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2. Project summary

St. Olaf College requests $ 27,669 for the Acquisition of a molecular imaging system to continue faculty-
student research in an interdisciplinary biomolecular science program. The proposed instrument is a
Fotodyne Foto/Analyst Luminary molecular imaging system, the associated computer system, network
software and thermal printer. The instrument is central to many biomolecular science projects and would
directly support a variety of current projects at St. Olaf.

Intellectual merit

Current research projects, conducted by nine Ph.D. faculty associated with the biomolecular science
program, are addressing questions about gene regulation, enzyme reaction mechanisms, protein
expression and quantitation, macromolecular stability and thermodynamics, evolution and molecular
systematics, population genetics, cell permeability and cytoskeletal infrastructure. The research appeals
to students and researchers who are seeking an understanding of the core sciences of biology and
chemistry and their application to broad medical, environmental and other socially pertinent fields. We
feel that interdisciplinary programs such as this one not only contribute significantly to the knowledge
base, but also are the best possible training environments for future researchers. The purchase of the
imaging system will allow us to continue work in the diverse topic areas mentioned above.

One of the keys to our program is the communication and cooperation between students and faculty. By
sharing common instrumentation that is flexible in a variety of applications we foster an environment that
creates collaborations rather than competitions. The collaborative nature of the biomolecular science
program on campus has also spurred collaboration off campus. We have welcomed joint projects with
researchers from neighboring Carleton College, the University of Colorado-Boulder, Drake University,
the Robert Wood Johnson School of Medicine, the University of Minnesota, Claremont College and
Washington University in St. Louis.

Broader impacts

St. Olaf College creates an environment where teaching and training of research capable students is
possible. We do this through (1) an active summer research program that includes over 50 students and
(2) offering researched-based laboratory classes. A top 10 ranking nationally as a BA undergraduate
origin of Ph.D.s in science/engineering measures our success in this endeavor. By providing access to
instrumentation that has multiple functionalities (i.e. visible, fluorescent and chemiluminescent imaging)
we anticipate an increase, both during our academic year and during the summer research session, in the
number of people using the technology. With increased use comes an intellectual progression and an
opportunity to contribute to the overall scientific database. While the instrument itself cannot create more
research opportunities directly, the instrument can provide preliminary data thus increasing the likelihood
for the faculty to publish and procure external funding.

St. Olaf College also is committed to the success and graduation of all under-represented groups including
women, non-traditional students, first generation college students and students of color. Creation of the
St. Olaf College Summer Bridge Program, NSF sponsored S-STEM initiative and our hands-on approach
to teaching and research create environments where all individuals can succeed. For example, of the 40-
45 chemistry majors graduating annually, approximately 40% are women. After graduation they pursue a
variety of career paths, including graduate education, health profession programs (medical, dental,
pharmacy, public health schools), careers in industry and as secondary school science teachers. Access to
modern instrumentation insures that these individuals will be competitive in their chosen careers.
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45" American Society for Cell Biology meeting in San Francisco, 2005. The most recent results
of this work will be presented at the PittCon conference in Chicago in February 2007. Three
undergraduate students will be co-authors and will present this poster. The first draft of a
manuscript based on the results of this research has also been written, with six student coauthors.
The final manuscript will be submitted in early February.

Gel imaging is a crucial component of this project. We currently use Coomassie Blue
staining and image the resulting gels using a digital camera. The images are not optimal with this
method, but without a system designed for imaging visible gels, we have no reasonable
alternative. These images are used to correlate the molecular masses of the proteins identified by
the database analysis of the mass spectral data with the apparent masses based on the gel
position. These images have also been used in the presentations and manuscript. We would like
to be able to obtain higher quality images as well as investigate the use of more sensitive
fluorescent stains, which would require a gel imaging system such as is being proposed here.

