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· Toxin(s)

· Protein

· Mechanism

· Structure

· Chemistry

· Spectroscopy

· Ultraviolet-visible

· Fluorescence

· Chromatograph

· Electrophores

Basic and applied research opportunities exist in the development of intervention of botulinum neurotoxin action. Our research focuses on the mechanism of action and structure-function relationships of protein toxins. These studies center on developing inhibitors as therapeutic agents and protective vaccines. Current research involves the botulinum neurotoxins, which exert a triphasic action for toxicity: cell surface binding, internalization, and enzymatic catalysis. We use a combination of techniques in protein chemistry (e.g., expression, purification, chemical modification, electrophoresis, chromatography, and amino acid sequencing), enzymology, spectroscopy (absorbance, fluorescence, and CD), cell biology, immunology, and recombinant DNA, and corroborate the results with known x-ray structures. Other approaches include crystallization/co-crystallization of toxins and toxin fragments with inhibitors or substrate analogues for structure determination by x-ray crystallography. Additional toxins of interest include anthrax, ricin, and snake venom.

Directed Subversion of the Immune Responses through Antigen Processing and Presentation

S Bavari
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· T cells

· Cellular immunology

· Antigens

· Molecular immunology

· Proteins

Diverse mechanisms are used to capture protein antigens by antigen presenting cells. Internalized antigens are transferred to the acidic compartments where degradation occurs. The resulting antigenic peptides reach a specialized major histocompatibility complex class II compartment, in which class II molecules encounter peptides. Peptide-loaded class II complexes are then transported to the cell surface for sampling by T helper cells. The internalization and routing of antigens play a decisive role in their processing and presentation of T lymphocytes, which ultimately determine the effectiveness of the immune response.

Research focuses on understanding the antigen processing and presentation pathways of protein toxins and on studying the molecular mechanisms of T-cell anergy caused by bacterial superantigens and other disease states. Broad and complex investigations require advanced knowledge of theory and methodology in many areas of biological science. Emphasis is placed on cellular biology, cellular and molecular immunology, and molecular biology. Research centers on understanding molecular and cellular mechanisms of action of protein toxins, and on developing new and innovative methods for evaluation and construction of new and improved vaccines against biological protein toxins.

Molecular Recognition of Superantigens by Human T-Cell Receptor

J Carra
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· Protein

· Folding

· Recognition

· Biophysics

· Thermodynamic

· Structure

· SPR

· Calorimetry

Our efforts focus on structure/function studies of proteins from biothreat agents. Projects include drug discovery for ribosome-inactivating proteins, vaccine stability characterization and formulation, analysis of poxvirus viroceptor/cytokine interactions. Techniques employed range from molecular biology to protein biochemistry and biophysics, including calorimetry, spectroscopic methods and X-ray crystallography.

Immunogenomics and Host Responses to Inhaled Biothreat Agents

L DaSilva
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· Aerosol exposure

· Biowarfare agent

· Pulmonary immunology

· Microarray

· Host response

· Animal model development

· Nonhuman primate

· Genomics

· Lung

Inhalation of biological threat agents can cause incapacitation or death in humans. The development of appropriate countermeasures to these agents requires a better mechanistic understanding of the host response elicited to these agents both in the lungs and systemically. Our laboratory’s main focus is on the identification of cellular mediators of immunity and molecular signatures of protein using appropriate murine and/or nonhuman primate animal models for each individual agent. We are primarily interested in the host responses occurring in the lungs, blood, and other target tissues after aerosol exposure to Yersinia pestis, Bacillus anthracis, and Botullinum neurotoxins; and ricin and staphylococcal enterotoxins. We currently employ microarray technology to create a data base containing gene expression profiles characteristic of each aerosolized agent. A number of cellular and molecular approaches are then used to validate the immunological observations made from the microarray data. Additional research centers on the development of in vitro assays that detect inherent cytotoxicity of therapeutics and vaccine candidates.

Pathogenesis, Immunology, and Vaccine Development

AM Friedlander
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· Bacterial antigens

· Bacterial immunology

· Bacterial pathogenesis

· Bacterial toxicology

· Cell toxicology

· Cellular immunology

· Macrophages

· Phagocytes

· Vaccines

Work in this laboratory focuses on the cellular aspects of natural and immune resistance to diseases caused by extracellular and facultative intracellular bacteria, including anthrax and plague. We carry out pathogenic studies of infections using both in vitro and in vivo models, with particular emphasis on interactions of pathogens with phagocytic and epithelial/mucosal cells. Specific interest areas include (1) cellular and molecular mechanisms of interference with host resistance by microbial virulence factors; (2) the study of endosome, phagosome, and lysosome function; (3) intracellular processing of organisms, antigens, and toxins by macrophages; (4) identification of target antigens and

mechanisms of protective immunity; and (5) evaluation of recombinant expression proteins as candidates for vaccine development.

