Ball, education specialist, has retired afte
more than 30 years with the College of Biological
Sciences. Ball was instrumental in the developmer
of courses including General Biology laboratory,
General Botany lecture, and various seminars. Shi

contributed to a summer workshop on botany.far

elementary school teachers and she develo
taught Kids’ University courses in biology.

Robert Megard, professor of ecology, evolutior
and behavior, retired in December after making
numerous contributions to limnology. He joined
the University of Minnesota as a research fellow ir
1962 and became one of the first EEB faculty




Nobel Laureate

HAROLD SWEET

Edward B. Lewis

honorary doctor of science degree from the
Uni

rsity in 1993, two years before he received the
L Prize in Physiology or Medicine. Known for
his sense of humor, Lewis often dressed as a
mutant fruit fly on Halloween.

“In science, given how competitive it has become,
he stood out as a generous person,” said Jeff
Simon, associate professor in the Department of
Genetics, Cell Biology, and Development. a

membersin 1967. He is recognized for his
research on Paleocladocera of Iran, kinetics of
oxygen generation in algae, and transmission of
light through water columns. In recent years, he
refined the understanding of fine-scale spatial

distribution in zooplankton in lakes.

Sheridan, associate dean for research and
international programs, stepped.down September
1, 2004. An associate dean since 1999, he will
continue his research as a faculty member in the
Department of Genetics, Cell Biology, and
Development and oversee international programs
part-time.m




BIOCHEMISTRY

the body.

hen scientists start
talking about what
molecules do inside

glaze over. But when David
of Biochemistry, Molecular

his sub-cellular research, people
prick up their ears instead.

Bernlohr studies adipocytes, the

stream and stash it away in our
hips, stomachs, and thighs. In
today’s overweight world, plenty
of folks would like to know how
these cells do what they do—and
how we can keep them from
doing it so darn well.

Adipocytes were literally life-
savers for past generations,
helping keep our ancestors from
starving by providing a backup
energy source when food was
scarce. But in a food-saturated

David Bernlohr and Ann Hertzel are part of a research group
gaining a new understanding of fat and how it behaves in

cells, listeners’ eyes often start to
Bernlohr, head of the Department

Biology, and Biophysics, mentions

cells that suck fat from our blood-

environment, their
fat-hoarding tends
to cause trouble
instead. Thanks to
their diligence, two-
thirds of Americans
are overweight.
Moreover, obesity
directly leads to
other diseases such
as type Il diabetes,
hypertension, and
cardiovascular
disease, making it
the nation’s number
one health issue.

“Humans evolved
under conditions of
nutrient limitation,”
says Bernlohr.
“Now, with industrialization, we
live in an environment of nutrient
excess, and our bodies don't know
how to respond.”

Up until 10 years ago or so,

the prevailing view was that
adipocytes were little more than
expandable containers where our
bodies stocked up supplies for
hard times. “Over the last decade,
that view has changed dramati-
cally,” Bernlohr says. In addition
to collecting calories, he says, we
now know that adipocytes
“secrete a raft of hormones that
regulates a number of processes”
related to the fate of fat within our
bodies. The more we learn about
how they do this, Bernlohr says,
the better able we will be to direct
their activity so they help rather
than harm us.

Bernlohr is currently working to
understand how fats enter

Figuring Out Fat

Behind the bulge there’s a lot of activity.

adipocytes, how they move once

inside, and how they regulate
genes that might influence the
onset of obesity-related health
problems. In one set of studies
he’s looking at the class of
molecules, known as FATPs,
that ferry fat across the cell
membranes. He has cloned the
gene that makes one such ferry.
He has also discovered that a
helper molecule known as
Coenzyme A plays a key role in
their ability to do so.

Within cells, Bernlohr is focusing
on fatty acid binding proteins
{[FABPs), which shuttle fatty acids
from one place to another. By
studying animals that lack FABP
genes, he's learning a lot about

the role these proteins play in not
only making fat cells fatter, but
also in sending messages to
other parts of the body that may
result in obesity-related disease.

Bernlohr has not only been
studying adipocytes, he also has
applied what he’s learned to
develop an innovative eating
regimen he calls the Northwoods
Diet. “Miami has its South Beach,
| figure we could have our
Northwoods,” he says. The plan
allows carbohydrates in the
morning (to get insulin flowing),
but switches to proteins and fats
in the afternoon, with no food at
all after 7:30 p.m. Bernlohr has
dropped 45 pounds following his
own advice, and says others in his
lab who have tried the plan have
lost weight as well.

—Mary K. Hoff

OLOGICAL SCIENCES




Mushrooms and Medicine

'hat does deciphering the family tree of fungi
have to do with cancer? Potentially plenty.

gourmet food item that
\\, prevents cancer?Ina
7 VA world where it some-
times seems that anything that
pleases the palate is automatically
bad for you, that may sound too
good to be true. But David
McLaughlin, professor of plant
biology and curator of fungi in the
James Ford Bell Museum of
Natural History, thinks otherwise.
Following leads laid by folk wisdom
and science, McLaughlin and Joel
Slaton, assistant professor in the
Medical School, have teamed
together to test whether certain
edible mushrooms boost the
body's ability to fend off cancer.

The unusual collaboration began
just over a year ago, when the
College of Agricultural, Food, and
Environmental Sciences’ new
Center for Plants and Human
Health put out a call for propos-
als for projects linking plant biol-
ogists and medical researchers.
McLaughlin suggested a study
exploring claims that porcini, a
mushroom found throughout
much of the northern hemi-
sphere, has anticancer effects.
Center staff helped him connect
with Slaton, who was already
studying the anticancer attributes
of another type of mushroom

_ known as reishi.

Slaton agreed to test samples of
porcini to see if they affect the
growth of cancer cells in culture.
MclLaughlin, for his part, is
working to clarify porcini’'s phy-
logeny—to identify relationships
among the various branches in

the fungus's family tree—to
help enhance the usefulness of
Slaton’s efforts.

A key player in the systematics
work is Bryn Dentinger, a graduate
student in McLaughlin’s lab.
Dentinger became a fungus
fanatic as a teen when his mother
handed him a field guide one day
and challenged him to identify
the mushrooms growing in his
yard. Now he's applying that fas-
cination to help clarify relation-
ships among porcini specimens.

“We talk about porcini as though
it's one mushroom, when it's
really about 30 species,”
Dentinger says. By collecting a
variety of samples and sequenc-
ing key genes in each, he hopes
to create a picture of the degree
of relationship among them. The
information he gathers will help
Slaton and McLaughlin design
their studies in a way that maxi-
mizes the reliability and useful-
ness of the results. It will also
help the researchers figure out
which types of porcini are most
likely to have anticancer activity.

Dentinger’s work is part of a
National Science Foundation-
funded effort by McLaughlin and
mycologists at several other uni-
versities to clarify the phylogeny
of all known fungi using structural
and genetic information. That
project, in turn, is part of a larger
NSF undertaking called
Assembling the Tree of Life,
which aims to clarify relation-

TIM RUMMELHOFF

PLANT
BloLogy

Mushrooms have more than culinary vatue. David McLaughlin is working with
Medical School faculty to determine their potential for preventing cancer.

ships among all living things. They have
The mycological studies should :
be helpful in another cooperative
effort underway by McLaughlin

and Slaton to identify anticancer

teamed together

fo test whether

activity of shiitake mushrooms. It certain edible

will also provide valuable infor-

mation for conservation biclogists, mushrooms

ecologists; and others seeking to

boost the body’s

clarify how.various fungi fit into
the overall picture of life on this

ability to fend off
planet.

cancer.
—Mary K. Hoff
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Students Merima Helic,
Rachelle Werth, and Rebecca
Long work in the lab with
Robin Wright, professor of
genetics, cell biology, and
development. Wright, who is
also associate dean for faculty

and ‘academic affairs, has

convened a faculty task force
to review the CBS curricutum.
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e EVOLUTION

of Biology Education

Curriculum task force members share ideas on how to teach an ever-changing subject.

iology has advanced more in the
B last 20 years than in the previous

200, and the next 20 years promise
to be just as fast-paced.

Given this rapid rate of progress, how can
educators keep up and prepare their stu-
dents for jobs that may not even exist yet?

Publishers help by updating textbooks
with the latest discoveries. Yet the issue
goes deeper than facts: biology itself is
evolving. The volume of data generated
by genomics and other areas is making
biology a more quantitative science.
And at the molecular level, boundaries
between biology, chemistry, and physics
are blurring.

The National Research Council launched
a discussion on the subject with the
January, 2003 publication of “BI0 2010:
Transforming Undergraduate Education
for Future Research Biologists,” which
was sponsored by the National Institutes
of Health and Howard Hughes Medical

Institute. In essence, “BIO 2010" says
that biology education should emphasize
math, physics, chemistry, and information
sciences and integrate them into biology
courses, train students in interdisciplinary
groups, and get all
students into research
labs early on.

ingredients to the

|ast fall, Robin Wright,
associate dean for faculty
and academic affairs, con-
vened a faculty task force
to review CBS’ curriculum.
The group reviewed curric-
ula at peer colleges, con-
sulted with leaders in biol-

talented students

ogy education, referred to
scholarly analyses, and
sought input from CBS stu-
dents and faculty as well
as people from other col-
leges and departments and
University administrators. Agendas
and minutes are posted at
http://cbs.umn.edu/main/ctf/.

“We're still adding

batter. But | think
we have all the
ingredients to be

truly outstanding—

and faculty, com-
mitted leadership.”

—Robin Wright

They agreed that their top priority is to
consider creating different general
biology courses for different groups of
students: CBS undergraduates, students
majoring in engineering, agriculture or
health sciences, and those
in non-science majors,
such as liberal arts,
education, and business.
Currently, most students
choose from the same
general biology courses.

By the end of the school
year, a subgroup drafted a
proposal for a new year-
long core biology course for
CBS students to be offered
during the sophomore
rather than freshman year,
after students have taken
calculus, some chemistry,
physics, and possibly some
biochemistry. Currently, most students
take a year of inorganic chemistry and a
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year of organic chemistry before taking
biochemistry. But since biochemistry

permeates much of hiology, the task force
hopes to offer it before the core biology
course. The new core course, which would
integrate lectures and labs, would require
students to use facts to solve problems
rather than simply memorize facts.

This year, the task force is continuing its
work. While the group as a whole contin-
ues to develop the core course for biology
majors, sub-groups will consider courses
for other science students and for non-
science majors.

Following are some perspectives on
curriculum reform from task force
members and others.

Robin Wright

Associate Dean for Faculty
and Academic Affairs,

Professor of Genetics, Cell
Biology, and Development

Wright says she first saw problems with
biology curriculum when surveys at the
University of Washington, where she was
a faculty member, showed that graduates
weren't using what they learned in her
classes, either professionally or
personally.

It was a wake-up call that led her to
question the way she and most of her
colleagues teach biology—through lectures,
textbooks, and tests, she says. “Like most
teachers, | invest an enormous amount of
time preparing for classes, and | want it to
have a long-term value for students.”

After some research, Wright concluded
that critical thinking skills rather than
facts would better prepare students to use
biology. Her teaching changed dramatically,
from lectures and tests to asking students
to use facts to solve problems.

“It's much more fun, but much harder—
for teachers and students,” she says. “I
knew | didn’t have a choice if | wanted to
make a difference in their lives. In biology,
the facts will change. That's why it's
important to teach students to think like
scientists, so they can delve into the rich
amount of information that's available,
evaluate it, and make decisions.”

As Wright further explored the issue, she
discovered she was not alone. There was a
growing wave of concern among biologists

TiM RUMMELHOFF

nationwide—from federal agencies to
small liberal arts colleges—that
undergraduate biology education
needed reform.

Wright came to CBS in January, 2003 tCVD
seize an opportunity to advance that ;
reform and perhaps even create a model
curriculum. CBS is one of few schools in

the U.S. devoted to biological sciences and
the University of Minnesota is one of few
large public universities that require all
undergraduates to take biology. As

associate dean for faculty and academic
affairs, Wright is responsible for under-
graduate education and the University's
General Biology Program.

The process is taking longer than she had
hoped, but she believes that her goal of
creating an integrated, inquiry-based core
curriculum is gaining support among
faculty. “The cake is definitely not in the
oven yet,” Wright says. “We're still adding
ingredients to the batter. But | think we
have all the ingredients to be truly out-

standing - talented students and faculty,
committed leadership. | think we can
make a multi-layer chocolate torte with
raspberry filling, not just an ordinary cake.
[ hope I'm helping people to realize that.”

Dave Bernlohr
Distinguished McKnight University
Professor and Head of the
Department of Biochemistry,
Molecular Biology, and Biophysics
Although Dave Bernlohr helped develop
the proposal for a new biology curriculum,
he is quick to point out that it's a first
draft and suggestions are welcome.

“There are different opinions among faculty
about how much change is needed,” he @

says. “Do we really need to overhaul the

“Everyone agrees magic happens when you
create interdisciplinary teams.”
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curriculum or just tweak it? If it's not

broken, should we fix it?”

“Everyone agrees magic happens when
you create interdisciplinary teams,”
,?Bernlohr says. “But there are different
“,schools of thought about how to generate
that magic.” Some people think the inte-
grated approach advocated in “BIO 2010”
may go too far.

Proponents of another approach, called
“Ways of Knowing,” contend that interdisci-
plinary research produces
results because scientists
from different disciplines
learn differently and
approach problems differ-
ently. If you train everyone
together, you may risk
losing this advantage.

“BI0 2010 launched a
national discussion on how
to educate the next gener-

on of biologists. We're
fow looking at integrated
education versus ways of
knowing. It's really not
clear at this point how to
reconcile the two,”
Bernlohr says. He adds
that there appears to be
consensus on some aspects of the proposal,
such as increasing math rigor and getting
students involved in research earlier.

In the 1970s, Bernlohr was looking at the
CBS curriculum from a student’s point of
view. He earned a B.S. degree in biochem-
istry at CBS in 1978. Even then, faculty
and students recognized the value of
laboratory-based learning. Bernlohr
worked in the lab of Finn Wold, who was
aead of biochemistry.

“The best educational experiences | had
occurred in his lab,” Bernlohr recalls.
“He provided students with outstanding
opportunities to learn and think critically.
As we think about curriculum reform
today, experience-based education is still
the key.”

She says the
highest com-
pliment a
student can
pay her at the
end of a term
is, 'You know,
that really
wasn’t so bad.’

Claudia Neuhauser
Professor and Head of the
Department of Ecology, Evolution,
and Behavior, Director of
Graduate Studies for EEB

Claudia Neuhauser took an unusual road to
ecology, evolution, and behavior. After earn-
ing a Ph.D. in math at Cornell
University, she spent a year at
Princeton studying ecology.
Then she served on faculties of
math and biology
departments at
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several universi-
ties, including
USsC, UW
Madison, and
UC Davis, before
settling on the
ecology, evolu-
tion, and behav-
jor department
at CBS.

An applied
mathematician,
Neuhauser uses
“spatial sto-
chastic
processes”

(an area of
probability) to create mod-

els that address questions in
biodiversity and population
genetics. As a mathematician
and biologist, she brings an
extremely valuable vantage
point to CBS. Not surprisingly, she strongly
supports integrating math into biology
courses. She also thinks biology majors
need to take a statistics course in addition
to a year of calculus, currently the only
math requirement for most CBS majors.

Neuhauser understands that biology
students tend to think of math as some-
thing you have to swallow because it's
good for you. With this in mind, she created
a class called “Calculus for Biology and
Medicine” and wrote a textbook with the
same name to show students how to apply

calculus in the life sciences. She says the
highest compliment a student can pay her
at the end of a term is, 'You know, that
really wasn't so bad.’

Since she got her Ph.D. in math in 1990
and began dabbling in biology, Neuhauser
has witnessed a sharp increase in the use

of quantitative skills in life sciences. All

areas of biology, not just genomics and
proteomics, are generating streams of
numerical data, she says. More and more
biologists will use this data to construct
models on computers.

“We need to prepare them for the oppor-
tunities this will create for them,” she
says. A curriculum that lacks quantita-
tive elements doesn’t serve the students
well. Required math classes aren’t
enough. We need to show them how to
use math in biology.
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“The proposed class is an experiment, but
that’s okay,” she adds. “If it works, good.
If not, we go back to the drawing board,
just like research.”

Mark Decker

Associate Education Specialist
General Biology Program

Mark Decker is on the front lines of
general biology education. As one of three
full-time instructors in the University's
General Biology Program, he helps teach
the subject to approximately 4,000 majors
and non-majors every year.

Currently, the General Biology Program
offers a one-semester survey course and
a two-semester sequence for majors.
Both cover the gamut of biology from mol-
ecules to ecosystems and include lab ses-
sions. CBS majors are required to take a
full year of introductory biology. Those

who entér with a qualifying
score on the AP biology
exam get credit for the one-
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semester survey course and
take another semester of
organismal biology. Others
take the two-semester
sequence. Non-majors may
take the one-semester
course or the first semester
of the year-long course.

Decker supports creating
separate classes for majors
and non-majors, but hopes
that both will continue to
cover all of general biology.
“All students, even biology
majors, need to be exposed
to the full spectrum of
biology,” he says,
adding that lectures are
the most efficient way to

Mark
Decker
cover lots of material.

“Inquiry-based modules are
more effective but slower.”

Decker also has some
concern that “BI0 2010" is
geared for research biologists, particularly
in biomedical sciences. While this may
work for many CBS students, many others
will work in environmental sciences,
health care, the biotechnology industry,
education, and other
areas.

And, Decker says that
while he sees the wisdom
of planning the new
biology course for majors
for the sophomore year
he wonders what students
will think. “It may be a
grind for freshmen to
spend a year on prereq-
uisites,” he says. “I don't
know if the “Nature of
Life” and “Breadth of
Biology” courses would
be enough to keep their

interest.”

He also sees an important opportunity to
create a very different course for non-

majors. It would focus on showing them

the role of biology in their lives, from

global warming to renewable energy to
health care, and preparing them to be ‘))
informed consumers and citizens.

Ultimately, Decker says, creating separate
biology courses for majors and non-
majors is best.

“But it's going to be messy,” he says.

"It will require lots of time, money, and
trade-offs. Tension between the teaching
model and breadth of content is
inevitable.”

Charles Hernick
Recent CBS graduate

A 2003 graduate with a B.S. degree in
ecology, evolution, and behavior, Chuck
Hernick worked as a junior scientist in a

CBS plant genomics research lab in
2003-2004. He recently began a graduate@xﬁ)
program in international relations and (o
environmental policy at Boston University. -

Hernick says he's very happy with the
education he got at CBS and thinks
most students feel the same way. "I feel
that | am better prepared for the future

than friends who went to other schools
says Hernick, who went to high school

Charles
Hernick
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at the School of Environmental Studies
in Apple Valley. But he does think it’s
important to use the lecture format
judiciously, in combination with other
ways of teaching biology.

