Presidential Faculty/Student Collaboration Grant Proposal
Metal-dependent protein folding
Brandy S. Russell and Alysha Dicke

Department of Chemistry

February 16, 2009

I. Project Details

A. Proposed project


The proposed project is a piece of the larger research project that I have been exploring since I came to Gustavus four years ago. Alysha and I share an interest in the process of protein folding, and wish to spend Summer 2009 characterizing more fully the folding of the protein myohemerythrin. Recent experiments in my laboratory, performed by Alysha and another student, provide the foundation for this work.
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Proteins are very large, complex molecules that are synthesized in the cell as a linear chain of amino acids. Once synthesized, proteins must fold into a specific and intricate three-dimensional structure in order to perform their functions (Figure 1). Although protein folding has been the focus of extensive research over the past decades,1-3 our understanding of this process is still quite limited. Smaller molecules can sample many different conformations and choose the most energetically favorable one, but for molecules as large as proteins, folding by that process would take billions of years to complete.4 Instead, protein folding generally takes less than seconds and is thought to be a guided process, in which certain specific contacts between parts of the molecule lead to the formation of other contacts, gradually directing the protein to the folded state.5

My primary interest in protein folding lies with proteins that contain metal atoms (metalloproteins), which account for perhaps 30% of all proteins.6 For metalloproteins, folding must be accompanied by correct assembly of the metal site(s) within the protein.2 The assembly of these metal sites adds a level of complexity to the folding process. On the other hand, metal-protein bonds may be key contacts in the protein folding process.6
Progress in protein folding research will of course lead to a more detailed understanding of how proteins behave in living organisms. Another, less obvious, outcome is the advancement of the field of protein engineering. If appropriate metalloprotein catalysts could be created (through protein engineering), they could replace other catalysts currently used for industrial chemical processes.7,8 Such a change would allow industrial chemical processes to be carried out in water instead of in organic solvents, which are derived from petroleum and are often harmful to the environment. In addition, protein catalysts operate at relatively low temperatures, which would (a) reduce energy usage and (b) reduce the thermal pollution that occurs when lakes and rivers used for cooling. A major barrier to the use of protein catalysts in industry is the limited success in creating engineered metalloproteins that fold properly.

Detailed studies of model metalloproteins can help develop a set of principles to explain protein folding, which may be extrapolated to other natural proteins or engineered protein catalysts. Here, we propose to use the myohemerythrin (myoHr), which binds two iron atoms, as a model system to probe the role of metal ions in guiding the protein folding process (Figure 1). MyoHr was selected for this study in part because it is relatively easy to purify and because there are several well-understood spectroscopic methods that can be used to monitor its folding.9-11
Previous studies and preliminary results from my lab suggest that the bound iron atoms play a key role in myoHr folding.12-15 The iron atoms in myoHr can exist in either the oxidized (Fe3+) or reduced (Fe2+) state – it has been noted that only the reduced myoHr refolds correctly.13,15 These studies provide a solid foundation for the work described here, but the questions of how the iron atoms impact protein folding and why the iron must be reduced for proper folding remain unanswered.


We can gain a great deal of information about myoHr folding by unfolding and refolding it in the lab while monitoring its structure using multiple spectroscopic methods. Since protein structure is complex, Alysha and I will use three different methods to follow changes in three different aspects of the myoHr structure during folding and unfolding. Each experiment will be performed for both oxidized and reduced myoHr, so that we can learn about how the folding for these two states of myoHr differs and begin to address the questions posed above. 

Methods/plans:

(1) The UV-visible spectrophotometer in my research lab will be used to monitor structural changes near the iron-binding site during myoHr folding and unfolding.

(2) The Biology and Chemistry departments’ shared fluorescence spectrometer will be used to monitor changes to the overall structure of myoHr during folding and unfolding. This method gives information about the environment of certain amino acids found throughout the protein and thus is considered to monitor “global folding.”

(3) A circular dichroism spectropolarimeter will be used to monitor changes to the protein helices during unfolding and folding. These experiments will be carried out at either the University of Minnesota or Hope College.* 
Our multifaceted approach will provide structural detail that will give us a more complete picture of how the folding of oxidized and reduced myoHr folding differ. It is technically necessary to perform both unfolding and folding studies for each set of experimental conditions and each spectroscopic approach.

