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GENERAL INFORMATION

Gravitational and Space Biology (ISSN 1089-988X) is a journal devoted to research in gravitational and space biology. It
is published by the American Society for Gravitational and Space Biology, a non-profit organization whose members share a
common goal of furthering the understanding of the biological effects of gravity and the use of the unique environment of
spaceflight for biological research. Gravitational and Space Biology is overseen by a steering committee consisting of the
Publications Committee, the Editor, the President, and the Secretary-Treasurer of the ASGSB.

The American Society for Gravitational and Space Biology was created in 1984 to provide an avenue for scientists
interested in gravitational and space biology to share information and join together to speak with a united voice in support of
this field of science. The biological effects of gravity have been acknowledged since Galileo’s time, but only since the 1970s
has gravitational biology begun to attract attention. With the birth of the space age, the opportunity for experimentation over
the full spectrum of gravity finally became a reality, and a new environment and research tool became available to probe
biological phenomena and expand scientific knowledge. Space and spaceflight introduced new questions about space
radiation and the physiological and psychological effects of the artificial environment of spacecraft.

The objectives of ASGSB are:

- To promote research, education, training, and development in the areas of gravitational and space biology and
to apply the knowledge gained to a better understanding of the effect of gravity and space environmental
factors on the flora and fauna of Earth.

- To disseminate information on gravitational and space biology research and the application of this research to
the solution of terrestrial and space biological problems.

< To provide a forum for communication among professionals in academia, government, business, and other
segments of society involved in gravitational and space biological research and application.

- To promote the study of concepts and the implementation of programs that can achieve these ends and further
the advancement and welfare of humankind.

MEMBERSHIP: The American Society for Gravitational and Space Biology welcomes individual, organizational, and
corporate members in all of the basic and applied fields of the space and gravitational life sciences. Members are active in the
fields of space medicine, plant and animal gravitational physiology, cell and developmental biology, biophysics, and space
hardware and life support system development. Membership is open to nationals of all countries. Members must have
education or research or applied experience in areas related to the Society’s purposes: i.e., Doctorate, Masters with 2 years
experience, Bachelors with 4 years experience (student members must be actively enrolled in an academic curriculum leading
toward a career related to the Society’s purposes), or special appointment by the Board of Directors. Membership
applications may be obtained by writing the American Society for Gravitational and Space Biology, P.O. Box 2581, Chapel
Hill, NC 27515, or at the society website (http://www.asgsb.org).

Gravitational and Space Biology is sent to all members of the American Society for Gravitational and Space Biology.
Requests for copies, information about subscriptions and membership, changes of address, questions on permission to

reproduce parts of this volume, and other correspondence should be sent to the American Society for Gravitational and Space
Biology P.O. Box 2581, Chapel Hill, NC 27515.

Copyright © 2007 by the American Society for Gravitational and Space Biology
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SHORT PROGRAM -2007 ANNUAL MEETING

Thursday, October 25 (Pre-Meeting)

12:00 PM - 6:00 PM Registration Desk Open

7:30 PM - 10:00 PM ASGSB Governing Board meeting

7:30 AM -5:00 PM Registration Desk Open

8:15 AM - 8:30 AM Opening remarks and welcome, Chris Brown, Chair
8:30 AM -12:15 PM Symposium I: Astrobiology

David Morrison, Symposium Chair

8:30 AM -8:45 AM Opening Remarks, David Morrison

8:45 AM - 9:30 AM David J. Des Marais, NASA Ames Research Center,
Moffett Field, CA

9:30 AM -10:15 AM Rocco Mancinelli, SETI Institute, Mountain View, CA

10:15 AM - 10:45 AM Break

10:45 AM - 11:30 AM David Deamer, University of California, Santa Cruz, CA

11:30 AM - 12:15 PM Andrew Pohorille, NASA Ames Research Center, Moffett
Field, CA

12:15 PM -2:00 PM Lunch, Special Session and Committee Meetings

12:30 PM - 1:30 PM Special Session on the International Space Station as a
National Laboratory, Greg Schmidt, NASA Ames Research
Center

2:00 PM -5:00 PM Poster Sessions

2:00 PM - 3:30 PM Concurrent Posters - Session |

A. Undergraduate Student Poster Competition
B. Graduate Student Poster Competition

vi  Gravitational and Space Biology Bulletin 21(1) October 2007



SHORT PROGRAM -2007 ANNUAL MEETING

2:00 PM - 2:30 PM Presenters give 1-minute introduction to assembled group
2:30 PM - 3:30 PM Presenters stand by their posters

