2003 RPC Accomplishments

This page highlights what is considered to be major accomplishments toward the RPCs’ goal of developing commercial products and services derived from research in space. Each of these items is considered to be critical in the development or expected development of a potential product or service and occurred during FY2002. 

BioServe Space Technologies

· BioServe and Amgen continued its long-standing collaboration on the OPG project.  During FY03 four manuscripts were published in refereed journals as a result of the space flight research conducted in support of this project on board STS-108.  Papers were also presented at two National and one International conference and two grants were written and received as a result of this collaborative research project. 

· BioServe completed the work it was conducting in collaboration with Spacehab for the STARSTM educational program.  Despite the loss of the payload on board STS-107, it was determined there was a 75% science return form the payload while in orbit due to its video downlink capabilities.  Aspects of this research project and educational program as well as the impacts it had on the astronauts and participating students were mentioned in both Sean O’Keefe’s and President Bush’s memorial speeches.

· BioServe’s CGBA, which has been on board the ISS since October 2002, successfully provided thermal control for a NASDA sponsored crystal growth experiment.  CGBA and BioServe operations personnel supported this experiment continuously for 60 days.   CGBA will be used to support a similar experiment in January and February of 2004.  AT that time, CGBA will have remained on board the ISS for 16 months.

· During FY03 BioServe collaborated with Code UG and UF to support several experiments slated for spaceflight via the Progress module or in the case of one of the Code UG experiment via materials currently on board the ISS in FY04.   BioServe developed hardware (FPAs and GAPs) and CGBA will support these research projects.  BioServe will also provide mission integration and operation support.

· During FY03 BioServe developed or maintained 22 space flight hardware or research projects.  As a result of these projects, BioServe published 20 refereed journal articles directly related to space flight hardware development or research results.

Center for Advanced Microgravity Materials Processing

· CAMMP, along with industry partner DuPont and the University of Connecticut, have patented a new method to develop nano-sized zeolite A crystal. The target market is consumer detergent.

· CAMMP designers have finalized the auto-mixing capability for ISS High Temperature Furnace hardware.

· CAMMP researchers have submitted 5 papers to archival journals and have had 4 accepted so far.

Center for Biophysical Sciences and Engineering

Structural Biology Research Areas:

· The CBSE in conjunction with the RPC at University of Alabama at Huntsville, is conducting research in an effort to find new pharmaceuticals for osteoporosis and bone loss experienced by astronauts upon long duration space missions. Determining the structural components of  RANKL-RANK will be beneficial in the design of compounds to ameliorate osteopenic disorders of the bone. RANK, an essential cytokine, has been shown to modulate the survival and function of mature cells (Osteoclasts) associated with bone absorption and removal of bone tissue which result in severe osteoporosis and hypocalcemia. CBSE scientists have determined the three-dimensional structure for RANKL and developed a biological assay to be used for future inhibitor design.  CBSE scientist, Dr. Michael Teale received a prestigious NOH fellowship through the Center for Cell Adhesion and Matrix Research for his work in this field.

· The CBSE initiated an industry collaboration to study proteins necessary for DNA repair.  Recent advance in our understanding of DNA repair have led to the identification of the DNA repair enzyme, Artemis.  The CBSE will seek to develop small molecule activators for this enzyme that could be used to render individuals radio resistant.  These activators could have utility for long-term manned space flights as well as a variety of industrial settings where individuals are exposed to DNA damaging agents. The CBSE will play a key role in advancing research for regenerative medicines to repair, regenerate and ultimately replace damaged, injured or diseased tissues. 

· Our research team has determined the first atomic resolution structure for an apo A-I mutant, a major protein component in high density lipoprotein that is responsible for protection against heart disease and some types of immunity. A manuscript is now in preparation that describes the fluorescence studies. These studies corroborate our proposed model for lipid free apo A-I. Dynamic light scattering has been added as a new method for analyzing the “crystallizability” of the proteins. 

· The CBSE in collaboration with twenty-two other major universities and the NIH crystallographers raised $12.5M for the construction of two dedicated beamlines at Argonne National Lab. The consortium, named Southeastern Regional Collaborative Access Team (SER-CAT) completed the construction of its first beamline in May 2002 and the second one is  scheduled for operation in early 2004. The CBSE owns a major portion of this beamline, which after thorough testing we believe is the most powerful beamline at Argonne and perhaps in the world. This capability provides the CBSE with a significant advantage in that we will be able to rapidly determine protein structures.

· The CBSE has used their novel crystallization technologies (NanoScreen™, dynamically-controlled protein crystallization and CrystalScore™) to screen more than 150 new proteins for suitable crystallization conditions. In the past year, we have screened more than 150 proteins, crystallized 60 new proteins and determined 33 new protein structures.

· CBSE scientists have identified a peptide that activates human spermatozoa. Development of anti-peptide antibodies should render a female infertile. It is expected that the antibodies generated will bind and diminish the endogenous peptide concentrations, such that the sperm does not encounter an activating peptide.

· The CBSE developed a high-throughput bacterial transformation system to support robotic high-throughput protein expression. The idea for this system originated with a CBSE scientist and the first prototype was designed and developed by CBSE engineers. Verification of the technology has been completed and the UAB Research Foundation is currently an exclusive license for this technology. This technology is being patented.

· As a member of the Southeastern Consortium for Structural Genomics, the CBSE has partnered with University of Georgia and UAH research partnership center to develop automated methods for rapid determination of protein structures.  The consortium is responsible for developing new protein expression, crystallization and structure determination methods for the C. elegans genome. High throughput recombinant protein expression and purification steps have been automated. Automated crystallization systems were previously developed by the CBSE. The process is being optimized and the transition from the method-development phase to production phase has been initiated. Over 700 proteins have been expressed, 50 purified and 20 crystallized for C. elegans. Five structures have been determined. A system has been developed to accommodate hundreds of proteins. Our goal is to develop a truly HTP pipeline to solve 100s of structures from the C. elegans genome. The future work will involve automation of the screen for soluble expression and incorporation of eukaryotic expression. 

· In a joint effort with several other UAB investigators, the CBSE will work closely to produce significant biologically active amounts of the CFTR protein, associated with the disease, Cystic Fibrosis.  CBSE will support the efforts to provide developmental methods necessary to provide sufficient quantities of this protein to the scientific community for research.  Once produced the CBSE will be able to support effort for research with this protein through our X-ray crystallography facility.

· The CBSE was designated as one of the Regional Centers of Excellence for BioDefense and Emerging Infectious Disease Research.  As the structural biology and protein production core for this consortium of academic and industry researchers, the CBSE will provide 3D diffraction quality crystals of native proteins, antibody-protein complexes and lead compound-protein complexes as well modeling and structural bioinformatics services for all RCE members.  A suite of instrumental techniques, including calorimetry and high throughput protein unfolding are being utilized to identify novel protein interactions and to identify novel drug therapeutics. This platform is required for the development of treatments, diagnosis and vaccines against life threatening viral pathogens such as SARS, West Nile Virus, poxvirus, and others. 

· CBSE is developing a real-time imaging and analysis bioreactor to provide an assay system for vascular cell function that utilizes the unique Amgel matrix system with sensitive real time computer tracking of adhesive cell interactions. This will eliminate the delay in adhesive function testing so that recovery from microgravity is not an issue.  This system will be developed for earth-based research and will also form the basis for systems that can be incorporated into flight experiments.

· Research in Amiloids-sensitive epithelial Na+ channels are ubiquitous channels that are likely mechanosensitive and important to sensory neurons and organ systems of special relevance to space biology.

· CBSE is involved in a specialized program to find compounds with low toxicity that effectively prevent the development of breast cancer.  The CBSE will support in vitro nuclear receptor binding/activational studies for selected agonist chosen for resynthesis.

· CBSE is collaborating with academia to study the pim family of kinases, that are implicated in the development of hematologic malignancies and prostate cancer.  The CBSE will screen proteins with the possibility of extending our research to support x-ray crystallographic analysis.

· The CBSE is studying heat shock proteins that are important to ensure other proteins fold properly.  Their malfunction is implicated in a variety of disease states.  X-ray crystallographic studies are being carried out to uncover how it distinguishes between the native and non-native state of proteins and binds unfolded polypeptides. 

· CBSE continues research in microgravity protein crystal growth with industry sponsors to provide strategic information about the structure of biologically important macromolecules.  These results will make it possible to investigate novel therapeutics for combating and controlling specific diseases.  

· CBSE is collaborating with a new company in the field of nanoimprinting capabilities.  Their technology will provide many opportunities in the manipulation and sensing of biological materials.   Possible incorporation of their technology with our biosensor initiative could provide applications of critical importance to long duration space travel under NASA’s strategic plan goals.

· CBSE is actively pursuing an initiative to develop a biosensor to rapidly and accurately detect pathogenic organisms of critical importance to several NASA’s major programs. 

· CBSE has entered into several collaborative agreements for structure based drug discovery that will advance the goals of research for several large and mid sized pharmaceutical and biotechnology companies.  The CBSE will be responsible for the molecular biology as well as the crystallography and function determination services of several key target proteins of proprietary interest. 

· Several initiatives in the target area for infectious disease are currently being funded at the CBSE.  These include the following: 

· Crystallization and binding studies for novel the development of novel therapies for Rickettsia. Bacteria of the genus Rickettsia are carried as parasites by many ticks, fleas and can cause such diseases as typhus, rocky mountain spotted fever and Q fever in humans.

· A new NIH U01 grant has been awarded for mechanistic and inhibitor studies for NAD Synthetase, a key protein required for germination of B. anthracis spores. These types of new therapeutic agents will be used for preventing and or treating infections caused by Anthrax contamination.

· Research is on going for the identification of interface regions for the HIV-1 caspid that may be useful information for the development of new anti-HIV drugs. 

· Projects to study the structure of the RNA core of RSV (respiratory Synctial Virus) have resulted in crystals for structure based discovery.  By combining biophysical methods for drug discovery, new insights into the replication mechanism of this virus. Babies (especially those born prematurely), people with immune system problems, and older adults have an increased risk of developing complications from RSV infection. Respiratory syncytial virus (RSV) is responsible for many respiratory infections such as bronchiolitis, bronchopneumonia, and the common cold. 

· Structure based analysis of the Dengue virus will provide causative information for this serious viral infection.  CBSE is seeking to characterize biochemical parameters and explain the mechanism of action of this virus to unravel new inhibitors. 

· CBSE has focused areas of research for the prevention and treatment of Staphylococcus aureus and S.epidermis infections and be designing immunotherapeutic products based on MSCRAMMS and their antigenic response.  CBSE is in collaboration with industry for the development of compounds that could result from research at the CBSE to prevent bacterial colonization. 

· CBSE researchers are working to identify new chemotherapeutic agents against protozoan parasites such as Cryptosporidium parvum and Toxoplasma gondii both of which pose significant clinical problems in patients infected with AIDS. 

· Novel targets of the infectious F-Tularensis, a CDC class A select agent for tularemia infections, will be crystallized at the CBSE to optimize leads with structure based drug design. Tularemia is a potentially serious illness that occurs naturally in the United States. It is caused by the bacterium Francisella tularensis found in animals (especially rodents, rabbits, and hares). The disease can be fatal if it is not treated with the right antibiotics.

· The CBSE has expressed, purified, characterized the Trypanosoma cruzi PTR1 enzyme. A manuscript comparing PTR1 and PTR2 biochemistry is in preparation.  We have also crystallized and X-ray data to 3.0Å has been collected. An expression system for the protein is under development to produce purified amounts for compound development.  T. Cruzi, or Chagas Disease, affects primarily the nervous system and heart.  Chronic infections result in various neurological disorders, including dementia, megacolon, and megaesophagus, and damage to the heart muscle.  Left untreated, Chagas' disease is often fatal.

· The CBSE is part of the Alabama Structural Biology Consortium that is developing a high throughput expression capability for allowing us to investigate helicobacter pylori bacteria. Long thought precipitated by stress and stomach acidity, ulcers are increasingly believed related more to the presence of Helicobacter infection. Helicobacter pylori (H. pylori) is a spiral-shaped bacterium that is found in the gastric mucous layer or adherent to the epithelial lining of the stomach. H. pylori causes more than 90% of duodenal ulcers and up to 80% of gastric ulcers.  Since we now know that most ulcers are caused by H. pylori, appropriate antibiotic regimens can successfully eradicate the infection in most patients, with complete resolution of mucosal inflammation and a minimal chance for recurrence of ulcers.

· Another research project surrounds Heparin binding hemeagglutinin (HBHA) that appears to be promising target for drug design to inhibit the pathogenesis of Mycobacterium tuberculosis.  The identification of specific inhibitors for HBHA could prevent this deadly pathogen from binding to cells and hindering its pathogenesis and the dissemination of the m.tuberculosis pathogen. 

Engineering: 

· As part of the NASA agency wide supplier assessment initiative, the Office of Systems Safety and Mission Assurance at Goddard Space Flight Center conducted an assessment of the Engineering’s division quality management system.  This assessment used AS9101 revision A, the international consensus on minimum effective practice for key aerospace products and services, as a guide.  The purpose was to assess the effectiveness of the Division’s quality management system- including policies, plans, practices, facilities, tools and competencies that directly affect the quality of deliverable documentation, hardware and software products, and services to NASA.  The Division’s QMS system is certified with ISO-9001:2000 with Design.  The assessment was conducted August 27 & 28, 2003.  The results of the audit were received in mid-December of 2003 with the Engineering Division receiving a grade of 91.3%, only five other organizations in the country out of 65 had been graded that high during the audit thus far.