Ui

“It's very motivating to
do research yourself.
It makes the calculus,
physics, and chemistry
classes worthwhile.”

“Science is a dynamic field. What you get
from lectures and textbooks is history. This
gives you the language to be a scientist, but
science is problem solving. The only way
you can really learn how to be a scientist is
by doing independent research in a lab. |
think most students share this feeling.”

ernick says the instructional labs that
accompany lecture classes are helpful, but
not nearly as valuable as solving real
problems in a real research lab. “When you
just duplicate an experiment in an instruc-
tional lab, you miss the critical thinking
component,” he says. “Most of what | know
about biology | learned from working in a
research lab.”

He adds that while students will always
need lectures, they're just not the best way
to teach students how to be scientists. “It's
very motivating to do research yourself,”
he says. “It makes the calculus, physics,
and chemistry classes worthwhile.”

Hernick agrees with the plan to offer the
core biology course during the sophomore
ar, after students take calculus and
emistry. He also agrees with Neuhauser

that biology students could use a course in
statistics designed for them. “It's a practical
skill that most biology students will need,”
he says.

John R. Jungck

CBS alumnus and Mead Chair of
Sciences at Beloit College.

Robin Wright first learned about John
Jungck while exploring undergraduate
biology curriculum at the national level.
Jungck is co-founder of BioQUEST, a
national consortium dedicated to
reforming biology curriculum and a
contributor to “BIO 2010.”

Then she met him at a Howard Hughes
Medical Institute (HHMI) gathering for
undergraduate education directors in
Maryland and discovered that he was a
CBS alumnus.

“When | told him | was moving to the
College of Biological Sciences at the
University of Minnesota, he told me he
was a double alumnus. It made me feel
very good about my decision because |
knew a place that trained John Jungck
simply had to be terrific,” Wright says.

Jungck earned a B.S. degree in
biochemistry from CBS in 1966 and

an M.S. degree in genetics and
microbiology in 1968. He became
interested in undergraduate biology
education at CBS when he shared an
office with Donald Dean, a visiting
professor who was involved with national
science education organizations. Jungck
helped Dean write a book on science
education and talked to graduate students
nationwide about teaching careers. After
earning a doctorate at the University of
Miami, Florida he joined the faculty of
Beloit College in Wisconsin, where he is
now Mead Chair of Sciences.

Jungck uses computer simulations, data-
bases, and other tools (as well as toys) to
create learning environments that give
students a sense of what it's like to be a
scientist working in a lab. Through

BioQUEST he shares these materials and

helps educators create their own. An
expert in mathematical molecular evolu-
tion, he emphasizes the importance of
math as a tool for future biologists.

RUMMELHOFF

This spring, Jungck returned to the
University of Minnesota to receive an hon-
orary doctorate for his contributions to
undergraduate biology education. He says
he was deeply honored and very proud to
be an ambassador for his alma mater.

“While all the new facilities are remark-
able, | was even more impressed with the

leadership, the commitment to undergrad-

uate biology education, and the friendliness
of the academic community,” he says. ”

Jungck is also impressed that CBS encour-
ages undergraduates to do independent
research in faculty labs. He supports
extending that opportunity to all students
and faculty. The University's fundamental
challenge, he says, is how to convert large
lecture classes into interactive, collabora-
tive, and investigative learning experiences.

“If the University of Minnesota can provide
large numbers of students with these
opportunities it could become a major
national presence in undergraduate biology
education. “

—Peggy Rinard
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Lake Superior is

‘k like the canary in a

ckokail m‘ihé. sending
 ~a ‘Strgng signal
bout the condi-
tion of all the

. world 's ‘lakes;; ~
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Bob Sterner is studying the effects of rising
nitrogen levels in Lake Superior.

For the Love of Lakes

Nitrogen pollution is reaching even the pristine “big lake.”

t’s larger than the Czech

Republic. It holds ten percent

of the planet’s fresh water.
And, it's right in our back yard.
Yet, says Professor Bob Sterner
(Ecology, Evolution, and
Behavior), “We know more about
the large, remote lakes of Africa
and Asia than we do about Lake
Superior. It's a scandal that we
don't know more about it.”

That's one reason much of his
current research focuses on

Superior, yet what he’s learning
isn’t such good news. Superior is
“still fairly pristine by most meas-
ures,” says Sterner. “Unlike the
lower Great Lakes, there are no
large urban centers around it and
there is virtually no agriculture to
provide chemical runoff.” So, he
was surprised when his research
showed that nitrates are building
up in the lake at an inexplicably
fast rate. The nitrogen level has
increased six-fold in the last 100
years, he says.

If not from farms or factories, how
is nitrogen reaching the lake?
High temperature combustion in
factories and cars releases cer-
tain forms of nitrogen that waft
through the atmosphere and fall
into Superior and other bodies of
water when it rains or snows. As
a result of human activities, the
lake now receives an extra four
million kilograms, or eight to ten
million pounds, of this form of
nitrogen per year.

Sterner stresses that Superior’s
nitrogen levels are still well below
the EPA’s limits for safe drinking
water. Yet, nitrogen is a major
cause of oxygen depletion in other
bodies of water. The symptoms
include blooms of algae (both
toxic and non-toxic), declines in
the health of fish and shellfish,
loss of sea grass beds and coral
reefs in oceans, and ecological
changes in food webs. Now, with
funding from the National Science
Foundation, he's studying the
“bio-geo-chemistry” that is taking
place in Superior as a result of

e
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the increasing nitrogen levels.

Sterner became a limnologist
because of his wide-ranging
scientific interests. "It allows me
a huge amount of freedom to
study intriguing things, be they
chemical, physical or biological,
and | may utilize many different
approaches to solving questions.”

That perspective led to the
publication of his book Ecological
Stoichiometry: The Biology of
Elements from Molecules to the
Biosphere [Princeton University
Press, 2002), coauthored by his
long-time colleague from Arizona
State University, James Elser.
The book, about the balance of
chemical elements in ecological

interactions, has received high
praise in the most prestigious
journals such as Nature and
Science. “| believe that this is one
of the most important books
written on ecology in the last 10
years,” said a reviewer in Ecology.
The book has been adopted as a
textbook at some universities
and, Sterner jokingly points out
that it has reached the status of
number 5,000 on Amazon.

Sterner’s research and his book
offer greater understanding of
how human behavior affects the
environment and he hopes we’ll
take some corrective action.

“Lake Superior is like the canary
in a coal mine, sending a strong
signal about the condition of all
the world's lakes. It’s a treasure
and we need to take care of it.”

~Terri Peterson Smith
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It Doesn’t Seem Like Work

aya Babu spent a
month this summer in

India seeing some
sights, catching up with relatives,
and even garnering advice on
staying active from her 97-year-
old grandfather. There was but
one pitfall to her journey: she
couldn’t keep busy enough. “I
would have liked to have been
working on a laptop, working on
grant proposals,” says Babu.

“|t was hard for me to just sit
and know | couldn’t be doing
something.”

“Doing something” for Babu has
meant extensive community
work—enough to fill a resumé

many times over. But it's that
commitment to public service,
along with her leadership potential
and communication skills, that
helped earn her a distinguished
honor.

Babu was one of 77 students
nationally chosen as 2004
Truman Scholars. Each scholar
receives $26,000—%$2,000 for the
student’s senior year and $24,000
for graduate study. That's sure to
come in handy for Babu, who has
ambitious plans beyond her
undergraduate years. The dual-
degree (neuroscience and
psychology) honors student from
Eagan plans to pursue both med-
ical and law degrees in prepara-
tion for a career in mental health
policy. X

Much of Babu's passion, as well
as her interest in neuroscience,
stems from her long-term
involvement with America’s

Promise, the national organiza-
tion dedicated to supporting
youth. She has been a part of
two trips to the juvenile deten-
tion center in Red Wing, Minn.,
to promote peacemaking and
conflict resolution. It was there
she discovered that juvenile
offenders “were very similar to
me, and that the difference was
that something along our paths
made us diverge.” She also
learned that 50 to 75 percent of
juvenile offenders suffer from
mental illness and half of those
also have a substance abuse
problem.

Since there is “so much yet to
be discovered about the brain,”
Babu decided to study neuro-
science, and she tacked on
psychology “because it has
more of the social aspect of
mental health and substance
abuse.” Within the field of men-
tal health policy, she plans to
focus on youth in corrections and
women’s mental health.

Babu is now back in her comfort
zone of computers, grant propos-
als, and breakneck pace. Late in
the summer, she was teaching
debate at a camp at Yale
University and finishing the
launch of a new scholarly publica-
tion called The Bridge. It focuses
on “exploring—through case
studies, research articles, and
reflections—community work,
youth work, and community
mobilization,” she says. And
she’s on the America’s Promise
board of directors with the likes

DOUG KNUTSON

of Alma Powell {wife of Colin),
Cal Ripken, Jr.,, Tim Russert, and
Jean Case.

How does she keep up? “l don't
feel like it's work a lot of the
time,” Babu says. "I really feel
like I'm spoiled. It's fun for me; |
get to hang out with some really
great people.”

—Rick Moore

Editor's note: Maya was recently
named one of Glamour Magazine's
"Top Ten College Women" of 2004.
She and her fellow honorees will
be featured in the October, 2004
issue of the magazine.

STUDENT
LIFE

Truman Scholar Maya
Babu plans to pursue both
medical and law degrees.

“Doing something”
for Babu has
meant extensive
community
work—enough to
fill a resumé

many times over.
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ALUMNI
PROFILE

Steven Lund is helping put
a high-tech spin on an
ancient industry.

“When you know

what’s going on
inside the plants,
you can use that
knowledge to
improve wine
production.”

-—Steven Lund

Making every year a great year for wine.

teven Lund (M.S. in plant

biology, ‘90; Ph.D., ‘95)

is no wine snob but what
he knows about the genomics and
biochemistry of wine grapes
would make Robert Mondavi's
head spin.

So, while he swirls the wine in his
glass, he’s not just enjoying the
color, aroma, and flavor, but rather,
he’s thinking about the genetic
mechanisms controlling those
qualities during berry ripening.

In 2002, Lund joined the University
of British Columbia's Wine
Research Centre in Vancouver as
an assistant professor in the

faculty of agricultural sciences.
Before his current position,

Lund worked as a post-doctoral
research fellow at the University
of Florida and then as a senior
staff scientist with Genesis
Research and Development in New
Zealand. There aren't a lot of
genomics experts in the field of
viticulture compared to other
crops such as maize and tomato.
That's why UBC recruited some-
one from outside the industry to
work at the Wine Research Centre.

Canada may not be the first place
that comes to mind when one
thinks of wine. However, the
country has two major wine-mak-
ing regions—the Okanagan Valley
in British Columbia and the
Niagara area in the east—and
Canada is fostering this research
to assist its growing wine industry.

The Centre recently received a
$3.1 million funding award from
Genome Canada, an organization
that provides financial resources
for genomics and proteomics
research, for an integrated
genomics project in grape
berries, on which Lund is project
leader for Canada. They will con-
duct the research in collaboration
with researchers at the University
of Madrid and other Spanish uni-
versities with funding from
Genome Spain. So, one of the
world's oldest wine producing
countries is collaborating with
one of the newest.

Vineyards have always been at the
mercy of soil conditions, climate,
and disease. When Mother

Nature works in the growers’ %3
favor, however, the result is a
“great year” for the wine. Now,
genomics may assist in this cen-
turies-old process by minimizing
the need for luck and guesswork
in the growing process. Says
Lund, “Growers do their best, but
it's like typing into a computer
and not knowing what goes on in
the hard drive. They don’t know
why things turn out the way they
do. When you know what's going
on inside the plants, you can use
that knowledge to improve wine
production.”

Lund stresses that this work is
not aimed at commercializing

genetically modified grapevines ¥
and wines. “Genomics doesn't
mean GMOs,” he says. Instead, it
allows growers to understand
how the plants operate. They
may respond in the way they
breed the plants and the way they
treat the plants in the vineyard.

For example, growers may more
selectively grow grapes with more
concentrated flavor, or a particu-
lar skin thickness and seed size.
They may also learn when the
genes that initiate ripening and
control quality “switch on.” At
that point they may, for example,
withhold water from the plants to
intensify flavor before harvesting.

While Lund'’s work involves
extremely complex science, the
results will be simple to under-
stand—more consistent “great
years” and better wine in our
glasses.

—Terri Peterson Smith
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Class Notes

John Jungck (M.S. in Genetics and Microbiology,
1968) received the University of Minnesota’s
honorary doctor of science degree at the
College of Biological Sciences Commencement
eremony for the Class of 2004. He is currently
Mead Chair of Sciences and Professor of
Biology at Beloit College in Wisconsin.

Paul Kalina (B.S. in Biology, 1983) and his
family moved back to Minnesota this past
spring after living in Arizona.

Mary Jo Lockbaum (B.S. in Biology, 1990} joined
Corporate Express at the company’s North
American headquarters in Broomfield,
Colorado. Mary Jo oversees environmental
initiatives such as environmentally friendly
office product sales, energy conservation, and
alternative fuel implementation.

Paul Savereide (Ph. D. in Cell and Developmental
Biology and J.D. in 1991} left Cargill, Inc. and is

now working for Patterson, Thuente, Skaar and

Christensen, P.A. in Minneapolis.

Stacy Sjoberg (B.S. in Microbiology, 1993)
moved to lowa City to begin a fellowship in
ophthalmology at the University of lowa.

Cynthia Mattan [M.S. in Microbial Engineering,

1998) and Benjamin Stading (B.S. in Ecology,

Evolution, and Behavior, 2003) were among 80
“students chosen to begin the doctor of veteri-
?nary medicine program at the University of
Wisconsin - Madison.

Kelly Pawlenty (B.S. in Biology, 1998} received
her doctor of veterinary medicine degree from
the University of Minnesota College of

Veterinary Medicine in May. Kelly will be
practicing small animal medicine, surgery,
and dentistry at Apache Animal Hospital in
Minneapolis.

Leiha Johnson (B.S. in Genetics and Cell
Biology, 1999 is in her third year of teaching
science in Tracy, California. Leiha recently
received the “Teacher of Character” award for
the Sacramento area. She enjoys teaching
biology, physics, art, and senior seminar.

Tara Kirby [Ph.D. in Biochemistry, Molecular
Biology, and Biophysics, 2002) started her post-
doctoral fellowship at the National Institutes of
Health in November, 2003. She works with Dr.
Susan Buchanan on X-ray crystallography of
bacterial outer membrane iron transporters.

Arman H. Nadershahi (M.S. in Biology and J.D.,
2002} is practicing patent law in Los Angeles
and is the executive director for the Biotech
Education Center, Inc. which is a nonprofit
organization dedicated to teaching college
students about various aspects of biotechnology.

Dan Wepplo (B.S. in Biochemistry, 2004]) is a
research assistant in the Department of Cell
Biology in the Center for Integrative Molecular
Biosciences at Scripps Research Institute in La
Jolla, California. His move to the west coast has
allowed him to take advantage of the warm
climate and become a proficient surfer.

Send your news to Emily Johnston,
ejohnsto@cbs.umn.edu.

—Emily Johnston

Fall Fest

Join College of Biological Sciences
alumni, faculty, staff, students, and
friends at Fall Fest 2004: Connecting U.
On Sunday, October 17 we'll gather on

the St. Paul campus for a day filled with fun activities for all ages. This event is free and

open to the public. You'll be able to tour the new Cargill building, learn how researchers

can generate electricity from mud and how they can turn microbial cells into chemical

factories. Attendees may also enjoy the Harvest Bowl Brunch for 50 cents, tour the large
and small animal hospitals and the Raptor Center, and enjoy wagon rides around

'CBS Needs You

campus. For more information on Fall Fest visit www.umn.edu/fallfest/index.html

Volunteers are needed to help support alumni programs that benefit students such as the

Mentor Program, Speakers Bureau, and Career Network. Time commitment varies and
depends on the program. If you have not volunteered for a CBS program this year, please
consider giving some of your time to our current students. You can volunteer online at
www.cbs.umn.edu/volunteer or by calling Emily at 612-624-4770.

BSAS Has a New President

Jane Johnson is the new Biological Sciences
Alumni Society board president. She received her
degree in biology from CBS in 1976 and a degree
in nursing from the University of Wisconsin-
Madison in 1986. She is now in the Transcultural
Nursing and Community Health” masters pro-
gram at Augsburg, which she hopes to complete
in May 2005. Johnson currently serves as: the
care coordinator at HealthPartners Medical
Group & Clinics where her primary focus is work-
ing with Somali, Oromo, Latino, and Vietnamese
patients. She is also a nursing supervisor for First
Minnesota Care, Inc., an agency that: provides
personal care assistance for elderly and disabled
people in their homes.

Her vision for the Alumni Society is to identify
more opportunities for alumni to connect with
undergraduate students, to continue to refine
and strengthen the mentor program, to explore
alumni participation in the "Nature of Life”
course for freshmen, and provide alumni input
in relation to ‘the curriculum- review that's
currently taking place. She urges alumni to
contact her at alumnifdcbs.umn.edu.

Ames Sheldon Joins CBS

Ames Sheldon
joined the College
of 'Biological
Sciences in July as
director of develop-
ment. In this role,
she will work close-
ly with the U of M
Foundationand

CBS executive staff

to strategicatly

position the college

for acquiring major gifts and building prospects

for future donor relationships with individuals

and corporations.  Most recently, she served

in a similar role for the Minnesota
istorical Society. :
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he College of Biological

Sciences gratefully

acknowledges the
following donors, who have
generously provided support
for student scholarships and
fellowships, research, and a
variety of special initiatives
during fiscal year 2004.
Every gift makes a difference.

If your name is missing or
listed incorrectly, please
call 612-625-7705 or e-mail
lindg011@umn.edu.

$5,000 +

3M Company

3M Foundation Inc.
Beckman Coulter inc.

