	EXAMPLE   I :

	   Genetic Variation within the ArsRS Two-Component Signal Transduction System of Helicobacter pylori Relative to Disease Outcome and Geographic Origin of Patient 


	

	Project description (no more than 1,000 words):   The project description should begin by setting the proposed research question in the context of the broader field (including a brief discussion of the background and the significance of the general question of interest) and then describe the specific tasks that will be undertaken to investigate the question. Proposals should also provide: 1) a summary of results of any relevant preliminary studies already done by the student; 2) a detailed description of the specific tasks to be undertaken by the student during the summer (rather than by others also involved in the project); and 3) a brief description of plans for continued involvement in the project by the student beyond the summer (if relevant).    (please indicate new paragraph with "PP/") 
Introduction 

Helicobacter pylori (HP) is a gram-negative microaerophilic bacterium that chronically infects the gastric mucosa of approximately 50% of the human population and causes most cases of gastritis and peptic ulcer disease (1, 2). HP has also been designated as a class I carcinogen by the WHO, and untreated persistent infections are considered a predisposing factor for several gastric malignancies (2, 6). Transmission occurs maternally via either the oral/oral or the faecal/oral route (2). It is perhaps as a consequence of this vertical means of transmission that extensive variation has been found within the HP genome between distinct human populations (6). These geographically specific HP strains appear to differ in, among other things, the associated disease outcome of patients. One such example is a phenomenon known as the 
African Enigma
, which describes how Africans experience much lower rates of gastric cancer than in either North America or Europe, although HP infection rates are usually much greater on the African continent. Similarly, the 
Asian Enigma
 describes how Japan and Korea have remarkably high gastric cancer rates as compared to Thailand and India, but much lower HP infection rates. In addition to various environmental, societal, and other human factors, it is possible that the geographic differences in these patient conditions are at least partly attributable to geographic variation in bacterial genetics. 

One such source of possible variation is the regulatory mechanism that allows HP to inhabit its unique niche, the human stomach. In order to survive pH fluctuations ranging from 1.0 during starvation to 5.0 during digestion, HP must be able to sense and respond appropriately to changes in its environment (2). One way the bacterium achieves this is through two-component signal transduction (TCST) systems, which can alter levels of gene transcription in response to environmental stimuli. The ArsRS system is one such TCST that is responsible for the acid-induced regulation of several genes (4, 5). We hypothesize that variations within ArsRS are important to understanding the colonization and disease-causing processes of HP and hence may lead to new and better ways of fighting the infection and its complications. 

Background to Research Question and Specific Aims 

Bacterial TCST systems are composed of a sensory arm and an effector arm. The sensory arm consists of a histidine kinase, which senses environmental stimuli through an N-terminal input domain and consequently autophosphorylates at a highly conserved histidine residue in its transmitter domain (3). The phosphate is then transferred to the effector protein, termed a response regulator, on an aspartic acid residue in the N-terminal receiver domain. The phosphotransfer results in a conformational change that activates the C-terminal output domain, usually resulting in enhanced DNA-binding ability. The response regulator thus alters the levels of gene transcription and changes cellular function as an adaptive response. The ArsRS TCST system is composed of a nonessential histidine kinase, ArsS (also known as HP0165 or jhp0151), and the essential OmpR-like response regulator, ArsR (also known as HP0166 or jhp0152) (4). DNA array experiments have identified a number of potential target genes for this system, several of which have also been shown to be acid-regulated, suggesting a link to the adaptive capacity of HP to survive within the human stomach (2, 5). 

One of the aims of this project is to study genetic variation within this TCST between patients with different disease conditions and of different geographic origins. Different gastric diseases have different effects on the pH of the stomach lumen. The stomachs of patients with duodenal ulcers tend to be hyperchlorhydric, while those of gastric cancer patients tend to be hypochlorhydric. Assuming that ArsRS is important in acid-induced regulation, it is perhaps reasonable to hypothesize that there may be sequence variation correlated to these patient sets. It is also hypothesized that variation within the genes encoding the system may be correlated to the geographically-based variation in disease outcome for HP infections. Any differences found between the ArsRS sequences of different patient sets could potentially lead us to pathogenicity markers that distinguish more virulent or carcinogenic strains from more benign ones and help us understand the disease-causing process. In addition, amino acid changes in the ArsR gene that correspond to compensatory amino acid changes in ArsS might allow us to predict the portions of the response regulator that interact with the histidine kinase during phosphotransfer. 

Experimental Methods 

To further these research aims, one goal of the project is to obtain complete, double-stranded DNA sequences of the ArsRS system in HP strains from Japanese patients who either had gastritis only or gastric cancer or from patients from India with duodenal ulcers. We began this project with oligonucleotide primers designed from the HP sequenced strains J99 and 26695 that were used to amplify a 2.5 kilobase target region containing the ArsRS locus from 2 of the Japanese strains. These amplicons were subsequently cloned and sequenced. The resulting sequences were then used to design new primers for the arsRS genes that were able to amplify this locus from the remainder of the Japanese strains. The sequences were also used to design new sequencing primers to allow examination of the unsequenced regions by primer walking. The data already generated is in the process of being analyzed, and the DNA sequences are being translated into predicted amino acid sequences for a more function-oriented comparison of the ArsRS system among strains. 