B. Nature of the collaboration

Alysha and I will work closely together in and out of the laboratory to achieve the project goals. 

In the laboratory, we will divide the experimental work: Alysha will conduct the unfolding studies and I will conduct the folding studies. I believe this division of work will give Alysha a good balance of learning new skills (since she is engaged in all three spectroscopic methods) and sharpening familiar skills by repeating techniques (the sample preparation requires precision work, but will be similar for all three methods). These experiments require the work of a student with a high level of technical competence in the lab. Alysha already has some experience in preparing and working with myoHr samples, and in the specific techniques used in Methods 1 and 2. Once she has these skills well-honed, I will help her learn the skills required for Method 3, which are new to Alysha but will build on her experience. 

In addition to working together in the laboratory, Alysha and I will meet at least weekly to discuss our results in the context of the scientific literature and to troubleshoot experimental problems. To prepare for these meetings, we will both need to conduct literature searches and read articles that relate to the work we are doing in the laboratory. Although I have more expertise in protein folding studies and reading the literature than Alysha does, she has as just as much hands-on experience with this particular protein as I have. Based on past discussions with Alysha, I know she is capable of reading the scientific literature, understanding what she has read, and applying it to help interpret experimental results. I expect that she will be able to contribute significantly to our project discussions, particularly as she further develops her skills in this area over the summer.
Because Alysha is starting out with a strong skill set, I am confident we will be able to dive right in to this work and make great progress during the summer months. I want to emphasize, though, that this experience would be very different from the experiences she has already had in my lab—an opportunity for an intensive period of full-time research. Alysha did work with me full-time during January 2008, but that was when she first joined my research group. In my experience, the quality of the research and the learning that happens seems to grow exponentially the more time a student spends on a laboratory research project. This is Alysha’s chance to really dig in and learn what it is like to commit yourself deeply to a research project.

Alysha and I will also work collaboratively on any dissemination of this project that occurs before she graduates in 2010. (See below for dissemination plans.)

C. Placement for publication


The work that Alysha and I do will ultimately lead to peer-reviewed publication in a chemistry or biochemistry journal, such as Biochemistry or Journal of Biological Inorganic Chemistry. Much of the preliminary experiments have been done—this project is poised to produce publishable data. Still, this kind of research is requires great care and many repetitions—it can take a few years of work to produce a paper. It is unlikely we could write a paper by the end of this summer, but I expect that our results from this summer will move the project significantly closer to the point of publication. 

Whether or not we are able to write a manuscript based on our summer’s work, we will present our results to the campus and scientific communities. Alysha will give talks and/or posters in on-campus venues such as the Summer Research Symposium in September, the Sigma Xi Symposium in May, and/or the Celebration of Creative Inquiry in May. We also intend to present our results at a local, regional, or national chemistry or biochemistry conference. There are a number of possible meetings we could attend, depending on our schedules and availability of funds. A likely choice is the fall 2009 American Chemical Society Midwest Regional Meeting in Iowa City.

D. Anticipated outcomes


In terms of scientific outcomes, I anticipate that the work that Alysha and I do will lead to a greater understanding of myoHr folding. More broadly, our studies will have a significant impact on the field by providing a model for understanding how metals bound to proteins affect folding. We will present this work on campus and at a professional conference and ultimately will publish it as part of an article in a chemistry or biochemistry journal. 


More significantly for Alysha, this is an excellent opportunity to develop her laboratory skills as well as her oral and written communication skills, all of which will be relevant to her chosen career as a medical researcher. She will talk about her research plans and progress to the summer science research student community, which will help prepare her for the presentation(s) we will give at a professional conference during the next academic year. She will also write a final report for me describing her experimental results in the style of a scientific journal article. This research experience gives Alysha chance to “try on” the life of a full-time researcher before she commits to the M.D./Ph.D. degree path.
E. Anticipated research completion date


Since laboratory research can open unexpected avenues of investigation, the completion date for this project is difficult to define, much less predict. Projects such as the one outlined here can continue for many years, depending on experimental results. Alysha and I will work on this project for at least an 8 week period starting in June 2009. We will likely continue during the academic year 2009-2010, so I plan to submit a report to the Dean’s office in May 2010. It is reasonable to expect that by the time Alysha graduates  in 2010, we will have collected some data on both oxidized and reduced myoHr folding and unfolding using all three methods described above. It is my goal that we will have publication-quality data (which includes many repetitions) at least for the unfolding studies using Methods 1 and 2. 

