 APPLICATION CHECKLIST

Presidential Faculty/Student Collaboration and Publication Grant

Deadline February 15th (or following Monday if a weekend)

Please print and complete this checklist and attach it as the cover page of your grant application.  For more information about Presidential Faculty/Student Collaboration and Publication grants, please see http://gustavus.edu/facdev/GrantOpportunities/PresidentialGrant.php.

Faculty information

Name:__Karla Marz__________________ 
Dept:____Biology_____________________

Email: ___kmarz@gustavus.edu_________ 
Rank:___Assistant Professor_________

Student Information

Name:_____Kimberley Sukhum________ 
Year:____First-year___________________

Email: ____ksukhum@gustavus.edu______ 
Major:_Bio, chem., or biochem._________

Checklist

Project Details


□  Brief description of the proposed project including its collaborative nature


□ Clear statement of anticipated outcomes


□ Likely placement for publication or performances


□  Anticipated research completion date


Participant Details


□  Names and brief biographies of all participants


□  Explanation of how this project fits into the career of the faculty


□  Explanation of how this project fits into the educational trajectory of the student (include year of graduation; student eligibility is limited to full-time returning students)
□  Presidential Budget Proposal Form attached as last page of application

□  Nine (9) copies of completed application (including this checklist) to be  

      submitted to the John S. Kendall Center for Engaged Learning (SSC 119)

If successful, my proposal can be used as an example to assist future faculty applications.  This decision will not in any way influence the evaluation of my application.      
 Yes / No  (please circle one)
Presidential Faculty/Student Collaboration Grant

BUDGET INFORMATION
Faculty Stipend ($300 per week, up to $2,400)
Student Summer Stipend ($400 per week, up to $3,200) 

Student Summer Campus Housing ($XXX per week, up to 8 weeks)
	ITEM
	AMOUNT

	Equipment (e.g., transcription machine, camera, cassette recorder—but not to include computer hardware)
	$300

	1: micropipettes
	Cost: $300
	

	2:
	Cost:
	

	3:
	Cost:
	

	Materials (e.g., books, printing, software, lab supplies) 
	$950

	1:  DNA maxi-prep kit
	Cost: $550
	

	2: Anti-FLAG affinity gel
	Cost: $400
	

	3: 
	Cost:
	

	Travel Costs (cannot include conference travel, see http://gustavus.edu/finance/travel.php for allowable travel expenses)
	$

	Airfare:
	

	Mileage: Number of miles_____ @ $0.55/mile
	

	Lodging:             
	

	Meals: 
	

	Stipends & Housing
	$5950

	Faculty Stipend ($300 per week, up to $2,400)
	$2400

	Student Summer Stipend  ($400 per week, up to $3,200)
	$3200

	Student Summer Campus Housing ($43.75 per week, up to 8 weeks, $350)
	$  350

	                   TOTAL EXPENSES


	$7200

	
	

	                   AMOUNT REQUESTED

               
	$6450


Have you applied for, or received funding from, another source to help support this project?

Funding Source:  Research Corporation 

Amount: $45,000 (if awarded; I will find out in May)

Please explain how the RSC will be used in addition to the other funding.
The majority of the Research Corporation grant will fund the purchase of a piece of equipment needed for a related project but not this one; with the RSC I can support two summer students rather than one (or one rather than none without the Research Corporation grant). 

Project details

Brief description of proposed project

Many biological functions occur on an approximately 24-hour, or circadian, cycle.  Molecular rhythms, such as those of gene transcription and cholesterol synthesis, beget diverse organismal rhythms that include sleeping, eating, motor activity, and short-term memory.  These rhythms and their adjustment by light and other cues enable organisms to anticipate daily and seasonal environmental changes.  At their base, circadian rhythms are controlled by a clock mechanism contained within cells, a set of interlocking transcriptional feedback loops regulated post-transcriptionally and post-translationally.  