Victor-A. Bloomfield and
Elsa G. Shapiro

Cargill Inc.
Edward J. and Carolyn Cushing

Disney Worldwide Services Inc.
General Mills Inc.
Donna B. Gunderson-Rogers

Mary C. Kemen and Brian C.
Randall M

Kimberly-Clark Worldwide Inc.
Laurel Steel Company

The Medtronic Foundation
Paulette and Bruce Odegaard
Edgar P. Painter Estate
Michael J. Simmons

Kenneth L. Tannehill M

Brian G. Van Ness

The Windibrow Foundation

$1,000 - $4,999
Carl V. Barnes
Marcia F. Birney

Martin Blumenfeld and
Amanda Horton

Joanne J. Brooks

John T. Carlson M

Doris J. Clevenger

Denneth C. and Joan L.
Dvergsten M

Robert P. Elde. M

Charles M. Goethe Estate

Carol F. Kirkwood

Henry D. Klein

David A. Klett and
Elizabeth A. Hatloran

James T. and Penny |. Langland M

Mary E. and David W. Loveless

Robert 0. and Roberta A.
Megard M

J. Emory Morris

Gary L. and Mary Nelsestuen M

Claudia M. Neuhauser

Jean M. Parmelee M

James R. and Patricia M. Pray M

Paul B. Savereide

Kipling Thacker and
Kevyn K. Riley M

Shirley C. Tucker M

The Whitaker Foundation

Robin Wright M

Shye-Ren Yeh

$500 - $999

Emilie V. Z. Bergmann-Riss

David and Suzanne Bernlohr M

Richard S. Caldecott M

Charles J. de Sieyes

Maxine A. Enfield M

GMAC Residential Funding Corp.

Robert J. Haight M

Kathryn L. Hanna M

Thomas R. Jacques

Steven L. Katz

David A. and Elizabeth H. Lee M

Johng K. Lim M

Judith L. Maccanelli

David J. and Esther G.
McLaughlin

Bradley L. Olson

Sandra K. Rosenberg and
James E. Liston Jr.

Russell J. and Nina M. Rothman M

Orlando R. and Gloria T.
Ruschmeyer M

Clifford J. Steer M
Charles R. Strancke

James C. Underhill Scholarship-
Study Natural History Fund

Katherine M. Walstrom

$250 - $499

Amy R. Alpine
John S. and Rebecca H.
Anderson

Paul B. and La Vonne M.
Batalden M

Allan Baumgarten and Marilyn
Levi-Baumgarten M

Charles W. Bergevin Estate
Christina M. Bigelow M

James R. and Claudia A.
Gaasedelen

Frederick E. Goetz

Sabiha A. Gokcen M

Bruce W. and Alison S. Jarvis |l
Nancy G. Lillehei

John A. Mayo M

John H. Mc Clendon

Haile Mehansho

Cheryl L. and George G. I. Moore
James J. Moore

Bradly J. and Terry L. Narr
Valentine O'Malley M

The Pharmacia Foundation Inc.
L. E. Phillips Family Foundation
William P. Pilacinski

Anne E. Pusey M

Gerald A. and Joyce 0. Roust M
Steven J. Thompson

Heidi Thorson

C. lvar Tollefson M

Michael A. Turner M

Edward M. Welch M

Merle G. Wovcha M

Richard W. Wrangham

$100 - $249

Christine M. Ambrose

Jeffrey John Anderson

Susan H. and Kent Anderson ‘M

Bonita K. Antonsen M

Amin Arikat

Michele E. and Chris
Armstrong M

Robert A. Arntsen

Janice A. Baker

Lisa M. and Richard C. Baker M

David W. Baloga

Franklin H. and Adrienne
Barnwell

W. David Benton

Michael and Judith G. Berman M

Daniel D. Billadeau

Biogen Foundation Inc.

Amelia J. Birney

Ross A. Bjella

Julie A. Bjoraker

A. Linn and Margaret P. Bogle

Terrie L. and John E. Brandt M

Beverly A. and Robert A. Brown

D. Gordon Brown

Cindy J. Brunner M

Aaron W. Burchell

Eric W. Burton

Cargill Foundation

M membership in the University of Minnesota Alumni Association/Biological Sciences Alumni Society

Robert W. Christensen Jr.
Koo H. Chung
Paul L. Cisek
Matthew G. Coller
ConAgra Foods Foundation
Mary Connolly and

Dennis Garin M
Christopher H. Contag
Catherine L. Craig

Deanna L. Croes

Bryce A. Cunningham M

Anath and Archana Das

Mervyn de Souza and
Jennifer Seffernick M

Detroit Lakes Animal
Hospital Inc.

Lee and Susan Diekman M

Mark [. Donnelly

Ross C. Ducept

Charyl M. Dutton M

Allen E. Eckhardt

Ecolab Foundation

Jeffrey G. Ehnstrom

Mark A. Einerson M

Eli Lilly and Company
Foundation

Mark S. and Patricia J. Ellinger M

Gunnar J. and Susan J. Erickson M

Roger H. Erickson

Kathleen G. Fahey M

Milton H. Fischer M

Colleen M. Fitzpatrick and
John Griswold

Bradley W. Footh M

Ford Motor Company Fund

Blair W. Foreman

John and Janet M. Fredell M
Elizabeth M. Frieders

James A. and Sandra K. Fuchs M
Jeffrey D. Gabe

Zhangiang Liu and Dongya Gao

co
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Virginia K. Garlie M

Nancy J. Gassman M
General Mills Foundation
Emily P. Gibson
GlaxoSmithKline Foundation
“Frederick E. Goetz

Martin C. Goffinet

Margaret S. Gorbatenko
Eville and Ada Gorham
Norman R. Gould

Eric W. Green Jr. M
Juliamarie Langham Grilly
James P. Grover

Kerry B. Gunning

Perry B. Hackett

Myrna M. Halbach M

Roy H. and Susan A. Hammerstedt
Barry A. Hart

Barbara J. Hegarty

John W. Hiemenz M

Claude H. and Signe Hills
Paul W. Hladky
Hoffmann-La Roche Foundation
Ralph T. Holman M

Paul E. Huepenbecker M
Carrie J. Hunter

International Paper Company
Foundation

Paul M: Ippel M

olleen M. Jacks M

Marc K.'and Karen E. Jenkins M
Thorkil Jensen

Mr. and Mrs. Henry A. Johnsen
Martha K. and Arthur A. Johnson
Todd R. Johnson |

Patti Jo Jokich and Paul Petty
Kent H. Juffer M

John R. and Susan C. Jungck M
Larry M. Karnitz M

Mark R. Kaster

James F. Kelley

Jeffrey D: Killion

Steven R. Kirkhorn and
Mary Jo Siebenarder M

Richard J. and Patricia L.
Kirschner

Donna M. Klockeman
Jeffrey A. Kohen-M
Jeffrey R. Krueger
Carrell J. and Grenaviere Kucera
Brian L. La Plante
Pamela J. Lachowitzer
Kathryn R. Lamar. M
Bruce L. and Marjorie H. Larson'M
. Juliet Le Feuvre
/Bryan K. Lee M
David A. and Carol Lee M
Stephen K. Leenay
Leo G. Lehmicke
Jane S. Levy

Janice M. Ley

Chungui Li

Rhoda A. Liebo M
Richard W. Luecke M
Karen A. Malatesta
Steven C. Matson
Andrew J. McCullough M
Terrance D. MclLaughlin
William F. Melms M
Nancy Merrick

Mical A. Middaugh M
Palmer S. Midgett Jr.
Robert S. Mills

Steven B. Moore

Ralph 0. Morgenweck
Mark E. Myers

Leanne T. Nash

Thomas D. Nelson M
Jon E. Ness

Nestle Foods Corporation
Mary H. Nett M

Kenneth E. Nietering
Lance D. and Trudy L. Olson
Neil E. and Gail W. Olszewski
Jennifer Horn Ommen
Sam Onoda

Henry W. Park

James J. Pearson M
Robert B, Petersen M
The Pfizer Foundation

Martha M. Phillips and
Thomas K. Skelly

Richard E. and Elaine E. Phillips
Gerald W. and Kathleen F. Probst
The Procter and Gamble Fund
Larry Puckett

Frank W. Putnam

Marco Rabinovitz M

Paul E. Ramstad

Charles B. Reif M

Robert M. Resnick

Moira L. M. Richards M

Peggy J. Rinard

Rivertown Animal Hospital

Barbara A. Roach
Christopher F. Roland M
Bruce A. and Carol S. Rorem
Scott C. and Kathleen A. Rowe M
Doris S. Rubenstein. M
Mary V. Santelmann and

George A. King
Paul D. and Tamara J. Saunders M
Paul J. Savaryn M
Sidna M. Scheitat
Lolly J. Schiffman
Robert D. Schmid
Mark A. Schoenbeck
Mark T. and Jean E. Schroepfer
Fang-Miin Sheen
Robert and Elsie Shoemaker
Gary B. Silberstein' M
Thomas C. Skalbeck M
Jennifer L. St Sauver
John G. Steiert M
Shelley A. Steva
Lawrence G. Strate M
Melvin P. and Dorothy B. Stulberg
Douglas and Selene Swarson
Jean E. Takekawa
Jeffrey E. Tam

Steven W, and Jeanne M.
Tanamachi

Rasa M. Tautvydas

Brent and Amy Theisen M
Robert E. Thompson

Mark A. Tomai

Peter M. Torgerson M
David J. and Mary Tosteson
Cheng-Hsien Tsai M

Mark J. and Ann E. Vellek
Gregory A. Viglianti

Joseph S.Villa M

Thomas A. Vogelpohl M
Terence C. Wagenknecht M
William R. Wallauer

Agnes M. Walz

Kenneth F. Walz

A. Vincent Weber

William P. Wenstrom
Janice A. Westerling
Robert C. Wild

Linda L. Williams

Janice M. and Curtis M. Wilson M
Jeanette A. Wiltse

Michael P. Winegar
Winnebago United Fund
Jimmy D. Winter M

May C. Yang

Adrienne Zihlman

$0 - $99
James G. Aagaard
Almaz Abebe
Gregory J. Abler

BOLD Membership in University of Minnesota Presidents Club

Craig N. Adelmann M

Richard D. Allen M

Alliant Techsystems Inc.

American Express Foundation

Barbara K. and Carl G. Anderson

Dawn C. A. Anderson M

Lorraine B. Anderson M

Paula J. and Thomas
Andrzejewski

Patrick J. Antonelli

Carolyn W. Arndt

Atofina Chemicals Inc.
Foundation

Laura M. Auron M

Carolyn L. Bagne M

Leonard J. Banaszak M

Freshmen at ltasca Station

Margaret Johnson Barch
Jill M. and Stephen D. Barry
Barbara Ann Barzen
Leah R. Becicka
Kellie A. Benzow
Cynthia L. Bergsbaken
Paul C. Billings
Kalli-Ann L. Binkowski
Marie Blanchard
David Scott Blehert
Simba L. Blood
Janet S. Boe and

Thomson P. Soule
Gennie Bolling
Tara R. Bonde
Steven R. Boyer M
Terrie L. and John E. Brandt
Rebecca A. Brenner
Gwenda L. Brewer
Louanne S. Brooks M
Kirk M. and lone V. Brown
Maclean R. Brown Jr. M
Lakshmi R. Buddhavarapu
Diane E. Bundlie M
Monika R. and Keith D. Burau M
Gregory A. Burtman
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Ronald F. Burton

Janus D. and Cynthia A, Butcher M
David G. Butler

Thomas G. Cafarella

David D. Carlson

Debra L. Carlson

Jeffrey L. Carpenter M

Bradley E. Carter M

Kelly J. Casperson

Winston Cavert and Carol Witte M
Shin-Lin Chen

John J. Cierzan

Thomas W. Collins

Henry M. and Claudia B. Colvin
Jean Conklin

Janene M. Connelly M

Timothy W. Conner

Lisa A. and Jeffrey J. Coombe
Jane M. Cowan-Kassick

Commencement, 2004: Claudia Neuhauser,
Judd Sheridan, David Biesboer

Daniel E. Cox
Michael F. Coyle M
Wendy D. Crocker
Paul E. Cunnien
Robert G. Currie
Kevin W. Custer
Marc B. Daniels

Stephanie Jo Decker-and
Jeffrey S. Johnson ‘M

David and Wendy Devin M
Maria S. Dlott

Anthony G. Dodge M

James F. and Carole Drake Jr. M
Eric A. Drier

Milta Rabell Dudek

Mark E. and Susan Edstrom M
Phillip K. Edwards M

John A. Eelkema

David J. Elliason

Mary Kay Elnes

Judy A. Enenstein

Natalie R. Enzmann

TIM RUMMELHOFF

Priso H. Epale M

Mark K. Erickson

Scott P. Erickson

Jerome and Beth Fahrmann
Bruce A. and Susan H. Fall
Barbara J. Fealy M

James B. Ferrari

Mark L. and Tory M. Ferrey
Rebecca J. Fishel

Patricia A. Flannery

David L. Flaten

Cynthia K. Folland

Kin C. Fong

Jesse Ford

Carroll G. Forester

Laurie Zempel Forsythe

Jan Ellen Fowler M

Robert A. Fox

Greg D. Fransen M

Carl E. Frasch

William R. Fraser

Frank B. Freedman

Molly Freeman

Sherilyn C. Fritz

Preston S. and Renetta J. Gable M
Gwendolyn Markus Gallant M
Mukul C. and Aparna Ganguli M
Sarah C. Gantert M

Scott R. and Laurie A. Gauer
Karl A. Geidans

Robert J. Geraghty M

A. C. Gilby

Stuart F. Goldstein

Barbara A. Goodspeed
Robert A. Gorkin Jr.
Maryann E. Green

Craig D. Grimes

Amy R. Groszbach M
Daniel E. Guire

Jo Ellen M. Gundeck-Fahey
Lisa J. Gunderson M
Samuel I. Gunderson

Luca Gunther

Kelly Z. Hadsall M

Edgar E. Hanna Jr.

Karen A. Hansen

David C. Hanson

David A. Hanych M

John P. and Nancy K. Harvat
Edward F. Haskins

Mark D. and Joanne C. Hauge M
Barbara J. Hawkins M
Stanley E. Hedeen

Craig A. Henke

William C. and Nancy J. Henke
Curtis P. Henry M

Nancy A. Henry-Socha

Amy S. Hentges M

Michael D. Herman

Richard E. Herman

Donald R. Hickman M

Daphne W. Hill

Timothy T. Hinze.

Jennifer M. Hockenberry ‘M
Angela L. Hodgson

Ronald H. Hoess

Theodore A. and Jean M.
Hoffman Jr. M

James Martin Hogle M

Gordon L. Houk

Jennifer W. Humphrey M
Jennifer J. Hymes

Victoria L. Interrante

John D. Jackson

Douglas B. Jacoby

Julie Ann C. Jarvinen

Karen E. and Stephen F. Jensen
Melody E. Jewell M

Candace J. Johnson M

Gary D. Johnson M

Daniel V. and Karen P. Johnson
Jerome L. Johnson

Johnson and Johnson

Miles F. Johnson

Wilford F. Johnson

Julie S. Jones

Margaret K. Juckett

Jacki R. Just M

Michael J. and Mary E. Kallok M
Ari M. Kaplan

Pamela K. Kaufman M

Mary J. Kelly

Kari B. Kenefick

Philip E. Kerr

Paul A. Kettler

Shannon L. Kingsporn

David and Catherine Kirkpatrick

Todd R. and Amy E.
Klaenhammer M

M. Dean Knighton

Wolfgang Knoepfler

Arlo S. Knoll M

Julie A. Knott

Mary M. and David S. Knudsen M
Gaylord J. Knutson

William H. Kojola and Shayne E.
Dizard M

Richard V. Kowles M
Michael P. Kowski
Barbara J. Koziol
Thomas P. Krick

Penelope J. and Howard F.
Krosch

Jeffrey R. Krueger

Rodney L. and Beth Kuehn

Lisa K. Lund Kuwahara

Louis F. Lam

Roberta K. Lammers-Campbell
Paul D. Lampe M

Lawrence J. Landherr

Scott'R. Larson

Steven R. Larson M

M membership in the University of Minnesota Alumni Association/Biological Sciences Alumni Society

Phillip A. Lawonn M

Julia M. Lee

Mark Leighton

Duane and Phyllis LeTourneau M
Daniel M. Liedl M

Scott C. Likely

Erik J. Linck M

Stephen and Heather Lines M
Rebecca J. Linke

Mary Jo Lockbaum M
Thomas H. Luepke [l

Chad M. Lund

Lisa A. Lund

Timothy A. Lundahl

Daniel H. and Nancy 0.
Lussenhop

Tina M. Lyons

John W. Lyrenmann

Brenda M. and Thomas B. Lyseng
Kerry J. Macinnes M

Maple Brook Dental Center PA.

Madeleine and Rodney
Marquardt

Michael B. Martinez

Harriet G. Mason

John E. Mazuski

Judy L. McGee

Rachelle P. Menanteau

Christopher D. Mentz

Kelly R. and Peter Merriman M

Joseph B. Miller

James R. Moldenhauer M

Monsanto Fund

Bruce A. Monson and Sara L.
Langer

Moon High School Honors
Biology Classes

J. William Munger

Sarah A. Nakib

Patricia J. Neal

Deborah A. Nelson M

Douglas A. Nelson
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Omer Larson, Robert McKinnell, and Thomas Co 15, zoology grad students
at the U in the late 1950s, enjoyed a reunion this summer. All are now retired

-- Larson from University of North Dakota, Grand Forks; McKinnell from
CBS; and Collins from Moorehead State. McKinnell salvaged the sign when
Zoology became part of Ecology, Evolution, and Behavior in 1976.

Timothy R. Nelson M
Jennifer K. Nevison M
Kevin R. Nickelson
Kevin J. Niemi M
Mazal Nissim-Gralnek
Rodney C. and Carol A. Nord
Richard H. Northrup
Beth Nelson Null M
Robert M. and Carolyn J.
O'Brien M
irk M. and Alice S. Odden M
Amy Oganeku
Ann M. Olson
Dawn M. Olson
Douglas J: and Mary T. Olson M
Erin C. Olson
Kristine D. Olson M
Lance D. and Trudy L. Olson M
Leslie K. Olufson
Thomas G. Osimitz
Christine and David Ostendorf
Gretchen L. Oswald M
George P. Papadi
Jay R. Parlet
Jean G. Parodi
Thomas M. Pattison
G. R. Paulu-and J. Quast Paulu
Robert J. Pawlosky
Karen S. Pawlowski
William R. Peglow M
Indre J. Pemberton
Dale W. Perman
Elissa Peters M
The Pfizer Foundation
iane C. Pietig
/Douglas A. Plager
Diana M. Rocha Plaster
Nancy J. Poindexter
Douglas C: and Beverly A. Pratt M
William J. Prem
Lisa B. Rachwal

Anne L. Raich M
Kent M. Reed M
Theresa R. Reik
John J. Reiners Jr.
Joshua R. Rhein
Timothy I. Richardson
William P. and

Charlotte M. Ridley
Gerald Rilling
Donna S. Robbins
Timothy H. Robinson
Michael B. Robinson
Robert D. and Lori G. Roettger
Louise A. Rollins-Smith
Paul Rooprai
H. Gerritt Rosenthal
Kyle M. Ruesch M
Leonard L. Saari
Chris and Brittany J. Sabol M
Michael Salvati
Marcy C. Salzer
Thien N. Sam
Thomas E. Sauber M
Scott Saunders
Michael J. Scanlan
Meegan M. Schaeffer
Mika A. Scharber
Susan V. Schauer
Alison E. Schini
John W. Schmalz
Christine C. Schoenbauer
Christopher L. and Janet L.