II. Participant Details

A. Biographies


Alysha Dicke: I graduated Summa Cum Laude from Hutchinson High School in 2006. Currently, I am a junior chemistry and biochemistry and molecular biology double major at Gustavus and have greatly enjoyed studying the different aspects of these areas of science. My academic accomplishments thus far include being awarded a President’s Scholarship, and being named to the Dean’s list every semester and the President’s list all three years of study. I have also gained in experience by serving as a Teaching Assistant for Organic Chemistry I and II laboratories and look forward to tutoring chemistry this semester.

 My extracurricular activities include Studies Buddies the springs of my freshmen and sophomore years and my junior year. I have been active in the Chemistry Club for the past two years and currently hold the position of secretary. In addition to working for the Chemistry Department, I work at the information desk at the Student Activities Office.


Furthermore, the Chemistry Department selected me as their summer worker last year. In addition to helping the department ready the supplies and labs for the upcoming year, I also assisted some professors in the development of new experiments to use in laboratory classes. The knowledge and independence I gained developing laboratory exercises gave me additional experience that will further help me in my own research.

I have also obtained significant research experience through Dr. Russell’s project. During J-Term of my sophomore year, I did approximately 40 hours of research each week. I learned how to purify our protein, myoHr, and reincorporated into it various amounts of iron and cadmium in order to study myoHr´s relative affinity for these metals. I continued the research throughout my sophomore and into my junior years. This year, I began to do unfolding studies of myoHr and hope to continue this research during the summer.

After graduation, I will pursue an MD/PhD. I chose this career path because it will allow me to combine my interest in medicine with my passion for research. Consequently, an intensive summer research opportunity would greatly help me to prepare for that goal.

Brandy Russell: I graduated with a Bachelor of Arts degree in chemistry from Alfred University in 1998. My extremely positive experience as an undergraduate researcher under Prof. Johanna Crane sparked my interest in teaching at a primarily undergraduate institution. I completed my Ph.D. in the chemistry department at the University of Rochester in 2003. During graduate school I received an award for excellence in teaching and several named graduate research fellowships. My thesis research in Prof. Kara Bren’s group centered on nuclear magnetic resonance (NMR) investigations of cytochrome c folding, conformational dynamics, and stability. This work resulted in seven peer-reviewed articles and several invited seminars and poster presentations. After my graduate studies, I accepted a Howard Hughes Medical Institute postdoctoral fellowship in the chemistry department at the University of Illinois at Urbana-Champaign. In my postdoctoral work, I focused on engineering metal binding sites into heme proteins to tune protein reactivity toward oxygen and nitric oxide. In addition to laboratory research, I collaborated with my advisor, Prof. Yi Lu, on a new teaching project: a unique, multi-level, multidisciplinary course for science majors (supported by the Howard Hughes Medical Institute). Both my laboratory research and my work in teaching innovation led to seminars, poster presentations, and peer reviewed articles, including an article in the Education Forum of Science magazine. In the fall of 2005, I joined the faculty of the chemistry department at Gustavus Adolphus College. During my time here, I have mentored 12 students in my research laboratory and traveled to a national American Chemical Society conference with two of those students who were presenting their results at a poster session.

B. Career statements

Alysha Dicke: Like countless other children, I grew up on fairy tales dreaming of becoming a princess or some other character from an imaginary tale. My dreams have matured, but my imagination continues to be an inspiration in my life. Marie Curie said, “I am among those who think that science has great beauty. A scientist in his laboratory is not only a technician: he is also a child placed before natural phenomena which impress him like a fairy tale.” I find much truth in this quote and believe it accurately portrays what motivates me to do research. As such, an experience doing intensive research for a summer would be enjoyable as well as help me attain my career goals.  