· CBSE is designing and developing a real-time imaging and analysis bioreactor with funding from NASA. The goal is to design develop a system to automatically extract and deliver cell samples from a rotating wall vessel to an assay system coupled with a real time bioimaging system to produce digital images of cell samples. 

· CBSE partnered with ITD to help in the development of a space hardened hyperspectral imaging system to be flown on board the ISS.  This imaging system is scheduled for flight in 2004 and was to be stationed on the ISS Window Observational Research Facility (WORF).

· The CBSE had two flight hardware systems flown on the STS 107 mission.  CPCG-PCF had one commercial investigator for protein crystal growth in microgravity using the protein crystallization facility.  In the near future the commercial affiliate will submit a press release summarizing their successful results and once all ground based studies are completed the commercial affiliate will publish the results in a peer reviewed scientific journal.

· With the HD PCCG hardware this experiment flown on STS 107 involved investigators for 3 different countries and investigation teams were supported by 14 Universities and 9 companies.  This entire payload was flown as a commercial venture by the customers to SPACEHAB. CBSE was responsible for hardware preparations, verification, safety, hardware integration, flight operations and post flight recovery. CBSE also provided scientific support and facilities for SPACEHAB’s research customers including post flight data collection. This teaming represents the second time for in flight commercial protein crystal growth services between the two.

· The CBSE provided CRIM-M hardware to ITA as identified in our standard service requirements under our Thermal Carrier Management program at CBSE.  In addition to providing hardware.  CBSE also provided all Verification, Safety Data, operational data products, training, Engineering and Technical assistance to ITA in support of their payload.  The thermal carriers maintained and supported by the CBSE are used by several NASA organizations, SAA customers, and commercial customers as a cost-effective and convenient solution for their refrigerator / thermal carrier needs.

· CBSE is upgrading the existing HDPCG experiment Systems to allow for their integration into MERLIN thermal carriers.The High Density Protein Crystal Growth (HDPCG) experiment hardware, which has flown on three previous missions as CPCG-H, is currently being modified for installation into MERLIN (CPCG-HM).  The HDPCG system has undergone some design changes in preparation for future ISS flights.  ISS planning will only allow Front Air Breathers (CRIM-M) for a short time longer, after the landing of ISS-12A the MERLIN will house all future ISS - HDPCG hardware.  The HDPCG remains the only general-purpose vapor diffusion growth system that is actively being maintained “flight ready” to support those needs (both RPC and other NASA program customers

· The Video Command and Monitoring System (VCMS) flight hardware, originally manifested for ISS-ULF-1, has maintained flight readiness through FY 2004.  The experiment hardware, manifested as CPCG-V, consists of two major components and flight related stowage items.  The Locker assembly, installed in a CRIM-M, was developed to view the HDPCG Growth Tray Assemblies for real time crystal evaluation while on ISS.  The CBSE has used the CPCG-V Backup Flight hardware during the 2004 Fiscal Year for flight simulations as well as to optimize the ground software used in the CBSE Remote Payload Operations Control Center (RPOCC).

· CBSE is developing a liquid diffusion CPCG –liquid diffusion system system for microgravity in an effort to maximize the number of PCG samples and to develop a cutting edge technology. The technology identified is through a collaboration with the University of Alabama Huntsville RPC for capillary crystallization. This new technology will be the continued focus of the CPCG-LD project to add a liquid-diffusion system to support experiments not amiable to the vapor diffusion approach of HDPCG.

· The CBSE has been selected to compete for the design and production of a General Active Cryogenic ISS Experiment Refrigerator (GLACIER) for a broad range of science on board the ISS and STS.  This end product will be a versatile cryogenic freezer and storage unit to support research on the ISS.

· The CBSE is upgrading the existing fleet of Microgravity Experiment Research Locker Incubators (MERLIN II) with new heat exchangers and doors to increase experiment research capability, reliability, and thermal performance. CBSE will design, develop and fabricate seven (7) MERLIN II units and one (1) MERLIN II qualification unit.  CBSE will qualify the MERLIN II design using the MERLIN II qualification unit (vibration, toxicity, microgravity, acoustic, and EMI/EMC) and acceptance test the MERLIN II flight units (vibration only) using MSFC laboratories.

· The CBSE has developed an active door that can cool-down and recharge the Low Temperature Low Energy Carrier (LoTEC) passive cooler while onboard the ISS.  The CBSE will design, develop and fabricate one LADR protoflight unit to be flown in soft stowage to the ISS and installed as required on a LoTEC locker.  CBSE will develop and deliver the required documentation for the LADR protoflight unit. 

· CBSE provided qualified flight experiment hardware via lease option to SPACEHAAB, Inc. and was responsible for hardware preparations, verification, safety, hardware integration, flight operations and post flight recovery.  CBSE also provided scientific support services and facilities for SPACEHAB's research customers including post flight data collection.  Due to the STS-107 accident, post flight activities could not be executed.

· CBSE is currently set to design and develop a commercial instrument for early detection of Age-related Macular Degeneration (AMD).  Variations of this technology could be used as a diagnostic on astronauts during long-duration missions (such as a mission to Mars) to monitor the effects of radiation on the retina.

· Center for Commercial Applications of Combustion in Space

· Space-DRUMS™ – The experimental apparatus remained in storage at KSC awaiting a ride to the ISS. Current target launch date is no earlier than September 2004. Activities this year involved keeping up with paperwork at KSC and maintaining the facility in flight ready status.

· 13 CCACS manuscript were published in refereed journals and books in FY03.

· Dr. John Moore and his students have successfully synthesized porous NiTi intermetallic materials that exhibit both shape memory and super-elastic properties in the as-synthesized condition.  These properties could be used to make ‘smart’ implants.

· Dr. Moore and his students have successfully synthesized NiTi/TC intermetallic ceramic composite materials that are functionally graded in both composition and porosity which is ideal for biomedical (bone replacement) applications.

· Dr. Moore, Dr. Ayers and their students have successfully synthesized a range of porous calcium phosphate materials based on tri-calcium phosphate and dosed with various amounts of SiO2, TiO2, and/or Al2O3 and have undertaken experiments to demonstrate their bio-compatibility and bioactivity.

· Multi-Purpose Combustion Insert – Dr. Abbud-Madrid developed a preliminary design for a multi-use combustion insert for the CIR facility on the Space Station. This insert will initially support both a water-mist stagnation flow combustion experiment and a catalytic oxidation experiment.  The preliminary design could be extended to other stagnation flow or opposed flow configurations with relatively minor changes.  Our expertise gained in creating the STS-107 flight hardware will allow this facility to be constructed in the allotted timeline.

· Particle Sizing for Industrial Applications – Modeling, instrumentation and data analysis techniques have been developed by Dr. Terry Parker for an experiment for monitoring particle sizes from spray driers (used by CoorsTek to manufacture particulate that is the basis of ceramic part production).  

· Dr. Terry Parker has shown that Multi-Element Diffusion Burners are inherently inhomogeneous in that particles are formed at the base of the flame and no measurable particles are formed at the flame tip.  He has also identified relative flow velocity as a means of homogenizing the MEDB and determined the relative flow velocity is required to produce an homogenous flow field.  Using a homogenous flow field, he acquired scattering-based particle diameter and volume fraction for adiabatic flame temperatures ranging from 2000 to 2500 K, SiCl4 seed concentrations from 0.033 to 0.33%, and equivalence ratios from 0.5 to 1.0.  This data forms the basis for three journal publications. that are currently in preparation. 

· Membrane Separations of N2/CO2 – Dr. Doug Way has identified two new polymers that have an excellent combination of CO2 permeability and CO2/N2 separation factor (ratio of permeabilities) and remain in the rubbery state at Martian ambient temperature: substituted polyphosphazene (PPZ) and poly(methylphenylsiloxane) or PMPS. These membranes can provide a means of purifying CO2 as part of a process for producing methane from the atmosphere of Mars.

· Catalytic Combustion – Dr. Robert Kee has designed and fabricated a new fully enclosed stagnation-flow reactor that is capable of low-pressure operation.  One motivation for this design is to enable the investigation of catalytic partial oxidation (CPOX) processes for the conversion of hydrocarbons to synthesis gas (primarily H2 and CO).  Based on the success of hexaaluminate materials for combustion applications, there is very good reason to be optimistic about their use in CPOX or other reforming processes.  Among other potential applications, upstream CPOX is being considered to prepare large hydrocarbon fuels for use in solid-oxide fuel cells.    

· Space Resource Economics – Dr. Michael Duke and students completed a model-based analysis of the economic feasibility of mining lunar polar ice (if it exists, as is now thought by many) and producing propellant for use in space transportation. The analysis showed that the economic feasibility depended on a number of variables, including the size of the market, the actual concentration of the resource, and the level of technology development and provided quantitative documentation. The commercial production of propellant could become economically feasible within the next ten years with a proper exploration and technology development program.

· Sensor Systems for Planetary Missions – Dr. Chris Dreyer and Dr. Terry Parker have completed a study that compares vibrational Raman Spectroscopy using a 532nm laser to a 355nm laser in rich propane and methane flames.  The study provides new information on background interferences caused by laser generated C2 emission and fluorescence of combustion products.  A journal publication is preparation.

· Sensor Systems for Planetary Missions – Dr. Chris Dreyer and Dr. Terry Parker have successfully implemented vibrational Raman Spectroscopy in a high pressure (12 atm) diesel spray combustor with a 355nm laser.  These experiments could provide significant information on the recirculation of combustion products in the vicinity of burning diesel sprays. 

· SHS Production of Bio-Compatible Bone Replacement Materials – Dr. Reed Ayers rebuilt mammalian cell culture lab at BioServe Space Technologies in order to test biomaterials biocompatibility/cytotoxicity in vitro and to begin bone tissue engineering experiments.  Have tested tricalcium phosphate based materials for bioactivity and toxicity in the presence of osteoblast-like Saos-2 cells.  Initial results indicate potential positive bioactive response by the cells.  They appear to spontaneously synthesize hydroxyapatite crystals for biomineralization of the extra cellular collagen matrix.  This is in the process of being verified with collaborators at the University of Colorado, Health Sciences Center.  Once the mechanism has been determined, full studies will commence to elucidate this ability in SHS produced CaP.

· Water Mist – Dr. Robert Kee and Dr. Terry Parker concluded work on explaining and quantifying the effects of water mist as a de-facto radiation shield in a fire environment.  Because the water droplets have a very strong forward scattering behavior, relatively simple Lambert-Beer approximations that have appeared in the literature are found to be inaccurate.  Our models are used to determine radiation attenuation as a function of source-radiation wavelength, droplet size, and overall water loading.

· Water Mist – Dr. Robert Kee and Dr. Terry Parker are building on the success of their earlier work for premixed flames. They have initiated an effort to model the effects of water mist in the suppression of confined-jet diffusion flames.  Nonpremixed or diffusion flames are commonly found in fire environments.  Because water-mist suppression technologies must be capable of dealing with all kinds of fires, it is important to establish a fundamental understanding of mist-flame interactions in different flame configurations.   They have completed a new, computationally efficient diffusion-flame simulator (paper submitted to the International Combustion Symposium).  The flame model is now being coupled iteratively with a Lagrangian droplet-tracking model.  The final result will be a capability to predict extinction characteristics in co-flowing diffusion flames.

Center for Satellite and Hybrid Communications Networks

· Internet over Broadband Hybrid Networks

· The following were the major technical accomplishments for FY03. As several of these problems are quite challenging and represent critical interests for industry and NASA, research will continue in FY04.

· We developed and tested a new integrated congestion and flow control scheme for the gateway. We demonstrated superior performance of the new scheme.

· We designed a robust controller for the gateway for various tail behaviors of traffic.

· We developed and evaluated dynamic scheduling policies for broadcast delivery of information (i.e. data files). Superior results compared to previous policies were obtained. We also completed preliminary work on broadcast algorithms involving scheduling of random and unequal file sizes.

· We obtained preliminary robustness results on RED with long-range dependent traffic. Our analysis utilizes the new self-similar traffic models.

· We completed preliminary evaluations of various MAC schemes, including a new one, for two-way satellite Internet.

· We completed the design of a new version of HTTP using adaptive connections. We demonstrated that this new version is substantially more ‘satellite friendly’ than earlier ones.

· We completed preliminary design of a new HTTP employing precreating and caching deltas.

· We developed efficient QoS-based dynamic scheduling for applications over satellite. These will be incorporated in future HTTP improvements.

· We completed a preliminary design of a new ultra-fast dynamic bandwidth allocation scheme, to be used in conjunction with the two-way satellite Internet.

· We completed a detailed report regarding the implementation and performance evaluation of L-IPSEC (the new layered IPSEC protocol which is “satellite friendly”).

· High Data Rate Satellite Networks and NASA Enterprise Support

· The general goals and objectives are to: Develop architectures for supporting communications for next generation NASA missions (study the performance of alternative solutions, evaluate trade-offs); Investigate satellite-based solutions for supporting broadband communications needs of commercial aviation; Investigate the use of technology and commercial assets and infrastructure (in space and on the ground) for space mission support.

· Traffic Modeling for Science Missions

· Defined the need for understanding mission traffic characteristics, and dynamically sharing access to Ground Stations by mission spacecraft, with priorities and QoS guarantees

· Defined a sample mission scenario, using the Earth Science TERRA mission, determined the details of the data generation of the instruments and packetization and queuing on-board.

· Developed a model of traffic for the Space Science MMS mission based on activity of magnetosphere data

· Dynamic Access to Space:

· Addressed multiple access for this topology and proposed a basis for developing a suitable Demand MAC Protocol

· We proposed an RD-TDMA protocol for our unique LEO network scenario with the novel on-demand mode network architecture. 