Schottel
Richard F. Schroeder

Martin W. and Rhoda J.
Schularick

Steven J. Schuur M
Marcia K. Schuyler M
Lisa M. Schweizer M
Tina Seeland M

Allen V. and Sandra H. Seitheimer
Michelle I. and Dale Setterholm

Lisa L. Shafer

Michael J. and Debra J.
Shane M

Robert A. Sharrock

Bianca Williamson Shaw and
Joe Shaw

Laura A. Sikkink M
Gregg D. Simonson
Sara M. Simpson
Satinder K. Singh
Lesli R. Smith

Lynda K. Smith

Val and Marilyn Smith M
Arnold W. Sodergren
James V. Soldin Il M
Lindsay M. Sovil
Sandra L. Spier

St. Jude Medical Inc.
Jan E. Steier

Kenneth L. Stein M
Bret M. Steiner M
Cynthia A. Steinke
Linda Stenzel

Shelley A: Steva M
Linda K. Stevenson
Jeffrey M. Stewart
May T. Stewart
Michael K. Stock

Jay A. Stoerker
Steven M. Stone

Diane R. Storvick
John T. Stout

Gary A. Strand

Jami R. Stromberg
Constance S. Stueland
Larry B. Sundberg
Paul N. and Beverly Swenson
Violet E. Swenson
Brett M. Tanttu

Paul E. Tavernier
Michael and Kathleen Tekautz M
Dennis N. Thaden
Marcia M. Tholen M
Margaret L. Thomas

CBS ear—nd Picnic, Senior Class photo

Mari C. Thomas

Michael G. and Joan E. Thomas

Randall M. Thompson

Scott R. Thulien

R. Thomas Tilbury

William A, Tisel M

Peter D. Tomascak

John D. Trawick M

Elizabeth J. Tuohy

Genevieve M. Tvrdik

Robert M. Valente M

Todd M. and Jill M. Vannelli

Robert S. Veit M

Scott Q. and Brigitte Vidas M

Carolyn R. Vitek

James Walker and Randi
Nordstrom M

Margaret M. Walker

Mary F. and C. Stewart Walker

Patricia M. Walsh and
Dale Hoover

Waters Corporation
David C. Watrous-McCabe
Jane M. Wattrus

Jeffrey T. Wedin

Eileen M. Welna M

Jane I. Wenger M

Bruce A. Werness M
Deborah A. Whitcomb
David and Julie Wicklund
Michael K. Wiedell

C. Robert Wikel

Brian W. Woo

Sara Woodard

Jessica Jane Wormley M
Daniel S. Wovcha
Elizabeth A, Wroblewski
Judith L. Wulff

Brent L. Wyrick

Zhaohui Xu

Jerry F. Zelesnikar

JilL L. Zullo

Thomas H. Zytkovicz

BOLD Membership in University of Minnesota Presidents Club
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“When You Invest in Scholarshlps...

You help keep the
"~ U of M affordable.

Annual undergraduate
... expenses at the U of M

Fall Fest ‘ . . are about $17,000 for
?ftgézer;gomﬂlp - Minnesota residents. A
 St. Paul Campus . - student would have to
work more than 60 hours
a week to cover these
costs. Compare this with
1970, when students
needed to work only 24
hours to cover expenses at an average public university.

TIM RUMMELHOFF

‘ Sporfs Pawllon
[adjacent to

e Arena] . You keep talented students in Minnesota.
- University Avenue

. - Food t:ckets wxll be - More than half of our students stay in the state after they graduate. They become

our teachers, physicians, company founders, and community leaders. Scholarships
are an investment in Minnesota.

You encourage students to do their best.
U of M students with scholarships maintain good grades, become involved in activities,
and graduate on time at a rate up to 35 percent higher than other students.

The U of M Scholarship Drive, which seeks to raise $150 million to increase the
number of scholarships by 50 percent, is the largest in Minnesota history. Make a

$50 gift to the Annual Fund or double the impact of your gift by contributing
$25,000 or more for an endowed scholarship through the President’s Scholarship
Match.

- . To make a gift, use the envelope inside BIO, go to www.giving.umn.edu, or contact
- 624 4770 or ejo}wnsto(acbs umnedy . Ames Sheldon, CBS Development Director, at 612-624-9460 or sheldo57@umn.edu.
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ewable Energy
the ENvironment

Core Values

Collaboration

Scholars and researchers involved with IREE include chemists, engineers,

ecologists, biologists, agronomists, economists, architects, and policy experts.

interests in finding environmentally and economically

Leveraging Resources

We attract support from state and federal government and private industry.
We forge strong external partnerships to leverage financial resources to
their best advantage and to position Minnesota as a leader in the renewable

energy economy.

Impact

Our focus is on research and technology development that carry the

potential for significant, long-term environmental and economic benefits for
Minnesota. We also emphasize commercializing short-term solutions to

immediately use renewable energy options like wind and solar energy.




LETTER FROWM THE EXECUTIVE COMMITTEE CHAIR

I’s rare for advances in basic science to align with society’s most critical
needs. But that’s what's happening with remewable energy and materials.
Scientists are acguiring the iools to use hydrogen, enzymes, and biomass (o
create renewable fuel and biodegradable plastics just as the world’s huili-in
gas tank is dropping to empty and the environment is reaching the limi of petro-
lewn waste products that it can assimilate.

Here in Minnesota we have all the elements at hand to make the most of this

“Dur intention was to

opportunity: world-class experts in chemical engineering, biochemistry, agriculture, envi-
use our resources to ronmental sciences, and other key disciplines; an abundance of natural resources; and
attract a broad spectrum enthusiastic partners in state agencies, industry, and non-profit organizations. Thus it's not
of expertise within and surprising that we have accomplished so much in the year since the University’s Initiative
outside of the University for Renewable Energy and the Environment (IREE) was formed and funded with $20 million
to address the problems from the state and Xcel Energy. Nor is it surprising that we feel so optimistic about

the future.
and potential of

When we organized IREE, our intention was to use our resources to attract a broad

sl 2 . s . N
renewable energy. That spectrum of expertise within and outside of the University to address the problems and

has succeeded beyond potential of renewable energy. That has succeeded beyond our expectations. Within the
our expectations.” University, we have been joined by scientists of all kinds, engineers, ecologists, architects,
and public policy experts. Our partners outside of the University include the Department of
Agriculture, the Science Museum of Minnesota, major corporations such as Xcel Energy,
Cargill, and 3M, Energy Alley and the Minnesota Environmental Initiative, heads of large state growers’ associations,

and leaders of smaller rural and environmental organizations.

The creative energy generated by such a diverse and committed group will lead us to new and unimagined
places. You can get a glimpse of that among the research projects funded by IREE to date: the use of common
bacteria to generate electricity and hydrogen; a softball-sized hydrogen reactor that could supply power for a home;
and a solar-powered stove, to name a few.

In every sense, IREE is a “win-win-win” situation. It's good for energy security, the environment, and the econ-
omy. It has attracted supporters with very different political views. And it is very much aligned with the interests of
our students at the University of Minnesota. Our efforts now will create a better world and jobs for them, and for
future generations. There's something in IREE that everyone can feel good about.

I would like to thank everyone who contributed to IREE during this first year. We can achieve so much more

by working together than we can individually. We are off to a strong start. And our future is bright.

Robert Elde
Chair, Initiative for Renewable Energy and the Environment

Dean, College of Biological Sciences
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LETTER FROM THE DIRECTOR

Wow! What an incredible journey? That pretiy much sumnarizes my thowughts

as [ wrile this preface to IREE’s first annual report. The development of IREE

has been a significant event in the history of the University of NMinnesota and
hope, the state of Minnesota. I'm reminded of the advice my dad gave while
facing endless rows of corn still awaiting the two-row manual-lift cultivator on our Super
H Farmall tractor... “Don’t just look at the rows that are left. Look back once in a while,

and see what you've gotten done!” So, while it's tempting for me to focus on the issues

“lPvwe found this effort to

and challenges that remain ahead of us, it is important to pause and reflect on some
significant accomplishments for the first year of IREE’s existence. be a magnet, hoth for

This annual report highlights some of the research efforts underway, but | should new converis to these
point out the significant efforts and discussions that have gone into the development of issues and for many

the IREE mission statement, principles that guide our funding processes, and the mech-

] people who have been
anisms by which we solicit and award funding. We've invested significant efforts to bring
to life the core values which guide our work: COLLABORATION, PARTNERSHIPS,  ‘irélessly pursuing these
LEVERAGING our resources, and having an IMPACT on Minnesota’s renewable energy goals for decades?’
future. Our clusters of activity focus not only on technological advancements, but also on

incorporating economics, policy, and environmental considerations. We've worked hard to reach out, both

within the University and to the broader community to bring together the best and brightest minds to advance
our goals of reducing our dependence on nonrenewable, fossil fuel-based sources of energy and products,
promoting economic development, and improving the health and sustainability of our global ecosystem.

I've found this effort to be a magnet, both for new converts to these issues, and for many people who
have been tirelessly pursuing these goals for decades. As I've often stated, this renewable energy business is
an idea whose time has come—again.

One of our major objectives is to put Minnesota on the map as a place where these ideas, technologies,
and advances take root and flourish. We have made good progress in our first year, but significant challenges
and opportunities lie ahead. We need to continue to develop our partnering and collaborative efforts. We need
to strive towards sustainable funding for this important initiative. We must press forward on communicating our
results. And most importantly, we must ensure our efforts lead to a brighter renewable energy future, not just
for Minnesota, but for the nation and the world.

Finally, I'd be remiss if | didn’t thank many colleagues here at the University; members of the Working Group,
the Executive Committee, the IREE staff, and numerous faculty who've engaged in this work. Also, my thanks

to countless numbers of individuals across this state who have helped in many ways to shape this initiative.

Richard (Dick} Hemmingsen

Director, Initiative for Renewable Energy and the Environment




DEMOCNSTRATION

PROJECT S

IREE is committed to demonstrating the applica-
bility of new and emerging renewable energy
technologies. As these technologies, practices, and
approaches are being developed, demonstration
projects in both the public and private sectors are
underway. These projects are necessary o explore
applied research questions and optimize the tech-
nologies involved.

The University of Minnesota Renewable Energy
Research and Demonstration Center at Morris is a collabo-
rative project of the West Central Research and Outreach
Center (WCROC), the University of Minnesota-Morris
(UMM), and IREE. The project has two primary objectives:
1) to provide a model for rural communities and agricultural
producers to integrate renewable energy systems
into their economies, and 2) to establish systems
research that provides information to stimulate
the renewable energy industry.

The first phase of a hybrid wind energy
system at WCROC is the construction of a 1.65 mega-

watt wind turbine, which will be completed in March of
2005. This has created the possibility of developing a unique
wind-to-hydrogen demonstration and research platform
with leveraged funds from the Legislative Commission on
Minnesota Resources. Additional partners include the Upper
Midwest Hydrogen Initiative and its member companies,
. Windust and the National Renewable Energy Laboratory.

‘ emonstration project funded by IREE is a
and cooling system at UMM. IREE
funds: to the UMM bonding bill
gasification demonstration
completed, this plant-scale

nt of the campus’ heating

and cooling needs. In addition to being a model for commer-
cial application of biomass in heating and cooling systems,
the facility will also enable University of Minnesota research
to address important collection, processing, and storage
issues, enable improved permitting, establish best manage-
ment practices to ensure environmental sustainability of
biomass systems, and provide valuable information on the
economic impact of using biofuels on rural economies. The
Agricultural Utilization and Research Institute and Minnesota
Corn Growers Association are partners in this project.
Additionally, IREE supported the development of the
Prairie Maze project at the Science Museum of Minnesota.
This project is focused on demonstrating the principles

related to obtaining renewable energy from biomass.

When completed, this plant-scale project will
provide up to 80 percent of the campus’ heating

and cooling needs.

IREE also supported the completion of a unique
solar-hydrogen fuel cell demonstration at Rapson Hall in
the College of Architecture and Landscape Architecture on
the University’s Twin Cities Campus. Partners on this pro-
ject include Xcel Energy and the Minnesota Office of

Environmental Assistance.

Work on demonstration projects is being conducted by Greg
Cuomo, West Central Research and Outreach Center; Lowell
Rasmussen, University of Minnesota-Morris; Vance Morey,
Department of Biosystems and Agricultural Engineering, and
Louise Goldberg and John Carmody, Sustainable Building

Research Center.

BLE

ENERGY AND THE

ENVIRONMENT




BIOENERGY AND BIOPRODUCTS

Minnesota possesses significant natural re-
sources for the production of both large quantities
and a wide variety of biomass. Biomass can be
converted into energy or products using a variety
of means, including biocatalysis, biorefining, and
fermentation. Scientific and technological ad-
vances are needed in order for biobased renew-
able sources to replace fossil fuel-based sources.

This cluster is designed to bring together re-
searchers along the farm- or forest-to-product continuum
and promote multidisciplinary work. Upstream research
in this continuum includes work on crop improvement.
Professors Sue Gibson, Department of Plant Biology, and
David Somers, Department of Agronomy and Plant
Genetics, are using genomic tools to manipulate carbon
partitioning in model plant systems such as Arabidopsis
thaliana, with the ultimate goal of increasing crop yields
for biofuels and bioproducts. Other cluster projects focus
on the optimization of biomass production from hybrid
poplar, alfalfa, and willow—all potential regional
resources for bioenergy and bioproducts. Cluster leaders
are partnering with numerous government, non-profit,
and industry organizations on this work.

The next stage in the continuum involves pro-
cessing, separation, and isolation steps. Professor Roger
Ruan in the Department of Biosystems and Agricultural
Engineering is working on the biorefining concept for the
corn industry. The model will utilize corn to produce
ethanol fuels, energy to run the plant, and value-added
byproducts such as protein isolates, lipids, and biopoly-
mers. Professor Ruan is also working with Professor

David Kittelson in the Institute of Technology to improve

methads for biodiesel production from cr
work is being conducted in collaboration with industry
and other organizations, such as Agriquest Development -
Co., Inc, the Agricultural Utilization Research Institute
(AURD, and TME Industries Limited.

The model will utilize corn fto produce ethanol fuels,

energy to run the plant, and value-added byproducts.,

Finally, University of Minnesota researchers are
working at the end of the continuum, focusing on the
properties of bioproducts and their uses. These projects
include the use of biomass-derived oils in gas turbine
engines, the kinetics of poly-lactic acid degradation in
the environment, and the synthesis and properties of
polyesters using bio-based building blocks. These projects
are also being done in collaboration with external groups, |
such as AURI, Cargill, Inc., and Cargill-Dow. ‘
This cluster continues to devise and conduct
research at the cutting edge of science, while anchoring
such work through partnerships to bring bioenergy and

bioproducts to the market.

This cluster is co-led by Roger Ruan, Department of
Biosystems and Agricultural Engineering, Donald Wyse,
Department of Agronomy and Plant Genetics; Donald
Fosnacht, Natural Résources Research Institute; David
Kittelson, Department of Mechanical Engineering; and
Larry Wackett, Department of Biochemistry, Molecular
Biology, and Biophysics.




HY DRGOGEHK

Minnesota is exploring the increased utilization of

hydrogen—the simplest and most abundant element
in the universe—as a carrier of energy for electric,
heating, and transportation needs. The generation,
storage, transport, and utilization of hydrogen are all
research challenges. Research opportunities include
conversion of wind resources to hydrogen, conver-
sion of biomass feedstocks grown specifically for
conversion to energy and products, and improve-
ments in scalable fuel cell technologies. The goal is
to be able to produce hydrogen cleanly, efficiently,
and affordably from domestically available renew-
able resources.

A research group led by Regents Professor Lanny
Schmidt in the Department of Chemical Engineering and
Materials Science has found a way to convert ethanol-water
mixtures directly into hydrogen with high efficiency in small,
compact chemical reactors. Professor Schmidt's results
suggest that ethanol may be a suitable liquid for electricity
generation. Ethanol is easily produced from corn, is safe and
transportable, and is non-toxic. It can be used in portable and
distributed applications with little infrastructure change. The
system produced is capable of generating sufficient hydro-
gen for a one kilowatt fuel cell and is about the size of a per-
son's hand. The resuits were published in the February 13,
2004 issue of Science magazine. Research related to this
process is being supported by IREE and the Minnesota Corn

Growers Association.

Professor Michael Flickinger in the Biotechnology
Institute, and colleagues in the Department of Chemical
Engineering and Materials Science, the University of lowa,
and the National Renewable Energy Laboratory in Golden,
Colorado are experimenting with encapsulating phototroph-
ic bacteria in latex films. The cells produce hydrogen when
they are exposed to light. The goal of this research is to
develop bacterial fuel cells that convert organic waste and
sunlight into hydrogen and electricity.

Professor Bill Smyrl in the Department of Chemical
Engineering and Materials Science is developing improved
catalysts and electrode structures to improve the perform-
ance of fuel cells for the conversion of hydrogen and other
biofuels to electricity.

Professor Kent Mann’s research group in the Depart-
ment of Chemistry and colleagues from Argonhe National

Laboratory and Dalhousie University ar

Mechanical Engineering. "k

The goal is to he able to produce hydrogen cleanly,

4
|
i
4
|

efficiently, and affordably from domestically available

renewable resources.

4
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k Conservation and efficient utilization of énergy in
ildings, industry, and transportation are impor-
tant. Research efforts are currentlyk:fbrcilising on
developing and integrating efficient ‘k‘systkems for
energy generation and conservatki‘okh. Further
development of efficient and cost-effective wind
and solar-based energy systems are also part of
this effort.
A team of University researchers and external part-
ners was recently awarded a three-year, $1.5 million
grant from the Department of Energy (DOE) to develop an
innovative residential roof. The primary objective of the
work is to create a more energy-efficient building enve-

lope. The one-piece modular roof panel will be self-sup-

porting and will have a number of improvements over
existing technology. These improvements include an R-
value 20% greater than that required by the 2003
International Energy Conservation Code; reduced infiltra-
tion and moisture condensation; and integrated heat
recovery, photovoltaics and solar hot water collectors.
This innovative approach to roof construction will elimi-
nate the need for additional roof support and will provide
conditioned space for HVAC equipment and storage.
The project was initially supported by IREE as a seed
grant to Professors Jane Davidson and Susan Mantell in
the Department of Mechanical Engineering, and Director
John Carmody and Senior Research Associate Louise
Goldberg of the Sustainable Building Research Center.
The seed grant allowed the team to work with Pulte

Home Sciences and General Electric Advanced Materials

o conduct preliminary analyses of various concepts. In
turn, this work led to a short-term feasibility project fund-
ed by IREE and the Oak Ridge National Laboratory. The

newly awarded DOE grant, which is cost-shared by
IREE, the Institute of Technology and the College of

Architecture and Landscape Architecture, has just begun.