[image: image1.png]


A central clock component is the protein Cryptochrome (CRY).  A diagram of some of its known interactions with other proteins in vertebrates is shown in Figure 1.  CRY represses the activity of transcription factors CLOCK and BMAL1, which activate the transcription of hundreds of clock-controlled genes, including that of Cry itself in what is commonly called the core feedback loop of the clock.  CRY is also believed to affect the localization, stability, and phosphorylation state of several other clock components, thus taking part in the cycling of other clock feedback loops.

Figure 1: Selected functions of mCRY.  mCRY’s most direct effect on clock cycling is its repression of CLOCK/BMAL1-mediated gene transcription, with or without Period (PER) (1).  mCRY also stabilizes PER (2), mediates translocation of the kinase CKI to the nucleus (3), and inhibits CKI activity by inhibiting its activating phosphatase PP5.

When CRY has multiple roles in the clock mechanism, how can one evaluate the ultimate effects of its various protein-protein interactions on clock cycling?  One way to examine these interactions separately is to generate mutations in CRY that selectively interfere with CRY binding to other proteins.  Although others’ work characterizing CRY regions has been valuable, in order to take a more informed approach I generated homology models of the two mouse CRY isoforms based on the crystal structure of a related protein, the DNA repair enzyme photolyase.  These models predict the three-dimensional structure of most of each protein.  Importantly, they predict the proteins’ surface compositions, indicating which residues (amino acids that the protein is made of) are most likely to be important for protein-protein interactions.

While I was a post-doctoral research associate at the University of Virginia, an undergraduate, Yhew Pongsawakul, and I chose a set of mutations to generate in one CRY isoform based on analysis of these models.  We found that several mutations reduced CRY repression of CLOCK/BMAL1 activity, suggesting that they interfered with the direct interaction of CRY with CLOCK or BMAL1, or that they interfered with an indirect action of CRY on CLOCK/BMAL1 via another protein, perhaps PP5.  (Data are omitted for confidentiality.  Contact me at kmarz@gustavus.edu for more information.)

Kimberley Sukhum (’12) and I will continue this project in the following ways:

1) Confirm that the mutations do not cause general misfolding of the CRY protein.  One possible reason for the apparent reduction in CRY activity by these mutations is that they lead to protein instability and degradation rather than damage a binding interface.  (Since the changes made are likely to be on the surface the surface of the protein, misfolding is less likely than if they were inside the protein core, but this issue must be addressed by experiment.)  In order to compare the expression level and/or stability of the mutant proteins to that of unchanged (wild-type) CRY, Kimberley and I will express wild-type and mutant CRYs in cultured mammalian cells (the same type used in initial experiments) and compare protein levels semi-quantitatively by Western blot.

2) Compare the binding of wild-type and mutant CRYs to CLOCK, BMAL1, and PP5.  If the wild-type and mutant CRYs are present in equal levels in the cells, it is likely that the mutants’ interactions with one or more other proteins are hindered to a detectable degree.  Kimberley and I will compare the binding of wild-type and mutant CRYs to other proteins, starting with the strongest candidates, by co-immunoprecipitation followed by Western blot.

3) Determine which, if any, mutations selectively interfere with CRY binding to only one other protein.  In order to determine the biological relevance of CRY interaction with other proteins, future work will test the circadian cycling of cells (from a line capable of this function) when they are expressing wild-type CRY or mutant CRYs that interact with all but one of their protein partners.  Based on the results of experiments described in objective 2, Kimberley will contribute to this work by choosing and generating CRY mutations that are more refined than the current complement, and then testing protein binding as described above.

Clear statement of anticipated outcomes

 In terms of research objectives, I expect that Kimberley and I will advance the research I started at the University of Virginia by defining the reason(s) that the mutations described above inhibit CRY activity, or at least excluding the first reasons that come to mind.  In addition, we may be able to set the stage for the final experiments needed for publication in a high-tier journal.

