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SUPPLIES AND MATERIALS TOTAL: $2319.85 
Bacterial growth media and chemicals (VWR)




      500.00
Omega Biotek Bacterial Genomic/Plasmid DNA isolation kits (VWR)

      361.45


Big Dye Terminator v3.1 DNA sequencing kit (Applied Biosystems)

      270.40
TA Cloning kit (Invitrogen)






      411.00
Oligonucleotide primers for PCR reactions (Sigma Genosys)


      200.00
Sterile 96-well plates (VWR)






        77.00
Expendables
· (test tubes, pipet tips, notebooks, paper goods, markers, tape, etc.)
      500.00
SERVICES: TOTAL: $200.00
DNA sequencing services (UNM Molecular Biology Facility)
· Approximately 200 sequences 




     200.00
EQUIPMENT: TOTAL: $4,035.74
Basic Orbital Shakers (2 ea @ $1,603.37) Model KS-250 (VWR)

  3,206.74
Analytical pipettors (0.5-10, 2-20, 20-200 & 100-1000µL)
· VWR Promotional Starter Kit
 (VWR)



     829.00
TRAVEL: TOTAL: N/A
OTHER (specify): TOTAL: N/A






    OVERALL TOTAL: _$6,555.59__ 




TOTAL REQUESTED FROM FRC: _$5000___ ($5000 limit) 
Please Attach a Budget Justification for the equipment/travel/services outlined above. Your Application will be considered incomplete without a budget justification page. 
BUDGET JUSTIFICATION

EQUIPMENT

The laboratory of Dr. Richard Plunkett will conduct experiments requiring the cultivation of possibly slow-growing fastidious microorganisms. These experiments may require the uninterrupted incubation of aerobic enrichment cultures with shaking for periods of up to several weeks; this precludes the use of shared equipment for this step in the bacterial isolation process. Two orbital shakers are thus requested; each shaker holds up to nine 500 mL Erlenmeyer flasks, and it is very likely that more than nine soil samples at any time may be screened for the presence of THOPC-utilizing microorganisms. Every stage of this project will include experiments requiring very precise measurements of reagents therefore a set of analytical pipettors is required.
SUPPLIES


The isolation, cultivation and maintenance of bacterial cultures are absolutely essential for this project, and a key feature of this is the identification and characterization of these organisms. These processes require the use of bacteriological growth media and chemicals, and associated disposable supplies (such as culture tubes, petri dishes and pipet tips). Molecular methods including the sequencing of nucleic acids are important methods of characterizing and identifying microorganisms. Kits and reagents will be required to isolate, clone and sequence DNA from candidate microorganisms. Other expendable supplies will be necessary for keeping records of experimental methods and data, and the maintenance of a working laboratory environment.
SERVICES

New Mexico Highlands University does not have the facilities to carry out DNA sequencing, so this will be done at The University of New Mexico Biology Department’s Molecular Biology Facility in Albuquerque, NM. This is a low-cost resource for gathering DNA sequence data.
ABSTRACT
Pyridazines are heterocyclic compounds containing an N-N bond in their ring structure. They rarely occur in nature, but are often intermediates of synthetic chemical processes generating more complex molecules. Pyridazines also are generated as products of chemical treatments of hydrazine. Hydrazine is a highly toxic compound used industrially in polymerization processes, synthesis of pharmaceuticals, in the manufacture of automotive airbags, and in rocket fuel. And recently, hydrazine has been proposed as a component of hydrogen fuel cells for automobiles. As such, hydrazine pollution associated with these applications is a concern. Pyridazines and their derivatives have been developed for chemotherapeutic applications—they are found in the structures of drugs used to treat hypertension (cilazapril and cadralazine) and depression (minaprine); in antibiotics (cinoxacin and cefozapran) and herbicides (maleic hydrazide). Novel pyridazine derivatives are also being investigated as antitumor chemotherapies, antiviral and antibacterial agents.
Although pyridazine compounds are used as antimicrobial chemotherapeutic agents, bacteria are known to be resistant to many antimicrobial compounds. We hope to discover bacteria with enzymatic mechanisms to degrade 1,4,5,6-tetrahydro-6-oxo-pyridazine-3-carbonic acid (THOPC), a pyridazine product of hydrazine remediation and of hydrazine metabolism. 