Molecular Virology: Antibody Therapy for Treatment and/or Prophylaxis of Viral Infection

MC Guttieri
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· Eukaryotes

· Monoclonal antibodies

· Molecular genetics

· Molecular virology

Research opportunities are available to conduct studies leading to the production and evaluation of antibody therapy for the prevention and/or treatment of human disease. Current research efforts focus on the production of human monoclonal antibodies by cloning and expressing heavy- and light-chain antibody genes of immune individuals using phase display technology, baculovirus vectors, and constructs for stable transformation of insect cells. Studies include the development and characterization of monoclonal antibodies specific for hantaviruses, filoviruses, poxviruses, and arenaviruses, with emphasis placed on products of potential therapeutic value. The modern, well-equipped Molecular Virology laboratories contain oligonucleotide and peptide synthesizers and an automated sequencer. Containment laboratories and support services for cell culture and hybridoma production are readily accessible.

Investigations on the Effects Biological Toxins, Bacteria, or Viruses (Bioterrorism Agents) Exert on the Lung Epithelial Cell Barrier

ML Hale
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· Biological toxins

· Pathogenic bacteria

· Epithelial cells

· Transcytosis

· Innate immunity

· Therapeutics

· Cell biology

· Toxic shock

· Apoptosis

In spite of the fact that the respiratory tract is the route of choice for many biologic threat (BT) agents, the consequences of their interactions with the lung epithelium is relatively unknown.  In addition to providing physical barriers that prevent internalization of inhaled BT agents, the importance of the lung epithelium in defense against microbial infection and pathogenesis is becoming evident as epithelial cells are now considered a major player in innate defense response.  The focus of this research is to examine how BT agents interact with polarized human lung epithelial cells and to characterize the innate defense responses elicited by the agent-epithelial cell interaction. Investigations include characterization of BT agent pathogen associated molecular patterns (PAMPs) and the pathogen recognition receptors (PRRs) that develop as a result of their interaction. The primary goal for understanding how BT agents affect lung epithelial cells is to use this information for the development of therapeutics against airborne BT agents.
Reference

Roy C., et al: Inhalation Toxicology 15: 619, 2003

Mechanisms of Filovirus and Orthopoxvirus Pathogenesis

LE Hensley
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· Ebola virus

· Filoviruses

· Viral immunology

· Marburg virus

· Viral pathogenesis

· Apoptosis

· Smallpox virus

· Orthopoxvirus

· Hemorrhagic fever viruses

Basic and applied research opportunities exist for investigating several important human pathogens with a particular emphasis on filoviruses (Ebola, Marburg) and orthopoxviruses (smallpox, monkeypox). Studies to characterize disease pathogenesis are performed using both in vitro and in vivo systems under BSL-3 or BSL-4 containment. This multifaceted program includes the following research themes: (1) mechanisms of viral entry, (2) characterization of apoptosis during viral infection, (3) initiation of the coagulation cascade, (4) role of NK cells/innate immunity, and (5) the role of cytokines/chemokines in the development of clinical disease. Mechanisms underlying the action of experimental vaccines, immunotherapy, and chemotherapy are also being investigated.

Reference:
Hensley LE, Young Ham Jahrling PB, Geisbert TW: Immunology Letters 80(3): 169, 2002

Bioanalytical Chemistry

HB Hines
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· Biochemical pharmacology

· Immunochemistry

· Analytical chemistry

Research focuses on developing and applying microtechniques for separating and characterizing biomolecules of interest, especially protein vaccine candidates. Separations typically involve capillary electrophoresis and capillary high-performance liquid chromatography. Characterizations center on mass spectrometry and generally include structure elucidation, peptide mapping, peptide sequencing, testing for protein post-translational modifications, and peptide/protein conformational analyses using limited proteolysis and hydrogen/deuterium exchange.

Hantavirus and Orthopoxvirus Countermeasures

JW Hooper
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· Hantavirus

· Hemorrhagic fever with renal syndrome

· Hantavirus pulmonary syndrome

· Vaccines

· DNA vaccines

· Immunotherapeutics

· Virus

· Vaccinia

· Orthopoxvirus

We conduct basic and applied research to develop products for preventing and treating diseases caused by highly pathogenic hantaviruses and orthopoxviruses. Hantaviruses are carried by rodents and cause two disease syndromes in humans: hemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS). We developed a candidate DNA vaccine that protects rodents against three of the four hantaviruses that cause HFRS. This vaccine will be tested in Phase I clinical trials in 2003. Research to develop a vaccine to protect against the fourth HFRS hantavirus is needed. We also developed a candidate DNA vaccine against HPS hantaviruses. This vaccine elicits high-titer neutralizing antibodies in nonhuman primates. Passive transfer experiments indicate that sera from these DNA vaccinated monkeys protect hamsters from a lethal HPS hantavirus challenge. The lethal HPS disease model that we discovered is the first lethal disease model for any hantavirus in an adult laboratory animal. This model needs to be more fully characterized and then used to test vaccines, drugs, and immunotherapeutics. In addition, this HPS model can be used to elucidate the mechanisms of hantavirus disease pathogenesis.