A team of University researchers amnd external
partners was recently awarded a three-year, $1.5

million granmt from the Department of Emergy to

develop an innovative residential roof.

In another project led by Professor Davidson, a team
of University faculty and students is collaborating with
scientists at the National Renewable Energy Laboratory
(NREL), two U.S. solar manufacturers, and several poly-
mer manufacturers to develop a new type of solar water
heating systerﬁ made primarily of polymeric materials.
The replacement of glass and metal components with
plastic is expected to reduce the costs of hardware,
shipping and installation, and make solar water heating
more affordable. This research addresses some of the
key challenges in using polymers in solar systems. It is
aimed at assuring high thermal efficiency and appropri-
ate selection and testing of candidate polymer materials.
IREE has provided matching funds for this project, which
is also supported by a grant from NREL.

This cluster is co-led by John Carmody, Sustainable Building
Research Center; Greg Cuomo, West Central Research and
Outreach Center; Ned Mohan, Department of Electrical and
Computer Engineering; énd Jane Davidson, Department of

Mechanical Engineering.




POLICY, ECORDODMICS, AND ECOSYSTEMS

kare‘éls.; Aki‘kéy cdmponent of IREE’s mission is eco-
nomic development and sustainable, healthy, and
diverse ecosystems. Policy considerations and
incentives for development are central to move-
ment toward an economy based on renewables.
While many alternative sources of energy are techno-
logically possible, whether or not they are economically and
environmentally desirable requires consideration of the full
cost of energy use. Environmental costs are not reflected in
market prices. These costs include the human health and
welfare impacts caused by residual air, water, and solid
waste emissions; the impacts of climate change tied to
emissions of greenhouse gases; and ecological changes
from land use and nutrient cycles. One IREE project inves-
tigates methods to calculate the full cost of energy use, var-
iously called full cost accounting or life-cycle cost analysis.
Professors David Tilman of the Department of Ecology,
Evolution, and Behavior and Steve Polasky of the

Department of Applied Economics are leading this effort.

the Great Plains Institute for Sustainable Development, are
investigating the economic and policy issues associated
with obtaining ethanol from native grasses. In another, pro-
fessors and students in the Carlson School of Management
are working with researchers in the Institute of Technology
to understand the business and public policy dimensions of
bringing alternative vehicles to the market.

The University is partnering with Minnesota Environ-
mental Initiative's Energy Alley to identify research priorities
for the state and region. One of these priorities lies in
biomass research and development. The University of
Minnesota has great strengths in agriculture, biocatalysis,
and bioprocessing. In this context, investigators from many
colleges and departments are teaming up with external
organizations, such as state government, industry groups,
and non-profit organizations, to design and develop sys-
tems for the use of sustainable fuels from biomass. Through
this cluster, IREE research and development is grounded,

leading to real-world applications of science and technology.

This cluster is co-lead by Kenneth H. Keller, Center for
Science, Technology, and Public Policy; David Tilman,

Department of Ecology, Evolution, and Behavior; and Steve

i i i i i r devel mnt
Policy considerations and incentives for developme Polasky, Department of Applied Economics,

are ceniral to the application of renewable emnergy
technologies and movement foward an econemy based

on renewables.

Projects in this cluster reflect IREE's core values of

partnership and are by nature interdisciplinary. In one project,

University students and researchers, in collaboration with
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INVESTMENT PRINCIPLES

Investment principles
and how funds have been used

IREE funding is utilized to produce cutting- Distribution of IREE Fumnds: $1.2 million
fis1 *

edge integrative research and demonstrations By Area of Activity

leading to the advancement of the initiative’s Bioenergy and Conservation and Efficient

Bioproducts: 36% Energy Systems: 37%

mission, goals, and objectives. We have framed , ;
Policy, Economics and

Ecosystems: 12%

the following investment principles. Funded Hydrogen: 15%

activities will:

be consistent with our mission;
# be multi-disciplinary;
# be highly leveraged;

# capitalize on unique or potential University
strengths, opportunities and faculty expertise;

# address clear and compelling societal needs
and opportunities;

# be balanced between proposals with short-term *Does not include Demonstration Projects of $2.9 million
and long-term impacts.

Matching Funds: $3.0 million
By Source

IREE Funds: 15% Other/Private: 2%

Other University of Government
Minnesota Funds: 4% Agencies: 79%




' Pre-design/Economic Modeling

Soliéit Construction Manager at Risk/UMM
BiolVassDistrict Heating Alternative

Power Purchase Agreement/RFP for 2 Wind Turbines
Turbine Purchase Submitted

JMRER&DC-Morris Coordinator Position
re-design/passive Solar Building Addition

_ Biomass Feedstock Engineering-Densification
‘and Moisture Management

Solar/Hydrogen Fuel Cell Project

Catalysts and Electrode Structures for
Electrochemical Oxidation

‘ Refbrming Ethanol and Biodiesel to Produce Hydrogen

‘ InVestigation of Composite Coatings for Photo Biochemical
kGeneraktionof Hydrogen from Carbohydrates

The Study of Photoelectrochemical Processes

for Hydrogen Production

Production of Bic-energy and Bio-products
from Alfalfa and Willow

Development of a Biorefining Model for Corn Processing
Functional Genomics of Bacterial Energetics

. Using Genomics Tools to Manipulate Carbon Partitioning
to Increase Crop Yields of Biofuels and Biobased Products

Genetic Basis of Biomass Accumuliation in the
Model Plant Arabodopsis thaliana Grown in
Ambient and Elevated CO2 Environments

Making Biodiesel from Crop Residues

Combus‘tion Studies of Biomass-Derived Oil Sprays
Moiéture Degradation Kinetics of Poly Lactic Acid
(PLA) Products

_ Development of Research Infrastructure for

Hybrid Pbplar Biomass Production in Minnesota

‘ Synthesis and Properties of Polyesters Using

Gregory Cuomo

Lowell Rasmussen

Gregory Cuomo
Gregory Cuomo

Gregory Cuomo

Vance Morey

Louise Goldberg
John Carmody

William Smyrl

Lanny Schmidt

Michael Flickinger
L.E. Scriven
Lanny Schmidt

Kent Mann

Gregg Johnson
Dean Current

Roger Ruan
Gary Fulcher

Arkady Khodursky
Jim Cotner

Sue Gibson
David Somers

Peter Tiffin
Peter Reich
Ruth Shaw

Roger Ruan
David Kittelson

Paul J. Strykowski
Kenneth Bickel

Shri Ramaswamy

Bill Berguson
Don Riemenschneider
Gregg Johnson

West Central Research and Outreach Center

UMM- Morris Plant Services Administration

West Central Research and Outreach Center
West Central Research and Outreach Center

West Central Research and Outreach Center

Biosystems and Agricultural Engineering

Center for Sustainable Building Research
Center for Sustainable Building Research

Chemical Engineering and Materials Science

Chemical Engineering and Materials Science

Biotechnology Institute
Chemical Engineering and Materials Science
Chemical Engineering and Materials Science

Chemistry

Southern Research and Outreach Center
Forest Resources

Biosystems and Agricultural Engineering
Food Science and Nutrition

Biotechnology Institute
Ecology, Evolution, and Behavior

Plant Biology
Agronomy and Plant Genetics

Plant Biology
Forest Resources
Ecology, Evolution, and Behavior

Biosystems and Agricultural Engineering
Mechanical Engineering

Mechanical Engineering
Mechanical Engineering

Bio-based Products

Natural Resources Research Institute
Forest Resources
Southern Research and Outreach Center

Marc Hillmyer Chemistry
3-hydroxy Proprionic Acid (3HP) William Tolman Chemistry
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Renewable Roof for Residential Buildings

intelligent Building Control with Renewable Energy Sources

-and Distributive Passive Wireless MEMS Sensors

Integrated Building Systems for Energy Efficiency
_ and Renewables

“ prplication of Hybrid Wind-Solar Electricity
- Generation in Western Minnesota

_Sustainable Fast-Sourcing Systems for Biomass
- Energy Production: Two Minnesota Case Studies

Energy From Grass: Summarizing and
Disseminating Directed Class Research

Full Cost Accounting of Renewable Energy Systems

Clean Energy Research Teams (CERTS)
Bringing Energy Efficient Hybrid Vehicles to Market

Vélue Added Technologies for Utilization
of Crop Bio-products and Residues

- Next Generation Solar Heating Systems
Energy Efficient Roof and Attic System

__ Advanced Energy Efficient Roof System

. Renewable Hydrogen and Chemicals from Ethanol

__ Science Museum of Minnesota’s Prairie Maze:
_A Demonstration Project on Renewable Energy
nd the Environment

_Investigation of a Thin-Multi-Layer Latex Coating
Photobioreactor for Optimal Light Absorption and
Hydrogen Evolution using Non-Growing
dopsuedomonas palustris Nlutants

_Energy Alley Research Workgroup

PHA-Large Scale Production of Polyhydroxalanoic Acid

Jane Davidson
John Carmody
Susan Mantell

Rajesh Rajamani

Thomas Kuehn
John Carmody
Jane Davidson
Louise Goldberg

Frank Kulacki

Nicholas Jordan
Dean Current

Doug Tiffany
Steve Taff

Steve Polasky
David Tilman
Jennifer Kuzma

Lissa Pawlisch

Alfred A. Marcus
David Kittelson

Roger Ruan

Jane Davidson
Susan Mantel
Lorraine Francis

Jane Davidson
Susan Mantel
John Carmody

Jane Davidson
Susan Mantel
John Carmody
Louise Goldberg
Patrick Huelman

Lanny Schmidt
Friedrich Srienc

David Tilman
Donald Wyse

Michael Flickinger
L.E. Scriven

Robert Elde

Richard Hemmingsen

Mechanical Engineering
Center for Sustainable Building Research
Mechanical Engineering

Mechanical Engineering

Mechanical Engineering
Center for Sustainable Building Research
Mechanical Engineering
Center for Sustainable Building Research

Mechanical Engineering

Agronomy and Plant Genetics
Forest Resources

Applied Economics
Applied Economics

Applied Economics

Ecology, Evolution and Behavior
Center for Science Technology and
Public Policy

Regional Partnerships

Carlson Strategic Management/Organization
Mechanical Engineering

Biosystems and Agricultural Engineering

Mechanical Engineering
Mechanical Engineering
Chemical Engineering and Materials Science

Mechanical Engineering
Mechanical Engineering
Center for Sustainable Building Research

Mechanical Engineering

Mechanical Engineering

Center for Sustainable Building Research
Center for Sustainable Building Research
Bio-based Products

Chemical Engineering and Materials Science
Biotechnology Institute

Ecology, Evolution and Behavior
Agronomy and Plant Genetics

Biotechnology Institute
Chemical Engineering and Materials Science

Biological Sciences
IREE
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re values is collaboration. With
- hosted or co-hosted numerous outreach
‘e“past year. The IREE workshop series is
omote interaction and learning among local,
nd international experts and stakeholders on
and research in renewable energy. As an example of
series, Dr. Lynn Orr, head of Stanford’s Global Climate
nergy Project, visited the University to give a seminar
lobal climate change and carbon sequestration. In
EE's formative stages, the University's Center for Science,
hnology, and Public Policy hosted a public input meeting,
ing which leaders from industry, government, and the
n-profit community discussed ideas for how IREE should
€ organized and operate.
IREE has co-hosted larger workshops with Minnesotans

for an Energy Efficient Economy and the Minnesota

Idluwstey

Agriquest Development Co.

Blue Earth River Basin Initiative
Biorefining Inc.

Cargill

Cargill-Dow

Cardinal Glass Industries

Cummins Power Generation

Davis Energy Group, Inc.

Delphi Automotive Systems

District Energy, Saint Paul

DuPont

Entegris Fuel Cells

Fafco, Inc.

GE Plastics

Generation Il Ethanol

Great River Energy

Honeywell

Institute for Agriculture and Trade Policy
Kraus Global

Land O’ Lakes

Lindquist & Vennum

Moorhead Public Service Utility
Material Productivity, European Environment Agency
Minnesota Building Research Center
Minnesota Corn Growers Association
NGP Power-LFG Processing/NGP Power
Praxair

Pulte Home Sciences

Sebesta Blomberg & Associates, Inc
Solvay Advanced Polymers

Stuart Energy-Canada

Technology North

TME Industries Limited

Windustry

Xcel Energy

3M

Environmental Initiative's Eneréy Alley. One of these events
was designed to inform legislators about Minnesota’s renew-
able energy programs and discuss public policy challenges
with them. Another event focused on research directions for
the state of Minnesota.

IREE has organized visits with DOE, NREL and USDA
officials and University faculty to exchange information and
explore possible collaborations. IREE staff and researchers
meet regularly with numerous community leaders, experts,
and stakeholders.

IREE continues to reach out to the community and
design workshops, seminars, and other activities to encour-
age bi-directional learning and communication.

Past and upcoming IREE events can be found on the
IREE website: http://www.iree.umn.edu

Universities and Higher Education
Dalhousie University, Canada

Drexel University in Philadelphia, PA

Fond du Lac Tribal College, Cloquet, MN
lowa State University, Ames, |A

South Dakota State University, Brookings, SD
State University of New York, NY

University of lowa, lowa City, IA

University of North Dakota, Grand Forks, ND
University of Wisconsin, Madison Wi

External Organizations

Argonne National Laboratory

Agricultural Utilization Research Institute

Clean Energy Research Teams

Electric Power Research Institute

Great Plains Institute for Sustainable Development

Legislative Commission on Minnesota Resources

Minnesota Department of Agriculture

Minnesota Department of Commerce

Minnesota Department of Employment and Economic
Development

Minnesota Department of Natural Resources

Minnesota Environmental Initiative

Minnesota Hydrogen Initiative

Minnesota Logger Education Program

Minnesota Office of Environmental Assistance

National Renewable Energy Laboratory

National Science Foundation

Oak Ridge National Laboratory

Science Museum of Minnesota

U.S. Department of Agriculture

U.S. Department of Defense

U.S. Department of Energy

Upper Midwest Hydrogen Initiative
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B These majestic white
pines are located along the
historic Gunflint Trail in
northeastern Minnesota and
serve as a gateway to the
pristine, one-million acre
Boundary Waters Canoe
Area Wilderness. This
unique area of boreal forest
and interconnected lakes
and waterways has been
preserved so that future
generations might appreci-
ate its magnificent natural
beauty and experience the
intricate relationship of nat-
ural systems within its com-
plex ecosystem. The visual
impact of the white pines is
striking and helps one focus
on what lies ahead. The
BioTechnology Institute is a
gateway to the world of
biotechnology and all that it
entails at the University of
Minnesota.

Produced by the BioTechnology Institute. Design by Tim Montgomery / montytj @worldnet.att.net




LEADERSHIP IN

Biotechnology

ur name has changed from Biological Process Technology Institute (BPTI) to the

BioTechnology Institute (BTI). The BPTI name served us well for 17 years, but
the new name is more inclusive of our wide range of activity in areas such as metabolic
pineering / microbial physiology, biocatalysis, biomaterials, bioremediation, biosen-
's, combinatorial biology, population dynamics, proteomics, and bioinformatics,
which all fall under the broad umbrella of biotechnology.

The Institute’s cross-disciplinary, intercollegiate structure positions it as a convenient
gateway to biotechnology at the University of Minnesota. As reflected in our logo, our
mission is to:

e Provide Professional Training
e Conduct Innovative Research
e Provide Resources for Industry

Since the last report in 1998, there has been significant p0s1t1ve change within the
Institute that reflects, to some extent, the explosion of interest and act1v1ty in the vari-
ous aspects of biotechnology as we enter the era of genomics and proteomics. In the
past three years we have focused on improving our physical and personriel resources to
better assist both faculty and industry in translating laboratory discoverie
M proof of principle stage at pilot plant scale. More detaﬂ 18 prov1ded i
itled Outreach.

Research activity continues at a significant level thh each faculty member receiving
an average of $364,000 per year in grants, and with the combined activity of Institute
faculty generating $550,000 in indirect cost recovery thls past year. A further indication
of the high quality of faculty research is the second compet1t1ve renewal of the prestl—
gious NIGMS grant. This grant provides $2.2 million over a 5-year period Wthh trans-
lates to support for 16 Ph.D. candidates yearly

Start-up biotechnology companies can now utilize the new ‘Biotechnology Incubator
Laboratories that provide physical space and access to services. avallable in CBS’
Biodale. Since inception in January 2001, the space has been fully ribed by a mix
of faculty and industrial entrepreneurs. Interaction between the biote hhology industry
and faculty has been enhanced by the initiation of Umversrty of N o
Biotechnology Networking meetings. The expectatlon is that these efforts W111 stimu-
late growth of biotechnology in Minnesota. ~ V .

this report, you will see how we are progressing in our effort to prov1de the state of
nnesota with a strong and focused effort in educatlon research and outreach in
technology. & ~ .

UNIVERSITY OF MINNESOTA

BioTechnolog; y Institute

v Professional Training » Resear Resources for Industry

the dlrector

& Dr. Kenneth J. Valentas,
who joined the Institute as
Interim Director in 1992, was
named the permanent
Director in 1995.




Nurturing
environment

A. G. FHEDRICKSN
# Osprey and fledglings nest-
ing atop a white pine. The
Biotechnology Resource
Center provides a nurturing
environment where ideas
grow into new biotechnology
businesses.

Partners in growth

Since 1985, the Biotechnology
Resource Center has worked
with the following businesses
and other organizations:

& 3Mm .

B Abbot Laboratories

B ABEC

B Agr. Utilization Research Inst.
B American Cyanamid

B Amoco

B Applied Membrane Technology
@ Avidity

B Beckman Instruments

B Bioclastics Research

B Biolyph Inc.

