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Research on STS-107

Mission Overview

During this period of International Space Station (ISS) assembly, NASA is facilitating research community access to the flight environment through a coordinated program of early ISS utilization, ISS assembly mission flights-by-opportunity, and dedicated Shuttle research missions where the flight manifest allows.  Currently scheduled for the first quarter of 2001, Shuttle mission STS-107 will dedicate 16 days on orbit to a complement of competitively selected research in the space, life, and physical sciences. 

A seven-member crew will shepherd more than 50 experiments in health, safety, and space science through to their completion by working over two shifts throughout the mission.  A SPACEHAB research double module, the first flight of this commercial unit, will house 48 investigations sponsored by NASA, the European Space Agency (ESA), and industry.  The double module is a pressurized laboratory environment flown in the Shuttle payload bay and accessible by the crew while in orbit via a pressurized tunnel from the Shuttle middeck.  Under an agreement reached between NASA and SPACEHAB, Inc., NASA life and microgravity sciences research will utilize 82% of the module’s research capacity, while SPACEHAB, Inc. has commercially marketed the remaining 18% to international and industry users.  The capacity being used by NASA amounts to more than 9000 pounds of payload capacity.

The Office of Life and Microgravity Sciences and Applications (OLMSA), is NASA’s lead science office and primary payload integrator for STS-107.

In addition to the SPACEHAB research double module, the Shuttle Columbia’s cargo bay will house two space science payloads, Triana and MEIDEX.  Triana is a small satellite designed to provide 2 years of continuous Earth imagery.  Crew members will release Triana once on orbit, where it will use its own upper stage to boost itself to a higher orbit chosen for its view of the complete planetary disk.   MEIDEX will also send back images of the Earth, but unlike Triana, will return with the Shuttle at the end of its mission.  MEIDEX will image the Mediterranean region, reading radio and visible light waves as they scatter from the common dust storms found in the area.  Researchers hope to take simultaneous measurements on the ground and in the atmosphere to complement the MEIDEX data.

Selecting Research

NASA chose the life and microgravity sciences payloads for this mission with an emphasis on those investigations that would enhance crew health and safety in preparation for extended orbital stays on the ISS.  OLMSA depends upon the National Research Council and the NASA Advisory Council for guidance as it develops its research goals and programs.  Main areas of research are described in "A Strategy for Research in Space Biology and Medicine in the New Century" from the National Research Council, which continues the research thrusts as described in previous strategic plans. In accord with this guidance and in support of long-term NASA objectives, OLMSA solicits proposals from the external research community via NASA Research Announcements.  An independent panel of experts evaluates submissions for scientific excellence.  Ultimately, proposals are competitively selected based upon the convergent criteria of peer-review scores, programmatic need, and funding availability.  In the case of STS-107, experiments supportive of the mission’s goals were chosen from the queue of research that had already passed NASA’s rigorous and competitive peer-review process.  OLMSA-sponsored commercial research follows a separate selection process with commensurate emphasis on commercial opportunity and viability.  All OLMSA selection processes are documented and available for review in accordance with ISO-9000 guidelines.

Health and Safety Experiments

The following experiments are currently slated for flight on STS-107.  This payload complement may change as experiment requirements and trade-offs evolve.

The Environment Factor

Combustion processes are involved in a wide range of human activities.  Knowledge from research on combustion can help engineers design engines that are more efficient and less polluting.  By studying how fire behaves and spreads, researchers can improve fire safety in spacecraft as well as other enclosed spaces such as mines.  Researchers on STS-107 will use the Combustion Module-2 (CM-2) to house their experiments.  The CM-2 is a multiple rack facility which acquires optical, sensor, and gas analysis data for three different experiments using eight functional packages.  These studies will build upon similar experiments scientists flew on STS-83 and STS-94.  The major experiments on this flight are studies on the laminar soot process (LSP), structures of flame balls at low Lewis number (SOFTBALL), and a water mist fire suppression experiment (MIST).

Laminar Soot Processes (LSP)

Soot is the dominant source of radiant heat during combustion.  This property allows for heat extraction in power plants, but can also be responsible for the spread of fire and for the reduced durability of engines.  Control of soot is critical to clean, safe combustion.  The laminar soot process (LSP) experiment will examine soot formation, oxidation, and radiative properties using pre-mixed flames.  Key measurements will include color video, soot temperature, soot volume fraction, the collection of soot samples, and other measurements.