In the future, I hope to complete the two double-stranded DNA sequences already in progress and to clone and sequence the amplicons from the other six Japanese strains using the same sets of sequencing primers. HP strains from Indian patients with duodenal ulcers will then hopefully be obtained and the ArsRS genes amplified, cloned, and sequenced from these strains as well. All the resulting data will then be compared, both as DNA sequences and amino acid sequences. This project will be a major portion of my senior honors thesis. 
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	Intended Outcome of Research Project (for example, Honors Project, Publication, or Presentation): 
Honors Project 




EXAMPLE II:

	Title of Summer_Research_Fellowship Project:

	   Characterization of Biologically Relevant Complexes of Mixed Sulfur, Nitrogen Ligands by NMR Spectroscopy and X-ray Crystallography 


	

	Project description (no more than 1,000 words):   The project description should begin by setting the proposed research question in the context of the broader field (including a brief discussion of the background and the significance of the general question of interest) and then describe the specific tasks that will be undertaken to investigate the question. Proposals should also provide: 1) a summary of results of any relevant preliminary studies already done by the student; 2) a detailed description of the specific tasks to be undertaken by the student during the summer (rather than by others also involved in the project); and 3) a brief description of plans for continued involvement in the project by the student beyond the summer (if relevant).    (please indicate new paragraph with "PP/") 
Relevance of the Research Metal ions play a major role in stabilizing the tertiary structures of many proteins. A greater understanding of the coordination of these elements within biologically relevant ligands will advance our knowledge of ion-binding proteins. My research will focus on Zn(II), Cd(II), and Hg(II), which belong to a family of elements known as the zinc triad. These divalent metal ions are potentially interchangeable in protein metal binding sites, but Zn(II) is physiologically essential while the others have broad toxic effects. Although the common spectroscopic methods used to characterize metals directly are not applicable to these d10 metal ions, both Cd(II) and Hg(II) have high natural abundance isotopes that are responsive to Nuclear Magnetic Resonance (NMR) scanning. Solution state NMR studies of coordination compounds provide a wealth of information. Solution state NMR parameters can be correlated with X-ray crystallographic structures to provide structure-function relationships relevant to toxicity. In addition, exchange processes can be monitored by NMR to obtain a measure of relative affinity of metals for specific binding environments. Small molecules called ligands are readily available models of protein metal binding sites. A key feature of the chosen ligands is that they are multidentate, meaning that like proteins, they bind to metallic ions in multiple places and must twist into new conformations into order to access all of the ion
s binding surfaces. The proposed research will provide additional insight regarding the environmental impact of heavy metals. Environmental contamination with non-biodegradable heavy metals presents a growing threat. For example, development along the shorelines increases marine mercury levels, a problem particularly pertinent to the Chesapeake Bay area. A more complete understanding of the full range of physiological targets for Cd(II) and Hg(II) may prove invaluable in everything from pollution cleanup, to preservation of threatened species in the Bay, to mitigating the toxicity of heavy metals in humans. 

Preliminary Findings & Experimental Plan I worked in the Bebout laboratory for the past summer and fall. I synthesized a tripodal tetradentate ligand (1) whose coordination chemistry with zinc triad metal ions has not been reported in the literature. Since I began working with this ligand , I have successfully isolated three new compounds: two containing Cd(II) and one containing Zn (II). Professor Bebout and I have collaborated with Professor Pike to solve the structure of the Zn(II) complex using the X-ray diffractormeter, while the other two complexes await testing. This summer I will examine conditions for growth of single crystal additional metal complexes of 1for X-ray crystallography analysis. In addition, I will begin investigating the solution-state coordination chemistry of 1 with each of these metal ions by NMR. Using the techniques I have learned, I will also prepare 2 and 3 this summer and begin investigating their coordination chemistry with divalent zinc triad metal ions. The results of these studies will contribute to peer-reviewed publications and presentations at national, regional and local conferences. 

Sources McRill, C.; Boyer, L. V.; Flood, T. J.; Ortega, L. 
Mercury toxicity due to use of a cosmetic cream
 J. Occup. Environ. Med. 2000, 42, 4-7. 2 Bebout, D. C.; Bush, J. F. II; Shumann, E. M.; Viehweg, J. A.; Kastner, M. E.; Parrish, D. A.; Baldwin, S. M. 
Caging the Mercurous Ion: A Tetradentate Tripodal Nitrogen Ligand Enhances Stability and J(1H199Hg)
 J. Chem. Cryst. 2003, in press. 3 Bebout, D. C.; Bush, J. F., II; Crahan, K. K.; Bowers, E. V.; Butcher, R. J. 
Sterically Demanding Multidentate Ligand Tris[(2-(6-methylpyridyl)methyl]amine Slows Exchange and Enhances Solution State Ligand Proton NMR Coupling to 199Hg(II)
 Inorg. Chem. 2002, 41, 2529-2536. 
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