3:30 PM Break Set Out

3:30 PM -5:00 PM Concurrent Posters - Session 11

A. Undergraduate Student Poster Competition
B. Graduate Student Poster Competition

3:30 PM - 4:00 PM Presenters give 1-minute introduction to assembled group
4:00 PM - 5:00 PM Presenters stand by their posters

5:00 PM -6:00 PM Committee Meetings

6:00 PM -9:00 PM Reception

8:00 AM -5:00 PM Registration Desk Open

8:30 AM - 12:15 PM Symposium I1: Science for Small Satellites

John Hines, Symposium Chair

8:30 AM -9:00 AM Opening Remarks, John Hines

9:00 AM -9:30 AM John Rummel, NASA Headquarters, Washington, DC

9:30 AM -10:00 AM Jacob Cohen, NASA Exploration Systems Mission
Directorate, Washington, DC

10:00 AM —-10:30 AM Break

10:30 AM - 11:00 AM Macarena Parra, NASA Ames Research Center, Moffett
Field, CA

11:00 AM - 11:30 PM Toshimasa Ochiai, Mitsubishi Heavy Industries, Ltd., Japan

11:30 PM - 12:00 PM Michael Skidmore, NASA Ames Research Center, Moffett
Field, CA

12:00 PM -2:00 PM Lunch, Special Session, and Committee Meetings

12:30 PM - 1:30 PM Special Session on Careers, Thaddeus Fulford-Jones,

ASGSB Student Association President

Gravitational and Space Biology Bulletin 21(1) October 2007  vii



SHORT PROGRAM -2007 ANNUAL MEETING

2:00 PM -4:00 PM Concurrent Oral Sessions
Oral Session I: Spaceflight Results and Biotechnology,
Paul Todd, Chair
Oral Session I1: Plants and Stress-Gravity, Radiation and
More, Gioia Massa, Chair

4:00 PM Break Set Out

4:00 PM -5:30 PM Poster Session 111

4:00 PM - 4:30 PM Presenters give 1-minute introduction to assembled group
4:30 PM - 5:30 PM Presenters stand by their posters

6:00 PM -9:00 PM Banquet and ASGSB Business Meeting

Banqguet Speaker: Seth Shostak, “When Will We Find ET,
and What If We Do?”

Sunday, October 28

7:00 AM -8:30 AM ASGSB Governing Board Meeting
8:00 AM -3:30 PM Registration Desk Open
8:30 AM -12:15PM Symposium I11: Space Radiation Biology

Paul Todd, Symposium Chair

8:30 AM -9:00 AM Paul Todd, Techshot, Inc., Greenville, IN
9:00 AM - 9:45 AM Robert Ullrich, Indiana University School of Medicine,
Indianapolis, IN
9:45 AM - 10:15 AM Break
10:15 AM - 11:00 AM Greg Nelson, Loma Linda University, Loma Linda, CA
11:00 AM —-11:45 AM Marc Mendonca, Colorado State Univ., Fort Collins, CO
11:45 AM - 12:00 PM Panel Questions and Answers
12:15PM - 1:30 PM Lunch
1:30 PM - 3:30 PM Oral Session
Oral Session Ill: Space Physiology and Animal

Development, Bill Landis, Chair

3:30 PM Adjourn

viii  Gravitational and Space Biology Bulletin 21(1) October 2007
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LONG PROGRAM —-2007 ANNUAL MEETING

Thursday, October 25

12:00 Registration Desk Opens
7:00 ASGSB Governing Board meeting
Friday Morning, October 26
7:30 Registration Desk Opens
8:15 Opening remarks and welcome: Chris Brown, Program Chair

Scientific Symposium |
Astrobiology

8:30 - 12:15
David Morrison, Symposium Chair

Start Page

8:30 Opening Remarks. David Morrison

8:45 Astrobiological Exploration of the Surface of Mars D.J. Des Marais. [1] 2

9:30 Survival of Microbes in Space: Experimental Tests of Panspermia R.L. 2
Mancinelli. [2]

10:15 Break

10:45 Self-assembly Processes in the Prebiotic Environment. D. Deamer. [3] 2
11:30 Origins of Protein Functions in Cells. A. Pohorille. [4] 2
12:15 Lunch, Special Session and Committee Meetings

12:30 Special Session on the International Space Station as a National Laboratory,

Greg Schmidt, NASA Ames Research Center

X Gravitational and Space Biology 21(1) October 2007



LONG PROGRAM —-2007 ANNUAL MEETING

Friday Afternoon, October 26

Concurrent Poster Sessions I-A and I-B

2:00 - 3:30

Posters I-A
Undergraduate Student Poster Competition

Note: Presenters are to be next to their posters the entire time.