While microbial formation of N-N bonds is a common reaction of biological denitrification processes, reports of enzyme-mediated cleavage of N-N bonds by bacteria are scarce. Nevertheless, bacteria display amazingly diverse metabolic systems and remarkable abilities to capitalize on an incredible range of compounds as carbon and nitrogen sources for growth and energy—even compounds with antibacterial properties. Indeed, soil bacteria of the genus Pseudomonas were shown to grow aerobically with THOPC as the sole carbon and nitrogen source (LaRue & Child 1979). Little work, however, has been done since to further characterize these organisms or the enzymatic mechanisms responsible. Because THOPC is a product of hydrazine treatment methods, biological methods of THOPC transformation may prove to be an important part of the larger project of remediating hydrazine pollution.
We intend to isolate and identify THOPC-utilizing bacteria by enrichment cultures from environmental soil samples. We will first generate pure cultures of bacteria that are able to grow using THOPC. We will then assess their tolerance to elevated levels of THOPC, and identify whether they display an inducible resistance to the compound. Using isotopically-labeled THOPC substrates and nuclear magnetic resonance (NMR) spectroscopy we will identify the products of bacterial THOPC metabolism. Of additional interest will be the use of molecular biology and protein biochemistry techniques to identify the genes and proteins which make up the enzyme pathways involved in the metabolism of THOPC and other pyridazine compounds. These experiments will lead to the development of viable biologically-mediated treatment of THOPC produced by hydrazine remediation.

This project affords New Mexico Highlands University the opportunity to be involved with important efforts toward the treatment of hydrazine pollutants. The potential of this research, however, reaches beyond a single application. Understanding the processes and products of pyridazine metabolism may provide the ability to tailor chemical processes involving hydrazine and pyridazine compounds. This could be extremely valuable for the pharmaceutical industry in particular, and patentable procedures could result from this research. This is a low-risk opportunity with the potential for high rewards for Highlands University and New Mexico.
LaRue and Child. 1979. Bacterial utilization of a hydrazine derivative as a source of nitrogen. Can. J. Microbiol. 25:822-825.

RESEARCH PROPOSAL
PURPOSE 

We will assess the bacterial degradation of 1,4,5,6-tetrahydro-6-oxo-pyridazine-3-carbonic acid (THOPC) via enzymatic breakage of N-N bonds. We will isolate and identify environmental bacteria able to grow using THOPC as a source of carbon and nitrogen. Additionally, we will identify the metabolic intermediates and products of THOPC metabolism by microorganisms. The discovery of THOPC-utilizing bacteria will be a valuable step toward developing bioremediation methods of removing the pyridazine byproducts of the treatment of hydrazine contamination.
The successful completion of this project will carry our research toward long-term objectives which are intended to increase our knowledge of the genetics and biochemistry of the unusual ability of some bacteria to cleave N-N bonds. Future investigations will attempt to identify the genes involved in THOPC metabolism and characterize the enzymatic mechanisms. This knowledge will serve a dual purpose of expanding the body of scientific information regarding microbial physiology and genetics, which may inform us about evolutionary relationships between prokaryotic organisms, as well as the more practical purpose of providing biochemical information with the potential for future exploitation in human-mediated chemistry involving hydrazine and pyridazine compounds. 
DESIGN / METHODOLOGY 

The experimental design will be based on achieving several main research objectives. These objectives will aim at the goal of isolating and characterizing THOPC-utilizing microorganisms with the intent of applying this knowledge to the design and implementation of hydrazine remediation strategies. The specific aims of this study include the following research objectives:
1. Isolate and identify pure cultures of bacteria able to utilize THOPC as their sole source of carbon and/or nitrogen for growth

2. Determine bacterial tolerance to THOPC exposure
3. Identify metabolic products of THOPC utilization
Research objective 1: Isolate and identify THOPC-utilizing bacteria
Environmental soil samples will be used for seeding enrichment cultures. If possible, samples will be acquired from hydrazine or pyridazine contaminated sites.  Briefly, 1 gram of soil will be used to seed 500 mL Erlenmeyer flasks containing 200 mL of a synthetic defined medium such as basal salts medium (BSM) with THOPC added in varying concentrations as the sole carbon and nitrogen source. Cultures will be incubated with shaking for up to several weeks. Cultures in which growth is observed will be used to seed (1:1) subsequent flasks containing the same concentration of THOPC; several transfers will be made to insure growth is due to THOPC utilization rather than carry-over of organics from previous cultures. Successful cultures will be used to inoculate BSM agar plates containing THOPC, which will be subcultured in order to obtain pure cultures of THOPC-utilizing microorganisms.
Isolated organisms that can successfully grow on THOPC will be identified by standard bacteriological techniques including staining and biochemical characterization. Additionally, 16S ribosomal RNA gene sequences will be obtained first by PCR amplification using appropriate primers as determined from identification tests, followed by standard cloning and DNA sequencing. Computational biology and phylogenetic analyses will be useful for further characterizing isolates, including novel strains. The 16S gene sequences will be used to identify isolates based on known 16S sequences in GenBank and other public databases, and also to place the organisms in a bacterial phylogeny.
Research objective 2: Determine bacterial tolerance to THOPC exposure