[ Bionega

B Biopolymer Engineering

& Biotrol

& Blandin Foundation

& Cargill

& Cellex Biosciences

B Charles Rivers Lab

B Ciba-Geigy

B Cytogen

& Dpcl

B Davisco Foods

B DeKalb ¢

@ DiaSorin

@ DuPont

B Eastman Kodak

BIOTECHNOLOGY RESOURCE CENTER

Outreac

s a land-grant institution the

University of Minnesota has a
strong tradition of public service (out-
reach) along with education and
research. .

Public service is a major focus of the
BioTechnology Institute. By providing
critical resources for industry the
Institute strives to encourage and nurture
growth of the biotechnology industry in
Minnesota, the United States, and
around the world. The resources provid-
ed help start-up companies and estab-
lished industries demonstrate the feasi-
bility of scientific discoveries at the
pilot scale and benefit students and fac-
ulty as well. The specialized equipment
and personnel available in our Bio-
technology Resource Center are utilized
by faculty to support their research and
are essential to provide hands-on train-
ing for students in fermentation, separa-
tion, purification, and molecular biology
techniques.

The Biotechnology Resource Center
has undergone major change during the
past two years. The hiring of two molec-
ular biologists, a biochemist, and an
engineer, significantly expanded the
portfolio of services offered.

The BioTechnology Institute offers a full
portfolio of services to promote advances
in technology.

In addition to fermentation process
development and scale-up, a new area of
expertise has been created around
recombinant protein expression and
purification. Starting with the cloning of
the gene of interest into a range of pos-
sible expression systems, such as bacte-
ria, yeast, or animal cells, the producti
of these recombinant proteins can be
scaled up to a volume of up to 240
liters. The proteins are then recovered
and purified using membrane filtration
and liquid chromatography systems of a
matching scale. The close cooperation of

BIOTECHNOLOGY INSTITUTE

BioTechnology Resource Center staff (left to right): Marc von Keitz, Fred Schendel, Mark

Williams, Rod Felsheim and Rick Dillingham.




molecular biologists, fermentatio:
nologists, and downstream proces
experts has created an environm
iquely suited for 1ntegrated pr

and make room for new, updated equi
ment. Equipment additions include; six
5-liter NBS Bioflo 3000 fermenters
equipped with a networked computer
control system (four of these have
closed loop methanol controllers for
protein expression in methylotrophic
yeast, e.g. Pichia pastoris), two 10-liter
Braun Biostat fermenters, which are set:
up for flow-cytometry expenments a
Bellco animal cell culture system wi
8-liter and a 36-liter vessel; a:
ThermoOnix mass spectrometer for o

tem from NCSRT, and a BI
‘rfusion chromatography sy

Biotechnology Incubator
that provide physical space
to Biodale services for biote
start-up companies have been
since January 2001. The space has bee
fully utilized by both faculty anc
trial entrepreneurs. Development |
ratories in very close proximity to
services and expertise available
the University are an essential
ingredient to nurture the growt
a strong biotechnology indus
Minnesota.

The Biotechnology Resource
Center is now one of the corner
stones of Biodale, a recently
formed coalition of blotechnology

Yevice facilities that are co-locat-
in Gortner Laboratory and

The BloTechnology Reso

%nyder Hall on the St. Paul cam- Center houses a 300-liter fer-
menter donated by DCI of St.

pus. Other Biodale facilities include Cloud. Minnesota

the Advanced Genetic Analysis Center, ’ ) i
Mass Spectrometry for the Lifesciences,
the High-Throughput Screening Facility,
and the Imaging Center. The close coop-
eration between these units enables the

Biotechnology Resource Center to tackle
even the most complex biotechnology
projects. &

Parmers

“in growth

& Ecolab

B Eli-Lilly

B Encore Technologies

B Endotronics

B Eucroware

B GalaGen

B Genemed Biotechnologies
B General Mills

& Hercules, Inc.

B Hewlett-Packard

B Hosokawa-Bepex

L Ble]]

B ImmunoTheraputics

B INCSTAR

B Kyowa Hakko Kogyo

i Lactogen

B Land O’ Lakes

E Mayo Clinic

B Merck

B Microbiologics

& Micro Motion

B Microcide Pharmaceuticals
B Midwest Molecular

f Minnesota Dairy Assoc.
# Minnesota Technology
& Mitotix

B Molecular Genetics

E National Dairy Association
E Natural Biologics

& New Brunswick Scientific
& Northrup King

B Novartis

& Pfizer

B Pilisbury

B Proctor & Gamble

& ami

Bl R & D Systems

B Rosemount

B SAF Products

B SarTec

& Scherring-Plough

@ Sci-Med Life Systems
B Sigma Chemical

B SmithKline Beechuim

& Solvay Animal Health
B TerraMax

B Wwaters Div. of Millipore
B Willmar Poultry




Innovation
and adaptation

2
© D. BRENEMAN
B The Pitcher Plant is an
innovative plant found in
bogs and sedgy marshes in
Northern Minnesota. Aside
from the beautiful purple
flowers, it's functional part is
the rosette of pitcher shaped
leaves that collect and hold
water. Insects descending
into the leaves cannot exit
because of downward point-
ing hairs lining the inside of
the leaves. The insects are
eventually converted to plant
nutrients by bacteria and
enzymes.

INTELLECTUAL PROPERTY

Innovation

 |hip / Aumbbd

deas in the form of technical papers,

patents, books and the like are some of
the measureable results of an academic
institution. Enumeration is often the pri-
mary vehicle of communication, but sim-
ply stating that BTI faculty had 10 patents
issued and 11 more pending actions in the
past 3 years does not convey the value of
such intellectual property.

The BioTechnology Institute’s faculty
have broad interests and are involved in
significant interdisciplinary collabora-
tions that have generated clusters of
important and potentially valuable scien-
tific discovery. Because of the nature of
the BioTechnology Institute, entrepre-
neurship is encouraged and supported by
facilities such as a full-service pilot plant
for protein expression, fermentation, and
purification as well as incubator labs in
close proximity to support services such
as DNA sequencing, mass spectrometers,
high throughput screening and imaging
technology located in the college’s
Biodale biotechnology mall.

Natural product drug discovery
Two new companies have been formed

by Institute faculty. Acera Biosciences

was founded by Prof. David Sherman to

The Un versity of Minnesota
Biocatalysis/Biodegradation Database

Hicroblal blocataldic eactions srd biodegradation paliversys prirmadlly for senoblatic, chemlcal ' “

play a key role in natural product drug
discovery and development. Acera also
strives to be a preferred supplier of fi
chemical biocatalysts to service an
existing worldwide market.

Biosensors/biocatalytic
membranes

Veos, Inc. was founded by Prof. Michael
Flickinger and Dr. Ron Anderson to com-
mercialize technology based on a new con-
cept for fabricating porous nanostructures
of latex coatings containing microorganisms
as functional components. Veos plans to
develop, produce and market a wide
range of revolutionary composite biolog-
ical products in applications such as
biosensors and biocatalytic membrances.

BIOTECHNOLOGY INSTITUTE
High magnification cryo-sem image of the

impression formed in the SF091 polymer
matrix by Escherichia coli ZK211.




Value added to ethanol
fermentation

Biodegradeable plastics have been of
interest for sometime and were initially
directed primarily at the potentially large
market of “green” packaging materials.
What began as an attempt to develop
environmentally friendly plastics has
:ganded to value these new biomaterials

their unique physical properties, ver-
ity, and biodegradability.

Prof. Friedrich Srienc is taking a new
approach to the development of polyhy-
droxyalkanoates (PHA’s), which are
biopolymers that can be converted into
biodegradeable plastic articles of com-
mercial interest. Srienc’s research group
has developed proprietary yeast strains,
through genetic engineering, that can
produce PHA’s inexpensively during the
normal ethanol fermentation process.
Minnesota, which has a large ethanol
industry, is an obvious potential benefi-
ciary of this new technology.

Biocatalysis/

biodegradation database

ithin BTI, Prof. Lawrence Wackett

the catalyst for efforts in bioinformat-
and digital learning. In particular,

ong with Prof. Lynda Ellis, he devel-
oped a web-based biocatalysis / biodegra-

dation database by linking the University
of Minnesota’s database with those at
Kyoto University and EMBL (European
Molecular Biology Lab). This has been
widely utilized on a worldwide basis by
industrial and academic scientists.

Bioremediation

Profs. Lawrence Wackett’s and
Michael Sadowsky’s experimental
efforts in bioremediation have resulted
in a genetically modified organism that
greatly accelerates the degradation of
atrazine, a widely used agricultural her-
bicide. This has been successfully tested
in field trials in soil and is currently
being evaluated for water treatment.

New books

BTI faculty have been very active in
book publication. Prof, Robert Brooker
has published “Genetics: Analysis and
Principles.” Prof. Lawrence Wackett and
Dr. Doug Hershberger (Dow
Biotechnology) have published
“Biocatalysis and Biodegradation.” In a
monumental effort Prof. Michael
Flickinger and Prof. Steven Drew
(Princeton University) edited the 5 vol-
ume “Encyclopedia of Bioprocess
Technology.” &

BIOTECHNOLOGY INSTITUTE

The Encyclopedia of Bioprocess Technology: Fermentation, Biocatalysis, and

Bioseparation. Published March, 1999.

 Patented
technologies

B Production of amino
acids from methanol.

& Zirconia based
chromatography packing.

& Porous latex
nanostructures containing
microorganisms as
functional biocatalysts.

B Biodegradeable
biopolymers (PHA).

[ Biodegradation of
Atrazine.




A. G. FREDRICKSON
& The Pink Ladyslipper is
an orchid found in the wild
in certain parts of
Minnesota. To thrive in a dif-
ficult environment, this plant
has developed a symbiotic
relationship with Myocohizal
fungus in the boggy soils of
northern Minnesota. The
cross-disciplinary emphasis
of the Biotechnology
Institute has been symbiotic
in many instances.

PROFESSIONAL

Training

B|OTECHNOLbGY INSTITUTE

Professor Michael Sadowsky (center) advises Mic. E. students I. Fruchy and C. Solheid.

A multi-disciplinary approach
to biotechnology

The BioTechnology Institute provides
an environment that solidifies and
enhances the interface between biology
and engineering in today’s rapidly
expanding biotechnology enterprise.
Cross training students between the bio-
logical sciences and engineering is the
foundation of two distinct graduate pro-
grams in the Institute.

+ NIGMS (National Institute of General
Medical Sciences) training grant in
biotechnology originated in 1990 and
has since been renewed twice at the
level of 16 students per year. Since its
inception the grant has supported 76
graduate students. They are drawn from
the departments of Biochemistry,
Microbiology, Chemistry, Agronomy
and Plant Genetics, Plant Biology,
Veterinary Pathobiology, Medicinal
Chemistry, Food Science and Nutrition,
and Chemical Engineering. The majority
of graduates have gone on to industrial
careers with established companies such
as Cargill, Merck, Abbott Labs, R&D
Systems, Kodak, Dow, Smith Kline
Beecham as well as start-up biotechnol-
ogy companies. Others have gone on to

academic careers.

+ Microbial Engineering (Mic. E.)
Master of Science Program accepts st
dents with undergraduate degrees in the
Biological Sciences or Engineering and
trains them in the complementary field.
This program has been active since
1985 and has graduated 54 students.
About half the graduating students go to
industrial careers and half continue with
graduate study leading to their Ph.D.
Often, the Ph.D. is earned in the com-
plementary field.

Special Course

In addition to these graduate programs,
the Institute offers a unique opportunity
for our students and industrial colleagues
to gain “hands-on” experience in

Students Amy
Suiter and Erik
Pederson at
work in the
fermentation
lab for the
“Advanced
Fermentation
and
Biocatalysis
Laboratory”
course.

BIOTECHNOLOGY INSTITUTE




Biocatalysis in an intensive and compre-
hensive course, “Advanced Fermentation
and Biocatalysis Laboratory,” taught by
Prof. Michael Flickinger during the sum-
mer intersession. In its first year this
course has been recognized as providing
valuable training in the practical and
industrially important aspects of
Biocatalysis.

ymposia/Networking

rofessional development is not limited
academia. The Institute provides
opportunities for the industrial and acade-
mic communities to come together at
symposia focused on important topics of
current interest. Over the past three years
the Institute has hosted one day sympo-
siums on Genomics, Bioinformatics and
Biomaterials. These have been well

As a bridge
between cul-
tures, the
exchange pro-
gram with
NAIST in
Japan has
allowed 17 stu-
dents to expe-
rience each
others culture
during the past
5 years.

KEN VALENTAS

Technology) in Japan which was focused
on Novel Plants and Microorganisms for
Environmental Biotechnology. The
exchange program will continue to
expand in a focused manner most bene-
ficial to our students and faculty. H

J. JOHNSON

received and provide the added benefit

of a networking opportunity for industry H ABOVE: BTI

and academia. The Institute also hosts students on
visit to NAIST

University-Industry Networking dinners
on a regular basis.

Exchange Programs

in Nara, Japan
(left to right):

Nick Abu-
Biotechnology is clearly an international Absi, Susan
enterprise with significant technical Fuget Abu-
breakthroughs occurring on a global Absi, Jerry
basis. As part of their professional Johnson and
evelopment, our students have the Ben Hause.

portunity to interact with colleagues
O/firom Japan and Switzerland as part of
the Institute’s formal exchange program.

- Learning
new cultures

B LEFT: Exchange stu-
dents from Hochshule,
Wadenswill, Switzerland
(left to right): David
Strupler, Otmar Baenziger,
Michael Schoeb and Patrik
Ottinger.

The programs are currently focused on
student exchange of ideas and informa-
tion which is important to our students
and faculty. The Institute also sponsored
a joint symposium with NAIST (Nara
Advanced Institute of Science and

BIOTECHNOLOGY INSTITUTE




[~ 1983

1985

e— 1987

1988

e—1989

1990

1991

e—1992

o———1993

e——1994

G———1995

MAKING

History

Concept for BPTI proposed by Prof. Victor
Bloomfield and Dean Richard Caldecott.

$300,000 annual funding provided '
by Minnesota state legislature. Caldecott Bloomfield

Space allocated within College of Biological Sciences for laboratories, pilot plant, f
and Institute offices.

Search for director and faculty.
Microbial Engineering Masters Degree program org

Prof. Michael C. Flickinger from National Cance
Prof. Friedrich Srienc hired as joint appointmen
BPTI and Chemical Engineering and Materials
Central Research Facility (CRF) construction beg
DCI, Inc., of St. Cloud, MN, donates 300-liter fe“rm

Prof. Robert J. Brooker hired as joint appointmen
BPTI and Genetics and Cell Biology.
State increases annual budget to $900,000.
CRF opens for business.

ABEC, Inc., (Allentown, PA) donates
animal cell culture reactor.

First published research annual report.
Renovation of lab space.

Prof. Gary M. Dunny hired as joint
appointment: BPTI and Microbiology.

Dr. Jeffrey Tate hired as industrial liason.
BPTI hosts first Midwest Biotechnology
Symposium with U of Wisc., U of lowa
and lowa State.

Prof. David H. Sherman hired as joint
appointment: BPTI and Microbiology.
BPTI! hosts International Streptococcal Genetics Symposium.

National Institute of General Medical Sciences (NIGMS) Training Grant awarded.

Fisher Rosemount, Inc. (Eden Prairie, MN), donates state-of-the-art process control system.
BPTI catalyzes formation of Minnesota Biotechnology Association (MNBIO).

Prof. Lawrence P. Wackett joins BPTI from Gray Freshwater Institute as joint
appointment: BPTI and Biochemistry.

Dr. Kenneth J. Valentas, retired V.P. of Engineering, Pillsbury Co.,

becomes interim director.

External review ranks BPTI among the top 5 biotechnology centers in the U.S.
First seed money grants established.

Profs. L. Wackett, L. Ellis begin development of biocatalysis/bioremediation web database

Dr. Kenneth J. Valentas named permanent director.
NIGMS graduate training grant renewed and expanded.




éfc?fingDI?;ClTls(zlhima ® Japanese exchange program established with Nara ~ 1996

shrine at Miyajima Advanced Institute of Science and Technology (NAIST).
(Temple Island) in @ BPTI hosts Biorefinery Conference.
Hiroshima Bay. e BPTI hosts Mathematical Modeling in Biochemical

Engineering International Conference,
honoring Prof. A. G. Fredrickson.

® Prof. Dan W. Urry hired as joint appointment: BPTI and 1997
Chemical Engineering and Material Science.
® BPTI students visit NAIST/Japan.

@ Prof. Michael J. Sadowsky joins as joint appointment: 1998
BPTI and Soil, Water and Climate.
® Students and faculty from NAIST visit BPTI.
L] ASS|stant Prof. An‘ ny Dean hired as joint appointment:
' lution and Behavior.

o Exchange program established with 2001
Hochschule Wadens"

U Minnesota Joint Symposium

coab Evirammestad B

joint appomtment BPTI and Blochemlstry,
Molecular Biology and Biophysics.

@ BPTI hosts Biomaterials Conference /
Industry Networking Event.

® Name changed to

BioTechnology Institute (BTI).

@ Technology Development Laboratories
(incubator labs) opened.

e Cargill donates $10 million for Microbial

NAIST ' and Plant Genomics Building.
The joint NAIST-BPTI Symposium fea-

tures speakers from NAIST, OSAKA
University, Hiroshima University, the
University of Tennessee and the
University of Minnesota.

® Board of Regents designates Biotechnology 2002
Precinct area of St. Paul campus adjacent to BTI.




Financial
leverage

KEN VALENTAS
B Trillium Grandiflorum- a
beautiful three-petaled,
woodland wildflower found
throughout Minnesota in the
spring. One petal does not a
Trillium make. The
BioTechnology Institute
could not survive on the
budget provided by the
state (1 petal). BTI faculty,
through competitive grant
awards, provide 2/3 (2
petals) of the budget neces-
sary to keep the Institute
viable.

LEVERAGING THE STATE’S INVESTMENTS
Financials

he infrastructure provided by the

BioTechnology Institute (BTI) is
important support for the basic and
applied research conducted by faculty
and students. Services range from access
to specialized equipment to accounting
and secretarial support. The research
interests of the Institute faculty are very
broad and the Institute can spread the
expense of special apparatus and services
over a wide user base to minimize cost.
This leaves more for the researcher to
use for critical personnel support.

grant awards. From these dollars the
Institute faculty turn back $555,000 per
year (indirect cost recovery) to the
University or about 40% of the monies
provided by the state.

The state’s investment is highly lever-
aged and it is our intention to surpass
even these excellent results. Our ability
to do so is totally dependent on the
faculty’s success in competitive grant
activity. BTI seed money grants allow
the researcher to do enough work up-
front to submit a well-documented grant
application and increases the odds of suc-
cess for competitive proposals.