A parallel research effort focuses on developing a next-generation, gene-based orthopoxvirus vaccine. We have formulated a candidate DNA vaccine comprised of four vaccinia virus genes. This vaccine protects mice from a lethal vaccinia virus challenge and is currently being tested in nonhuman primates. Research opportunities exist to evaluate the immune responses generated by this candidate vaccine and to identify correlates of protective immunity. Our projects involve all aspects of preclinical product development including basic virology, molecular biology, assay development, and animal model development. We work in BSL-2, BSL-3, and BSL-4 (space suite) laboratories.

Live Bacterial Vaccine Vectors

TA Hoover
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· Bacterial antigens

· Cloning

· Gene expression regulation

· Vaccines

A research opportunity exists to develop bacterial antigen delivery systems. Various live, attenuated bacteria harboring foreign antigen genes are being evaluated as vaccine vectors. Research efforts will include cloning and optimizing the expression of antigen genes in a particular bacterial host that utilizes recombinant-DNA techniques, evaluating the safety and efficacy of candidate bacterial vaccines in animal models, developing attenuated bacteria by specific mutagenesis, or determining genetic lesions that effect attenuation in strains currently under consideration for use as vaccine vectors.

Characterization and Chemotherapy of Filovirus Infections

JW Huggins
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· Filovirus

· Ebola

· Marburg

· Antiviral

Unique biological containment facilities are available at USAMRIID for work with BSL-4 agents—Ebola and Marburg viruses—which cause severe or fatal hemorrhagic fever in humans and experimental animals. Research will center on developing effective antiviral therapy based on current developments in medicinal chemistry and on the elucidation of mechanisms of filoviral pathogenesis. We encourage the following areas of study: (1) discovery of potential new molecular targets for drug action, (2) characterization and development of new methods and compounds for filovirus therapy using a mouse model of Ebola virus infection, and (3) application of lessons learned in mice to the therapy of experimental filovirus infections in nonhuman primates. Opportunities also exist for concurrent research on the therapy of infections caused by other virulent RNA viruses including tick-borne encephalitis.

Characterization and Chemotherapy of Orthopoxvirus Infections

JW Huggins
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· Orthopoxvirus

· Monkeypox

· Vaccinia

· Virology

· Chemotherapy

Research centers on defining approaches for therapy of human orthopoxviruses, smallpox and monkeypox; and on developing and characterizing improved animal models. We encourage the following studies: (1) elucidating molecular targets for or mechanisms of drug action, both in vitro and in vivo; (2) developing specific methods and compounds that inhibit these functions; (3) developing appropriate in vivo and in vitro models for testing antiviral approaches; and (4) investigatng alterations in viral pathogenesis following drug therapy; and drug distribution and metabolism. A key molecular target in orthopoxviruses is the viral DNA polymerase, which is inhibited by many classes of compounds active against herpesviruses. Other classes of compounds known to inhibit vaccinia virus may also be of interest.
Molecular Diagnostics

MS Ibrahim
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· Bacterial pathogenesis

· Viral pathogenesis

· Molecular genetics

· Rickettsiology

· Bioassays

The goal of this research is to develop molecular diagnostic assays and procedures for bacterial, rickettsial, and viral pathogens of military and health importance. Research areas focus on development and application of novel gene amplification and detection technologies (e.g., genome-wide analysis by numerical taxonomy, colorimetric and fluorometric gene detection using micromachined instruments, and development of diagnostic kits).

Pathogenesis and Immunology

BE Ivins
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· Animal diseases and zoonoses

· Bacterial immunology

· Bacterial pathogenesis

· Vaccines

Basic and applied research is being conducted on Bacillus anthracis and on experimental anthrax in guinea pigs, with research opportunities available in the following areas: (1) mechanisms of nonspecific resistance and specific immunity and (2) development and evaluation of experimental vaccines.

The ultimate goals of this research are to develop improved prophylaxis against anthrax and to define those host factors responsible for nonspecific and specific immunity to anthrax.

Immune Responses to Infectious Agents and Biotoxins

T Krakauer
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· Cellular immunology

· Humoral immunity

· Bacterial immunology

· Bacterial toxicology

· Macrophages

· Lymphocytes

Our laboratory studies the cellular processes and proteins that mediate the host response to infection and injury. Research focuses on defining the cellular and molecular pathways in the activation of macrophages, and of T and B lymphocytes in generating an effective immune response. We are interested in immunological mediators (cytokines and chemokines) in immunity and inflammation. Current studies include the regulation of cytokine and chemokine production, the action of cytokines on target cells, and the cytokine regulation of pathological processes. Using staphylococcal superantigens as activators, in vitro human studies, and in vivo murine models, we have identified costimulatory receptors and cytokines critical in mediating superantigen-induced toxic shock. Novel therapeutic approaches are being developed to prevent staphylococcal exotoxin-induced toxic shock.
References:

1) T. Krakauer.  Editor of Superantigen Protocols, Methods in Molecular Biology, vol 214, Humana Press, 2003.