Because of the antibacterial properties of pyridazine compounds, it will be important to evaluate growth inhibition of any isolated THOPC-utilizing bacteria. Minimum inhibitory concentrations (MIC) of THOPC will be determined using a standard microplate broth dilution assay. Briefly, isolates to be evaluated will be grown in nutrient broth to mid log phase, at which time they will be transferred to a nutrient-poor medium (poor broth) and allowed to grow to an optical density at 600 nm (OD600) of 0.01. The poor-broth culture will be added to the wells of a 96-well microtiter plate already containing serial dilutions of THOPC. The microtiter plate will be incubated with gentle shaking, and growth will be observed by following the OD600 of the cultures with a plate reader.
The data collected from MIC assays will be used to design further experiments to investigate whether THOPC resistance can be induced in isolated organisms. Cultures will be briefly exposed to sublethal (below MIC) concentrations of THOPC, after which MICs will again be determined in order to observe any increase in resistance resulting from pretreatment. This will indicate whether THOPC resistance and perhaps metabolism are under the control of regulatory elements that can sense elevated pyridazine levels in the environment.
Research objective 3: Identify metabolic products of THOPC utilization

Cultures will be grown in bioreactors with isotopically-labeled THOPC as the sole carbon and nitrogen source. The products of metabolism will be assayed by nuclear magnetic resonance (NMR) spectroscopy. Different versions of labeled THOPC are available from Drs. Rodolfo Martinez and Merritt Helvenston, New Mexico Highlands University, Department of Chemistry, who has the capacity to produce them in his laboratory. These molecules will allow us to detect and follow individual carbon molecules of the parent THOPC through metabolic transformations. The use of NMR spectroscopy, in cooperation with the Department of Chemistry, will allow us to positively identify the metabolic intermediates and products of THOPC degradation by bacteria.
ANTICIPATED RESULTS 
Based on the report of LaRue and Child (1979), we expect to be able to successfully isolate several THOPC-utilizing organisms. Identification by obtaining 16S rDNA sequences is the standard method for identifying environmental microorganisms, and we should be able to place our unknown organisms in a larger bacterial phylogenetic scheme; if we obtain isolates of known genera, we will determine whether we have discovered novel strains. The NMR characterization of metabolic products can be conducted with high confidence, and we expect to identify specific compounds.
PLAN FOR DISSEMINATION OF FINDINGS 
We plan to publish our findings and present our results (in the form of posters and presentations) at appropriate meetings and conferences. With due consideration for the protection of proprietary information and the intellectual property of New Mexico Highlands University, we expect that this research will generate several reports suitable for publication in peer-reviewed journals. Target journals include Applied and Environmental Microbiology, the Journal of Bacteriology, and the Journal of Biological Chemistry, for example.
LIST EXISTING EQUIPMENT AND FINANCIAL RESOURCES AVAILABLE TO SUPPORT WORK 
Facilities and equipment:

Dr. Plunkett shares laboratory space of approximately 900 square feet with another investigator in room 354 of the Hilton Science and Technology (HSCI) building at New Mexico Highlands University, Department of Biology. This laboratory provides adquate space for the maintneance of microbiological cultures and assays required to complete this project. This space in conjuction with shared equipment in Dr. Carol Linder's laboratory prove a large amount of the necessary equipment for molecular biology techniques. 
Available equipment includes:

HybAid PCR Express Thermal cycler (HSCI 354)
96-Well Microplate Reader (HSCI 354)
Gel electrophoresis equipment (HSCI 354)

BioRad Gel Doc EQ (in Linder Lab HSCI 358) 

Sorvall RC5C plus Centrifuge (in Linder Lab HSCI 358)
Eppendorf mini centrifuge (HSCI 354)

Epifluoresence Zeiss 25 microscope (Carl Zeiss Inc., Germany) (in Nelson Lab HSCI 254)