This year the Institute’s budget was
$4.2 million. Of this total, the state of
Minnesota provided $1.4 million with the
remaining $2.8 million being raised by
the faculty in competitive grant activity
coming from federal granting agencies
such as the NIH and NSF as well as
industrial grants.

The Institute’s stewardship of funds is
based on two principles: first, attract the
very best faculty in areas of strategic
importance and secondly, manage our
resources in a way that maximizes the
amount of seed money available to the ‘

v

faculty. This strategy has, and will con-
tinue to serve us well. &

On average, each faculty member
receives $346,000 per year in outside

)

Funding sources

MINNESOTA
STATE BUDGET

33%

Seed grants
give BTI faculty
a competitive
edge through
stronger grant
proposals.

Currently,
indirect cost
dollars from
BTI faculty
research grants
pay back

40 percent of
state-provided
budget.

)
)
INDUST‘RIAL/; ;

FEDERAL  —— NnpDusTRIAZ ¥
 OTHER

 lesearch. GRANTS

b




ARCHITECTURAL ALLIANCE

The Microbial and Plant Genomics Building, specifically dedicated to genome research, is

scheduled for occupancy in early 2003.

he future is bright for biotechnology
at the University of Minnesota.

ince our last report there has been major
investment in improving the biotechnolo-
gy infrastructure on the St. Paul campus.
Dean Robert Elde has spearheaded the
drive to move the University into a com-
petitive position in biotechnology
research. Snyder Hall has been remod-
eled and turned into useful research
space including Biodale, the biotechnolo-
gy mall that consolidates services such as
genomics technology, proteomics tech-
nology, protein expression, fermentation
and protein purification equipment in one
convenient location. Incubator labs have
been made available, on a temporary
basis, and it is obvious that there is a
strong demand for such facilities on cam-
pus near the support services of Biodale.

A generous $10 million donation from
Qargill with matching funds from the
state, will finance the Microbial and
Plant Genomics Building to be ready for
occupancy by 2003. This forms the cor-
nerstone of the Biotechnology Precinct
plan that was recently presented by Dean
Elde to the Board of Regents. The

regents have voted to include the
Biotechnology Precinct in the
University’s six-year capital plan. The
precinct will be located on the northeast
quadrant of the St. Paul Campus and
includes buildings for a biotechnology
incubator, biocatalysis and biosensors. In
addition, the plan calls for renovation of
the landmark cattle barn on Gortner and
Buford to maintain its historical exterior
presence but transform the interior into
meeting, office and dining services
space.

The BioTechnology Institute will con-
tinue its investment in the Bioprocessing
Resource center to add up-to-date

Dean Robert
Elde, College of
Biological
Sciences, is
moving
Minnesota into a
competitive
position in
Biotechnology.

The
plan

& Microbial and Plant
Genomics Building — 2003.

B Biotechnology Precinct
Plan approved by regents.

B Strategic new faculty
positions.

B More investment in
Bioprocessing Resource
Center.




process control, extended capabilities in
on-line process monitoring (mass spec.
flow cytometry, etc.), versatile down-
stream processing, and additional space.
We generally will continue on the path of
integrating molecular biology develop-
ments and bioprocess technology. But,
perhaps most importantly, we will con-
tinue to develop our staff capabilities
through continued education and timely
and appropriate addition to provide criti-
cal services to researchers.

As is apparent in the faculty profiles
section of this report, the research inter-
ests of BioTechnology Institute affiliated

faculty are very broad. However, biotech-
nology is an evolving area of research,

and to maintain a position on the cutting
edge, the Institute must evolve as well.
Just as there have been timely, strategic
faculty additions in the past three years,
there will be some in the next few years.
Our attention now is on the areas of bio-
materials, bioinformatics and biological
chemistry. Admittedly, these are very *)w
broad categories, and that is as it shouldf§ |/
be for the Institute to be strategically
opportunistic and to continually strength-
en the research base of the Institute and

of the University.

KEN VALENTAS

A golden sunset is reflected in this wilderness lake located in northeastern Minnesota. Biotechnology in Minnesota is mov-
ing to a bright future. The BioTechnology Institute will be a major resource in this effort.
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& ANTONY DEAN

Ph.D., Washington
University School of
Medicine, St. Louis, 1987.

® Associate Professor,
Ecology, Evolution, and
Behavior.

ANTONY M.

:

Prof. Dean's research centers on under-
standing the biochemical basis of adap-
tive evolution. His studies are not only
fundamental to an understanding of the
evolution, but also to the many evolu-
tionary processes that occur in industrial
fermenters and
which commonly
frustrate industrial
bioproduction.
His work is highly
multidisciplinary
and includes areas
of molecular biol-
ogy, enzymology,
metabolic flux
studies, popula-
tion genetics, and
evolutionary theo-
ry.

Work on the lac
genes of E. coli

e A focuses on the
relations between enzyme activity, meta-
bolic flux and Darwinian fitness. A new
method to monitor competitions using
flow cytometry enables the detection of
the frequency-dependent selection pre-
dicted when lac operons compete on
mixtures of galactosides. Analysis pre-
dicts that frequency-dependent selection
can not maintain genetic variation at lac
because it is evolutionarily highly unsta-
ble. Yet balanced polymorphisms of spe-
cialists, each consuming a preferred
galactoside, regularly evolve starting
with a single clone growing on a mixture
of galactosides. Current work, funded by
the NIH, aims at uncovering the genetic,
biochemical and ecological mechanisms
that drive evolution into such a tiny
region of the available parameter space.

So few amino acid replacements are
necessary to switch function in enzymes
that it is now a practical proposition to
reconstruct all genetic intermediates, to
recombine them into the E. coli chromo-
some, and to determine fitness in
chemostats. By such means it will be
possible to explore the mechanisms that
constrain all isopropylmalate dehydroge-
nases to use NAD and that have allowed
isocitrate dehydrogenases to switch from

NAD to NADP use. This work, recently
initiated and funded by the NIH, will
allow the evolution of enzymes in their g«
adaptive landscapes to be investigated fﬁ
the first time. ;
Current work with the arginine operon
(Arg) of E. coli centers on developing a
tractable experimental system with which
to investigate the evolution of gene regu-
lation in temporally variable environ-
ments. Recently, we have not only
demonstrated that different naturally
occuring alleles of the ArgR regulator are
selectively favored under different eco-
logical conditions but that the direction
and intensity of selection also depends on
the temporal frequency of switching
between two ecological conditions.

}
{
]
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Recent publications

® Dean, A. M. and G. B. Golding. 2000.
Enzyme evolution explained (sort of). In:
Pacific Symposium on Bioinformatics 2000, ,

Hunter K. Lauderdale, and T. E. Klein. Worldd |

Edited by R. B. Altman, A. K. Dunker, L. (‘

Scientific, Singapore.

® Miller, S. P.,, R. Chen, E. J. Karshina, A. M.
Dean and D. C. LaPorte. 2000. Locations of
the regulatory sites for isocitrate dehydroge-
nase kinase/phosphatase. J. Biol. Chem.
275:833-839.

® Bishop, J. G., A. M. Dean and T. Mitchell-
Olds. 2000. Rapid adaptive evolution in the
active site of plant class | chitinases. Proc.
Natl. Acad. Sci. USA. 97:5322-5327.
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Mark Lunzer, Otmar Baengiger, Jason
Belter, Ricardo Medeiros, Amy Suiter, Prof.
Tony Dean, Lauren Merlo.
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MICHAEL C.

My laboratory investigates novel
microbes as biocatalysts and whole-cell
biocatalysis on coated surfaces, within
membranes, or composite microstruc-
tures. This combines expertise in materi-
als science, coating technology, microbial
biochemistry, industrial microbiology,
and protein engineering. The major
emes are 1. Whole-cell biocatalysis in
treme environments (elevated tempera-
re, salt tolerant), 2. Gene expression
and in vivo protein stability in biocatalyt-
ic coatings, and 3. Surface-modified
ceramic particles for use in large volume
protein purification processes.
Biocatalytic coatings are porous, multi-
layer acrylate/vinyl acetate latex coatings
containing 50% (vol/vol) of living bacte-
ria. They are 10pm to 100pm thick, they
have a porous polymer sealant top layer
which entraps the cells, and the coating
composition is optimized so that the
embedded microorganisms survive film
formation and partial desiccation during
coat drying. We investigate the biologi-
cal state of entrapped metabolically
active bacteria such as E. coli as well as
how to arrest latex polymer particle coa-
lescence to generate porosity.
rawdown and piezoelectric (ink jet)
ating methods are used to generate
ulti-layer patches, microstructures, or
coated filaments. Gene. expression in the
coatings is studied with Prof. Schottel’s
laboratory using E. coli containing mer-
cury II-inducible mer-lux or mer-gfp con-
structs. Laser scanning confocal
microscopy (LSCM) is used to determine
cell viability and spatial gene expression

-lickinger

Chris Solheid,
Edward
Crabbe,
Sridevi
Nagarajan,
| Ron Anderson,
Paul Orwin,
" | Prof. Michael

l Flickinger, and
Trygve
Brautaset.

BIOTECHNOLOGY
INSTITUTE

in the coatings. Coating permeability,
perfusive films (composite membranes),
and methods to arrest polymer particle
coalescence to generate porosity are eval-
uated in diffusion cells. With Prof.
Scriven’s group we study coating
microstructure using cryogenic scanning
electron microscopy (cryo-SEM). Core-
shell and polymer-blend coatings stable
at elevated temperatures (in excess of
80°C) are studied using Thermotoga mar-
itima, as an anaerobic, halotolerant
model biocatalysts. Partial oxidations of
sugars are studied using latex-entrapped
Gluconobacter oxydans. Latex biocat-
alytic coatings may change the way
microorganisms are stored, transported,
and used on surfaces as sensors, in bio-
electronic devices, or in membranes and
composite microstructures as industrial
biocatalysts.

A second project is metabolic engineer-
ing of the restrictive, thermotolerant
methylotroph Bacillus methanolicus for
production of L-lysine and other amino
acids from methanol at 50°C. The
demand for L-lysine, an essential amino
acid in human, non-ruminant animal and
fish nutrition, increases annually in pro-
portion to global population growth. L-
Lysine is currently produced by micro-
bial fermentation from carbohydrates at
30°C in excess of 500,000t/yr. . In the
future, additional carbon sources will be
needed to meet increasing demiand.
Microbes that grow at temperatures from
50°C to 60°C on methanol are useful bio-
catalysts to manufacture L-lysine because
at these temperatures there is a signifi-

& MICHAEL C. FLICKINGER
Ph.D., Pharmaceutical
Biochemistry (University of
Wisconsin, 1977)

® Professor, Biochemistry,
Molecular Biology, and
Biophysics.

® Editor-in-Chief,
Encyclopedia of Bioprocess
Technology: Fermentation,
Biocatalysis and
Bioseparation, Wiley-
Interscience.



cant reduction in cooling costs for very
large bioreactors (400m3 to 1,000m3 lig-
uid volumes). We investigate genetic
manipulation of B. methanolicus includ-
ing characterization of the major restric-
tion and methylation systems, sequencing
of native plasmids, development of
expression plasmids, transformation
methods, and promoters. The pathways
of methanol carbon assimilation and dis-
similation are studied using 13C NMR
and isotope ratio mass spectroscopy. The
regulation of carbon flux to L-lysine or
glutamate is investigated in mutant
strains by cloning of the genes which
encode enzymes at key branch points of
metabolism such as aspartokinase, citrate
synthase, diaminopimelate decarboxy-
lase, and others. Protein engineering
methods are used to alter enzyme struc-
ture and regulation to increase the yield
of L-lysine, reduce formaldehyde toxici-
ty, and to reduce carbon dissimilation as
CO2. Bacillus methanolicus may
become the first high temperature micro-
bial L-lysine manufacturing technology
from a non-carbohydrate substrate.

A third project is investigation of
porous zirconia particles for protein
adsorption and desorption. The use of
robust, cleanable porous ceramic parti-
cles will reduce purification costs for
proteins manufactured on the kilogram to
hundreds of kg scale. The density, ther-
mal, and chemical stability of zirconia
make it an ideal material for use in
processes where the porous particles need
to be cleaned with harsh reagents (for
example strong base), depyrogenated,
steam sterilized,or fluidized in expanded
bed adsorbers. Porous zirconia particles
of 35um to 75um in diameter are being
investigated modified for ligand
exchange (fluoride-modified zirconia,
FmZr) and immobilized metal affinity
chromatography (IMAC). These will be
useful for separation of proteins
expressed in bacteria, yeast, or in the
milk of transgenic animals. The fluid-
filled density of porous zirconia particles
is high, approximately 3g/cm3; these par-
ticles are ideal for expanded bed protein
adsorption (EBA). EBA of human serum
albumin (HSA) has been demonstrated in
the presence of 100 g dry wt/l of
Saccharomyces cerevisiae using FmZr
particles. Porous zirconia particles are
also being investigated as immobilization
supports for thermal stable enzymes.
These dense ceramic particles may be
useful as supports for industrial biocatal-
ysis at very high temperature.

In addition, we study the permeability
of bacteria and the regulation of folding
and secretion of antibodies and antibody
fragments in myelomas, hybridomas, and
transfected lymphoid cells.

Recent publications

® Mullick, A. and M.C. Flickinger.
Comparison of Fluoride Modified Zirconia with
Ceramic Hydroxyapatite for Preparative Scale
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Zirconia. Biotechnol. Bioeng. 60: 333-340
(1998).
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Khodursky

My laboratory uses and develops tools
for functional genomics that we feel will
rther our understanding of the molecu-
- principles behind complex biological
enomena. Parallel probing of multiple
structural and regulatory sequences rep-
resenting almost entire genomes has
opened enormous opportunities for
genetic screening and molecular pheno-
typic analysis. It has also presented us
with new challenges that were not com-
mon in the field of molecular biology
such as interpretation of highly complex
data sets, statistical inference and multi-
parametric modeling and optimization. In
our work on Escherichia coli and
Saccaromyces cerevisiae we will gener-
ate and use whole genome DNA microar-
rays to advance research on these organ-
isms in several directions:

Development of

roarray technologies

We have demonstrated that it is possible
to trace the progression of bacterial repli-
cation fork in vivo in real time at about 1
kb resolution using DNA microarrays, as
well as to localize DNA deletions and
amplifications. In my laboratory we plan
to expand the high-resolution potential of
microarray analysis by developing paral-
lel transposon positioning technology in
conjunction with saturation genome-wide
mutagenesis.

B Transcriptional dynamics

of complex transitions

Growing cells cycle through overlapping
ages of responses to internal and exter-
1 cues. Some responses require con-
erted switching from the cycling rou-
tine. We have shown that microarray
analysis of mRNA levels can be very
useful in delineating such responses by
determining transient changes in mRNA
abundances, as well as transcripts’ com-
position and levels corresponding to new

steady-states. However, even for well-
established processes the exact sequence
of transcriptional events accompanying
the process is not known. Temporal
sequencing of such events is needed to
understand the basis of regulation, path-
way connectivity, intracellular flow of
information, and “logic” behind it.

i Bacterial chromosome

dynamics and organization

Global analysis of transcripts’ abun-
dances revealed spatial periodicity in
transcriptional activity of the E. coli
chromosome. The period was found to
coincide with the size of a supercoil
domain in the bacterial chromosome.
These findings prompt us to investigate
organization of the bacterial chromosome
in more detail. The first step in these
studies will involve determining the peri-
odicity of transcriptional activity in
mutant strains that are known to be
defective in chromosomal DNA mainte-
nance, condensation and packaging, e.g.,
muk-, fis-, hu-, gyr-. Mapping of the pro-
teins encoded by these genes on a “stat-
ic” chromosome at different growth
phases, as well as their mapping relative
to the moving replication fork, will pro-
vide insights into how protein-DNA
interactions contribute to the chromo-
some architecture.

Additional information about the
accessibility of different regions of the
bacterial chromosome will be obtained
by using Tn10-based parallel transposon

positioning.

B Transcriptional networks

and the data analysis

Using previously accumulated informa-
tion about transcriptional activity of the
E. coli living genome along with the
newly generated data from multiple tran-
sient and steady-state comparisons, my
lab will focus on comprehensive decod-
ing of transcriptional regulatory networks
in the E. coli cell. Multiple replications,
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Prof. Khodursky with DNA Microarrayer.

high experimental dimensionality, and
various integrated sampling techniques
will be employed to provide high quality
dynamic picture of the transcriptional
regulation and transcriptional connectivi-
ty in bacteria.

Selected publications

@ Justin Courcelle, Arkady Khodursky, Brian
Peter, Patrick O. Brown, and Philip Hanawalt.
(2001) Comparative gene expression profiles
following UV exposure in wild-type and SOS-
deficient Escherichia coli. Genetics 158(1):
41-64.

® \olker F. Wendisch, Daniel Zimmer,
Arkady B. Khodursky, Brian J. Peter, and
Sydney Kustu.(2000) Isolation of Escherichia
coli mRNA and comparison of expresson
using mRNA and total RNA on DNA microar-
rays, Anal. Biochem, 290: 205-213, 2001.
PubMed Abstract.

® Daniel P. Zimmer, Eric Soupene, Haidy L.
Lee, Volker F. Wendisch, Arkady B.
Khodursky, Brian J. Peter, Robert A. Bender,
and Sydney Kustu. (2000) NtrC-controlled
genes of Escherichia coli: scavenging as a
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defense against nitrogen limitation, Proc.
Natl. Acad. Sci. USA 97(26): 14674-9.

® Arkady B. Khodursky, Brian J. Peter,
David Botstein, Patrick O. Brown, and
Charles Yanofsky. (2000) DNA microarray
analysis of physiological conditions and
genetic changes that affect tryptophan
metabolism in Escherichia coli. Proc. Natl.
Acad. Sci. USA 97: 12170-12175.