2) P. S. Brenner and T. Krakauer.  Regulation of Inflammation: A Review of Recent Advances in Anti-inflammatory Strategies.  Curr Med Chem: Anti-inflamm and Anti-allergy 2:274-283, 2003.

3) T. Krakauer. Chemotherapeutics targeting immune activation by staphylococcal superantigens. Med Sci Monit 11: RA290-295, 2005.

4) T. Krakauer, S. F. Little and B. G. Stiles. Bacillus anthracis Edema Toxin Inhibits Staphylococcus aureus Enterotoxin B Effects In Vitro: A Potential Protein Therapeutic? Infect Immun 73: 7069-7073, 2005.

5) T. Krakauer and M. Buckley. Dexamethasone Attenuates Staphylococcal Enterotoxin B-Induced Hypothermic Response and Protects Mice from Superantigen-Induced Toxic Shock. Antimicrob Agents and Chemother  50:391-395, 2006.

Protein Toxin Structure and Function

FJ Lebeda
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· Proteins

· Molecular toxicology

· Molecular modeling

· Vaccines

Our primary research interest is to understand protein toxin structure and function in the development of protective vaccines and therapeutic drugs. We are also studying molecules that are recognized by these toxins (e.g., substrates, inhibitors, receptors, and antibodies). Molecular modeling and computational chemistry studies provide the foundation for this research. Analytical chemical techniques include spectrofluorimetry, surface plasmon resonance, mass spectroscopy, circular dichroism, and Fourier-transform infrared spectroscopy. Projects with extramural collaborators range from studies using in vitro cell culture and nerve-muscle preparations, to x-ray crystallographic analyses.
Developing Animal Models and Testing Countermeasures Against Aerosolized Orthopoxviruses


A Nalca
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· Orthopoxviruses

· Monkeypox

· Rabbitpox

· Animal models

· Pathogenesis

· Aerosol

Our research focuses on developing and characterizing animal models for aerosolized orthopoxviruses such as monkeypox and rabbitpox, as well as testing efficacy of vaccines and potential drugs in these models. The main objective of this research is to understand the basic mechanisms of orthopoxvirus infection and host immunity. All studies using these agents are performed in biosafety level-3 laboratories. Research involves (1) development and characterization of animal models for orthopoxviruses, (2) pathogenesis and host response to infection (3) mechanisms of immune protection against orthopoxviruses, (4) testing efficacy of novel antivirals against aerosolized orthopoxviruses, and (5) testing efficacy of new vaccines against aerosolized orthopoxviruses. All required studies for preclinical product development, including basic virology, molecular biology, assay development, and animal model development are performed in our laboratories.

References

Nalca A, et al: Clinical Infectious Diseases 41: 1742. 2005

Heraud J, et al: Journal of Immunology 177: 2552, 2006

Development of New Targets for Diagnostic Detection of Biowarfare Agents

DA Norwood, Jr




97.20.26.B5421

· Microarrays

· Polymerase chain reaction

· Immunoassays

· Bacterial immunology

· Viral immunology

· Genomics

· Real-time polymerase chain reaction

· Biological agents

· Molecular diagnostics

The Diagnostic Systems Division provides leadership, training, and technical expertise within the Department of Defense for the medical laboratory diagnosis of biological defense and infectious disease agents that are capable of affecting the operational readiness of US Forces worldwide. Research opportunities are available within the Systems Development Branch for developing molecular based diagnostic assays for a variety of biological threat agents, including bacteria, viruses, and toxins. Applicants will discover new diagnostic targets, design novel assays, and evaluate new technologies for the rapid identification of biological agents of importance to the military. Approaches include rapid gene amplification, microarray analysis, denaturing high-performance liquid chromatography, and nucleic acid sequencing. Applicants will have the opportunity to work with commercial and DOD partners to evaluate novel approaches and platforms for rapid diagnostics.

Immune Responses to Viral Hemorrhagic Fever Viruses


GG Olinger
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· Filovirus

· Ebola

· Marburg

· Lassavirus

· Hemorrhagic

· Fever

· Vaccines

· Drug discovery

· Immunity

Opportunities are available for basic or applied research on emerging viral diseases with a particular emphasis on viruses causing hemorrhagic fever including Ebola virus, Marburg virus, and Lassa virus. The laboratory primarily focuses on the host immune response to viral hemorrhagic fever viruses, vaccine development, and therapeutic countermeasures. Current efforts center on understanding the immune responses; humor and cellular responses that are generated during vaccination or after virus infection. The protective role of antibody and CD4 and CD8 T cells are being investigated using rodent and nonhuman primate models of disease. We are particularly interested in defining the functional characteristics of protective antibodies to Ebola virus and the diversity of antibody responses generated during exposure. Human vaccines and small molecule therapeutic countermeasures against filoviruses are being developed and tested.