In addition, Kimberley will get a better idea of how much this particular research area appeals to her.  In any case, she will gain experience working with bacteria and a mammalian cell line, adding to her repertoire of experimental systems (she worked with yeast in a January experiential class taught by Dr. Jeff Dahlseid).  She will also develop experimental design skills that will build upon what she has learned in her classes.  Discussions of review articles and primary research papers will lead to familiarity with the literature of this field and how her work fits into it.  Finally, she will have ample opportunities to practice discipline-specific communication, including summer and fall research talks, figure construction, and writing about her methods and results.  These skills will make her a strong candidate for summer research programs at other institutions and graduate programs in the future.

Likely placement for publication or performance

If successful, this work will yield one to three figures in an article eventually submitted to the Journal of Biological Chemistry, Molecular Biology of the Cell, or the Journal of Biological Rhythms.  Kimberley will present her findings in the fall biology and chemistry research symposium in Nobel, and will be encouraged to also do so at the October undergraduate research symposium at Washington University in St. Louis hosted by the Midstates Science and Math Consortium.  (Travel expenses for the latter symposium are provided by the consortium, which is supported by member colleges such as Gustavus.)

Anticipated research completion date

Further work with other undergraduates at Gustavus and possibly collaborators at the University of Virginia will be required for publication of this multi-year project, which could be submitted as early as the end of 2010 but may take another year.  Kimberley’s contributions to the project have more foreseeable end-dates:

July 2009:  Establish whether or not CRY mutations already generated have reduced activity because of instability or because of a reason that is worth further characterizing.  If the CRY mutants are indeed unstable, choose and generate other mutations.

August 2009:  Establish whether CRY mutations affect binding to initial candidate proteins.  If time permits, generate more refined mutations that each selectively interfere with one protein-protein interaction.

Participant details

Names and brief biographies of participants

Karla Marz, Assistant Professor of Biology

Karla teaches cell and molecular biology at introductory and advanced levels in addition to a general education course about circadian clocks.  She holds a B.A. in Chemistry and in Cellular and Molecular Neuroscience from Macalester College.  In 2004, she earned her Ph.D. in Biochemistry from Washington University in St. Louis in the laboratory of Dr. Phyllis Hanson.  There, she had examined the structure-function relationships of several synaptic proteins, establishing the SNARE complex binding surface of -SNAP, and determining that an -SNAP mutation that causes hydrocephalus in mice does not directly affect SNARE complex binding or disassembly.  She began work on circadian clocks as a post-doctoral research associate at the University of Virginia in the laboratory of Dr. Carla Green, studying the localization and protein-protein interactions of CRY proteins.  This work continued while Karla was a visiting assistant professor at Bard College during the 2007-2008 school year, where she also performed the first experiments of a new research line exploring control of Cry transcription.  Undergraduates participated in both of these projects.  Karla is an author on publications in the Journal of Biological Chemistry, Nature Genetics, Molecular and Cellular Biology, and Trends in Neurosciences, and has given posters and presentations at the national meetings of the American Society for Cell Biology and the American Society for Biochemistry and Molecular Biology.

Kimberley Sukhum (’12)

I was born in Mankato, Minnesota.  I grew up in Eagle Lake, Minnesota, a very small town just east of Mankato.  I attended high school at Mankato East High School.  I graduated first in my class.  I was section leader and first chair clarinet in band and orchestra and sang in a small honor choir.  I was also a leader in the astronomy club and was very active in soccer.  I passed numerous AP classes and became an AP Scholar with Distinction.  I am a Science Achievement Award recipient for the University of Minnesota.

I am currently in my freshman year at Gustavus, although in credits I am in my sophomore year.  I have been on the Dean’s List for my first semester.  I plan to major in Biology, Biochemistry, or Chemistry.  

I have been involved in intramural sports such as broomball at Gustavus.

I work two jobs during the school year.  I work at Gustavus in the Dining Services during the week and at TGI Friday’s in Mankato on weekends.