· The RD-TDMA protocol is a reservation based demand TDMA protocol. It uses slotted-ALOHA for reservation (other CRAs will be considered). 

· Advantages of Proposed RD-TDMA

· More efficient in bandwidth utilization under bursty traffic; 

· Able to accommodate larger number of spacecrafts.

· Communications for Constellation Missions

· Defined the communication requirements and constraints for the Space Science Magnetospheric Multiscale (MMS) Mission

· Developed a dynamic routing algorithm that can be applied in Space Environment and missions of this type.  

· Developed a complete simulation model that includes the traffic, the orbits and the network topology needed to support the science on-board and completed trade-off analysis studies for the different communication options.  These results can then be used by mission designers during the definition of the hardware requirements and communication support options for MMS.

· Simulation Platform:

· Developed a modular simulation test-bed that includes satellite orbits/mobility, coverage, traffic and network modules.

· Performed initial simulation study with a set-up of EOS typical Missions, started analyzing traffic, coverage, access optimization aspects.

· Security in Space Communications

· We cannot consider IP addressable spacecraft and accessing missions through the Internet without dealing seriously with the security implications and necessary controls that must be put in place. Considering the importance of the data and the potentially devastating impact of intrusion, security is a major issue.  

· Our primary focus will be on assessing how well IPsec meets the needs in the mission environment and on the how to implement it.  We will consider host (either integrated with the network layer or the “layer2.5” option between the link and network layer) as well as router implementation.

· IP is a well-known protocol, and Internet is open network with no access restrictions.  The risk of interfering with spacecraft using IP and Internet must be studied and risk mitigation strategies created.  A recent study of GSFC Code 297 resulted in some preliminary results and an “IP-in-Space Security Handbook” 

· It will be critical to evaluate the various Risk Assessments and see how security solutions can be integrated with the proposed operational concepts.  We can also leverage from considerable DoD sponsored work on security currently under way from our group at CSHCN on intrusion detection and distributed key security solutions.

· Started investigation security & performance issues related to IP-based space networks.

· Optimization of the Physical Layers of Hybrid Satellite and Terrestrial Wireless Networks 

· In FY03, we solved the problem of optimum power allocation in a multi-user vector multiple-access system (e.g., CDMA) in a fading channel. The problem was that of finding the transmit powers of the users as a function of the channel state information (CSI) in order to maximize the ergodic (expected) sum capacity of the system for a given fixed set of transmit waveforms (e.g., signature sequences in CDMA). We have shown that the solution is equivalent to a simultaneous multi-user water-filling of the powers of all users over all channel states. Noting that this simultaneous water-filling solution is highly nonlinear and complex, we have developed a low-complexity iterative algorithm where only one user allocates its power over all channel states, while the power allocations of all other users are fixed. This solution has an intuitively pleasing one-user-at-a-time iterative water-filling interpretation. We have proved the convergence of this algorithm to the globally optimum solution.  A very important question in this context is the existence of a region of channel states where all users transmit simultaneously, as this has significant implications in terms of the average delays of the users, as well as the fairness of the resulting transmission strategy. For instance, it is known (e.g., see Knopp-Humblet, IEEE ICC 1995) that in a scalar multiple-access channel where all users transmit with the same waveform, the optimum power allocation strategy dictates that only one user transmits at any given time, with probability one. This transmission strategy results in large average delays for users, as it requires users to wait until they have the highest channel gain in the system, in order to transmit their data; and also, it results in an unfair scheduling scheme, as it tends to favor users whose channels are better on average. In contrast to these, we have shown that, in a vector multiple-access channel, such as CDMA, multiple or all users may transmit simultaneously subject to very mild conditions on their signature sequences. This implies that the optimum power control in vector multiple-access channels incurs less average delay, and is more fair. 

· We have extended this problem to the joint optimization of transmit powers and transmit waveforms (e.g., signature sequences in CDMA) of all users as a function of the CSI, again, in order to maximize the ergodic sum capacity of the system in a fading channel. We have shown that the optimal strategy is a water-filling strategy for each user, and very strikingly, at each fading state, that strategy dictates that we allocate (at most) N orthogonal signature sequences to the users with best (at most) N channels (scaled by a factor depending on the fading statistics), where N is the processing gain (dimensionality of the vector space). Moreover, the other users with worse channel states than users with orthogonal sequences do not transmit at those particular channel states. Thus, in contrast to signature sequence optimization for non-fading channels, generalized Welch Bound Equality (GWBE) sequences are never used in transmissions; more precisely, they are used only with zero-probability. The solution resembles the Knopp-Humblet solution for scalar multi-user systems (IEEE ICC, June 1995) in the sense that there is an ordering of channel states that determines which users will transmit, but it also resembles the Goldsmith-Varaiya solution for a single-user channel (IEEE Trans. Information Theory, November 1997) in that once we know which users will transmit at each channel state, all users will choose their powers as if they are alone in the system, i.e., they will perform single user water-filling over favorable regions of channel states. 

· We also developed an iterative algorithm that converges to this optimum configuration through distributed and iterative updates of users’ own transmit powers and waveforms. We developed two different implementations for this algorithm. The first implementation updates only the powers of the users. When the powers converge, we choose the optimum waveforms for these powers. The second implementation has a more intuitive interpretation. In this implementation, first, for fixed user power allocations, the waveforms of all users are updated to be the optimum at all channel states. Then, with these waveforms fixed, one of the users updates its power distribution using the one-user-at-a-time power control algorithm discussed above. As the algorithm continues in this fashion, the sum capacity of the network increases monotonically. We proved that this algorithm converges to the globally optimum configuration.

· Hybrid Network Control

· We accomplished all the objectives we set out to do in last year's proposal. Specifically: 

· We obtained the performance of  optimal CDMA Multi-User Detector Systems when the powers for all flows multiplexed by each node are constrained to be the same (as would be the case for earth stations that multiplex several flows from terrestrial sources)- see publication titled, “Power Control in Uplink and Downlink CDMA Systems with Multiple Flow Types".  

· We completed the study of CDMA systems with incompletely known symmetric signals - see publication titled, "Multiuser Detectors for Incompletely Known Symmetric Signals in CDMA Systems".  

· We initiated the study of rate control by using elaborate cross-layer models - see publication titled, "Optimum Rate Control"

· We proposed and evaluated concrete link metrics that capture cross-layer characteristics in joint scheduling and power control - see publication titled, " Joint Scheduling and Power Control for Wireless Ad Hoc Networks".  

· We developed energy-efficient collision resolution algorithms - see publication titled, "Energy-Efficient Collision Resolution Algorithms"  

· We developed and evaluated energy-efficient routing algorithms - see publication titled, "Energy-Efficient Routing for Connection-oriented Traffic in Wireless Ad Hoc Networks".

· Satellite Traffic Modeling and Web Caching

· During FY03 we have investigated various traffic engineering issues associated with basic transformations experienced by streams of requests as they are processed by web caches, namely filtering, aggregation and disaggregation. These issues arise naturally in the context of hierarchy of caches.

· Locality of reference in a stream of requests is believed to be a key factor in shaping cache performance: Under “good” caching policies it is expected that (i) the stronger the locality of reference, the smaller the resulting miss rate; and that (ii) the locality of reference in the stream of misses (the so-called output from the cache) is weaker than in  the original stream of requests.

· Our primary objective was to explore these “folk theorems” under the Independent Reference Model (IRM), whereby successive requests are independent and identically distributed, when locality of reference is characterized through the popularity distributions of objects. Under the IRM, the more skewed the popularity distribution of objects, the greater the perceived locality of reference. 

· We have proposed to compare strength of locality of reference through the notion of majorization, a powerful concept introduced in economics to model income distribution. 

· With the help of this notion, we have shown [Ref. 2] that the miss rate is indeed smaller when the locality of reference in the input stream is stronger (i.e., the popularity distribution is less balanced) under the so-called A_0 policy evicts the least popular document; this policy minimizes miss rate under the IRM) and both the Random and FCFS cache replacement policies. However, to our surprise, this monotonicity fails to hold under the LRU (Least-Recently-Used) and CLIMB policies.

· We have obtained [Ref. 3] a characterization of the popularity distribution of the stream of misses from a cache for a very large class of cache replacement policies, including the policy A_0, the Random replacement policy, LRU and CLIMB. We have shown that filtering indeed reduces locality of reference under the policy A_0 and the Random policy, in that the popularity distribution of the output stream is less skewed than that of the input stream. However, again to our surprise, this is not always the case for LRU and CLIMB as can be seen on simple counter-examples. These results points to the inadequacy of characterizing locality of reference through the popularity distribution, and suggest that other metrics be developed and investiguated with respect to these “folk theorems.”

· Modeling, Simulation and Performance Evaluation of Hybrid Networks

· During FY03 we have investigated various traffic engineering issues associated with basic transformations experienced by streams of requests as they are processed by web caches, namely filtering, aggregation and disaggregation. These issues arise naturally in the context of hierarchy of caches.

· Locality of reference in a stream of requests is believed to be a key factor in shaping cache performance: Under “good” caching policies it is expected that (i) the stronger the locality of reference, the smaller the resulting miss rate; and that (ii) the locality of reference in the stream of misses (the so-called output from the cache) is weaker than in  the original stream of requests.

· Our primary objective was to explore these “folk theorems” under the Independent Reference Model (IRM), whereby successive requests are independent and identically distributed, when locality of reference is characterized through the popularity distributions of objects. Under the IRM, the more skewed the popularity distribution of objects, the greater the perceived locality of reference. 

· We have proposed to compare strength of locality of reference through the notion of majorization, a powerful concept introduced in economics to model income distribution. 

· With the help of this notion, we have shown [Ref. 2] that the miss rate is indeed smaller when the locality of reference in the input stream is stronger (i.e., the popularity distribution is less balanced) under the so-called A_0 policy, (which evicts the least popular document; this policy minimizes miss rate under the IRM) and both the Random and FCFS cache replacement policies. However, to our surprise, this monotonicity fails to hold under the LRU (Least-Recently-Used) and CLIMB policies.

· We have obtained [Ref. 3] a characterization of the popularity distribution of the stream of misses from a cache for a very large class of cache replacement policies, including the policy A_0, the Random replacement policy, LRU and CLIMB. We have shown that filtering indeed reduces locality of reference under the policy A_0 and the Random policy, in that the popularity distribution of the output stream is less skewed than that of the input stream. However, again to our surprise, this is not always the case for LRU and CLIMB as can be seen on simple counter-examples. These results point to the inadequacy of characterizing locality of reference through the popularity distribution, and suggest that other metrics need to be developed and investigated with respect to these “folk theorems.”

· Automated Monitoring and Management of Hybrid Broadband Networks

· The following were the major technical accomplishments for FY03. As several of these problems are quite challenging and represent critical interests for industry and NASA, research will continue in FY04.

· We developed and tested fast approximation algorithms for estimation of delays. These will be used in network dimensioning algorithms and software.

· We developed and evaluated new approaches for guaranteeing QoS using RED.

· We investigated the concept of “Dynamic orbit” capability for modeling missions where spacecraft change orbital positions.

· We developed comparative simulation-based performance evaluation of various MANET routing algorithms. We demonstrated that such on-line comparisons lead to dynamic routing protocol selection for better performance.

· We initiated the development of System Engineering Tools for modeling satellite constellations.

· We developed simple schemes for dimensioning satellite networks for Internet service provisioning.

· We integrated our modeling and performance evaluation software in the network simulation testbed.

· We investigated extensively the impact of various network traffic models on allocation of network resources.

· We investigated and evaluated a NASA MANET associated with planetary exploration.

· Multi-point Communication Networks/Ad Hoc Networks

· The following were the major technical accomplishments for FY03. As several of these problems are quite challenging and represent critical interests for industry and NASA, research will continue in FY04.

· We developed large scale distributed computational systems for fault management using an integration of our methods (belief networks, Markov decision processes, intelligent agents). We tested via simulations the scalability of these methods to satellite networks with hundreds of thousands of users, with different user requirements and usage profiles. We tested the speed of reaction and associated practical performance characteristics of such systems.

· We developed and tested fast aggregate computations with real-life network MIBs. We designed efficient methods for computing, storing and  manipulating the spatial and temporal aggregates of monitored network statistical data. We developed middleware for staging cubetrees. We developed data mining tools and slicers for network management.

· We continued the development of DynaMat for fast generation and updating of OLAP (on-line analytical processing) Views, for network monitoring and management applications. These developments take advantage of the proven scalability of DynaMat to multi-dimensional spaces (20-30 dimensions). We evaluated the design and benefits of DynaMat (i.e. the the use of a dedicated disk space (View Pool) for storing results of past queries, the engagement of stored results (fragments) for answering new queries, and the amortization of query execution cost through multiple uses of the result).

· We initiated the development of automated and intelligent management of formation flying and micro-satellite constellations; autonomous intelligent network management and control systems for autonomous distributed spacecraft, including autonomous multiple-satellite constellations

· We extended the notion of urgency for other rate and delay schedulers. We implemented monitoring, communication and adaptation mechanisms in a prototype switch. 
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AMTEC

· demonstrated successful deposition of fine grained nickel/titanate powders by flame spray to make effective electrodes

· demonstrated successful deposition of fine grained nickel/aluminum/titanate powders by flame spray to make effective electrodes

· demonstrated proof of principle operation of three dimensional electrode

· in process of demonstrating improved electrode performance in an AMTEC generator, as opposed to a sodium exposure test cell

Multi-quantum well

· demonstrated 1% efficient multi-quantum well solar cell using Si and III-V barriers

· demonstrated multi-quantum well solar cell using Si absorber and II-VI barriers

· in process of developing improved doping capability to increase efficiency of internal charge separation/collection

Microgravity Vortex Phase Separator

· Completed initial microgravity testing and integration of a gas ejector with current separator design to provide flow recirculation, pressure rise capability, and phase separation for high quality flows found in the JSC Proton Exchange Membrane Fuel Cell system.