Reference

Olinger GG, et al: Journal of Virology 79(22): 14189, 2005

Vaccine Development

MD Parker
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· Viral pathogenesis

· Antiviral drugs

· rDNA

The goals of this laboratory are to develop and characterize vaccines that protect against a variety of viral diseases by combining elements of recombinant-DNA methodology and conventional vaccine development. Directed mutagenesis of infectious alphavirus cDNA clones provides a starting point for the analysis of virulence, attenuation, and pathogenesis. Collaborations with clinical investigators facilitate the transition of vaccine candidates from basic research facilities to safety and efficacy testing in primates and human volunteers. Opportunities are available to study other virus models that require higher levels of biocontainment.

Application of Carbohydrate Biochemistry in Infectious Diseases Research

N Parthasarathy




97.20.10.B5394

· Glycobiology

· Vaccine

· Host-bacteria adhesion

· Proteoglycan

· Polysaccharide

· Anthrax

· Glanders

· Melioidosis

· Macrophages

Research focuses on the application of glycobiology methods to isolate and characterize polysaccharide antigens as vaccine candidates for protection against Burkholderia mallei and B. pseudomallei infections. Research will involve the preparation of polysaccharides from the capsules and LPS of the aforementioned bacteria and conjugation to carrier proteins. Polysaccharide-protein conjugates will be tested for protection against infectious diseases, namely glanders and melioidosis.

Research also involves the application of currently available biochemical methods of carbohydrate research to examine bacteria-host adhesion for infectious diseases including anthrax, glanders, and melioidosis. The bacteria for this study will include Bacillus anthracis, Burkholderia pseudomallei, and B. mallei, the causative agents for anthrax, melioidosis, and glanders, respectively. The macrophages will be employed as the model host system. Our preliminary studies indicate the involvement of macrophage glycoconjugates (glycosaminoglycans) in the adhesion of anthrax spore to mouse peritoneal macrophages. Further structural characterization macrophage glycosaminoglycan, which is involved in the attachment or adhesion of anthrax spores, is in progress. Our main goal is to understand the mechanism of carbohydrate mediated bacteria-host adhesion, the first critical step in bacterial invasion.
Respiratory Immunology

MLM Pitt
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· Immunology

· Pulmonary toxins

· Cytokines

· Respiratory inflammation

· Chemokines

The pulmonary immune system is critical for defending the host against foreign airborne agents such as viruses, bacteria, and toxins. However, the protective immune response must be carefully modulated to prevent damage to the lung architecture, resulting in pulmonary dysfunction. Several infectious agents, toxins, and other chemicals include chronic inflammatory responses, which—rather than being protective—lead to significant lung injury and mortality. An understanding of the regulation of inflammatory responses in the lung following exposure to these agents is critical for identifying potential therapeutic strategies. We are currently interested in identifying the immunologic mechanisms responsible for causing lung damage following exposure to the toxin ricin. Ricin—a plant toxin extracted from the castor oil plant, Ricinus Communis—is composed to two chains: A chain and B chain. The B chain binds to oligosaccharides on the cell surface and facilitates the internalization of the A chain. The A chain possesses enzymatic activity and belongs to the family of ribosome inactivating proteins, inhibiting protein synthesis. Inhalation of ricin results in pulmonary edema and infiltration of the lung by lymphocytes, macrophages, neutrophils, and eosinophils. The inflammatory response results in destruction of the alveolar wall resulting in respiratory distress. Using a murine model of ricin intoxication, our laboratory is studying several aspects of ricin induced lung injury. This research includes (1) the role of cytokines in the regulation of the inflammatory response following ricin exposure in resistant and sensitive strains of mice, (2) the role of cytokines in mediating lung pathology and their use as potential therapeutics, (3) the role of reactive oxygen species in the immunopathology, and (4) the role of chemokines and adhesion molecules in the regulation of lymphocytic infiltration following ricin exposure in resistant and sensitive strains of mice.

Aerobiology

MLM Pitt
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· Inhalation toxicology

· Aerosols

· Vaccines

· Biological models

Research focuses on respiratory immunology. Emphasis is placed on mechanisms of immunity and surrogate markers of protection using animal models appropriate for specific infectious agents and biological toxins of military relevance. Preclinical efficacy studies, including vaccines delivered by aerosol and parenteral vaccines, against aerosol challenge provide research materials. Unique facilities and expertise allow us to expand our research efforts in the bioaerosol arena and to study respiratory immunity following exposure to bioaerosols.

Diagnostics Development, Detection, and Metabolism of Marine Toxins

MA Poli
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· Environmental toxicology

· Immunoassays

· Fish and fisheries

A primary research goal is to develop laboratory diagnostics for protein toxins of military interest including ricin, Clostridium botulinum toxins, Staphylococcus enterotoxins, and Clostridium perfringens alpha toxin. We emphasize basic science, including preparation of reagents and development of assays using classical techniques (i.e., ELISA). Research also involves expansion of basic assays into other formats (i.e., chemiluminescence, polymerase chain reaction-immunoassays), and evaluation of new technologies. Other projects focus on the detection and metabolism of marine toxins, including isolation and detection of ciguatoxins in fish, and isolation of brevetoxin metabolites from shellfish.