Poster

#

A01

AQ3

A05

A07

AQ9

All

Examining the Early Response of Osteoclasts to lonizing Radiation. E.R.
Anderson, J.S. Willey, J. Nagatomi, T.A. Bateman. [5]

Study of Phototropism in Arabidopsis thaliana in Microgravity on the ISS.
B.A. Butler, P. Kumar and J.Z. Kiss. [6]

Proton Irradiation Effects a Neurobehavioral Response in the Fruit Fly,
Drosophila melanogaster. I.M. Choi, M.E. Sanchez, O. Marcu, F. Selch, O.
Inan, S. Bhattacharya. [7]

Directed Selection for CO,-Tolerant Cyanobacteria and Algae. K.M.
Crowell, C. Chan and D.J. Thomas. [8]

Partial Weight Suspension Effects On Gait Dynamics In Mice. K.C.
Gosselin, A.L. Harman, W.H. Tan and E.B. Wagner. [9]

Functional Analysis of Genes Expressed in Response to Light and Gravity
Stimulation in Arabidopsis Root Tips. J. Huang, R. Hammond, S. Hume, J.
Dalal, C. Brown and H. Winter-Sederoff. [10]

Page
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LONG PROGRAM —-2007 ANNUAL MEETING

Posters 1-B
Graduate Student Poster Competition

Note: Presenters are to be next to their posters the entire time.

Poster

BO1

BO3

BOS

BO7

BO9

B11l

B13

B15

B17

B19

Xii

Page

Maximizing RNA Extraction From Plants Grown on the International 8
Space Station. A.J. Stimpson, R.S. Pereira and M.J. Correll. [11]

Bioconvection Patterns In Cultures Of A Calcifying Alga. S.J. Chen and 8
P.J. Duke. [12]

PKS1 is Involved in Red-Light-Based Positive Phototropism in 8
Arabidopsis Roots M.L. Molas and J.Z. Kiss. [13]

Are the Responses of Adductor Longus Muscle to Gravitational 8
Unloading in Wistar Hannover Rats Region-specific? T. Ohira, X.D.

Wang, M. Terada, F. Kawano, Y. Higo, N. Nakai, T. Ochiai, J. Gyotoku, N.

Nishimoto and Y. Ohira. [14]

Role of the Actin Related Protein (ARP) 2/3 Complex in Gravitropism. 9
J.C. Reboulet, P. Kumar and J.Z. Kiss. [15]

Effects of Low-Energy X-rays on Trabecular Bone Loss in Mice. L.C. 9
Smith and T.A. Bateman. [16]

Simulated Microgravity Inhibits Proliferation of Malignant Glioma Cells. 9
M. Takeda, T. Okazaki, T. Magaki, A. Sasaki, S.L. Wu, Y. Kawahara, R.
Yoshimoto, T. Manabe, T. Kajiume, L. Yuge and K. Kurisu. [17]

Responses of Back Muscle Fibers in Sprague-Dawley Rats to Spaceflight. 9
M. Terada, F. Kawano, H. Kume, T. Ohira, Y. Higo, Y. Nakajima, X.D. Wang,
N. Nakai, W.E. Hinds and Y. Ohira. [18]

Black Bears (Ursus americanus) Maintain Muscle to Body Weight Ratio in 10
Unloaded Soleus Muscle During Winter Hibernation J.M. Van Dyke, D.V.

Baewer, B.D. Curry, S.R. Govindaraju, J.W. Bain, V. Vogel, M. Gappa, B.

Kohn and D.A. Riley. [19]

Characterization of Hematopoietic Stem Cells Cultured in 3D-clinostat. R. 10
Yoshimoto, T. Kajiume, Y. Kawahara, A. Sasaki, S.L. Wu, T. Manabe, M.
Takeda, T. Magaki and L. Yuge. [20]

Gravitational and Space Biology 21(1) October 2007



LONG PROGRAM —-2007 ANNUAL MEETING

Friday Afternoon, October 26

Concurrent Poster Sessions I1-A and 11-B

3:30-5:00

Posters 11-A
Undergraduate Student Poster Competition

Note: Presenters are to be next to their posters the entire time.