· Began development of a passive, microgravity dehumidification system based on the current phase separator design.  This work has been accepted for funding by the ALS NRA program.

· Continued analytic and computational modeling of the separator to customize separation volume geometry, nozzle configuration, and two-phase inlet flow range for specific applications.

Cooling System for Multichip Module

· Completed fundamental study of an evaporation model based on statistical rate theory including intermolecular effect in a micron pore.

· Completed design and performance analysis of a loop heat pipe with coherent porous material for a high heat flux source.

Magnetic Bearing for Flywheel Energy Storage

· Developed low loss magnetic bearing actuators 

· Radial and Combination Magnetic Bearing Actuators machined , assembled and delivered to NASA Glenn for installation in their most advanced flywheel module G2 .

· Radial and Combination Magnetic Bearing Actuators designed for NASA Glenn’s next generation flywheel module G3 . A controller is also being developed for the G3 .

· Delivered rad-hardenable FPGA controller to NASA Glenn for preliminary testing on the Spin Facility Magnetic Bearing Test Rig..

· Completed machining of shaft , winding of magnetic bearing stator coils , machining of combo bearing back iron  and overall design for Preload Loss Monitor Flywheel Module

· Developed control algorithms , software and hardware for flywheel magnetic suspension operation

· Developed new control algorithm that provides redundancy for magnetic bearing actuator operation without the requirement of auxiliary hardware for detecting individual pole failures

· Labview based Automated Data Acquisition System completed for use with Magnetic Bearing Actuator’s Drag Torque Test Rig .

· Developed flywheel motor speed control algorithms for Satellite  Integrated Power and Attitude Control (IPAC) applications for flywheel arrays . 

· Completed IPAC Control Algorithm and successfully demonstrated results by simulating a tetrahedral , 4 flywheel , satellite mounted array .

· Developed improved shaft position sensing methods for magnetic suspension applications 

· Completed analysis and simulation test of novel shaft position sensor array that has failsafe (redundant operation) and runout rejection capabilities . Runout is the false position change produced by a shaft position sensor due to shaft out-of-roundness and non-uniform electrical, optical or magnetic properties .

Retrodirective Antenna Development:

· A simplified Rf frequency phase conjugation circuit was developed and tested with two solid state 5.8 GHz antenna panels for beam steering control toward a target in one plane.

· An intermediate frequency phase conjugation circuit (the incoming pilot signal is down-converted to an intermediate frequency, which is used for phase conjugation to the pilot and then up-converted for transmission) was developed and tested with two solid state 5.8 GHz antenna panels for beam steering control toward a target in one plane.

Flywheel Test Facility (FTF):

· Lowering of 5000 Watt-Hour burst rated spin pit (SP) into specially designed floor pit that provides secondary containment in 5 of 6 directions. 

· Design, fabrication and installation of SP lid lift and its support structure. The SP lid lift is a motor controlled jack screw device that will lower and raise the 2000 lb. SP cover.  

· Design and programming of a Labview based Data Acquisition System for recording vibration, current , speed , pressure, etc. data.

Magnetic Bearing Drag Torque Test Rig (MBDTTR):

· Completion of all components for the MBDTTR, assembly of the rig and initial spin up to 50,000 rpm.

· Design and installation of an overhead crane system for raising and lowering the containment/vacuum cover.

· Design and programming of a Labview based Data Acquisition System for recording drag torque, vibration , current , speed , pressure etc. data .

Shaft Position Sensor Test Rig (SPSTR):

· Completion of all components for the SPSTR, assembly of the rig  and initial spin up to 50,000 rpm.

· Implementation of the test rig for testing an 8 sensor array developed by TAMU for NASA.

Fault Tolerant Magnetic Bearing Actuators (FTMBA):

· Designed both radial and combo (radial/axial) FTMBA’s for NASA’s most advanced flywheel module (G2). These bearings are presently being fabricated by TAMU and will be benched tested prior to shipment to NASA Glenn. 

· Developed a reliability based design procedure and software tools for obtaining FTMBA’s with high reliability, force to weight ratio and bandwidth and with low power loss and heat generation.

Radiation Tolerant Magnetic Suspension Controller  (RTMSC):

· Design and construction of an analog control instrument with speed dependent control stages.
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Electronics Assembly and Packaging

· A high temperature SiC power device die attach method and compatible die pad stack was demonstrated. Process optimization and additional reliability tests are underway.

· A high temperature parylene coating has been demonstrated to provide initial high voltage insulation for SiC power diodes (3.5kV at 350oC). With storage at 350oC, the breakdown strength degraded rapidly. Tests are underway to determine the cause of the degradation. 

· We have looked at two methods for terminating 4H-SiC Schottky barrier diodes for high power applications. One method is based on multiple layer field plate layers and the other is a variation of the graded junction termination technique (GJTE) that was developed in our program several years ago [J. N. Merrett, et al., J. Electronic Materials 31(6) (2002) 635]. During the coming year, we will focus on optimizing the variable dose GJTE termination process. 

· We have developed composite contacts (ohmic, Schottky and MOS gate) for 4HSiC that are stable after anneals of 1500 hrs in air at 350 °C. Shear testing for barrier layers on silicon nitride (Si3N4) passivation layers is currently underway.

· We have confirmed that a post-metallization anneals (PMA) in hydrogen further reduces the interface trap density for SiO2 / 4H-SiC, if the anneals are carried out for samples that have already been passivated by nitridation using high temperature anneals in NO (nitric oxide). We are currently fabricating lateral test MOSFET structures here at Auburn and at Purdue in order to make mobility measurements following the new NO PMA H2 annealing process. With this process, we hope to achieve channel mobilities of 80-100 cm2/V-s.

Hypervelocity Impact Facility

· A major upgrade to the Hypervelocity Impact Facility is presently underway. We received funding from Northrop-Grumman under the NASA James Webb Space Telescope program to equip the facility with new capabilities. These capabilities include the ability to bombard samples at temperatures as low as 25 K and as high as 420 K and at normal incidence and at a 60° angle of incidence. This has necessitated a complete upgrade of the vacuum system as well as design of a temperature controlled enclosure. The design of the temperature controlled chamber has gone through several iterations. Completion and full testing of the facility is expected by mid-April, 2004.

Flywheel Technologies

· Four ellipsoid hubs were designed and manufactured. The design procedure included evaluation of material properties and its variation along the hub skin due to the changes in winding angle of different composite layers. An optimization routine was constructed using ANSYS Finite Element software. The routine was designed to maximize energy density, maximize material strength requirements and minimize deformation.

· Development of a strategy for rotor crack detection and health monitoring is underway. The work consists of parallel simulation and experimental studies. The methodology being evaluated uses wavelets to analyze the rotor vibration signals.

· A controller strategy for the centering of flywheel rotors has been developed and tested (both in simulation and using an experimental test facility). It uses adaptive techniques to suppress synchronous vibrations due to imbalance.

Extreme Temperature Material Properties:

· The objectives of this task are to measure material (thermal/mechanical) properties of electronic packaging materials at extreme temperatures – high and low. Future NASA planetary missions to Mars, Venus, and Jupiter include ambient environments ranging from -180 to 380 °C. The motivation for this work is that temperature dependent material properties are not available for use in finite element modeling of electronic packages and assemblies. This limits NASA in the ability to introduce new materials/packages into applications, as the reliability cannot be predicted using analytical models or numerical simulations. Materials being considered in this work are: solders (standard and lead free), encapsulants (underfills, chip on board, etc.), adhesives (die attachment, thermal interfaces), and substrates (organic, ceramic, advanced). 

· Mechanical testing is being performed with a micro tension-torsion loading fixture with associated thermal chamber. In addition, a strain gage based measurement system has been developed for measuring the coefficient of thermal expansion of various materials. Specimen preparation procedures have been developed to fabricate both underfill encapsulant and solder uniaxial test samples that are cured/cooled with the same temperature profiles as used in actual electronics assembly and packaging processes. Stress-strain and creep tests have been performed on a commercial a underfill encapsulant and a tin-silver-copper lead free solder alloy over the range of –75 to 175 °C. Work is currently underway to extend our testing capability down to –180 °C. Other materials being examined include Parylene-C and a commercial silverfilled epoxy die attachment adhesive.

Advanced Materials – Electronics Enclosures

· The effect of replacing aluminum in an enclosure for electronics was examined using finite elements. Two advanced materials were considered: a high copper metal matrix composite and thermopyrolytic graphite (TPG). Both showed significant improvement in thermal behavior over aluminum. 

An Interconnection View of Reliability

· Auburn has developed an approach to developing Ultra-High Reliability Electronics by focusing on the Interconnects in the systems.  An effort in development of ultrahigh reliable electronics may thus be targeted towards redefining the interconnect framework of today’s electronics. One view could be reduction in the number of interconnect layers or perhaps development of newer architectures with fewer dissimilar materials and interfaces. 

Electric Propulsion Technology:

· In collaboration with our industrial partner (Radiance Technologies, Inc.), we have worked on the development of two key components of a propulsion system for pulsed inductive thrusters (PIT): dual resonant pulse transformers (DRPT) and vector inversion generators (VIG). These are elements of a new program to bring the PIT into common usage to support nuclear and electric-powered spacecraft. The PIT offers substantial advantages over existing Hall and Ion thrusters and, if our efforts are successful, it will truly represent the ideal electric propulsion system.
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Bone Remodeling

· Protein Crystal Growth and Structural Biology

· Establishment of Synchrotron Beamline – In FY 2003, the Southeast Regional Collaborative Access Team completed  construction of the first of two beamlines dedicated to protein crystallography X-ray data collection on sector 22 of the synchrotron at the Argonne National Laboratory.  CMDS, through its partnership with UAH’s Laboratory for Structural Biology, is a member of this team. The beamline was commission for operation in November 2002.  UAH’s shares entitled it to 9 days of beam time in FY 2003.  This allotted time was used to collect high-resolution X-ray data sets from a number of our protein crystals.

· Establishment of NMR Facility – In FY2003, the UAH Biomolecular Nuclear Magnetic Resonance (NMR) laboratory became fully operational. NMR data collection on both 800 MHz and 500 MHz spectrometers, housed in a new 3,000 square foot building, is now routinely available for use by CMDS academic and industry affiliates.

· RANK Ligand – Higher quality crystals and data collection on the synchrotron improved the resolution of the crystal structure of Receptor Activator of Nuclear Factor kB Ligand (RANKL) to 1.9 Angstroms (Figure 1).  RANKL is one of three major proteins known to play a pivotal role in maintaining bone homeostasis.  The refined crystal structure of RANKL was use to computer model its interaction with its receptor, RANK.  These modeling studies were then used to design six potential inhibitors.  The inhibitors were synthesized and tested for activity.  These studies were followed by phage display experiments designed to identify additional inhibitors.

· Cathepsin K – Cathepsin K, a member of the papain family of cysteine proteases, is regarded as a key protease in bone resorption.  It has been implicated in matrix degradation and demineralization of bone and is, therefore, an important target for drug design. Since papain is a readily available enzyme that shares sequence homology with cathepsin K, it was used as a model enzyme for identification of cathepsin inhibitors.  Over three hundred plant extracts collected in the tropical rain forests of Costa Rica were screened for inhibitory activity and ten of the extracts showed strong inhibition of papain activity.  Fractionation of these extracts and identification of the active compounds are underway.  Dr. William Setzer and Jennifer Schmidt traveled to Costa Rica in May and collected additional samples.

· TGF-ß/BMP Signaling

· The cascade of phosphorylation from receptor to effectors is a well-characterized, pivotal event in TGFb signaling.  In a study conducted during FY 2003, we demonstrated that Smad7 recruits a protein phosphatase complex that dephosphorylates the TGF-b Type I receptor (TbR1) (Shi, W., R. Sun, B. He, W. Xiong, X. Shi, D. Yao, and X. Cao. GADD34/PP1c recruited by Smad7 dephosphorylates TGF-b type I receptor. In press).  Smad 7, induced by TGF-b activation, functions as a receptor kinase antagonist that inhibits TbR1 Ser/Thr kinase signaling as part of a negative feedback mechanism.  We found that Smad7 interacts with the Growth Arrest and DNA Damage gene, or GADD34, a regulatory subunit of the protein phosphatase 1 (PP1) holoenzymes.  PP1c, the catalytic subunit of the holoenzyme, is subsequently recruited to the GADD34/Smad7 complex to dephosphorylate TbR1.  Moreover, blocking of Smad7 expression by siRNA gene silencing inhibits formation of the GADD34/PP1c complex with TbR1.  Overexpression of PP1 inhibits TGF-b-induced gene transcription.  These results indicate that Smad7 functions as an adapter protein in formation of the PP1 holoenzyme that targets TbR1 for dephosphorylation.  Dephosphorylation of TbR1 is an effective negative feedback mechanism in TGF-b signaling.  We hypothesize that blocking the PP1c binding site on Smad Anchor for Receptor Activation (SARA), an integral membrane protein intimately associated with early stages of cell signaling, will sensitize TGF-b signaling and enhance osteoblast proliferation and bone formation.  Thus, the PP1c binding site on SARA may be a potential target for the design of small molecule inhibitors.  

· Inhibition of Rank Ligand Binding by Peptides

· Structural Studies – We have further refined the RANK Ligand trimer structure to 1.9 Angstroms (see Figure 1 above, manuscript in preparation), an accomplishment that will further advance our understanding of RANK Ligand’s interaction with RANK and OPG.  