Structures of Flame Balls at Low Lewis-Number (SOFTBALL)

Flame balls, or spherical flames formed during the combustion of a pre-mixed fuel and oxidizer, represent the simplest interaction between chemical reaction and heat/mass transport.  Understanding these fundamental processes is essential to lean combustion, which leads to better fuel efficiency and reduced pollution.  This research also contributes to improved fire safety aboard spacecraft since flammability limits can differ in microgravity as compared to 1-g.  The SOFTBALL experiment on STS-107 will build upon previous experiments on STS-83 and STS-84 and further demonstrate flame ball theory. The experiment will also validate chemical kinetic and computer models.  Key measurements will use color and infrared cameras to observe flame size, position, and burn duration.  The experiment will also collect chromatograph measurements, temperature, and radiometer data.

Space Acceleration and Measurement Free-Flyer & Orbital Acceleration Research Experiment

The term "zero-gravity" is often used to describe the spacecraft environment in orbit, but it is not entirely accurate.  Spacecraft are subject to several minute accelerations resulting from maneuvering thrusters, tidal forces, and variations in the Earth's gravitational field as the spacecraft travels along its orbit.  Proper interpretation of experimental data requires accurate characterization of the microgravity environment.  The Space Acceleration and Measurement Free-Flyer and Orbital Acceleration Experiment will take detailed measurements of these accelerations and vibrations which investigators can then correlate with their experiments.

Mechanics of Granular Materials (MGM)

Studying the mechanics of granular materials involves examining how individual particles of soil and other materials interact amongst themselves and in the presence of fluids.  For example, during earthquakes soils are subject to a phenomenon known as liquification, resulting in soil shifting and damage to building foundations.  The MGM will conduct three experiments on three different soil samples and record video and digital data.  These experiments will build upon work performed on STS-79 and STS-89 and will contribute to the study of soil mechanics and earthquake engineering.

The Human Factor

Biotechnology Demonstration System (BDS-05)

Numerous areas of biomedical research require quality tissue cultures.  The Biotechnology Demonstration System (BDS) uses a NASA-designed rotating bioreactor to grow tissue cultures for research.  On STS-107 the BDS-05 experiment will grow prostate cells to support a 3-D Prostate Culture Model. The model will describe functional tissue organization with reciprocal cellular interaction between prostate and bone stromal cells.  Scientists will use data from this model to assess the effects of gene therapy on the growth of prostate cancer cell aggregates for research, clinical diagnosis, and treatment.
Arterial Remodeling and Functional Adaptation Induced by Microgravity

 For decades astronauts have exhibited varying levels of orthostatic intolerance—dizziness upon standing—when they return to a 1-g environment.  Researchers have accumulated evidence that this intolerance is caused by a combination of factors, including decreased blood plasma volume and apparent alterations in vascular and involuntary muscular responses to the stresses associated with changing orientations after spaceflight.  However, the exact nature and fundamental mechanism behind this change in responsiveness remains unknown.  This experiment exposes a group of rats to an intermediate stay in microgravity (16 days), and upon return to Earth will examine selected hind leg muscle groups to reveal the cause and form of any change in responsiveness.  Eight rats will be examined.  STS-107 marks the first flight of this experiment, which draws on extensive ground-based research and previous complementary flight investigations to support its hypothesis.  The results of this investigation will help scientists understand, treat, and perhaps one day prevent orthostatic intolerance in astronauts following spaceflight.  These data will also contribute to broader medical research into the cause and treatment of a variety of neurovestibular disorders that commonly accompany aging.

Anatomical Studies of Central Vestibular Adaptation

Another common phenomenon associated with spaceflight involves neurovastibular changes.  Without gravity to provide information about the body's orientation, neuromotor function can be affected and can also lead to space motion sickness and nausea.  This experiment using rats will examine alterations in cerebellar ultrastructural anatomy accompanying sensory and motor adaptation to spaceflight, and readaptation to Earth’s gravity.  The experiment will also determine if these alterations are pathway and neurotransmitter specific.
Choroidal Regulation Involved in the Cerebral Fluid Response to Altered Gravity

The chorodial plexes consist of knots of capillaries that form the cerebrospinal fluid.  This experiment using the rats will be to examine whether changes in chorodial plexus functioning are related to changes in gravity.  Researchers will study rotein expression and biosynthesis of aquaporins and NA/K ATPase in several brain areas.  They will also assess serotonergic and nitric oxide synthase activity in the choroid plexus.  Data from this experiment will lead to fundamental information about the mechanisms associated with cerebral homeostasis and fluid balance.

Bacterial Physiology and Virulence on Earth and in Microgravity

The health and safety of spaceflight crews depends on understanding the ability of bacteria and other pathogens to infect human beings while in the microgravity environment.  This experiment will examine the effects of spaceflight and microgravity on the growth, physiology, and virulence of Pseudomonas aeruginosa. Exotoxin A production, viable cell numbers, total cell numbers, membrane integrity, respiratory activity, and esterase activity will be measured post-flight.

