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Cadmium and iron coordination in myohemerythrin and metalloprotein II

Brandy S. Russell

Department of Chemistry

February 10, 2012

Description of previous projects funded by RSC and Presidential grants

I have long been interested in the mechanism by which proteins are able to assume their specific and intricate 3-dimensional structures, which often include complex metal-binding sites. In my research projects, I make use of a model set of iron- and cadmium-binding proteins in the myohemerythrin family to explore the factors that control protein folding and metal binding specificity.


I was awarded an RSC grant in 2006 to launch my laboratory research project with a study of the folding of myohemerythrin bound to Fe(III). I worked with Meghan Hogdal (‘07) that summer (and with several other students since then, most notably Veronica Taylor (’09)) to achieve the project goals of (1) purifying the protein, (2) establishing appropriate solution conditions for the folding/unfolding experiments, and (3) identifying a partially unfolded state of the protein worth further study. Students Veronica Taylor and Leigh Clanton presented this work at the Spring 2008 American Chemical Society national meeting in New Orleans, and again at the Celebration of Creative Inquiry in 2008. In 2009, Alysha Dicke (’10) and I were awarded a Presidential grant to continue this project and more carefully characterize the partially unfolded state. We achieved most of the project goals: monitoring the unfolding and refolding Fe(III)-bound myohemerythrin by three different methods. We were unable to carry out the experiments on the Fe(II)-bound myohemerythrin because we discovered we needed equipment not available to us. Still, our experiments with the Fe(III) protein gave us a much clearer understanding of myohemerythrin folding, and we each presented this work at the Spring 2010 American Chemical Society national meeting in San Francisco. Alysha presented her poster again at the Celebration of Creative Inquiry in 2010. I plan to publish an article on this work once I find facilities to complete the experiments with Fe(II)-bound myohemerythrin.

Project Description

1. Purpose 

In this proposal, I am focusing on a different but related project with proteins in the myohemerythrin family from the marine worm Nereis diversicolor. This organism is of interest to toxicologists because of its resistance to heavy metal pollution in its habitat. Investigations into the mechanisms by which this worm defends itself from cadmium poisoning in particular led to the discovery of a cadmium binding protein that belongs to the myohemerythrin family. The iron-binding myohemerythrin (simply called myohemerythrin, myoHr) and the cadmium-binding myohemerythrin (called metalloprotein II, MPII) have 81% amino acid sequence homology.1-3 

It is quite unusual for a single organism to contain two such similar proteins that bind different metal atoms. How can such a small difference in structure lead the proteins to bind different metal atoms? The myoHr/MPII system is thus a unique model system that has the potential to reveal much about metal binding selectivity in proteins. Ultimately, comparing these two proteins will help me identify factors that control metal binding selectivity. In this piece of the project, I will verify cadmium binding to MPII, and then compare the iron and cadmium binding affinities of myoHr and MPII. 

2. Feasibility

This project represents a slightly new direction for me, and an opportunity to break into the subfield of toxic metal management in the cell. The project design, however, takes advantage of my graduate and postdoctoral training by starting with metal binding experiments and characterization of the cadmium-binding site in MPII. Both my graduate and postdoctoral work provided me with experience in the techniques and theory required for this work. By starting with the part of the project firmly within my area of expertise, I hope to obtain presentable and publishable results even as I learn more about toxic metal management and network within this field. 

Although I expect this project to continue for a number of years, I believe it is feasible for me to complete the pieces of this project proposed below during summer 2012 and the 2012-13 academic year. In preparation for this work, my research students and I have already established purification protocols for myoHr and MPII. In our work with a different but similar myoHr, we developed protocols to bind and remove metal atoms. We have also demonstrated cadmium binding to the related myoHr in preliminary studies, which makes me confident of this project’s success. 

3. Project design

Experimental stage 1: The first step will be to study iron and cadmium binding to myoHr and MPII, with a particular goal of demonstrating that cadmium indeed binds to MPII. Kurtz and coworkers have reported binding of several different types of metals to a different but similar myoHr, through a moderately complex protocol of unfolding the protein and refolding it in the presence of metal ions and the absence of oxygen.4-6 I will begin by binding iron to myoHr and MPII because it is easy to monitor successful iron binding using UV-visible spectroscopy, and because I have already observed that both proteins can bind iron. Once I have optimized the iron binding protocols, I will adapt them for use with cadmium. Observation of cadmium binding cannot be monitored as easily, but I can quantify the amount of cadmium or iron bound to the protein using another method: ICP-MS. When the new NMR spectrometer is installed, I may be able to use 113Cd NMR to provide further evidence of cadmium binding to the proteins.7
Experimental stage 2: Before I can reach my long-term goal of identifying factors that determine metal-binding selectivity in these two proteins, I must establish how selective they are. I will use competitive binding experiments with both iron and cadmium introduced to each of the proteins in varying amounts to establish which metal is preferred by each protein and to estimate how much it is preferred. 