Biochemistry of Anthrax, Plague, and Glanders Pathogenesis

B Powell
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· Bacterial pathogenesis

· Infection

· Antigens

· Therapeutics

· Bioterrorism

· Anthrax

· Vaccines

· Analytical protein biochemistry

We are characterizing the bacterial pathogenesis and host resistance to infection from Yersinia pestis, Bacillus anthracis, and Burkholderia maleii. The ultimate objective of these studies is to discover and describe antigens and therapeutics that can provide protection against the bioterrorism threats of anthrax, plague, and glanders. An ongoing approach in our laboratory is to express and purify protein antigens, characterize their biochemical and physical properties as candidate vaccines, and to analyze candidate therapeutics in order to facilitate their transition into advanced development. We have recently begun applying current technologies in order to understand these diseases while searching for proteins or peptides that may serve as specific markers of disease states. Our goal is to define the total expressed protein profiles of the pathogens and their host sera using state-of-the-art methodologies for protein separation and processing, mass spectrometry, data collection, and data base-oriented protein identification. Proteome profiles generated from these studies will become part of a comprehensive, interagency bioinformatics data base of infectious diseases currently under construction. Positions are available for pre-GMP process development, analytical protein biochemistry, proteomics data collection, and bioinformatics software design and data management.

Viral Immunology: Responses to Viruses and Vaccines

WD Pratt
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· Viral immunology

· Viral vaccines

· Viral pathogenesis

· Alphavirus

· Replicon

Basic and applied research opportunities exist for investigating the innate and active immune responses to live attenuated viruses. Work focuses on understanding the mechanisms associated with infections with attenuated viruses that induce long-term immunity and on designing new and improved vaccines for human use. Specific research areas center on live attenuated alphavirus vaccines and on vaccine platforms (i.e., alphavirus replicon and naked DNA). This laboratory supports investigators interested in (1) cloning and expressing recombinant alphavirus constructs having desired targeting activity, and testing immunogenicity and efficacy in animals; (2) analyzing effects of these constructs on compartmentalization and traffic of immune cells in tissues using in situ hybridization and immunohistochemistry; and (3) characterizing cytokine and cellular profiles from cells recovered from targeted tissues by micromanipulation using microarray and FACS analysis.

Biological Defense Research

B Purcell
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· Biological defense

· Animal models

· Anthrax

· Plague

· Tularemia

· Pathogenesis

· Emerging threats

· Therapeutics

· Vaccines

This research program focuses on investigating aspects of bacterial pathogenesis, immunology, and animal model evaluation of potential biological warfare threat agents. The scope of research also includes preclinical research and development studies on potential candidates for vaccines and therapeutics directed against infectious agents of military relevance, as well as participation in overseas collaborative research projects.

Immunoregulatory Cells and Antigen Recognition

KU Saikh
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· Immunology

· Antigen presenting

· Dendritic cells

· RT-polymerase chain reaction

· Gene array

· Cytokine

· Chemokine

· T-cell stimulation

· HLA-DR/CIITA

· Immunoregulatory

We use molecular/cellular immunology and cell biology techniques to understand the mechanisms of antigen recognition and to evaluate the immune responses to human pathogens. We also investigate immune regulatory genes in different subsets of antigen-presenting cells and other cells of the immune system that are useful as molecular markers for measuring the immune responses to vaccines or disease causing agents. This research focuses on the characterization of different subsets of human peripheral blood mononuclear cells that stimulate immune responses against infectious pathogens or recombinant vaccines and that control both innate and adaptive immunity. These studies emphasize the isolation, induction of maturation, and functional characterization of antigen-presenting cells that are derived from different cell lineages. Our laboratory has developed a standardized culture condition for generating dendritic cells from human and mouse origin that are used to evaluate experimental vaccines in predicting human immune responses. Research opportunities also include the characterization of antigen uptake, targeting and presentation by antigen-presenting cells, T-cell epitope mapping, analysis of chemokine, and cytokine induction in evaluating immune responses.

Molecular Virology

CS Schmaljohn
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· DNA vaccine
· Hemorrhagic fever viruses
· Interferon antagonism
· Monoclonal antibodies

· rDNA

· RNA viruses

· Hantavirus

· Filovirus

· Alphavirus

· Molecular virology

Research opportunities are available to participate in investigations that lead to an understanding of mechanisms of replication, antigenic structure, or virulence properties of highly pathogenic human viruses, and ultimately to means for preventing or treating diseases. Current efforts include (1) developing multiagent and multiepitope DNA-based vaccines for highly hazardous viruses; (2) identifying key polymerase gene regions involved in replication; (3) elucidating mechanism(s) of interferon antagonism by hemorrhagic fever viruses; and, (4) developing novel antivirals for hemorrhagic fever viruses.   BSL2, BSL3 and BSL4 containment laboratories are used as required to conduct these studies.
Molecular Diagnostics and Pathogenesis