· Cloning and Expression of Murine OPG and RANK – Molecular cloning and expression of murine OPG and RANK extracellular domains were achieved.  We have shown that the soluble RANK extracellular domain has an inhibitory effect on osteoclast development.  Soluble RANK mimics the effects of OPG, i.e., it can compete with membrane-bound RANK for RANK Ligand binding, thereby inhibiting osteoclast development.  This result indicates that our soluble RANK protein is in a biologically active conformation and can be used to study RANK-RANK Ligand interactions.  While the expression of OPG has proven to be more difficult, we are confident that we will ultimately achieve expression.

· Cloning and Expression of Human OPG, RANK and RANK Ligand – We have purified  total cellular RNA from the human prostate cancer cell line, PC-3, and isolated human cDNA clones for OPG, RANK and RANK Ligand.  PCR results indicate that the cDNAs are of the correct size.

· Computer Modeling Studies – Binding of RANK to RANK Ligand was modeled by computer simulation (Figure 2).  Six peptides with potential inhibitory activity were designed and tested for inhibition of osteoclast function.  Of the six, one peptide exhibited inhibitory activity (Figure 3).

· Phage Display – We have used phage display to select seven short (7-mer) peptide sequences that have high binding affinity for murine RANK Ligand.

· Effects of Modeled Microgravity on Bone Formation and Osteoblastogenesis

· The development of procedures and hardware to culture osteoblasts in vitro has expanded the possibilities of identifying important factors that regulate their growth and differentiation.  In culture, osteoblasts form a bone tissue-like organization (nodules) by undergoing three stages of development:  (i) proliferation; (ii) extracellular matrix maturation; and (iii) extracellular mineralization.  This process takes about four weeks and then osteoblasts enter the programmed cell death, or apoptotic, pathway.  During each stage of development, specific subsets of genes are sequentially expressed or repressed.  The regulation of gene expression in developing osteoblasts occurs predominantly at the transcriptional level, suggesting that transcription factors and associated cell signaling molecules play a major role in regulating osteoblast phenotype and, therefore, bone formation.

· Modeled microgravity induces adipogenesis – It is known that osteoblasts and adipocytes develop from the same mesenchymal stem cells by the activation of transcription factors, Cbfa1/Runx2 and PPAR_2, respectively. We have demonstrated that exposure of hMSC to seven days of modeled microgravity not only decreases Cbfa1/Runx2 expression but also increases that of PPAR_2 making these cells potentially committed to become adipocytic. In addition, the expression of adipsin (adipocyte gene marker) is also increased after seven days of modeled microgravity.  The expression of both PPAR_2 and adipsin remained upregulated after 30 days of readaptation in normal gravity.

· Modeled microgravity alters cell signaling – Given the important role of MAPK in the regulation of hMSC lineage commitment, we examined the effects of modeled microgravity on MAPK signaling. Figure 5 demonstrates that total levels of JNK, ERK and p38 were unchanged in hMSC after seven days of modeled microgravity, under osteogenic conditions. However, examination of active phosphorylated MAPK forms identified a decrease in phosphorylated ERK and an increase in phosphorylated p38.  Changes in the activation of the JNK pathway were not evident. These results indicate that seven days of modeled microgravity inhibits osteoblastogenesis by decreasing the activation of ERK and completely suppressing Cbfa1/Runx2 and osteoblast gene marker expression. Concomitantly, modeled microgravity increased the activation of p38 and PPAR_2 expression, which most likely contribute to the overall decrease in bone formation and mineralization in response to weightlessness.

It is known that interactions between osteoblasts and matrix activate the integrin signaling pathway which ultimately leads to hMSC differentiation.  To investigate the effects of modeled microgravity on integrin signaling we first examined the effects of microgravity on the expression of integrin subunits.  Figure 6 demonstrates that both _2 and _1 subunits are increased after seven days of culture in microgravity.  Undifferentiated hMSC and hMSC induced to become osteoblasts under normal gravity conditions displayed similar protein levels of both _1 and _2 integrin subunits (data not shown).  Our results suggest that in hMSC under microgravity, a potential compensatory mechanism exists, resulting from decreased cell binding to ECM.  Integrin expression of the _5 integrin subunit remained unchanged following seven days modeled microgravity (data not shown).

We then examined the effects of microgravity on FAK auto-phosphorylation at Tyr397.  Surprisingly, despite the increase in the integrin protein expression, Figure 5 demonstrates that FAK activation is decreased in response to microgravity which suggests that the integrin signaling is also decreased.  This could ultimately be responsible for the decrease in ERK phosphorylation we have shown in Figure 7.

· Selective Estrogen Receptor Modulators for Breast Cancer Treatment

· The focus of our studies in FY2003 was to functionally characterize the mechanism of Smad4 as a SERM-induced transcriptional repressor of ERa in both breast cancer cell lines and breast cancer cells.

· We found that Smad 4 is a central mediator for TGF-b signaling and that the direct interaction between Smad 4 and ERa establishes a mechanistic link between TGF-b and breast cancer.  Further, we have demonstrated that a complex of Smad 3 and Smad 4 confers the inhibitory effect of TGF-b in breast cancer.  The use of small interfering RNA (siRNA) to “knock out” Smad 4 expression resulted in loss of TGF-b inhibitory activity in mammary tumor growth, suggesting that Smad 4 is essential for TGF-b-mediated suppression of estrogen signaling.  Disruption of the Smad 3/Smad 4 complex by the oncoprotein, Ski, in breast cancer cell line MDA-MB-231 leads to aberrant expression of TGF-b downstream genes such as Smad 7 and PAI-1.  Ski antagonizes the respression function of TGF-b in breast cancer cells and propotes estrogen-induced cell cycle progression and tumor growth.  We conclude that TGF-b transduces the inhibitory signals in breast cancer cells through cross-talk between the Smad 3/Smad 4 complex and ERa.  These results provide further evidence that Smad 4 mimetics may prove to be very effective in stopping breast cancer tumor progression. A provisional patent has been filed and a manuscript detailing our FY 2003 results is in preparation.  A full utility patent will be filed in 2004.

· Hematopoietic Stem Cell Self Renewal

· During the past year, we have taken two different approaches in our attempt to manipulate the self-renewal process in vitro. The first approach has been to use a number of different cytokine combinations to identify those that stimulate proliferation and those that caused differentiation of cells in culture (an unwanted outcome). Purified HSC were maintained in vitro for a total of two weeks in various cytokine combinations before being transplanted back into lethally irradiated animals. Reconstitution of all blood cell lineages in irradiated animals for at least three months post-transplant is the gold standard assay that is used to quantitate the absolute number of HSC that are present within a heterogenous population of cells. This assay is the only way to unequivocally determine if HSC expansion is occurring in vitro under different culture conditions. We have approached these experiments by testing the various cytokine combinations in the presence or absence of fibronectin, murine embryonic fibroblast cells, or lithium chloride. Lithium chloride was tested because it is known to up-regulate beta catenin, which expands HSC when it is constitutively active. For each of the conditions, 100 HSC were used to initiate the in vitro cultures, which were then allowed to grow for a total of 2 weeks before being transplanted into irradiated animals. In the absence of cytokines, the 100 HSC will rapidly die within a period of 2-3 days. We would have expected that the majority of cytokine conditions would cause rapid differentiation of the 100 HSC, leading to an inability to reconstitute the blood system of irradiated animals after culture. Maintenance of the original input stem cell activity would be evident if we noted any level of donor cell reconstitution. Expansion, which is the ultimate objective, would be evident if we were able to reconstitute animals using only a fraction of the expanded cells within the well after two weeks.

· We tested a wide array of cytokine conditions including SCF, IL-6, TPO, VEGF, BMP2, BMP4, FLT3, IL-11, and LIF either as single factors or in multiple combinations in the presence of either fibronectin, mouse embryonic fibroblasts, or cytokines alone. All conditions were done in duplicate. In summary, the presence of lithium chloride at concentrations of 1mM, 10mM, 20mM, or 50mM actually led to reduced ability of expanded wells to engraft irradiated animals after in vitro culture in all cytokine conditions. We noted at least maintenance of the original HSC activity in this first experiment only in the absence of LiCl with SCF and IL-6 (3/3 animals were reconstituted when a third of the expanded well was transplanted into each animal). In the absence of LiCl and in the presence of single cytokines, we noted proliferation only in wells that contained SCF. All other single cytokines mentioned above did not lead to cell expansion. Therefore, among the cytokines tested, SCF was determined to be necessary for HSC in vitro culture. Even though cells proliferated in SCF, there was no ability of the cells within the SCF wells to reconstitute animals after the in vitro culture, suggesting that SCF treatment alone leads to HSC differentiation. We then initiated an experiment to test if combinations of cytokines (other than SCF and IL-6 mentioned above) might enhance HSC expansion or whether cytokine combinations might synergize to stimulate cellular proliferation in the wells. We tested BMP-2 + VEGF, SCF + IL-6, SCF + TPO, SCF + BMP-4, SCF + VEGF, SCF + EGF, SCF + IL-6 + LIF, SCF + IL-6 + TPO, SCF + IL-6 + BMP-2, and SCF + IL-6 + BMP-4 in the presence of fibronectin, mouse embryonic fibroblasts, or cytokines alone. Our proliferation and transplantation results showed that optimal proliferation occurred in the presence of the mouse embryonic fibroblast feeder cells. Fibronectin showed little or slight enhancement of proliferation. Interestingly, many of the wells that exhibited large amounts of proliferation (at least 100-fold increases in cell number after 2 weeks of culture) were not able to reconstitute irradiated mice, which indicates that all of the cells in the well had differentiated. The optimal conditions required to see reconstitution were with SCF + IL-6 alone or SCF + IL-6 with one other cytokine that could either be LIF, TPO, BMP-2 or BMP-4. Of these five conditions, there was not any obvious advantage (as measured by the level of donor reconstitution in the irradiated animals) between any of these conditions. Overall, culture on mouse embryonic fibroblasts in the appropriate cytokine conditions provided the optimal culture environment for expansion. This was based on the observation that we could take 1/10th of the cells in the culture well and see reconstitution. Significantly, this indicates that there had to have been expansion occurring in the well since 10 HSC (out of the original 100 that were plated in vitro) would not have had the same ability to repopulate animals.

· The second approach that we have taken to understand self-renewal is to characterize a mouse leukemia model that we have developed that results in a 30-fold expansion of HSC in vivo. This model was generated by introducing the AML1-ETO chromosomal translocation, which is one of the most frequent cytogenetic abnormalities in human acute myeloid leukemia, into mouse HSC. The mechanism for how AML1-ETO stimulates expansion of HSC numbers in vivo is currently unknown so this represents a major focus of our research efforts. We have published two manuscripts about this murine model in the past year. 

· Universal Detector for Disease Diagnosis

· The primary emphasis of our efforts during the past year was to validate the test procedure and address a number of basic science questions, including optimization of reagent components, thermal controls, surface immobilization chemistries, and reagent stability.  We also developed a novel bioinformatics search protocol for design of highly specific captor sequences, built an extensive database housing captor sequences for all known pathogens, built a prototype sample preparation chamber and designed the prototype fluorescent-labeled universal detector oligonucleotide.  In addition, we established a significant collaboration with Dr. Ed Breitschwerdt of the North Carolina State University College of Veterinary Medicine.  Dr. Breitschwerdt if the world’s leading authority on tick-borne diseases, including those that infect humans.  Access to multiple pathogens, as well as the availability of positive and negative controls, will allow us to critically evaluate the specificity of the UD3 technology platform.  Captor sequences for a number of pathogens have been selected and the custom oligonucleotides corresponding to the sequences have been synthesized. 

· Details of the validation and bioinformatic sttrategies are described in more detail below.

· Validation of the procedure – The feasibility of detecting specific target nucleic acids was demonstrated using oligonucleotides coupled to both filter paper and glass microscope slides.  In recent experiments, we have determined that the immobilization of oligonucleotides to glass offers a number of advantages over the filter paper, the most significant one being the ability to scan the glass slide in a commercial fluorescence array reader.  

Glass slides were first immersed in 10% NaOH overnight and subsequently washed with H2O, 1% HCl, again with H2O and finally methanol. After a 15 min sonication in a 3% aminopropyl-trimethoxysilane solution in 95% methanol, the slide was washed in pure methanol, then water, dried under a stream of air and baked at 110°C for 15 minutes.  The heterobifunctional cross-linker Sulfo-SADP (N-Succinimidyl (4-azidophenyl) 1,3´-dithiopropionate) was dissolved in acetonitrile to a concentration of 100mM.  0.2_L of the solution were added to the silanated slide in pre-defined locations.  Sulfo-SADP is a water-soluble N-hydroxysuccinimide-ester (NHS-ester) with an aryl azide cross-linker and an interior disulfide linkage.

The slides were then placed on ice and exposed to the room light for 2 hours.  The aryl azide is activated at wavelengths between 265-275 nm.  The slides were then washed to remove unreacted cross-linker.  Fifty mM dithiothreitol (50 mM DTT) was added to the slide to cleave the interior disulfide.  The slides were placed on a heat block set to 37oC for 1 hour.  Slides were then washed with ddH2O and dried in a stream of air.  

Cleaved thiolated oligonucleotide captors were added to the same spot locations as the cross-linker and allowed to react at room temperature for 30 minutes.  Slides were washed in ddH2O and either dried in a stream of air or stored in a TE buffer with 0.8M NaCl.

