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I am interested in anything related to bacteriology and that is why I have several seemingly distinct research projects going on in my lab.  All these projects employ similar molecular techniques, including bacterial genomic DNA preparation, PCR amplification, gene cloning, bacterial transformation, conjugation, restriction fragment length polymorphism, DNA sequence analysis, and more.  Listed below are three of my five on-going projects:

Analysis of microbial communities in the Enoree, Saluda, and Reedy river systems

Bacteria are important indicators of water quality.  They pose important public health concerns for recreational and drinking water.  High bacterial populations can deplete dissolved oxygen and impact the ecological integrity of stream systems.  In the past four years, we have collected stream water and used different IDEXXTM diagnostic systems to detect the presence of coliforms, Escherichia coli, and enterococci.  Our data provide valuable information on animal, including human, impacts in the areas of interest and further indicated the sanitary quality of water.  In addition to IDEXX survey, we have extended our research to study the species diversity of E. coli population, the bacterial biofilm formation in nature, and the genetic diversity of the tetracycline-resistant bacterial strains in nature.

The specific aims of the E. coli diversity project are to: (1) isolate and identify as many E. coli strains as possible from the “high-risk” areas indicated by the survey study of IDEXX, (2) amplify the 16S rRNA genes and compare the RFPL (restriction fragment length polymorphism) patterns to study the genetic diversity of the collection, and (3) generate a dendrogram based upon the diversity of the RFLP patterns to examine the correlation between microbial diversity and the geological location from which the strains were isolated.

The specific aims of the tetracycline-resistant project are to; (1) isolate and identify tetracycline-resistant E. coli from different geological locations, particularly upstream and downstream of waste water treatment plants, (2) determine the minimal inhibitory concentration of tetracycline of each isolate, (3) determine the antibiotics resistance pattern of each isolate, (4) test if the tetracycline resistance trait is transmissible by conjugation, and (5) examine the gene(s) responsible for tetracycline resistance.

Structure and function of the active site of proline permease

Solute transport is an essential and often the rate-limiting step in metabolism and energy utilization.  Solute uptake across the cytoplasm membrane is mediated by active transport systems that are integral membrane proteins.  In Gram-negative bacteria such as Escherichia coli and Salmonella enterica serovar Typhimurium, about 40% of the substrates enter the cells by ion-driven transport systems (permeases).  The binding of the substrate and the counter-ion to their respective binding sites in the permease subsequently leads to a conformational change and releases them into the cytoplasm.  Hence, permeases must display a high degree of specificity in substrate recognition in order to discriminate between different molecules presented to the cell.  However, the precise mechanisms of these important substrate recognition, binding and tarnslocation activities are not yet clear for any transport protein.  To understand the transport mechanism at the molecular level, we must first identify the structure and function of its substrate binding sites.  We believe that proline permease, coded by putP gene, in S. serovar Typhimurium is a good model system to study the active sites of permeases for the following reasons: (1) the entire proline utilization operon has been cloned, (2) the sequence of wild type putP gene in Salmonella is completed, (3) the whole cell kinetics of putP permease has been determined, (4) at least 17 putP substrate specificity mutants were isolated and currently subjected to sequencing analysis, (5) more than 100 second-site revertants were isolated, and (6) the DNA sequences of different proline permeases and other proline binding proteins are determined and accessible via internet for comparison.

The specific aims to study the structure and function of the binding sites (proline and sodium) include (1) sequence putP mutants with altered substrate specificity, (2) sequence putP mutant with altered cation specificity, (3) introduce defined amino acid changes in putP gene by site directed mutagenesis, (4) study its membrane topology by constructing putP::lacZ and putP::phoA protein fusions, and (5) determine the conserve proline binding site by comparing and analyzing the known putP genes in GeneBank.

Sequence and analyze the genomes of the Salmonella enterica serovar Enteritidis, Pullorum, and Dublin

Salmonella enterica includes many closely related serovars that are adapted to different animal hosts: Enteritidis is a broad host range serovar that can infect a wide variety of animals, Pullorum is a host-specific serovar that infects poultry, and Dublin is a host-adapted serovar that infects cattle.  These Salmonella serovars cause severe diseases in farm animals.  It is not known why they are adapted to specific hosts, why they have unique phenotypic, biochemical, and virulence traits, or how these differences evolved.  To elucidate these differences, my collaborators have determined the draft genome sequences of these three Salmonella serovars and identified a core of common genes that are essential for growth in vitro and in vivo.  Some unique genes that define the distinct virulence attributes in each host are also identified.  Although comparative genomics of the draft sequences have yielded useful insights into the differences between these pathogens, more questions arose and complete sequences of the genomes are needed.  The genome sequences will deepen our understanding on the evolution of the pathogens; provide practical clues into how “emerging” pathogens arise, and accelerate the development of novel therapeutics to prevent Salmonella infection.  The genome sequences will also offer more effective approaches to detect, identify, and track bacterial pathogens used for bioterrorism agents.

The specific aims of this project are to: (1) complete the DNA sequence of the Salmonella enterica serovar Enteritidis, Pullorum, and Dublin genomes, (2) analyze the genome sequences, and (3) confirm the sequence of predicted pseudogenes.

I have three collaborators for this project:

• Stanley Maloy, Ph.D. Professor of Biology, SDSU, and Director of the Center for Microbial Sciences

• Rob Edwards, Ph.D. Director of Bioinformatics for the Molecular Resources

• Gary Olsen, Ph.D. Professor of Microbiology at the UIUC, and Co-Director of the Keck Center for Functional Genomics.