Nikon 50I microscope with 20X, 40X, and 100X oil objectives (in Linder Lab HSCI 358)

Consolidated Autoclave (shared equipment, HSCI 356)

Barnstead Easy pure II UV/UF ultrapure water system (shared equipment, HSC356)

Esco Biohazard Safety Cabinet (HSCI 358), Puffer Hubbard -80°C Freezer (HSCI 358), Two 4°C refrigerators and a -20°C VWR freezer, VWR Shaking incubator (shared equipment, HSCI 356), Fume hood, Laminar flow hood, Esco Biohazard Safety Cabinet, VWR ice machine (shared equipment)
Financial support:

At present this work is unfunded. If this application is funded it will be used as seed money to initiate the microbiological studies including isolating and identifying THOPC-utilizing bacteria. However we will be seeking funds for this research from outside sources in order to fully develop the scope of this project to include genetic and biochemical characterizations. We intend this project to involve students, both undergraduate and graduate, and students will be encouraged to seek funding as well.
OTHER SOURCES OF SUPPORT FOR THIS WORK 
THOPC and isotopically-labeled THOPC will be provided at no cost by Drs. Rodolfo Martinez and Merritt Helvenston, New Mexico Highlands University, Department of Chemistry.
REFERENCE
LaRue and Child. 1979. Bacterial utilization of a hydrazine derivative as a source of nitrogen. Can. J. Microbiol. 25:822-825.
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Selected Published Abstracts – Posters and Presentations:

1. R. M. Plunkett, S. I. Murray and C. L. Lowenberger. Exploiting Insect Immune Responses to Pathogens in the Search for Novel Antimicrobial Compounds. Talk delivered at the British Columbia Parasitology Society’s Annual Meeting, 2008.

2. R. M. Plunkett and L. L. Barton. Oxidative Stress in Four Species of Sulfate-Reducing Bacteria. Poster presented at the American Society for Microbiology’s 107th General Meeting, Toronto, ON. 2007.
3. R. M. Plunkett and L. L. Barton. A Mechanism for Oxidative Stress Defense in Desulfovibrio vulgaris. Poster presented at the American Society for Microbiology’s 104th General Meeting, New Orleans, LA. 2004.

4. R. M. Plunkett and L. L. Barton. Oxygen-Stress Response in Sulfate Reducers. Talk delivered as invited speaker at the environmental microbiology colloquium, Life is Redox Chemistry: The Sulfate-Reducer Paradigm, at the American Society for Microbiology’s 103rd General Meeting, Washington, D.C. 2003.

5. R. M. Plunkett, R. Narang, G. S. Brown, B. M. Thomson, L. L. Barton. Chromium resistance and reduction by sulfate-reducing and iron-respiring bacteria. Poster presented at the American Society for Microbiology’s 102nd General Meeting, Salt Lake City, UT. 2002.

6. L. L. Barton, R. M. Plunkett and R. Narang. Kinetics of uranyl reduction by hydrogenase systems. Poster Presented at the Biochemical Society’s 3rd Annual Biometals Symposium, London, UK, 2002.

7. R. M. Plunkett, L. L. Barton and B. M. Thomson. Isolation and characterization of an alkyl hydroperoxide reductase gene from Desulfovibrio vulgaris ATCC 29579. Poster presented at the American Society for Microbiology’s 101st General Meeting, Orlando, FL. 2001.

8. L. L. Barton, G. S. Brown, E. D. Gonzales, R. M. Plunkett, B. M. Thomson. Metabolism of polyaromatic hydrocarbons (PAH) and their oxidation products by soil bacteria. Poster presented at the American Society for Microbiology’s 101st General Meeting, Orlando, FL. 2001.

EXTERNAL FUNDING FOR THIS PROJECT

While the seed money from this funding application will be valuable for establishing this line of research and conducting preliminary studies, the fulfillment of all of our research goals will require additional funding. This will be pursued by full grant applications to the following programs for 2009:

1. NSF Cellular System Cluster (including an REU Supplement)
2. DOE Environmental Remediation Sciences Program (ERSP; formerly NABIR)
Students involved in this program will also be strongly encouraged to seek funding from scholarship, grant and fellowship programs. As New Mexico Highlands University is an Hispanic Serving institution, students conducting research may be eligible for, and will request, funding from appropriate sources for minority or underrepresented students. These may include MARC and MBRS programs (through NIH), SACNAS, and others. Student money from the American Society for Microbiology (ASM) will be sought to assist students presenting results of these investigations at ASM meetings.