Captor sequences with loop segments for detecting several mRNA’s from the STMV and one short sequence from the recently sequenced SARS virus were ordered from Phoenix Biotechnologies in Huntsville, AL.  Several microscope slides containing spots that had either the captor for STMV or the SARS target were prepared using the same pattern.  

The slides were divided into two groups – one group was used to detect STMV while the other was used to detect the short sequence from the SARS virus.   Two-tenths of a microliter (0.2 ml) of a solution containing either the STMV target or the sequence from the SARS Virus were placed directly on spots on the microscope slides which had the captors (Figures 12 – 13).  The microscope slides were then placed onto a aluminum heating block and heated to 75oC for 10 minutes.  The slides were then taken off the heating block and allowed to cool to room temperature.  Three-tenths of a microliter (0.3 ml) of a solution with the fluorescently labeled oligonucleotide was then added to each of the spots on the microscope slide.  After 10 minutes, the microscope slide was washed in distilled water and 0.5 M NaCL to remove all unattached and labeled oligonucleotide.  A Biorad Array reader was then used to read the fluorescence at each spot.  

· Design of the captor sequence – We will describe this system component using results from a collaborative study we have initiated with the North Carolina State University College of Veterinary Medicine (NCSU CVM) Diagnostics Laboratory.  It is important to note that the technology we have developed is applicable to the detection of target nucleic acids from almost any source.  The principal interest of investigators at NC State is tick borne diseases in animals.  The NCSU CVM is also a major diagnostics laboratory and a very large number of samples are processed daily.  They maintain a large population of organisms, cultures, sequences and fragments for a wide variety of pathogenic organisms.  We thus have access to a well-studied sample pool to begin preliminary testing of our system on realistic samples.   

For this first study, we have identified Rickettsia, Ehrlichia, Tularemia, Borrelia, Bartonella as the major tick-borne bacterial diseases for which we will design captor probes.  The first step in the process is the construction of the databases that will be used for oligomer design and validation.   The sequences for the desired hosts (dogs, cats etc) are downloaded from Genbank at the NCBI (http://www.ncbi.nlm.nih.gov).  PERL modules have been written to extract mRNA and other relevant information from the sequences in GENBANK.  Sequences are also downloaded for all of the pathogens being studied.  The sequences of all available mRNAs, genomic DNA for both the pathogens and the hosts were then processed for database searching using BLAST.  For each pathogen, a few mRNA’s that are constitutively expressed and those that are likely to be important for cellular maintenance are selected.  A set of consecutive oligomer subsequences of length N (25) is extracted from the sequences with an offset M (10 bases).  Since adjacent oligomers contain almost exactly the same information, the offset reduces the time to search by skipping M (10) bases before the next oligomer is extracted.  These oligomers are first used to search against the pathogen database. The hits are then collated with original oligomer file to count the number of hits each oligomer received. One is the minimum since every oligomer should find itself and this is used as a check to ensure the word length of the BLAST algorithm was small enough to eliminate ‘leakage’. The oligomers are sorted according to the number of hits each received in descending order, and some number K (three or four) are taken for each gene (mRNA) represented. These represent the oligomers with the least potential for false cross-hybridization. These are then used to search the host database and processed in the same way. The output is a set of oligomers that represent the target gene that are the least similar to any pathogen or host gene.  Using this procedure, we have identified a set of candidate oligomers for the five tick borne bacterial pathogens that are known to infect dogs and cats.  

· Huntington’s Disease and Cysteine Protease Inhibitors

· Caspase Expression – While we have been able to express and purify small quantities of caspase 3 and caspase 9, the yields have been unsatisfactory.  The poor yields appear to have resulted from self-proteolytic activity that degraded the caspase protein. Therefore, we designed new expression constructs that place the His expression tag at the carboxy instead of the amino terminus.  These constructs are currently being evaluated for expression.

· Computer Modeling of huntingtin – No experimentally determined structure from x-ray crystallography or NMR spectroscopy is available for the mutant huntingtin protein.  In order to gain some insight into the structure of this important structure, we used computer techniques employing structural and sequence homology to build working molecules of huntingtin.  There is good evidence that many regions of the protein are homologous to and contain the HEAT motif.

· Interaction of Potential Inhibitors with Caspase Active Sites – We continued to model the binding and interaction of potential inhibitors with caspase active sites.  We are particularly interested in molecules that discriminate among the different members of the caspase family of enzymes.  Figure 14 shows four renderings of caspase 3.  A small molecule inhibitor can be seen docked in the active site located to the upper right in these computer-generated views.  Figure 15 shows the active site of four different caspases with bound inhibitor.  The protein is displayed as a solid surface with color-coded electrostatic potential.  The figures show great variation in the shape and electrostatic potentials of these active sites.  This observation suggests that it will be possible to design molecules specific for a given caspase.

· Characterization of Extremophilic Microorganisms and Their Enzymes

· Extremely hot environments house many unusual and exotic organisms that have unique metabolic properties. We have retrieved such microorganisms from “Black Smokers” at the Rainbow Vent Sites under the Atlantic Ocean. The collected organisms are aerobic/anaerobic, can survive under very high pressure and are viable at temperatures greater than 120oC. We have cultured these microorganisms in the laboratory for use in phylogenetic studies. The 16S ribosomal RNA is a component of the bacterial ribosome, the macromolecular assembly responsible for the synthesis of proteins in living cells, and its gene sequence has been widely used for molecular phylogeny.  We have performed gene cloning, sequencing and analysis of the 16S rRNA gene to characterize newly isolated strains. The identification of these organisms is relevant to understanding the mechanisms that may be involved with the potential evolution of Earth-life transitioning from extra-terrestrial environments. These organisms also represent a promising source of enzymes of biotechnological interest with potential applications in molecular biology, diagnostics, chemical engineering and the food industry.

· Sequence analysis of hyperthermophiles has revealed surprising phylogenetic contradictions. Protein gene - based phylogenies is often not consistent with the previously established 16s rRNA - based phylogenies, which suggests the existence of important lateral gene transfers (Huang and Ito, 1998 and Grogan, 2000).

· The microbes described here were collected by Owen K. Gariott and Richard A. Garriott on their privately-funded expedition to the Rainbow Vents about 36.2oN/33.9 oW near the Azores.  The samples were brought up form a depth of over 8,000feet in one (of two) independently maneuverable Russian submersibles, carried by the oceanographic research vessel, Akademic Keldysh.   The support of the Russian science team, led by Research Director Anatoly Sagaleviteh has been most helpful.  We have cultured two novel hyperhtermophilic chemoorgano-heterotrophic strains, collected from the walls of one of the “Black Smokers”, and are referred to below as OGL-2- and OGL-7B.

· Our preliminary studies have included the PCR cloning of the 16S rRNA gene from OGL-20 and OGL-7b. The 16s rRNA gene was amplified by PCR from purified genomic DNA using specially designed primers, and subcloned into a cloning vector. At least three positives clones were sequenced bidirectionnally with both vector-specific and 16s-internal primers. The consensus sequence, obtained after assembly of the individual sequences, was compared to GenBank sequences and closest homologs were selected to build a phylogenetic tree. The phylogenetic analysis using the 16S RNA sequences has revealed OGL-20 to be a new species within the Thermococcus genus in the Archean kingdom and OGL-7 to be related to the Thermoactinomyces genus (Fig 1). Microbiology analysis have shown OGL-20 to be an obligately anaerobic, sulfur-reducing, chemoorgano-heterotrophic archeon. OGL-20 is motile, Gram positive and is viable within a pH range of 6.5-10.0 (optimal growth at pH 7.6 – 8.0) and temperature range of 70∞C to 150∞C. OGL-7, on the other hand, is a strict aerobic organism and is viable between the same pH range with a temperature tolerance between 60∞C to 101∞C.

· DNA fragments of a family B polymerase have been successfully amplified from OGL-20 and sequenced, confirming homology with family B polymerases from other Thermococcus species. Similarly a PCR amplified DNA fragment of a family A polymerase has been amplified from OGL-7B and its phylogenic placement was consistent to what was revealed by the 16S RNA gene sequence. 

· Alkaliphiles have also been extensively studied in our lab. Six strains of bacteria, have been isolated and characterized so far from the soda lakes of Africa. Gene mapping of the 16s rRNA gene of all three isolates shows that they are novel with two species belonging to the genus Bacillus and the other to Halomonas sp. All the strains had optimal growth rate at or above pH 9.0 and were determined to be obligate alkaliphiles. 

· We have identified and isolated two classes of extracellular enzymes from these microorganisms.  One is a group of amylases and the other proteases.  The enzymatic characterization of these enzymes is in progress.  

· Tool Development for High Throughput X-Ray Crystallography

· Counter-diffusion crystallization in capillary is a very simple, cost-effective and practical procedure for obtaining protein crystals suitable for X-ray data analysis.  Its principles have been derived by well-known concepts coupling the ideas of precipitation and diffusion mass-transport in a restricted geometry.  The counter-diffusion process has been used to simultaneously screen for optimal conditions for protein crystal growth, incorporate strong anomalous scattering atoms and mix in cryogenic solutions in a single capillary tube.  The crystals obtained in the capillary have been used in situ for X-ray analysis.  The implementation of this technique linked to the advancement of current crystallography software was shown to be a powerful structure-determination method consolidating crystal growth, X-ray data collection and ab initio phase determination into one without crystal manipulation (Gavira et al., 2002).  Using the counter-diffusion crystallization concept, we have fabricated a crystallization cassette that uses counter-diffusion crystallization to obtain protein crystals that can be immediately used for X-ray analysis (Ng et al., 2003).  The crystallization cassette is a device in which multiple capillaries can be used to uptake many samples of proteins at a time and mixed with several crystallization reagents simultaneously.

· The cassette has a cylindrical design and is made up of two sections that are joined together (Figure 16, Patent Pending).  The upper section contains multiple capillary tubes that extend downward.  The lower section is a disc having multiple slots, with each slot corresponding to a capillary.  The slots are about 50ul and are designed to hold the precipitant solution cushioned with a wax that is placed in the bottom of the slots.  The precipitant solution includes the precipitating salt and can contain the cryogenic reagent and/or the heavy atom salt.  After the desired precipitant solution is placed within each slot, a latex tap

Imaging Technology Space Center

· QUAD HD-Max – ultra high resolution, small, low cost, low power, color Quad HD CMOS Camera R&D. Ultra high resolution camera systems development supported by NASA, NAVY and private industry has resulted in QUAD HD CMOS Camera System – HD-Max (currently under continued development) with 8 times resolution of HDTV at 30 FPS – no commercial camera in the world is available with comparable specifications. During FY2003, an engineering model of the QUAD HDMax camera was completed.

Medical Informatics and Technology Applications Consortium

· Shadow Bowl: A situational awareness exercise for dealing with potential mass casualty events. MITAC and a select group of research institutions were invited to San Diego to demonstrate their baseline capabilities “live” at Super Bowl XXXVII. MITAC made modifications to an existing physiologic monitoring prototype so it could measure the paticulate mass of ambient air that might indicate presence of hazardous compounds. By working with local sensor development company, the system was modified and successfully demonstrated. The result was a portable, battery-operated device capable of collecting real-time particulate measurements, logging them locally and transmitting the encrypted data over the Internet using standard digital cellular to a Web server at VCU. This graphed data was available to the command center at San Diego State University and anyone on the World Wide Web. But in the event of an emergency, such as in New York City on September 11, the cellular services will likely become overburdened and fail. For this reason, a redundant, inexpensive topology was engineered into the unit — Iridium, the Low Earth Orbiting Satellite (LEOS) system.

· Clammy Meter: MITAC’s Biomedical Engineer developed a working model to detect the degree of perspiration and skin cooling (cold sweats) in persons approaching dangerous level of Hypoglycemia.

· Mobile Telemedicine Facility: MITAC, in cooperation with the Cinterandes Foundation of Ecuador, performed preoperative screening of patients in remote regions of the Amazon forest

· Surgical Simulation in Microgravity: In response to NRA-03-OBPR-04, MITAC was successful in conducting an experiment in collaboration with Johnson Space Center to test the validity of training 20 participants with varied backgrounds in basic surgical skills.

ProVision Technologies

· ISS Hyperspectral Payload – At the beginning of the fiscal year we aggressively pursued developing our visible/near-infrared hyperspectral sensor as a payload (HYPERSENSE) for the ISS Window Observational Research Facility (WORF).  Space hardening activities were initiated and designs for retrofitting sensor with a 160 mm lenses were completed.  A Phase 0 Flight Safety Data Package was developed, WORF Integration Agreement (WIA) was completed, data was entered into the Payload Data Library (PDL) and the payload specifics Interface Control Document (ICD) was drafted.  On September 24 and 25 ITD-ProVision hosted a WORF Users Workshop attended by personnel from four NASA field centers (KSC, JSC, Ames and Stennis).


Commercial users of this ISS imaging payload were also pursued. The Boeing Company showed strong interest in teaming with ITD-ProVision as they saw a potential commercial business of using sensors inside the WORF. Boeing was also working with the Naval Research Laboratory to manifest an ISS sensor called Hyperspectral Sensor for Global Environmental Imaging and Analysis (HyGEIA).  After several discussions, including input from SPD, Boeing and ITD-ProVision partnered on development of  the HyGEIA payload and we discontinued work on our HYERSENSE payload.  A Memorandum of Understanding was signed on June 30. Joining together made good sense in terms of technical, business and commercial developments plus it reduced SPD’s sponsorship of WORF payloads by 50 percent as Boeing has a Space Act Agreement with SPD to fly the HyGEIA payload. 