Experimental stage 3: I will use fluorescence, UV/visible, circular dichroism, and NMR (1H, 113Cd) spectroscopies to gain insight into the structure of the metal-bound proteins with a particular focus on cadmium-bound MPII. 113Cd NMR in particular may provide direct insight into what types of amino acid are binding to cadmium.7 Fluorescence and circular dichroism spectroscopy will yield information about how well folded the proteins are and whether there are differences in how the proteins fold with different metals bound. 1H NMR experiments can be used provide highly detailed structural information, though this analysis will likely take longer than the grant period. 

Location and staff: All of the work to be completed this summer will be done on this campus with the exception of the circular dichroism experiments. I have established a contact at the University of Minnesota Biophysical Spectroscopy Laboratory and can use their circular dichroism instrument as needed, for an hourly fee. I will likely collaborate with one or more Gustavus students on this work, but I expect to do most of the work myself since I will be on sabbatical. 

Dissemination and outcomes: In terms of scientific outcomes, this project has the potential to provide a unique perspective on the mechanisms by which proteins selectively bind the correct metal atoms. Jeff Dahlseid and I are planning to prepare a manuscript on the MPII system that would include results from his laboratory and the demonstration of cadmium binding to MPII proposed here. It is my goal that the rest of this work will ultimately lead to the publication of one or more articles in a well-respected chemistry or biochemistry journal, such as Biochemistry or Journal of Biological Inorganic Chemistry. In labs similar to mine, it is very rare for a publishable body of work to be completed in a single year, but I anticipate that the results obtained here will be significant enough to be included in later manuscripts. During my sabbatical in the 2012-13 year, I plan to present the results at invited seminars and/or regional, national, or international conferences. Students that work with me normally present their results at on-campus symposia (such as the Sigma Xi symposium in May) at a minimum. If a given student acquires enough results to give a short talk, I will make every effort to take her/him to a regional or national conference to present those results. 
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Directions: 
1. Enter your Name
2. Enter the Stipend Costs


3. Enter the Project Costs (both individual costs and Total Project Cost)

          

4. Enter Total Amount Requested (Total Project Cost + Stipend)

NAME __Brandy Russell______________




STIPEND (Please check one box to indicate your distribution preference)


Note: The RSC grant will fund up to 1,500 towards Project Costs. If your project costs will exceed this amount, you may opt to apply a portion (or all) of your stipend to cover these additional costs. If this option is your preference, please select “Partial Amount”.





             X      Full Amount ($700- assistant professor; $600-associate professor; $500-full professor)





                    


 		Partial Amount (apply a portion of the full amount to project costs)





Partial Amount: Please indicate the amount that you would like to apply towards project costs 


($ __________ ) and the remaining stipend after this deduction ($ __________ )








TOTAL AMOUNT REQUESTED 	 (Total Project Costs + Stipend)			$__700?_________


(Note: The RSC grant will fund up to an amount equal to your Full Stipend + 1,500 for Project Costs)                                     	           I become an associate professor on 9/1, so I’m not sure what stipend I get





TOTAL PROJECT COSTS							            	$_1500__________





PROJECT COSTS:	List each item individually with its cost.  Attach additional sheets if necessary.	


I. Equipment (e.g. transcription machine, camera, digital recorder—but not computer hardware)			


1. Instrument use fees at U of M (not sure where to put this, 10 hr at $34/hr)


2.


3.


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


1. Mutagenesis supplies (DNA oligomers, enzymes, sequencing, plates)	


2. Gel electrophoresis supplies (gels, standards)


3. Chemicals (high-purity metal salts, guanidine hydrochloride, buffer)


III. Personnel (e.g. typist, transcriptionist, student assistant)


1. 


2.


3._____________________________________________________________


IV. Travel (cannot include conference travel, see � HYPERLINK "http://gustavus.edu/finance/travel.php" ��http://gustavus.edu/finance/travel.php� for allowable expenses)


1. 2 round trips to U of M for spectroscopy (@55.5cents/mi)


2.


3.





Project Costs Amount


 


I. Equipment


1. $340 


2.


3.


II. Materials


1. $400


2. $300


3. $300


III. Personnel


1.


2.


3.


IV. Travel


1. $160


2.


3.





























BOX D. TOTAL AMOUNT REQUESTED (BOX A + BOX B) =           		        $______________
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