Protein Turnover During Spaceflight

Astronauts experience changes in muscle metabolism during spaceflight that result in the loss of muscle mass and muscle protein breakdown, among other changes.  This experiment will determine if decreased protein synthesis and loss of body protein are related to an altered hormonal profile.  Researchers will examine blood and urine samples and will monitor the subjects' food, fluid, drug intake, and exercise.  Knowledge from these studies will contribute to a model of muscle metabolism in space and provide information towards developing effective countermeasures.
Calcium Kinetics During Spaceflight

One of the significant changes that the human body experiences during spaceflight is the loss of bone minerals and bone mass.  This phenomenon has serious implications for bone health and increased risk for bone fracture upon return to Earth.  The bone loss experienced by astronauts in space mimics the bone loss experienced by patients with osteoporosis. Information on the mechanism of this process is necessary for developing effective countermeasures for astronauts, as well as developing treatments for this disease on Earth.  The calcium kinetics experiment will study how space flight effects calcium homeostasis, decreased calcium absorption, and increased bone resporption.  Subjects will be given calcium isotope markers and researchers will analyze blood, urine, salivary, and fecal samples to determine the movement of calcium in the body.  Data from this study will expand knowledge on the role of gravity in bone homeostasis, nutritional requirements for extended spaceflight, and the development of effective countermeasures.

Renal Stone Risk During Spaceflight

When calcium leaves the bones during spaceflight, it can lead to the increased risk of developing renal stones.  This experiment will use a double-blind study to see whether potassium citrate, a compound known for reducing renal stone risk on the ground, is effective in decreasing this risk in space.  Participating crewmembers will take potassium citrate or a placebo and researchers will test urine samples to evaluate the effectiveness of the drug.

Incidence of Latent Virus Shedding During Spaceflight

Viruses latent in the body can reactivate and cause disease.  This experiment will study the effects of space flight on latent viruses and the levels of viral shedding.  Project scientists will examine blood, urine, and saliva samples for viral loads, antibody titer, stress hormones, and cytokines.
Flight-induced Changes in Immune Defenses

Spaceflight can suppress certain immune functions. This study will characterize the effects of spaceflight on selected immune elements (neutrophils, monocytes, and cytotoxic cells) that are important in maintaining an effective defense against infectious agents.  Blood tests will yield data on  adhesion molecule expression, phagocytosis, oxidative burst, degranulation, stress hormone levels, and apoptosis in phagocytic cells.  Building upon research from STS-95, this study will lead to more understanding of phagocytic function during spaceflight.

Sleep-wake Actigraphy and Light Exposure During Spaceflight

Changes in sleep patterns during spaceflight have strong implications for crew health and safety.  As on Earth, sleep disruptions can have numerous negative effects on alertness, mood, and general health.  This study will characterize how sleep patterns are disrupted during spaceflight by routinely monitoring activity, light exposure, and the sleep-wake patterns of crew members.  Subjects will wear Actilight wristwatches to measures activity and ambient light.  Crew members will also complete daily sleep logs for the study period before, during, and after flight.  Information on the effects of spaceflight on sleep will lead to better countermeasures for the astronauts.
Effects of Microgravity on Microbial Physiology

This experiment will examine the differences in bacterial physiology in ground-based and space-based cultures.  It was also test the cultures' sensitivity to the action to antibiotics..  The experiment will use the Automated Microbial System (AMS), a device that will house the experiment and carry out many of the experiment's activities automatically.

Spaceflight Effects on Fungal Growth, Metabolism, and Sensitivity to Antifungal Drugs

As with bacteria, the effect of spaceflight on the physiology and metabolism of fungi have implications for crew health and infection risk.  The AMS will also conduct experiments on fungi and the sensitivity of the fungi to anti-fungal drugs in space compared to ground-based controls.

Towards More Effective Systems

Development of Gravity-sensitive Plant Cells in Microgravity

Gravity effects the growth of plant cells and is a factor in determining plant development.  Understanding these gravity-dependent phenomena will assist in the eventual application of plants in space for food and for oxygen generation.  It will also enhance understanding of the fundamental mechanisms of plant growth.  This experiment will study the growth and differentiation of moss (Ceratodon) grown on Petri dish fixation units.  A principle objective will be to determine whether microtubules and microfilaments are necessary for the non-random distribution of amyoplasts and explore the interaction between phototropism and gravitropism. 