® Arkady B. Khodursky, Brian J. Peter, Molly
B. Schmid, Joseph DeRisi, David Botstein,
Patrick O. Brown, and Nicholas R. Cozzarelli.
(2000) Analysis of topoisomerase function in
bacterial replication fork movement: Use of
DNA microarrays. Proc. Natl. Acad. Sci. USA
97: 9419-9424.,
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Research interests

One of the major research efforts in Prof.
Sadowsky’s laboratory is directed towards
gty identification and characterization of
cterial genes and metabolic pathways
*#ivolved in the biodegradation of chlori-
nated herbicides. His laboratory (in col-
laboration with Prof. Larry Wackett) is
using genomics and recombinant DNA
methodologies to examine the genes and
enzymes involved in the mineralization of
the broadleaf herbicide atrazine by soil
bacteria. They have cloned, sequenced, and
expressed all genes in the atrazine
biodegradation pathway; and isolated, puri-
fied, and characterized several of the
enzymes that are involved in atrazine
degradation. They are currently examining
the evolution of bacterjal genes and path-
ways involved in the degradation of recal-
citrant chemicals in the environment, and
using genomic and genetic approaches to
examine how these genes are regulated in a
lobal manner.
'Research in his laboratory is also direct-
J towards the identification and character-
1zation of bacterial genes involved in the
earlier periods of legume-microbe sym-
bioses. His is specifically interested in
studying Rhizobium/Bradyhizobium genes
which play a prominent role in
host/microbe recognition and in the estab-
lishment of symbiotic, nitrogen-fixing nod-
ules on the roots of soybean. Most recent-
ly, he has taken a whole genome approach
in order to more fully understand the sym-
biotic interaction between rhizobia and the
host legume. He (in collaboration with
Profs. Gary Stacey and Ross Overbeek)
has generated the complete genomic
sequence of Bradyrhizobium japonicum,
one of the most agriculturally important
microorganisms. He is currently using
acro-array and functional genomic
proaches to examine how host plant and
environment variables regulate the
pression of bacterial nodulation, sur-
vival, and persistence genes.

Prof. Sadowsky also has a relatively
large research group involved in the devel-
opment of DNA fingerprinting methodolo-
gies to determine sources of fecal pollu-
tants in water and soils. His laboratory has

|OTECHNOLOGY INSTITUTE
Konnika Saffaphan, Prof. Michael

Sadowsky, Carol Gross, Lisa Strong, Nir
Shapir, Charlotte Pedersen, Isaac
Fruchey.

established a large library of DNA finger-
prints from E.coli isolated from 15 animal
sources and has shown that there is a rela-
tionship between host origin and DNA fin-
gerprints. He is currently using rep-PCR
fingerprinting methods and pattern recog-
nition analyses on E.coli isolates from
three watershed areas to identify the
sources of fecal pollution and target appro-
priate water pollution abatement efforts.

Selected publications

® Martinez, B., J. Tomkins, L. P. Wackett, R.
Wing, and M. J. Sadowsky. 2001. Complete
nucleotide sequence and organization of the
atrazine catabolic plasmid pADP-1 from
Pseudomonas sp. Strain ADP. J. Bacteriol.
183:5684-5697.

® Tomkins, J. P, T. C. Wood, M. G. Stacey,
J. T. Loh, A. Judd, J. L. Goicechea, G. Stacey,
M. J. Sadwosky, and R. A. Wing. 2001. A
marker-dense physical map of the
Bradyrhizobium japonicum genome Genome
Research. 11:1434-1440.

® Dombek, P. E., L. K. Johnson, S. T.
Zimmerley, and Sadowksy, M. J.. 2000. Use of
repetitive DNA sequences and the polymerase
chain reaction to differentiate Escherichia coli
from human and animal sources. Appl. Environ.
Microbiol. 66:2572-2577.

® Strong, L. C., McTavish, H, Sadowsky, M.
J., and Wacket, L. P. 2000. Field-scale
remediation of aatrazine-contaminated soil
using recombinant Escherichia coli express-
ing atrazine chlorhydrolase. Environ.
Microbiol. 2:91-98.
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Research interests

Dr. Hu’s primary research area is bio-

chemical engineering, with emphasis on
experimental studies and development of
kinetic models. The systems employed
include mammalian cells, differentiated
tissues and microorganisms.

The research on mammalian cell tech-
nology focuses on applying genomic tools
to elucidate the regulation of various phys-
iological events and on the development of
quantitative description of the system. The
insight obtained from this combined exper-
imental and modeling approach is applied
to the development of strategies for
enhancing the productivity.

Another project involves cultivation of
hepatocytes (liver cells) in a hollow fiber
bioreactor as a potential artificial liver.
Hepatocytes cultivated in the bioreactor
developed by Dr. Hu’s group have been
shown to retain some key liver functions.
Current emphasis is on the invitro forma-
tion of liver tissue-like spheroids from cul-
tured hepatocytes and on the differentiation
of stem cells into liver cells.

A microbial project concerns the engi-
neering of the pathway for antibiotic
biosynthesis in Streptomyces. Of particu-
lar interest is the control of spatial distribu-
tion and temporal profile of regulatory and
structural genes.

Gene expression profiling using DNA
microarray is combined with a theoretical
modeling approach to decipher the regula-
tory hierarchy of antibiotic biosynthesis.
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Biotechnol. Prog., 17, 1000-1007.

® Tzanakakis, E.S., Hess, D.J., Sielaff, T.D.,
Hu, W.-S. (2000) Extracorporeal tissue engi-
neered liver-assist devices. Ann. Rev.
Biomed. Engin., 2, 607-632.

® Abu-Absi, S.F.,, Hess, D.J., Groehler, K.E.,
Remmel, R.P,, Sielaff, T.D., and Hu, W.-S.
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Academic Press, San Diego, CA.
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E., Ou, K, Wong, K., Hu, W-S. and Chung,
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Prog., 17, 1137-1144.
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Proteomic Perspectives in Cell Culture
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Research summary

Prof. Srienc works in the general area
of biochemical engineering. In his work
all aspects of biotechnology and bioengi-
neering ranging from molecular biology,
metabolic engineering and mathematical
modeling are employed to study funda-
mental processes of gene expression,
protein synthesis and metabolic networks
and how these relate to the growth
physiology of cells.

A fundamental problem in biochemical
engineering is the dynamics of cell popu-
lations and how it is related to the forma-
tion of useful products. This problem is
§mphcated by the fact that cell popula-
ons are heterogeneous, i.e they consist

of cells that differ from each other in age,

chemical composition and functional
properties. The operation of the cell
cycle and its regulation contributes much
to this heterogeneity. Experimental as
well as theoretical tools are little devel-

oped to investigate the variability of cell
cultures at the single cell level.
However, automation of flow cytometry
analysis operations and new methods for
solving so-called population balance
equations that have recently been devel-
oped by his group, provide unique meth-
ods to approach this problem in a rigor-
ous way in bacterial, yeast and mam-
malian cell populations.

A further component in his work is the
study of the biosynthesis of polyhydrox-
yalkanoic acids (PHA). These biopoly-
mers represent biodegradable thermo-
plastics that could replace certain petro-
chemically derived plastics that are not
biodegradable and they contribute, there-

_fore, considerably to the pollution of our

environment. In this work, new reaction
pathways are engineered into host cells
using genetic engineering tools with the
purpose of economically synthesizing
new types of PHA polymers with useful
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Prof. Friedrich Srienc with BD — Facscalibur flow cytometer.

properties. The PHA pathway in the con-
text of overall cellular metabolism repre-
sents a unique model to study the limits
of metabolic networks. This work
extends into aspects of materials science
and nanotechnology. Using specific bio-
processing strategies cells can be made
to synthesize microstructured architec-
tures of this polymer that confer to the
final product desirable physical proper-
ties. Moreover, control of cellular
biosynthesis can be extended to the mole-
cular level resulting in the formation of
block-copolymers that self assemble into
defined structures.

Selected publications

® Frykman S, Srienc F “Cell cycledependent
protein secretion by Saccharomyces cerevisiae,”
Biotechnol. Bioeng. 76 (3): 259268, 2001.

® Natarajan A, Srienc F “Glucose uptake
rates of single E. coli cells grown in glucose-
limited chemostat cultures,” J. Microbiol.
Meth. 42 (1): 8796, 2000.

® Mantzaris NV, Kelley AS, Srienc F,
Daoutidis P “Optimal carbon source switching
strategy for the production of PHA copoly-
mers,” AIChE J. 47 (3): 727743, 2001.

@ Kelley AS, Mantzaris NV, Daoutidis P, and
Srienc F “Controlled Synthesis of
Polyhydroxyalkanoic (PHA) Nanostructures in
R. eutropha,” Nano Lett. 1 (9): 481-485, 2001
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Research interests

My research effort at the University of
Minnesota has evolved into several pro-
grams that are distinct in focus, yet coa-
lesce into an overriding theme; metabolic
engineering and genomic analysis of
microbial secondary metabolism.
Metabolic engineering is a powerful
proach for harnessing the tremendous
synthetic capabilities of microorgan-
ms, including primary and secondary
pathways. New genomic-based tech-
nologies are enhancing considerably our
ability to understand and manipulate
complex biosynthetic pathways and will
enable vast new opportunities in medi-
cine and industry.

B Molecular genetic analysis of ter-
restrial and marine natural

products biosynthesis.

A large number of novel natural products
are being discovered from terrestrial and
novel marine microbes. These exciting
sources of new chemical entities will
provide a wealth of unique information
about the organization, structure, and
regulation of genes involved in sec-
ondary metabolism. The focus over the
past five decades has been entirely on
secondary metabolite pathways of terres-
trial microorganisms. Since novel class-
es of microorganisms that produce
important secondary metabolites are
being discovered from marine sources, it
is clear that there will be exciting new
information to be learned from these

= DAVID SHERMAN
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novel organisms at the genetic level. Our
focus will include marine cyanobacteria,
actinomycetes and myxobacteria.

E Biochemistry and enzymology of
proteins involved in biosynthesis of
terrestrial and marine natural prod-
ucts. The unique chemistry operating to
construct complex terrestrial and marine
natural products provides a certain and
virtually limitless source of novel
enzymes and resistance proteins. The
genes that specify the biosynthesis of
these compounds will provide a readily
accessible source of novel biocatalysts
that perform interesting and potentially
novel chemical reactions. As new classes
of marine natural products are elucidat-
ed, the corresponding organisms identi-
fied and the gene clusters characterized,
it will be possible to use the versatile
tools of genetic engineering to over-
express, purify and characterize fully the
unique chemical catalysts that have
evolved in the terrestrial and marine
environments.

& Combinatorial biology of marine
natural product biosynthetic genes.
Over the past few years it has become
evident that powerful new molecular
methods exist for the reconfiguration and
expression of genes involved in natural
product biosynthesis. There is huge
potential to create novel organic mole-
cules through deliberate in vivo and in
vitro engineering of these pathways for
production of human and veterinary phar-
maceuticals, specialty chemicals, and
high value biomaterials. Relatively few
systems exist that can be readily tapped
to provide the needed metabolic diversity
for the creation of new pathways.
Perhaps the single most important new
source of this metabolic potential will be
provided by natural product biosynthetic
gene derived from marine microorgan-
isms. We will continue to pursue aggres-
sively novel metabolic pathways from
micro- and macro-organisms, including
sponge symbionts.

Selected publications

® Xue, Y. and D. H. Sherman. 2001.
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Soc. 123:6712-6713.
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Sartorelli. 2001. Inhibition of DNA Cross-link-
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Biol. Chem. 276:34445-34452,
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Spatial expression of GFP in e-coli (green) trapped in latex biocatalytic coatings (blue)

with latex top-coat sealant (red).

esearch interests

Professor Schottel works primarily in
e area of microbial biochemistry and
molecular biology. One research interest
focuses on the regulation of gene expres-
sion in response to stresses such as nutri-
ent deprivation, culture density, osmotic
stress, heat shock, mechanical stress, and
desiccation stress. Approaches used in
these studies include measurements of
transcription, mRNA degradation and
protein synthesis rates in cells grown
under a variety of culture conditions. Of
particular interest is the physiology of
cells immobilized in thin porous latex
copolymer coatings, and a collaborative
project with Professor Michael
Flickinger and Professor Skip Scriven
investigates the development of these
atings as biocatalysts and biosensors.
hese cells are metabolically active and
fion-dividing and exposed to desiccation
stress and perhaps mechanical stress dur-
ing immobilization among the partially
coalesced latex particles. Expression of
the green fluorescent protein, detected
by fluorescence confocal microscopy,
has been used to analyze the spatial pat-

tern of inducible gene expression within
the coatings. Permeability of the coating,
diffusion of inducer, availability of oxy-
gen and viability of the cells are impor-
tant parameters for optimization.
Additional studies will focus on identify-
ing genes expressed specifically in the
latex-trapped cells that are important for
maintaining viability.

In another research program, Dr.
Schottel is studying the interaction
between pathogenic streptomycetes and
their host plants. Streptomyces scabies
causes scab disease on a variety of
underground vegetables. In this system,
phytotoxins produced by the pathogen
that are involved in eliciting lesion for-
mation on the plant have been isolated
and characterized. The biosynthetic path-
way and regulation of expression of
these phytotoxins are being elucidated.
Also, a genomic analysis will be used to
identify additional pathogenicity genes.
Developing new approaches for ‘disease
control is a very important issue for this
plant disease, and biological control has
shown some recent promise. Naturally
scab disease-suppressive soil has been
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identified in Minnesota, and this soil has
been a source of nonpathogenic strepto-
mycetes that inhibit the pathogen. With
Dr. Linda Kinkel and Dr. Michael
Sadowsky, the suppressive strains have

been characterized by genomic, metabolic,

and morphological analyses, and these
strains are being further investigated for
their potential use as biocontrol organ-
isms,

Selected publications
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Biotechnol. 23:668-676.
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Research interests

Research interests are in applications of
molecular genetics and genomics to crop
netics, physiology and improvement.
th crop plants and model systems are
ed in my research. Crop responsibili-
ties are focused on soybean and oat.
Research activities are directed toward
development, investigation and utiliza-
tion of plant genetic engineering systems
for basic and applied research. Basic
research emphasis is on investigating
mechanisms controlling integration of
DNA into plant genomes and formation
of transgene loci. We have improved
transformation systems in both soybean
and oat. These systems are used to
investigate gene/enzyme relationships
controlling protein and carbohydrate
quality and fatty acid synthesis in the
seed of both species. We are investigat-
ing production of biodegradable materi-
als including biopolymers in soybean
d. We are currently involved in col-
jorative projects to investigate novel
)ease resistance mechanisms in oat.

Selected publications
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D.A. Somers. 2000. Genotypic and environ-
mental variation in soybean seed cell wall
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donary-node cells. Plant Cell Rep. 20: 731-
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(Medicago sativa L.). Crop Sci. (in press).
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Research interests

@ Bioinformatics

Professor Wackett, in collaboration
with Bioinformatics Professor Lynda
Ellis, has constructed a World Wide Web
database (UM-BBD) focused on micro-
bial biocatalytic and biodegradative reac-
tions (Ellis, Hershberger and Wackett,
2001). This effort presages a time when
anyone can sit at a desktop computer and
theoretically design efficient biochemical
pathways for purposes of biosynthesis or
biodegradation and find out rapidly if the
genes and organisms are available to
carry out the plan experimentally.
Research is underway to develop heuris-
tic models of microbial biocatalytic path-
ways.

B Functional Genomics

and Biocatalysis

It is the overall objective of this research
to explore the breadth of Earth’s bio-
chemical diversity and help uncover the
function of unknown genes in the wide-
spread microbial genome sequencing pro-

jects. The enormous taxonomic and
genomic diversity of microbes provides
corresponding metabolic diversity, of
which only a narrow slice has been dis-
covered for a basic understanding of
microbial metabolism and exploited for
biocatalytic production of commercial
chemicals.

@ Biodegradation

The Wackett laboratory investigates
bacterial degradation of organic,
organometallic, and metalloid com-
pounds. For example, bacteria initiate
metabolism of atrazine via the enzyme
atrazine chlorohydrolase (deSouza, et al.,
1998), which renders the herbicide non-
toxic. The enzyme is being studied as
model to better understand dechlorinati
biocatalysts and for its applicability to"
treat soil and water contaminated with
atrazine. We have recently completed an
environmental cleanup of 1000 pounds of
atrazine spilled in a soil in South Dakota
(Strong, et al., 2000). This research is
conducted in collaboration with Professor
Michael Sadowsky.




Bl Metabolic Engineering
and Genomics

Deinococcus radiodurans is extremely
resistant to ionizing radiation, making it
a primary candidate to use for the reme-
diation of mix waste sites containing
organic pollutants and radionucleides.
e complete DNA sequence of
zﬁinococcus radiodurans has been deter-
ned. Metabolic reconstruction has
shown that D. radiodurans has a very
narrow range of catabolic pathways, lim-
iting its usefulness in remediation.
However, our collaborator, Professor
Michael Daly at the Uniformed Services
University of the Health Sciences, has
developed methods for efficient intro-
duction of foreign DNA into D. radiodu-
rans. This has been used to clone and
express toluene oxidation genes (Lange,
et al., 1998) and the mercury resistance
operon (Brim, et al, 2000) in D. radiodu-
rans. The recombinant strains are able to
metabolize toluene and mercury, respec-
tively, in the presence of strong ionizing
iation.

/
_Catabolic Enzyme Evolution

The Wackett laboratory studies protein
ancestry and modulation via evolution-
ary processes. Research has shown that
microbes and their enzymes and path-
ways are extremely plastic. For exam-
ple, in conjunction with Professor
Michael Sadowsky, we have shown that
virtually identical atrazine-catabolism
genes have spread globally with the aid
of catabolic plasmids and transposons
(Martinez, et al., 2001). Other research
is identifying enzymes catalyzing differ-
ent reactions but having nearly identical
sequences, thus allowing the opportunity
to emulate natural evolutionary transi-
tion of catalytic function in the laborato-
(Seffernick and Wackett, 2001). We
_unive also used DNA shuffling in collab-

oration with Jeremy Minshull and his
coworkers at Maxygen, Inc. to generate
catalytic diversity in the amidohydrolase
protein family (Raillard, et al., 2001).
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Tundra swans during migration through Minnesota.

Prof. Arnie Fredrickson was one of the
founding faculty of BPTL. In his early
collaborative work with Prof. HM.
Tsuchiya, who was a microbiologist, he
experienced the benefits of interdiscipli-
nary research between engineers and
biologists. This is the touchstone of BTI
to conduct research at the interface of
engineering and biology. Prof.
Fredrickson's early work in mathematical
modelling of cell populations was semi-
nal for much of today's work in cell pop-
ulation dynamics.

Arnie is passionate about his research
and teaching. Now emeritus, he contin-
ues to teach in Chemical Engineering. He
is equally passionate about photography
and has , over the years, travelled far and
wide seeking worthy subjects for his
artistic eye. A few of Arnie's Minnesota
photographs have been reproduced in this
report. It is an opportunity to share the
beauty of Minnesota, as recorded by
Prof. Fredrickson, with our constituents.
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Bloodroot (Sanguinaria Canadensis) is a

harbinger of spring in Minnesota.




ABOVE: Arnie travels to interesting and sometimes
remote sites for photographic material.

ABOVE: Yes, pelicans in
Minnesota!

LEFT: North Shore of Lake
Superior — Mountain Ash in
fall color.
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