RJ Schoepp
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· Molecular diagnostics

· Molecular pathogenesis

· Recombinant antibodies

· Recombinant antigens

Basic and applied research opportunities are available to study many aspects for the detection and identification of new and emerging pathogens and their applications to other fields of study. This program focuses on the use of modern molecular techniques for the development of rapid, sensitive, and specific assays to detect and identify viruses, bacteria, and toxins. Systems being developed involve many different platforms that detect nucleic acids, antigens, or antibodies. Studies can involve basic research or be more applied in nature. The Diagnostic Systems Division’s scope of research spans many different scientific disciplines, which offers an individual a wide variety of research opportunities. Developments in molecular diagnostics can be used as the basis for collaborations throughout the Institute to study molecular pathogenesis, host response to infection, gene expression, and antigenic and genetic variation. Current research efforts include the development of recombinant antigens and antibodies to improve or support current diagnostic assays. Prokaryotic, eukaryotic, and plant expression systems are being used in these efforts. Basic research needs to support these applied efforts include epitope identification and characterization of biological threat agents, development of cloning and expression systems for recombinant antibodies to include phage-display technology, cloning and sequencing, epitope mapping, gene shuffling, and high-frequency mutagenesis. The Institute provides high-level biocontainment facilities, expert personnel, state-of-the-art equipment, and up-to-date molecular tools to support scientific studies.

Characterization of Antibody Products for Therapy in Botulinum Type A Intoxication

LA Smith
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· Molecular immunology

· Monoclonal antibodies

· Antibodies

The current inventory of potential antibody therapeutics for Botulinum type A intoxication is limited. A polyclonal equine F(ab)2 product, characterized in mice and nonhuman primates, is the standard against which alternatives must be compared. An avian antibody product represents one alternative. We have studied the advantages of a chicken product (over an equine alternative) for North American crotalid invenomation. Monoclonal antibodies would be a more optimal solution since a human product could be developed. Single monoclonal antibodies, as well as combinations of two and three will need to be considered. We will use the Pharmacia BIAcore as the instrument to assess monoclonal antibody pair-wise binding and affinity, and will make comparisons between monoclonals and one polyclonal, or between the two polyclonal antibody preparations. Western blot, ELISA, and BIAcore analysis of the Botulinum holotoxin; and its subunits and peptides will be conducted. Correlations with in vivo protection (in mice) should elucidate the mechanisms of protection/neutralization, while an improved therapeutic antibody can be characterized. Our goal would be to understand passive immune prophylaxis and therapy at the molecular level.
Microbial and Animal Toxins

LA Smith
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· Cell toxicology

· Eukaryotes

· Molecular toxicology

· Molecular virology

· Neurotoxicology

Investigations are conducted to understand the genes involved in toxin production and the mechanisms by which bacterial and animal toxins poison eucaryotic cells. Research objectives include studies on structure-activity relationships of toxins and designing pharmacological measures for the prevention, diagnosis, and treatment of bacterial plant and animal toxicoses. Toxins currently being studied include botulinum toxin, ricin, and various snake and scorpion toxins.

Research areas include the purification and chemical characterization of toxins; study of the biologic and/or enzymatic activities of toxins; immunological characterization of toxins; molecular organization and regulation of toxin genes; expression of toxin genes using mammalian, viral, yeast, and bacterial expression systems; and site-directed mutagenesis of toxin genes. Expression of toxin genes in heterologous host systems, gene regulation, and evolution of toxin genes are the primary emphasis of this laboratory.

Bacterial Toxin Tools and Targets

BG Stiles





97.20.35.B4955

· Antigens

· Antibodies

· Proteins

· Immunotoxicology

Collaborative studies with Clostridium perfringens iota toxin demonstrate its potential utility as a biological delivery mechanism for chemotherapeutic agents. Basic studies have revealed the toxin domains needed for cell binding, oligomerization, docking, and subsequent translocation of heterologous proteins into a targeted cell. Others have recently demonstrated that small fragments of iota toxin can be used to create potential vaccine and therapeutic compounds towards other members of this binary toxin family, including the anthrax toxin produced by Bacillus anthracis.  An ultimate goal is to better understand, and neutralize, this family of binary toxins produced by common, Gram-positive, spore-forming bacilli.
The successful applicant is expected to use different techniques to solve goal-oriented research and will be given freedom to do multiple, focused projects. Collaboration within and outside our Institute is highly encouraged with an end result of peer-reviewed journal articles.
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Development of Small Molecule Inhibitors against Type III Secretion System of Yersinia pestis
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97.20.00.B6842

· Yersinia pestis

· Type III secretion system

· YscN

· ATPase

· Rational drug design

Yersinia pestis is a Gram-negative bacterial pathogen of humans and animals. The pathogen uses a cell-contact dependent, type III secretion system (TTSS) for the highly regulated transport of virulence factors across the bacterial cell envelope and into host cells. The Yersinia outer proteins (Yops) of Y. pestis are virulence factors encoded by a 70 kb plasmid (pCD1) and many Yops are injected into cells using the TTSS. Research focuses on the delivery system of Yersinia and other pathogens.


