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BACKGROUND

Understanding the biology of life in space is necessary to understanding the biological barriers and opportunities facing human explorations beyond low Earth orbit (LEO).. The Generations Initiative sponsored by NASA’s Fundamental Biology Program in the Office of Biological and Physical Research will harness the ongoing revolutions in biotech, infotech and microminiaturization to explore the only life that we know in its first generations beyond the planet of origin.  

Together, these still accelerating technical revolutions enable scientists to study life in space with unprecedented scope, sensitivity  and precision. With such new tools, we can reveal features of terrestrial life that literally cannot be seen on Earth because the planet’s gravity masks them.  As new biological features are revealed, new opportunities for medical and commercial advances are opened.

Research will begin in low Earth orbit using multiple platforms to achieve a critical mass of information.  By the end of the decade, Generations will initiate NASA’s first biological explorations in deep space since the Apollo program as a prelude to future human expeditions.  

The primary research platforms for Generations include:  the Space Shuttle for short duration studies that examine the short term responses of life in space; the Space Station to enable the first life cycle and multiple generation research;  and free-flying Bioexplorers to provide flexible platforms for technology demonstrations, autonomous biolab studies, and deep space exploration. 

Generations studies will bring to space the best understood creatures on Earth – which are primarily the model organisms that pioneered the Human Genome Project.  By using these “public domain” species, Generations will deliver results that are useful to the broadest segment of the scientific community for the widest range of applications.  

The research strategy is focused on relating the causes and effects of the space biology experience by correlating the causes of genomic responses that underlie life's adaptation to space with the wide array of physiological consequences seen in prior space studies.  

The information will be captured using the latest bioinformatics and computational models to provide an organized research attack on the complex problem of living beyond Earth.  Because the value of the data increases over time as new discoveries are made, this approach keeps yielding new insights long after the initial flight investigation is completed.  

The technology element focuses on developing and deploying autonomous biolabs and adapting the latest advances from the multibillion dollar biotech investments on Earth to meet the unusual demands of space research.  

These new computational and technology tools provide the ability to amplify the value of a biosciences payload pound many orders of magnitude over what was achievable even five years ago.

Generations was developed to carry out a central recommendation of the National Academy of Sciences Space Studies Board.  This was to implement an “integrated, multidisciplinary approach that encompasses all levels of biological organization—the molecule, the cell, the organ system, and the whole organism—and employs the full range of modern experimental approaches from molecular and cellular biology to organismic physiology.” 

Generations initiates the most comprehensive investigation of life in space ever undertaken and is expected to provide the basis for advances in space medicine, biologically based life support, and terrestrial applications. 
1. GOALS and SCOPE:

The goal of this task is to develop a core competency in space biology fusion in support of the Generations project and human explorations beyond low Earth orbit.  This includes the integration of biotechnology, information technology, microtechnology and nanotechnology with spacecraft to enable a vigorous program of biological research in space.  These missions will be designed to characterize the responses of a wide range of living organisms to extraterrestrial environments and to identify the biological barriers and opportunities in living beyond Earth.  The tasks directly address NASA’s Fundamental Biology program goals, provide the scientific underpinnings and technological demonstrations enabling human expeditions beyond low Earth orbit, and offer novel insights and technologies for terrestrial applications.  This pioneering work is expected to extend over decades and to provide important opportunities for learning all aspects of space design and development.  For these reasons, the involvement of students as integral members of the technical teams is required.  The Systems Teaching Institute will be a host organization for the student participation. 

2. GENERAL DESCRIPTION OF REQUIRED SERVICES:

Several flights per year in low Earth orbit and deep space are required as a prelude to human expeditions and as a means of understanding the unique aspects of life beyond the planet of origin.   The UARC is required to develop a core capability to develop free-flying spacecraft for biological research that includes applying the best practices of contemporary biosciences to the understanding of terrestrial life in space.  To do this, the UARC will investigate, design, rapidly prototype, integrate, and inexpensively develop the space biology vehicles and the autonomous internal components necessary for biological research on free-flying spacecraft in LEO, at the Moon and at Mars. To meet the educational objectives for the Generations project, students will be on-site and integral members of the technical teams collaborating closely with ARC and UARC researchers.  The students will gain in-depth experience in complex multi-disciplinary problems and their application to NASA’s missions.
3. GOVERNMENT FURNISHED EQUIPMENT AND SERVICES: TBD

4. DETAILED REQUIREMENTS:

a) Develop a framework for inexpensive and rapid development of free-flying spacecraft for biological research in low Earth orbit and deep space.  This effort is to provide the capability to understand how to design and manufacture at least ten each biological research spacecraft for deployment in LEO, to the Moon, and to Mars.  The effort should consider orbiter, lander and sample return missions in that order.  The output of this effort would be a proposal to NASA for a series of missions to investigate microgravity and space radiation biology.   