· Wound Care – During the early stages of 2003, a strong emphasis was placed on seeking non-NASA funding for product development and commercialization to support the “Astronaut Crew Health” Wound Care project. Our primary goal was to secure an industry/development partner and realign the project for long-term viability. In light of this, we attended the National Wound Care Trade Show (April 28 - May 1) which allowed us to gain additional traction from a collaborative community with many different talents and disciplines, all dedicated to wound healing research and management. We presented our research to Johnson & Johnson, 3M, ConvaTec, HealthPoint, KCI, Pegasus, PDI Medical, Praxis, and Smith+Nephew.  Both ConvaTec and PDI Medical showed strong interest in marketing our wound care imaging product once it becomes more mature. Others thought the research was in initial stages and would prefer more results before becoming engaged. 


In face of these challenging circumstances, we continued to focus on using our hyperspectral imaging system to characterize and quantify blood perfusion and oxygen saturation in wounds. This allowed us to reach a number of key 6 and 12-month milestones and improve our position in obtaining a research partner. By the end of 2003, we forged an exciting new relationship with doctors from the Family Physician Center in Marrero, Louisiana and the Louisiana State University Health Sciences Center in New Orleans. As a result, the year ended in a very productive manner with a licensing and research agreement being in progress between the doctors and ITD-ProVision to conduct wound healing research at their private practice wound care treatment facility. 

· Molds and Toxins – This program was a new start in 2003.  USDA provided $630,000 on July 1 to initiate this effort with a USDA molds and toxins research unit in New Orleans.  As discussed earlier this program has “dual use” in that the research will address USDA’s food and feed needs, and NASA’s long-term duration spaceship habitat problems.  Three new RPC employees were hired to support this effort which included two employees with Ph.D.s.  One employee is stationed at the USDA research facility in New Orleans.  An imaging laboratory was built at the USDA facility which houses ITD-ProVision’s ultraviolet and shortwave-infrared hyperspectral sensors.  Funding, infrastructure, and personnel were put in place this year, and a detailed research plan was established. 

· Ophthalmology – We were notified on August 1 that NIH awarded us a SBIR Phase I for $111,000.  The title of this research is “Retinal Oximeter for Clinical Assessment”.  This project is building and testing a novel multi-spectral imaging system for evaluation of retinal oxygenation and assessment of retinal disease.  Recent research by the scientific community, including research by ITD-ProVision, has shown that oxygen utilization in the retina is linked to development of serious eye diseases, including diabetic retinopathy and glaucoma.  Up until now, eye doctors have diagnosed specific eye diseases only when damage has already occurred.  The present NIH project seeks to go a step forward to enable risk assessment for these disease conditions before damage occurs.  If successful, vision can be saved in countless persons and medical costs related to treatment of vision loss can be brought down. 


A new hyperspectral imaging approach was initially tested this summer in collaboration with the LSU Lion's Eye Research Center.  The goal of this work is to document the usefulness of hyperspectral imaging in medical research, particularly in ophthalmology but also in wound management, cancer detection and diabetic ulcer management.  A better understanding on the use of hyperspectral imaging in medical diagnosis will accelerate our applications in monitoring crew health during long-term space flight.  Good results have already been obtained and reported at the Association for Research in Vision and Ophthalmology (ARVO) (see journal entries). 

· Food Safety and Quality – This program was completed in July and fulfilled the goals and objectives established three years ago when this effort was initiated.  This research resulted in a patent secured July 1, 2003 titled “Method and System for Contaminant Detection During Food Processing” Patent No. 6,587,575.  As discussed in section VI Licensing/Equity Agreements, we are in the third round of negotiations with Stork-Gamco for licensing this technology which can be used to detect contaminants on red and white meat at processing plants. 

· Forensics – Funding in 2003 from the FBI allowed us to complete the design of the ultraviolet and shortwave infrared hyperspectral sensors. SPD provided some initial funding for design work and the FBI provided funding to finish the design work and to build each system for the FBI.  The ultraviolet system was delivered to Quantico, VA in February.  The shortwave system was completed and ready for delivery in November.  No NASA funding was available to build complete systems to support SPD funded research.  Therefore, the ITD Board of Directors approved on May 6, $125,000 of company cash reserves to buy needed components for these new sensors so that systems could be built to support the NASA program. These ultraviolet and shortwave systems were near completion by the end of 2003.


TSWG provided funding to develop and test a hyperspectral document imaging system for scanning of forensic materials and documents.  The instrument will fill a new need in national security by enabling research and development of altered document detection methods which can be implemented at ports of entry and crime laboratories in the United States.  The hyperspectral system acquires high-resolution spectral images from documents over the broad spectral range from 200 - 1000 nm (ultraviolet, visible, near-infrared energy).  The ultraviolet subsystem is completely novel; a hyperspectral imaging system covering the 200-400 nm range has, up to now, not been available.  The scanner will be used in new research for detection of altered documents, spectral characteristics of inks, counterfeit documents and other areas pertaining to security.  Interim Review was conducted February 2003 at the FBI Academy, Quantico, VA.  System was completed on time and ready for delivery in November.

Solidification Design Center

· Scientists and engineers from the Solidification Design Center successfully cast an initial magnesium alloy component using the V-process vacuum molding technology under development at the center.  This success is the first known usage of magesium alloy with the V-process and represents a major step forward in developing very lightweight magnesium components for aerospace and automotive structural applications.

· The Solidification Design Center completed separate measurement projects on a range of magnesium alloys for both Ford Motor Company (USCAR Consortium) and General Motors.  Ford also agreed for the SDC to measure an additional magnesium alloy using internal Ford funding. 

Spacecraft Technology Center

· Flight Test of StarNav I.  The first payload designed, built, and flight qualified by the STC flew on STS-107 in January 2003.  StarNav I was mounted on top of the Spacehab module in the shuttle cargo bay.  The flight test successfully validated innovative star identification and calibration algorithms and demonstrated proprietary opto-mechanical design concepts for an advanced star tracker commercial product, Khalstar.  

· Khalstar.  Khalstar is the commercial trade name for an innovative dual field-of-view star tracker being developed at the STC.  This device can produce five µrad attitude knowledge at 10 Hz with onboard self-calibration.  The flight unit was initially designed as the precision attitude knowledge reference for the NASA GIFTS/IOMI payload suite and includes high reliability components for a 5-to-7-year life in geosynchronous orbit.  We had completed the Khalstar engineering model and initiated testing on it when NASA cancelled the GIFTS Program in April, 2004.   With our industry partners, the STC is now developing a modified version of the Khalstar for a USAF customer.

· HDMAX.  In FY03 the STC initiated and led a Phase-A study to evaluate a conceptual ISS-based payload using the HDMAX camera system developed by the ITSC at Florida Atlantic University.  This program to develop a very high resolution digital video system for use on the ISS was formally approved in May 2003, and we conducted a successful preliminary design review early in FY04.  In January, 2004, the engineering model (EM) of the camera head was completed and has been operating nominally through various test scenarios.  We recently conducted end-to-end testing of the camera EM, tether cable, and the COTS digital data recorder we plan to modify for operation on the ISS.  This test established the HDMAX system Technology Readiness Level at 4.   The HDMAX payload will originate high quality education/outreach program material from the Space Station, capture images of scientific experiments in the glove box or other station facilities, and perform operational inspections of the shuttle’s thermal protection system. 
· Spin Off of Star Vision Technologies, Inc.  In early FY04, the STC spun off its first new company, StarVision Technologies (SVT), Inc.  SVT will commercialize technologies developed through collaboration with the Spacecraft Technology Center and the Aerospace Engineering Dept.  The company’s initial product focus is on custom star trackers, space camera systems, and advanced rendezvous and docking systems for aerospace applications.

· Wireless Crew Communications.  A team of STC engineers and SEI students completed data interference testing of 802.11a, 802.11b, and Bluetooth wireless communications technologies, which are being evaluated by JSC for use on the ISS.  Testing included exploring the “tin can” effect by conducting tests inside the Texas A&M low-pressure Wind Tunnel.  They documented their results in April 2004: “Wireless Data Transfer Test Results for Wireless Cable Replacement in the ISS (WICRISS) Project -- Final Report”.

· Space Engineering Institute.   The STC’s highly successful outreach and education program, the Space Engineering Institute (SEI), completed its second year of operation in May, 2004 and selected its third incoming class for the fall, 2004 semester.  The SEI is a four-year undergraduate program focusing on under-utilized students from all engineering fields who have an interest in spacecraft technology.  SEI students obtain training in space systems engineering and work directly with the STC engineers on actual NASA and industry space-related research and development projects.  The goal of the SEI program is to increase the number of under-utilized students who complete their engineering academic programs and seek careers in space systems engineering fields.

Texas Center for Superconductivity and Advanced Materials

Thin Film Solid Oxide Micro-Fuel Cells

Energy needs in space are extreme, and the call for continuous localized electrical energy is of critical importance for astronaut support both for spacesuits and for semi-autonomous robots that will support astronauts.  Currently, energy availability for astronaut spacesuits is from batteries, however, these lack extended operating times for nominally sized batteries.  Fuel cells present the capability for continuous electrical energy generation, however, current PEM fuel cells suffer from poor efficiency, and high efficiency solid oxide fuel cells suffer from high temperature operation.  A newly designed TcSAM thin film solid oxide fuel cell has overcome the need for ultra-high temperature operation and yields high efficiency (>65%) and high power density (~20W/cm3) under operating temperatures of 450-500oC.  The high efficiency and projected high power density can also be currently attained with hydrogen, methane or methanol as fuel with other fuels possible.  

TcSAM thin film solid oxide fuel cell structure is comprised of a ~1 (m thick crystalline solid oxide electrolyte of either yttria stabilized zirconia or doped ceria epitaxially grown on a crystalline nickel anode made porous after electrolyte deposition by photolithographic patterning and etching.  Total fuel cell thickness is ~15 (m increasing to ~100 (m in a stack design.  Thin film fuel cell operation at ~500oC results in power output at ~100mW/cm2 under hydrogen and air.  Methane/methanol and ethane/ethanol fuels can also be used, and the low temperature of operation allows for the nickel anode to act as a catalyst for hydrocarbon reduction resulting in a self-reforming fuel cell. 

High Temperature Superconducting Wire for Space Power Systems

Both the need for electrical energy optimization/savings and electrical energy transmission can be addressed by the application of superconducting wire.  No resistive losses and major weight and volume savings in electrical energy transmission especially in the areas of electro-propulsion and SEP are possible with HTS technologies being developed at TcSAM.  Second Generation coated conductor YBa2Cu3O7-x HTS wire and 1.5 generation MgB2 wire are excellent candidates for application to high field magnets for motion drivers (linear and rotary) and for charged particle confinement (in ion propulsion systems).

The next generation of high temperature superconducting wire has been developed to provide up to 500A current capacity in a 5 (m thick film of YBa2Cu3O7-x HTS material at 1 cm width.  Critical current densities of  >1 MA/cm2 have been achieved yielding performance 100X that of copper at LN2 temperatures. The coated conductor 2nd generation HTS wire is composed of multiple thin film layers of oxide culminating in a top layer of YBCO on a nickel foil substrate (giving tensile strength and ductility to the thin film coatings). In addition, current TcSAM work with 1.5 generation MgB2 wire, which is a powder-in-tube drawn wire, has also shown performance that is 100X greater than Cu for current carrying capacity but at LH2 temperatures.  Both HTS wires can be formed into cables for efficient electrical current transmission at low mass, and for coils for magnetic field generation used for motion or for charge confinement as required for advanced propulsion systems.

Lunar Resource Utilization For Thin Film Solar Cell Fabrication

Electrical energy can be supplied at the surface of the Moon through the utilization of the vacuum environment of the Moon and the lunar regolith to fabricate thin film solar cells.  The lunar regolith can be processed to form a micro-smooth glass substrate onto which thin film solar cell structures can be directly vapor deposited.  The solar cells can be processed from raw materials (evaporants) either brought from earth, or extracted from the lunar regolith through regolith chemical processing.  Evaporant materials initially brought from Earth would be used to bootstrap the continual production of solar cells through support of regolith processing which yields silicon and contact metals (Fe, Ti, Al, Ca…) needed for solar cell fabrication.  The vapor deposition process on the Moon would be sequential with additional material layers being evaporated onto the prepared regolith glass substrate to form the layered solar cell structure (bottom electrode, p-n junction, top electrode).  Evaporation would be undertaken by focused solar radiation and light pipe technology to generate the high temperatures needed.

At TcSAM, thin film solar cells have been fabricated by vacuum evaporation onto melted simulant regolith glass. Efficiencies have been low (~2-5 %) but acceptable for the thin film solar cells.  The lunar manufacturing facility design is a movable “ fabricator/crawler” that would traverse the lunar surface depositing thin film solar cell structures onto the regolith glass substrate during the traverse. The fabricator/crawler would utilize solar thermal heating to prepare the regolith for substrate use, and for evaporation of the components of the thin film solar cell, and would use solar electric energy for motive power and command and control.  Small parabolic collectors integrated with high efficiency light pipes will focus the concentrated solar energy onto the regolith for melting and onto specially designed evaporation ovens for silicon and metal deposition.  The regolith processing has been evaluated at TcSAM by several techniques including carbothermal reduction, and dissolution of silica, in basic ethylene glycol or acidified alcohol mixtures followed by electrolytic reduction.