Application of Physical and Biological Techniques to Study the Gravisensing and Response System of Plants

The application of a high gradient magnetic field (HGMF) can cause structural changes during plant growth and can effect the direction of curvature of plant tissue.  The direction of gravity influences these same processes.  This experiment will grow flax seeds in an HGMF environment and record video images of root growth.  The plants will be examined post-flight to measure the radius and plane of curvature of the roots as well as the cytoskeletal organizational changes in the F-actin and microtubules. Information from this experiment will provide a basis for understanding the negative effect of microgravity on plant growth and the possible development of countermeasures for growing plants in space.
Vapor Compression Distillation Flight Experiment

Ensuring a clean, safe water supply for washing and for drinking is essential.  Carrying fresh water into space for long duration space missions is not practical because of weight and space limitations.  The longest US space mission in which water was carried into space was on Skylab. At a usage rate of 2.3 kg (5 lb) per person per day the total quantity needed for the 171 days of operation with three astronauts was about 1166 kg (2,565 lb).  On the Space Shuttle, water is generated by the hydrogen/ogygen fuel cells that generate electricity for the orbiter.  Since fuel cells will not be used on the ISS, fresh water must be made from recycled waste water.  There are many filtration techniques that can be used including particulate, microbial, and osmosis filtering systems.  On STS-107, a technique called vapor compression distillation will be tested.  In this system, waste water which can include urine, washing water, or other used water is fed into a rotating drum at reduced pressure (4.82 kPa or 0.7 psia) where the water evaporates.  The vapor is then compressed and distilled into liquid water.  This experiment will assess the effectiveness and reliability of this waste water management technique for long duration spaceflight.

ESA Barter

Advanced Protein Crystallization Facility (APCF)

Scientists study protein crystals to understand the molecular structure and behavior of complex proteins.  Gravity limits the size and quality of protein crystals grown on Earth, but larger and more highly ordered crystals can be grown in the microgravity environment of space.  The Advanced Protein Crystallization Facility (APCF) is an automated unit designed to grow protein crystals. The APCF is the first facility to use three methods of protein crystal growth: liquid/liquid diffusion, dialysis, and vapor diffusion.  In liquid/liquid diffusion, a protein solution and a salt solution are separated by a buffer and are allowed to flow together slowly once the Shuttle is in orbit. In dialysis, protein and salt solutions are separated by a membrane.  Vapor diffusion, or the hanging drop method, allows crystals to form inside a drop of protein solution as solvent from the drop diffuses to a reservoir.  Upon return, X-ray images of the crystals will reveal data about their internal structure and will advance understanding of basic biological processes at the molecular level.

Facility for Adsorption and Surface Tension (FAST)

The interaction of fluids at liquid-liquid or liquid-gas boundaries are subject to a number of gravity related influences such as convection and buoyancy.  FAST will investigate surface phenomena at liquid-liquid and liquid-gas interfaces in microgravity to eliminate the effects of these influences.  Principal scientific goals for FAST include studies of the dynamic surface tension of water solution, dilation properties of surfaces by adsorption kinetic studies, and study of the interface between non-coalescing liquids.  FAST has flown previously on STS-95 and this research will build upon the fluid physics research conducted on that flight.

Biopack

BioPack is an ESA facility for biological experiments in space presently under development and financed by three partners: ESA, the Netherlands and Switzerland.  BioPack will bridge the gap between BioRack  flown for the last time in 1997 and Biolab, the biological facility that will become operational in the international space station.  The multi-user Biopack facility provides the capability to conduct biological experiments under varying gravity conditions using two standard facility containers.  The facility includes an incubator with three centrifuges and a freezer.  On STS-107, research using Biopack will contain eight major experiments:

· LEUKIN:  Examine the role of the Interleukin-2 Receptor in signal transduction and gravisensing threshold in T-Lymphocytes.

· REPAIR:  To study the fidelity of DNA double-strand break repair in human cells under microgravity.

· CONNECT:  Determine the function of the focal adhesion of plaque of connective tissue in microgravity.

· BIOKIN-3:  Determination of the pace influences on bacterial growth kinetics.

· YSTRES:  Examine yeast cell stress under microgravity.

· BONES:  The role of bone cells in the response of skeletal tissues in microgravity.

· STROMA:  To study bone marrow stromal cells differentiation and mesenchymal tissue reconstruction in microgravity.

· BACTER:  Bacterial Physiology and Virulence on Earth and Microgravity.
Biobox

Like Biopack, Biobox is a largely automated facility for the investigation and study of living systems in microgravity. On STS-107, the Biobox will contain four main experiments:

· OBLAST:  A comparative analysis of osteoblastic (bone-forming) cells at microgravity and 1-g.

· OCLAST:  The study of microgravity effects on osteoclast (bone-removing) driven resorption in vitro.

· OSTEOGENE:  The identification of microgravity-related genes in osteoblastic cells.

· RADCELLS:  To examine biological dosimetry in space using haemopoetic stem cell functions.
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