During January of 2008, I started research on this project with Dr. Russell. I spent approximately 40 hours a week researching the relative iron and cadmium affinities of myohemerythrin (myoHr), improving our iron quantification method, and harvesting and purifying myoHr from E. coli cells. I found many unusual aspects of this protein to be highly intriguing. For example, myoHr has been shown to bind both iron and cadmium. This is surprising as iron and cadmium do not have similar chemistries. The more I have studied the irregular behavior of this protein, the more it has fascinated me. A summer of intensive research would allow us to explore new areas of interest and expand on the previously conducted unfolding studies in order to learn more about this protein’s structure.

I gained additional research skills as the Chemistry Department’s summer worker last year. For the last few weeks of the summer and into fall semester, I worked with faculty who had new ideas for lab experiments in Organic I and II, Inorganic I, and Quantum Mechanics. I tested protocols and worked independently to modify the experiments to fit course requirements. 
Through this lab development and my previous research with Dr. Russell, I have begun to learn many of the skills necessary to be a better researcher and have discovered a passion for research. I look forward to doing more in-depth and intensive research compared to what a semester can offer. Through this experience, I will continue learning the many aspects of conducting research while honing the skills I have already developed through this project with Dr. Russell. Because of the research I have already started, I will be able to contribute more to our collaboration, which will continue to broaden my ability as a researcher This experience will also provide me with knowledge that is by nature not easily learned in a classroom; however, it would be valuable to a college education in the sciences as it will allow me to take what I have learned and apply it to real-life scenarios. 
This experience will better prepare me to pursue an M.D. /Ph.D. after I graduate from Gustavus in 2010. Having an M.D./Ph.D. will allow me to combine two of my passions, medicine and research, while still allowing me to care for patients. Studying protein structure through this project will be particularly useful for this career path as proteins are central to having a good understanding of how the body functions. Thus, a more comprehensive knowledge of proteins is necessary to be both an excellent doctor and medical researcher. 
Brandy Russell: The specific subjects of my research have evolved over time, but all relate to my interests in metalloprotein structure, folding, dynamics, and function. In all of my research projects, I have employed spectroscopy to probe the metal-coordinating environment of metalloproteins. When I joined the Gustavus faculty in the fall of 2005, I started a brand-new research project, applying my favorite methods and questions to a protein I had never worked with before, myohemerythrin (myoHr). 

The start-up phase of a new project is always a bit slow, and my group and I have spent a lot of time on this project developing protocols and working out experimental conditions. I believe the project has reached a pivotal point—having the opportunity to work with an exceptional research student like Alysha this summer will have an enormous impact on my research progress. Our results from this summer will help position me to secure external funding—many agencies expect substantial preliminary results before they will fund a proposal.**
I consider collaboration with undergraduate students to be a vital part of my scholarly work. One of my chief goals as an educator is to cultivate students’ curiosity about science, in addition to helping students develop the creativity, self-confidence, knowledge and skills to act on that curiosity. The research laboratory is an ideal arena for this kind of mentoring. I designed my research program with the intent of including undergraduate student collaborators at every step. 
I am very excited about the prospect of working collaboratively with Alysha this summer. The Presidential Student-Faculty Collaboration grant is a fantastic opportunity: working together full-time will allow me to focus more time and energy on mentoring Alysha as she develops her research skills. She is bright, motivated, and passionate about science. I have a great deal of confidence that this collaboration will be fruitful, both in terms of making progress on my research and providing Alysha with an educational experience in which she will experience firsthand what a research-based career is like and learn chemistry more deeply.
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Figure 1. Proteins are synthesized as a linear sequence of amino acids, depicted by a cartoon squiggle on the left. On the right is the structure of fully folded myohemerythrin, the metalloprotein to be studied in this work. The two spheres represent the two iron atoms bound to this protein.














* We originally planned to use the instrument located at the University of Minnesota, but the per-hour charges for the University of Minnesota instrument quite high. We recently learned there is an instrument at Hope College and are currently seeking permission to use that instrument, which would be a less expensive alternative despite travel costs. (See budget for details.)





** I currently have a grant proposal under review at the National Science Foundation. As a first-time submitter with limited preliminary data, my funding chances are quite low. Assuming the NSF grant is not successful, I will reapply with the added support of data acquired this summer. In the event that both that proposal and this one receive funding, my plans for the NSF grant would not affect the plans outlined in this proposal at all, except that Alysha would have more colleagues in the lab.
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