Scientific research is very important to me, and after I graduate from Gustavus, I plan to go on to graduate school and become a scientific researcher in the biology/ biochemistry field.  I wish to participate in the Gustavus summer research program to get hands-on experience with research and further explore the intricate workings of biology research.

Explanation of how this project fits into the career of the faculty

The experiments this summer will help me complete work started during my post-doctoral research period, helping me finish my transition to being an independent researcher.  In addition, strengthening my publication record will increase my chances of obtaining funding from outside sources such as the NIH, NSF, and private foundations.  

This project will also help me determine which of two major research directions will be the first priority in my laboratory over the next three to five, or more, years.  The general approach this project utilizes, using a model of CRY protein structure to direct attempts to selectively interfere with CRY interactions with other proteins, has the potential to generate multiple student projects and publications with a limited amount of resources.  However, the project I started at Bard College, characterizing regulation of Cry transcription, calls for a different complement of techniques but has similar potential.  Ultimately, I see myself following both paths to at least a first endpoint, but how productive this first summer is will determine to which project I will devote January experiential courses and a research student each summer rather than primarily my own hands and a research student each summer.

Explanation of how this project fits into the educational trajectory of the student
After taking Biomolecular Research this J term I reaffirmed what I want to do with my life. I want to be a biology/biochemistry researcher, a scientist who methodically uncovers and answers questions about the complexities of living organisms that we don’t understand yet.   In pursuit of this goal, I will major from Gustavus in Biology or Biochemistry and then go to graduate school to continue my studies.  After this I want to join a research lab, either in the US or abroad and start researching different aspects of life sciences.  I’m excited about the Gustavus summer research opportunities because it will give me a real taste of a working experience research, and I’ll learn techniques that will help me through the rest of my career. While at the same time it will let me use my creativity and problem solving in new ways that are not experienced as much in the classroom.

Addendum: Elaboration to address questions from the committee:

What content or skills does Kimberly bring to contribute to the collaboration?

After showing promise in the lab section I taught for Principles of Biology, Kimberley took advantage of a new opportunity to learn about how research is done in a new January course offering by Dr. Jeffrey Dahlseid, “Biomolecular Research.”  Because of her participation in this course, Kimberly has more experience than most first-year students in basic molecular biology techniques, such as aseptic technique and the use of micropipettes and other tools, and in experimental design and troubleshooting.  Her project, shared with a few other students, involved study of a protein in yeast, and she became familiar with the practice of using microorganisms and recombinant DNA as tools to make proteins of interest.   I work with different experimental systems, bacterial and cultured mammalian cells, but several of the ideas she learned are applicable to this summer project.  Importantly, she has more mature view than a typical first-year (or often older) student of what it takes to perform an experiment, because she has carried out a project from start to finish (to the extent that it could be finished), rather than only performing the ”punchline” portion of an experiment using materials prepared by someone else.

How will this be a collaboration between faculty and student?

In the first phase of the project, Kimberley and I will work in parallel to quickly assess the stability of mutant CRY proteins that have already been designed and found to have functional deficits, each taking a set of mutants through the steps of preparing DNA, transfecting the cells, and harvesting proteins.  We will then compare their protein levels collectively by Western blot.  In phase two, Kimberly and I will again work in parallel, each screening the binding of stable mutants to a different set of potential binding partners.

During incubation periods in the course of these experiments (e.g., time for cells to synthesize proteins after they have been transfected, time for antibodies to bind to PVDF membranes during Western blotting), Kimberly and I will discuss readings about relevant circadian biology literature and general issues concerning protein structure and function, and I will teach her how to use molecular visualization programs (e.g. Jmol, Swiss Protein Database Viewer) to predict the shape of proteins and the effects of mutations.  As we collect results from the second phase of the project, Kimberley will choose more refined mutations to generate in CRY and design the primers needed to do so. 

This preparation will allow her move on to the third phase of the project, determining which CRY mutations selectively interfere with just one binding partner, on her own, using techniques she learned in the first two phases of the project.
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