This is a year round project with 1-2 students working as independent researchers. Each
student on a weekly basis would use the instrument.

iv- Clarifying the role of the actin cytoskeleton in protein synthesis - Kandl

There is clear evidence that the actin cytoskeleton interacts with a number of components
of translation, but the molecular details of these interactions and the significance of these
interactions for translation are unknown. The long-term goal of work in Kim Kandl's lab is to
clarify the role that the actin cytoskeleton plays in protein synthesis by identifying and
characterizing the interactions between individual components of the translation machinery and
actin. Their previous work demonstrated that although actin does not have a global effect on
translation, actin does play a role in translation fidelity, as yeast strains with actin mutations read
through stop codons (Kandl et al., 2002). Working with two or three undergraduate students per
year, they are performing experiments to test the hypothesis that the fidelity defects of yeast actin
mutants are caused by altered physical or functional interactions between the mutant actin and
translation factors that are known to affect translation fidelity. The experiments used in this
research utilize the tools of cell biology, biochemistry, genetics, and molecular biology. They
will use the Fotodyne Imaging System for techniques that are performed on a daily basis
including detection of DNA on agarose gels after staining with ethidium bromide and
chemiluminescence detection of western blots using the Pierce SuperSignal Chemiluminescent
Substrate. Other anticipated uses of the Fotodyne Imagining System that are not currently
available take advantage of the ability to collect visible images and to quantitate data. Currently
they scan agar plates and we do not grow cells in the 96-well format, but the Fotodyne system
will allow us to both capture these images and use the built-in quantitative features of the system
to more accurately and quantitatively assess cell growth on plates and 96-well format.

v- Genetic analysis of the mating biology of Tetrahymena thermophila - Cole, Zweifel

Tetrahymena thermophila is a unicellular, ciliated freshwater protozoan. It is well suited
for undergraduate research in that cells can be grown overnight to densities of 100,000 cells per
ml or more. These cells exhibit a wide repertoire of behaviors that can serve as model systems
for investigative analysis. The laboratory of Eric Cole has embarked upon a genetic analysis of



the mating biology of Tetrahymena. Tetrahymena can be induced to mate in large synchronous
cultures. Nuclear and chromosomal activities can be monitored with DAPI staining and
fluorescence microscopy, or in real-time with Nomarski interference microscopy. Cytoskeletal
rearrangements can be followed using indirect immuno-fluorescence and antisera to tubulin or
other cytoskeletal proteins. One particularly striking feature of Tetrahymena mating is that at one
particular time during conjugation, different nuclei within a common cytoplasm are
simultaneously either (1) undergoing programmed nuclear elimination, (2) undergoing
programmed gene rearrangement and chromosome amplification, or (3) remaining
developmentally inert. Another feature of Tetrahymena biology is that we can functionally
distinguish six (possibly seven) different "types"” of nuclear division based upon mutant
phenotypes.

The Cole laboratory has embarked upon a genetic analysis of the mating biology of
Tetrahymena using funds from the NSF-RUI grant #0444700. Genes that are involved in
development are cloned and tagged for various studies. Current projects include 1) identifying
proteins at developmental stages of conjugating Tetrahymena thermophila, 2) characterizing
landmarks in the conjugation program and 3) developing a library of mutants to aid in further
investigations.

The research team would utilize a new imaging system for agarose and acrylamide gel
visualization as part of protein purification procedures and targeted PCR amplification and
cloning procedures with respect to specific genes.

Students, research staff (Erica Zweifel) and professor Eric Cole would use a new imaging
system on a daily basis. The Cole lab currently has five students working in the lab on various
projects and they usually support 3-4 students during the summer.

vi - The Fotodyne Imaging System as part of teaching laboratories at St. Olaf College
In this proposal, we request funding for a Fotodyne Foto/Analyst Luminary molecular
imaging system, the associated computer system, software and thermal printer. The following

table summarizes the proposed utilization of the instrument in existing teaching laboratories.

Table 1. Utilization Summary of a St. Olaf Imaging System

Department Course Application | Students/year Use
Chemistry Experimental DNA gels, 10-15 2-3 experiments
Biochemistry Protein gels
Bioanalytical Dot blot, o* 7 experiments
Chemistry Protein gels
Forensic Science DNA gels 28* one experiment
Biology Cell Physiology Protein gels | 16 4-5 experiments
TLC
Molecular Biology DNA gels 5-10 12-13
Protein gels experiments
Intermediate DNA gels 150 2-3 experiments
Genetics
Integrated Chemistry | DNA gels 28 2 experiments
and Biology IlI

* course offered every other year