The TTSS, encoded by the pCD1 plasmid, is thought to be essential for subverting the normal function of macrophages by disabling NO production. The first TTSS from Yersinia is also an excellent drug and vaccine target as deletion mutants targeting the TTSS injectisome from the first system are known to render the Y. pestis highly attenuated. Among the obvious targets are the YopB and YopD translocators, thought to form the delivery pore in the mammalian cell surface and YscN, an ATPase thought to be responsible for the release of effectors from the chaperone-effector complexes and their transport through the injectisome as demonstrated for the homologous InvC from Salmonella enterica TTSS. The YscN protein is an enzyme thought to reside inside the bacterial cytoplasm and is likely a very good therapeutic target. The YscN protein has already been cloned, expressed and purified from E. coli-based expression vectors, and successfully crystallized in a nanoscale screen. Current efforts focus on modifying the wt YscN protein to a construct suitable for large-scale x-ray crystallography and HTS inhibitor screening.
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97.20.25.B3453

· Arboviruses

· Artificial intelligence

· Entomology

· Remote sensing

· Vector-borne diseases

· Viral pathogenesis

Basic research is conducted on the interactions of arthropod-borne viral pathogens and their invertebrate and vertebrate hosts. Current research includes in vitro and in vivo laboratory studies under simulated environmental conditions and in the field. These studies involve physiology, genetics, biology, and ecology as they relate to mechanisms of overwintering, vector competence, and vector and reservoir incrimination. Investigators are designing and evaluating methodologies for the rapid detection and identification of arthropod-borne pathogens from field-collected specimens. Research opportunities are enhanced by excellent arthropod-rearing facilities, environmental-simulation capabilities, and containment facilities for both exotic vectors and arbovirus pathogens.

Molecular Immunology of Antigen Recognition
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97.20.35.B3470

· Molecular immunology

· Antigens

· T-cell receptors

· Bacterial antigens

· Viral antigens

Our research concerns the mechanisms by which bacterial and viral antigens are recognized by the immune system. These studies emphasize molecular approaches to vaccine development. We have initiated an intensive biophysical study of the molecular recognition of bacterial superantigens by major histocompatibility (MHC) class II molecules and T-cell antigen receptors. Additional opportunities include intracellular targeting of antigens to MHC class I and class II processing pathways and characterization of the presentation of complex polypeptides. We use molecular biology, biochemistry, and cell biology techniques to understand the complex interactions between T cells, antigen presenting cells, and peptide or protein ligands.

Bacterial Diseases and Immunology

SL Welkos





97.20.10.B3443

· Animal diseases and zoonoses

· Bacterial immunology

· Bacterial pathogenesis

· Immunogenetics

· Infections and infectious diseases

· Plague

· Vaccines

We are interested in mechanisms of microbial pathogenesis and host resistance to infection with Yersinia pestis and Bacillus anthracis. Recent research with them has included (1) pathogenesis and host response to infection; (2) mechanisms of immune protection against anthrax and plague; and (3) cloning and analysis of DNA encoding the toxins, capsule, and other virulence factors/antigens. With B. anthracis, we used a mouse model to characterize the genetic differences of host susceptibility, determined mechanisms of innate resistance to lethal infection, and characterized the plasmid-associated virulence of nontoxigenic B. anthracis. We identified and characterized a plasmid-encoded gene for a positive trans-activator of capsule synthesis.  Our current objective is to identify spore proteins and host responses that are important in the early stages of infection.  We determined that the B. anthracis PA toxin component is expressed and secreted early during spore germination and that anti-toxin antibodies have anti-spore activities including the inhibition of germination and stimulation of spore phagocytosis.  The goals of our research with Yersinia pestis are to (1) study the roles in virulence and immunity of plasmid-encoded antigens, especially the essential V (virulence) antigen; (2) identify mechanisms of innate and acquired immunity to infection; and (3) develop optimal defined vaccines for protective immunity to plague.  We developed a serum cytotoxicity neutralizing assay that appears to function as a valid in vitro correlate of immunity to plague.
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Genetics and Physiology of Bacterial Pathogens
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97.20.00.B3444

· Bacterial pathogenesis

· Bacterial immunology

· Virulence

· Bacterial antigens

· Plasmids

Our laboratory focuses on mechanisms of bacterial pathogenesis, with emphasis placed on Yersinia pestis and Bacillus anthracis. Current work centers on evaluating the role of plasmid and chromosomal antigens of Y. pestis in virulence and immunity, including the genetic characterization of Y. pestis variants isolated from immunized animals. Recent studies with B. anthracis have involved the isolation and characterization of an asporogenic vaccine production strain. Our goal is to use these results to improve vaccines and diagnostics.