b) Develop  autonomous habitats and in situ laboratories for space biology research on the above free-flying spacecraft to support model organisms including but not limited to bacteria, yeasts, C. elegans, Drosophila, arabidopsis, rodents, and mammalian cell lines.  This effort should evaluate various habitat, life support, automation, and shielding strategies relevant to human explorations beyond LEO. The output of this effort would be a proposal to NASA for demonstration projects leading to implementation on missions.

c) Maintain cognizance of and develop a rapid applications capability to bring in the latest advances in biotechnology, information technology, and nanotechnology separately or in combination for the purpose of amplifying the value of space biosciences research payloads orders of magnitude over contemporary standards. The output of this effort would be a proposal to NASA for demonstration projects leading to implementation on missions.

d) Investigate and develop biomimetic technologies for application to space exploration.  Biomimetics, the abstraction of novel technological approaches from biological insights, has great potential but has yet to be developed for space applications.  This effort is not constrained only to space biology applications. The output of this effort would be a proposal to NASA for demonstration projects leading to implementation on missions.

e) Develop humanitarian, medical, environmental, and commercial applications from space biology technology development and knowledge. The output of this effort would be the realization of concrete products used in the public domain.

f) The research teams shall include at least four students as integral members of the research teams with significant on-site participation.  The students shall collaborate closely with ARC and UARC researchers to gain in-depth experience of complex multi-disciplinary problems and their application to NASA’s mission.

5.  DELIVERABLES:

The following deliverables are expected by the end of the first year’s performance period:  

(i) The contractor will survey the available launch systems worldwide and develop a catalog of potential launch opportunities for free flying biological research spacecraft.  Both dedicated launches and piggyback opportunities will be identified in a web based catalog.

(ii) The contractor shall investigate automated design and manufacturing approaches, rapid prototyping techniques, and available materials necessary for the design and construction of three classes of automated free-flying biological research spacecraft to be deployed in low Earth orbit.  These are small “shoebox” size spacecraft for the investigations of microbes and tissue cultures over periods of days to weeks; intermediate “microwave” size spacecraft for the investigation of plants and other small organisms over periods of weeks to months; and larger spacecraft capable of supporting rodents and other small mammals over periods of weeks to months.  The spacecraft must be designed to be compatible with available launch opportunities over the next decade.  Pre-phase A and Phase A study reports with options will be provided.

(iii) The contractor shall investigate automated design and manufacturing approaches, rapid prototyping techniques, and available materials necessary for the design and construction of automated free-flying biological research spacecraft to be deployed beyond LEO to Earth/moon libration points, lunar orbit, and Mars orbit.  These spacecraft should be designed to carry microbes, cell and tissue cultures, plants and small animals.  Spacecraft to carry rodents to these locations would be considered for a follow-on study.  The spacecraft must be designed to be compatible with available launch opportunities over the next decade.  The deliverables will be a written implementation plan for the CADCAM development of space biology free flyers that meet the conditions described above.

(iv) The contractor shall investigate automated design and manufacturing approaches, rapid prototyping techniques, and available materials necessary for the design and construction of automated free-flying biological research spacecraft to be landed on the Moon and Mars for biological research on the planetary surface.  These spacecraft should be designed to carry microbes, cell and tissue cultures, plants and small animals.  Spacecraft to carry rodents to these locations would be considered for a follow-on study.  The spacecraft must be designed to be compatible with available launch opportunities projected between 2010-2020. The deliverables will be a written implementation plan for the CADCAM development of space biology free flyers that meet the conditions described above.

The contractor shall conduct studies of potential device technologies for life support, habitat design, sample management, in situ analysis, imaging, telemetry, and other relevant devices to meet the goals of this task.  A web catalog of possible solutions will be provided as an output of this task.

6.  REVIEWING REQUIREMENTS

Progress reports and meetings will be held monthly among technical personnel and the NASA ARC Technical Monitor.  Quarterly reports suitable for dissemination to NASA Headquarters will be provided.  Significant unexpected developments, opportunities, accomplishments, and problems will be reported immediately. 

7.  SPECIAL REQUIREMENTS

SPECIAL SECURITY REQUIREMENTS:

The work will require access to proprietary information. 

OTHER REQUIREMENTS:

The Contractor, in its task order proposal, must make the representation of limited rights data and restricted rights software as set forth in clause K.12.  See instruction of clause H.15.

End item

Place of performance: On site, machine shops, computer labs, TBD for laboratory work

Offsite location: TBD 

Shift requirements: Day (M-F)
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