High Efficiency Thermophotovoltaics For Deep Space Power Generation

Thermophotovoltaic energy conversion (TPV) is potentially an environmentally friendly approach to achieve a high efficiency, compact and reliable source of electric energy. In TPV a source of energy such as concentrated sunlight, nuclear power, fossil fuel or a radioisotope heat source is used to heat an intermediate thermal emitter. The emitter then radiates infrared photons onto a photovoltaic cell.  The NASA nuclear initiative currently considers TPV as a potential candidate for space exploration.  At this time, high voltage low bandgap TPV devices are made using the ternary semiconductor alloy InGaAs on semi-insulating InP substrates or InGaAsSb on GaSb substrates.  Over the wavelength range of interest, InGaAs is lattice-mismatched to an InP substrate and generates a large number of dislocations resulting in a degradation of the device performance and a reduction in long-term reliability.  In addition, the required thick epitaxially deposited graded buffer layers increases both the complexity and cost of the fabrication process.  For the antimonide based material, semi-insulating GaSb substrates of high enough quality are not yet technologically available.

Novel nanostructured InGaAsN based semiconductors being developed at TcSAM can be made lattice-matched to an InP substrate. The band gap can be adjusted to efficiently absorb photons with energies less than 0.5 eV.  This would increase the amount of infrared photons absorbed from the hot emitter and so increase the power generated.  This would result in power generation at high power densities.    The modeling of TPV devices based on this new material system has been uninitiated and the technology appears as being capable of offering converter efficiencies (heat to electricity) in excess of 25%.   TcSAM researchers are evaluating the design and development of ultra efficient TPV power converters compatible with the existing GPHS systems.

High Efficiency Solar Cells

The need for space solar cells with efficiencies above 35% has sparked the research in the area of multijunction III-V crystalline cells. Although current (26-28% efficient) solar cell technology has many desirable characteristics, its full potential has not yet been realized.  An innovative approach, preferably compatible with existing manufacturing standards is needed to overcome existing technological shortcomings of the solar cells.  TcSAM is building on patented technology to answer this need: 

Generation one (Gen I) cells (efficiency >30% -  TcSAM uses a proprietary concept (US Patent 6,147,296), to improve this technology in several ways.  First, standard InGaP-GaAs-Ge cells have been modified by incorporating pseudomorphic multi-quantum wells (MQW) of InGaAs to increase the photocurrent of the limiting GaAs subcell.  This enables the device to be made with all sub-cells optimized, rather than with a deliberately degraded top cells, as is now the case. A modeling of the performance of the proposed device indicates possibilities for achieving practical efficiencies in excess of 35% under typical space sunlight illumination.  Second, the use of MQW (US Patent 5,851,310) enables the GaAs sub-cell to be thinned, thus significantly improving the radiation response and the device end-of-life efficiency.  

Generation two (Gen II) cells (efficiency >35% -  A second generation of higher efficiency cells that is expected to lead to efficiencies in excess of 40%. Multi-junction device will be realized by chemical beam epitaxy. Thickness and doping concentration in subcells and the structure of MQW (well width, In composition, number of wells) will be optimized for maximum efficiency. A full range of photovoltaic analysis including spectral quantum efficiency measurements and temperature dependent light and dark current-voltage measurements will be implemented. Finally, irradiation with electrons and protons, and thermal cycling tests will be undertaken to assess the suitability of the device for long-term exposure to space environment.

Ultra-Radiation Hard Computer Memory

Operation in space will require the reliable use of mass computer memory that is immune to single event upsets as have been prevalent in current space flight programs.  These are principally due to high-energy radiation damage to semiconductor-based computer memory.  A recent discovery of programmable resistor-based memory has resulted in measured radiation hardness performance that exceeds 100 Megarad.  This unparalleled radiation stability assures stable data storage and manipulation for space exploration.

TcSAM resistive-based random access memory (RRAM) technology is patent protected and comprised of a perovskite oxide thin film element that when exposed to short electrical pulses of reversed polarity can reversibly switch resistive state by up to 1000X.  The resistance state is maintained until a subsequent switching pulse and has been shown to be stable for greater than 108 sec.  The unique design memory element is switchable with ~ (3V pulses as short as 10 nsec, and uses less than 2 pJ of energy for switching. 
The resistive memory elements have been fabricated in 0.5 (m size and show radiation stability at greater than 100 Megarad. 

Small Reaction Wheel for Attitude Control of Spacecraft

Stable high precision pointing is absolutely necessary in many space missions.  This function is usually achieved with a system of several reaction wheels.  However, space for equipment is a prime commodity aboard any spacecraft.  Weight is also of concern as additional burden at lift off.  Therefore, small reaction wheels are desirable.  Smaller reaction wheels have to spin faster to store the same amount to angular momentum as larger ones.  Higher spin leads to larger bearing loss, consuming more power, another most valuable resource aboard a spacecraft.  Other ills of high spin operation include bearing failure and generation of excessive mechanical vibration.  TcSAM is developing superconductor magnet bearings which operate in a no contact manner to eliminate wear and tear and bring down the power loss to a level that more than compensates the extra power expended on cooling the superconductors in the bearings

TcSAM has constructed a prototype model:  The wheel is of stainless steel, cylindrical in shape, 90 mm in diameter and 90 mm high, with a mass of 1.8 kg.  It is designed to store 3.5 J-sec of angular momentum at 15,000 RPM.  The wheel is supported by levitation bearings at the top and bottom surfaces, with the superconductors being cooled with a flow of liquid nitrogen.  The drive is a permanent magnet brushless DC motor positioned at the center of the wheel.  The prototype has been run up to 7500 RPM.  

IR chemical sensor

Laser-based spectroscopic chemical sensors have high sensitivity and accuracy to detect and measure common gaseous analytes as well as and trace toxic gases to monitor long-term health of spacecraft and provide early detection and warning. The 3-12 micron IR spectral regions contain the strongest spectral absorption signature of most molecules, and laser-based sensors are non-invasive, robust against poisons or reactants, insusceptible to long-term drifts, and do not require any chemical consumables. Semiconductor laser technology offers systems designs that are lightweight, compact, power-efficient, and long-lived. 

TcSAM has developed advanced 3-12 micron IR photonics and systems are developed for spectroscopic sensor applications. For gases of lightweight molecules, the detection strategy requires laser of high spectral quality, including accurate wavelength control, narrow line width, and low noise. Since the detection sensitivity is directly proportional to laser power, a key goal is to achieve both high spectral quality and power, which is a challenge for any semiconductor lasers. The technical focus is on designing laser module that is optimized for specific laser material properties. A special feature is to develop wavelength modulation capability independently of power, which allows wavelength modulation techniques that are background free and help enhance sensor specificity, sensitivity, and accuracy.

Multifunctional Field Emission –based Pressure Sensors 

Compared to piezoelectric, capacitive and piezoresistive sensors that constitute the majority of currently used pressure devices, field emission sensors are based on monitoring the change in electron field emission current as a measure of diaphragm deflection of the pressure device sealed cavity. This concept 
offers many advantages: ruggedness, compactness and light weight, interference immunity, wide dynamic pressure range (mPa – GPa), good temperature stability, almost instantaneous response (picosecond range), possibility of pulse mode operation regime (low power), radiation hardness and high stability in harsh environments. This technology can be easily scaled down and integrated into micro and nano mechanical systems (M/NEMS) that are enabling the merger of various technological revolutions such as micro thrusters (micro satellites) and the biomedical and the nanotechnology fields. These devices should also be suitable for measuring extremely low flows (nano and pico SCCM) as required for drug delivery, bioassays, DNA research, and forensic medicine and other biomedical areas. This project fits into a an emerging billion dollar industry and will enable a wide range of new applications including pressure-flow-microsensors, actuators, corrosion resistant gas manifolds, reliable and efficient electron sources, and high power devices.

TcSAM is fabricating both electrical and mechanical parts of the pressure sensor. To avoid expensive process runs and optimize the design to meet the sensor requirements, modeling and simulation tasks have been performed using a commercial FEMLAB package software.  Linearization and other associated circuitry, including calibration, test, and an optional digital interface will be also integrated so as to make the pressure sensor OEM ready.

Radiation Protection-Hydrogen Filled Polymer Nanotubes

A critical need exists for radiation protection of astronauts in space.  Current methods of radiation protection vary with the common denominator of high hydrogen atom content.  Polyethylene is a current contender, though it still leaves much to be desired due to its low hydrogen mass ratio (~8%).  Current nanotechnology may allow for the improvement of radiation protection performance of polymers through the utilization of  polymer nanotubes impregnated/filled with hydrogen. Polyaniline nanotubes have been fabricated with 1.5 – 2 nm pores sizes and have indicated the possibility of filling the nanotube powers with hydrogen.  Under such a condition it is projected that the hydrogen weigh ratio of the nanotube may approach 30 – 40 %.  The nanotubes can be spun into fibers of clothing/spacesuits, the nano-cloth could be used on walls of space structures, are since the polyaniline nanotubes ore conducting, the nano-cloth could also be used for electrical isolation.

Polyaniline nanotubes of lengths up to several 100 microns have been fabricated with internal diameters of 1.5 nm.  This dimension is more that adequate to accommodate hydrogen in either atomic or molecular form, and it is projected that hydrogen will fill the interior of the nanotube when exposed under pressure.  Current polyaniline nanotubes are moderately tangled, however, a technique is being developed to minimize tangling and optimize straight lengths of nanotubes.

Light, low-field, compact MRI system

Realization of this project will provide support for JSC's primary tasks such as human exploration, bioastronautics, and human operations in space. A small MRI system has been identified by the Science Working Group of the Human Research Facility on ISS as one of the most desired new research tools to be developed for documenting changes in muscle volume and assessing the effectiveness of in-flight muscle atrophy countermeasures during long duration flights. Establishing of efficient musculoskeletal countermeasures was recognized as one of the critical path problems that must be solved in order to accomplish prolonged microgravity exposures required for a potential future Mars expedition.  

The overwhelming majority of MRI systems installed in diagnostic imaging facilities are costly and heavy mid-field (0.5 - 1.0 T) or high-field (1.5 - 3.0 T) systems. Less than one percent of MRI scanners in the U.S. are low-field systems, which operate below 0.15 T.  The cost and weight of a low-field MRI system, which can use either an electromagnet or a permanent magnet, is considerably lower than high field units. However, the low SNR of low-field MRI systems has hampered their acceptance in radiology. TcSAM is working to increase SNR of the low-field system by the use of high-temperature superconductors (HTS) for rf coils fabrication.

Multifunctional optoelectronic chemical sensors for super-ambient environments

High-sensitivity (parts-per-billion) optical sensors based on fluorescence and absorption can be employed not only for detection of various analytes, but also to determine the concentration, size, temperature, pressure, and flow of the medium. Even modern compact portable systems based on solid-state lasers, Light Emitting Diodes (LEDs), and photodiodes (PD) use traditional optic elements, such as lenses and glass or interference optical filters to make the spectral bands of both light sources and photodetectors selective in order to characterize specific parameters. As a result, such systems are still large and heavy, have low mechanical and thermal stability and poor resistance to harsh environments. In addition, most of such systems employ statistical sampling and are not capable of in-situ, real-time measurements. Integration of all components (light source, filter, photodetector, waveguides) on a single substrate would allow fabrication of miniature, inexpensive, rugged, and reliable multifunctional sensors. TcSAM is  integrating multi-spectral III Nitride based wavelength-selective LED and PD structures on a single miniature chip, which will remove the need for optical filters and waveguides. The multifunctional capabilities of such sensors will be provided by the multi-band LED emission and detection in a wide wavelength range from near UV to near IR. The applications include: environmental monitoring, detection and characterization of biological compounds, down hole characterization, fire/flame detection, object recognition.

Recent developments in group III Nitrides materials growth techniques on commercial sapphire or Si substrates allow for fabrication of LEDs and PDs working in the range from 0.2 to 1.77 (m. A multi wavelength multifunctional absorption/scattering/fluorescence macro-integrated sensor prototype has recently been fabricated from LEDs with maximum wavelengths covering a spectral range from near UV to almost near IR and tested for characterization of various inorganic absorbing/scattering (metallic salts, ceramic powder), organic intrinsically fluorescing compounds (chlorophyll, fluorescein, pyrene, anthracene, etc.), and e.coli bacteria labeled with different fluorescing proteins (Figure 1).  Currently, under development by Integrated Micro-Sensors Inc. (IMS), Houston TX, and in collaboration with our laboratory is a new chip-based micro-integrated prototype device. The ultimate goal is development of a single chip nano-integrated optoelectronic sensor with a higher number of spectral bands, resulting in higher selectivity. In such sensors the LEDs are fabricated on the same chip arranged as arrays, having lines of stacked p-n-junction LED structures separated by trenches. The band gap of each layer in the junction is tuned to achieve specific spectral properties. Given that in fluorescence the excitation wavelength is always lower than that being collected from the analyte under investigation we use LED junctions as spectrally-selective photodetetectors. A vertically stacked configuration (Figure 3) of AlGaInN devices (junctions) grown by RF MBE all with slightly different compositions will permit fabrication in one growth run of devices with a quasi-continuous range of emission and detection wavelengths. This project also includes development of the sensor control and wireless or web-based acquisition systems and software. These functions are being developed in collaboration with IMS and the University of Quebec at Montreal (UQAM, Canada), and will be integrated with the sensor into a spacecraft compatible platform.

Wisconsin Center for Space Automation and Robotics

· Producers Natural Processing Corp. (PNP), a privately owned company located in Brookston, IN., and WCSAR completed a plant transformation experiment conducted on board Space Shuttle Columbia during the STS-107 mission.  The objective of this research was to investigate whether an Agrobacterium-mediated plant transformation system might yield an increased expression rate in a microgravity environment.

· IFF and WCSAR completed the essential oil composition experiment conducted on board the Space Shuttle Columbia during the STS-107 mission.  The objective of this research was to determine whether the microgravity environment might alter the composition of essential oils produced by a rose plant and a “rice-flower” plant.