Poster
# Page

A02 Protein Expression in Glycine max Cells under Microgravity Conditions. 12
W.A. Kelly Jr., S.E. Kelly and J.V. Valluri. [21]

A04 The Effects of Exogenous Hydrogen Peroxide on Cyanobacterial 12
Antioxidant Mutants under Ambient and Primordial Conditions. N.
McCarthy, K. Marie Crowell and D.J. Thomas. [22]

A06 Responses of Body Composition and Hematological and Muscular 12
Properties of Meriones Unguiculatus to Gravitational Unloading. Y.
Nakajima, M. Terada, F. Kawano, H. Sumi, Y. Shimizu, T. Ohira, Y. Higo,
X.D. Wang, N. Nakai and Y. Ohira.[23]

A08 Microarray Analysis of Plants Grown on the International Space Station. 12
R.S. Pereira, A.J. Stimpson and M.J. Correll. [24]

Al10 Macrophage Colony Stimulating Factor Produces Increased Trabecular 13
Bone Density and Turnover, Characteristic of an Anabolic Agent. S.E.
Riffle, Y.Y. Yuan and T.A. Bateman. [25]

Al2 Transcript Abundance of Lipogenic Enzymes Parallels Lipid Metabolism 13
in the Mammary Gland of Rats Exposed to Altered Gravity during
Pregnancy. M.K. VanKlompenberg, O.V. Patel and K. Plaut. [26]

Al4 Effects of Low Dose lonizing Radiation on Bone Metabolism in Rats. L. 13

Tirado, J.S. Willey and T.A. Bateman. [27]

Gravitational and Space Biology 21(1) October 2007 Xiii
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Posters 11-B
Graduate Student Poster Competition

Note: Presenters are to be next to their posters the entire time.

Poster
#

B02

B04

BO6

BO8

B10

B12

B14

B16

B18

Xiv

Characterizing Molecular Signaling Pathways During Hindlimb
Suspension Induced Atrophy Followed by Voluntary Exercise. A.M.
Hanson, B.C. Harrison, L.S. Stodieck and V.L. Ferguson. [28]

Transcriptional Regulation of Changes in Growth, Cell Cycle, and Gene
Expression of Saccharomyces cerevisiae Due to Changes in Buoyancy.
C.B. Coleman, P.L. Allen, J.M. Valles and T.G. Hammond. [29]

Microgravity Inhibits Neural Differentiation While Sustaining The
Capability of Differentiation. A. Sasaki, M. Takeda, T. Magaki, S.L. Wu, Y.
Kawahara, R. Yoshimoto, T. Manabe, A. Boulenouar, T. Kajiume and L.
Yuge. [30]

Bone Loss Following Proton Irradiation. E.R. Bandstra, M.J. Pecaut, E.R.
Anderson, J.S. Willey, F. De Carlo, S.R. Stock, D.S. Gridley, G.A. Nelson and
T.A. Bateman. [31]

WISE-2005: Lower Body Negative Pressure Treadmill Exercise and
Resistive Exercise Countermeasures Maintain Physiologic Function in
Women during 60-days of Bed Rest. B.R. Macias, S.M. Schneider, S.M.C.
Lee, P. Guinet, S. Meuche, R.L. Hughson, S.M. Smith, S.R. Zwart, D.E.
Watenpaugh and A.R. Hargens. [32]

Mars Gravity Biosatellite: Payload Design Plans Beyond PDR. T.R.F.
Fulford-Jones, M.L. Colbath, A.J. Gordhandas, E.B. Grosse and J.A. Hoffman.
[33]

Increased Expression of Myostatin and its Receptor, Activin RI1b, after 14
Day Hindlimb Unloading in the Mouse. B.J. Greybeck, D.L. Allen, A.M.
Hanson, V.L. Ferguson and L.S. Stodieck. [34]

Early Mechanisms of Gravity-Sensing in Plants. J. Hauslage, N. Greuel and
M. Braun. [35]

The Effects of Microgravity on Stem Cell Differentiation. S.E. Kelly, P.P.
Claudio and J.V. Valluri. [36]

Gravitational and Space Biology 21(1) October 2007
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LONG PROGRAM —-2007 ANNUAL MEETING

Poster Page
#
B20 Long Term Effects of Heavy lon Radiation on Bone Loss in Mice. E.W. 17

Livingstonand T.A. Bateman. [37]

B22 Disuse Exacerbates Suppression of Bone Formation with Administration 17
of Low-Dose Antiresorptive Drugs. S.A.J. Lloyd and T.A. Bateman. [38]

B24 Simulated Microgravity Activates MAPK Pathways in Fibroblasts 18

Cultured on Microgrooved Substrates. W.A. Loesberg, X.F. Walboomers,
JJW.A. Van Loon and J.A. Jansen. [39]

Friday Evening, October 26

5:00 Committee Meetings

6:30 Reception

Gravitational and Space Biology 21(1) October 2007 XV



LONG PROGRAM —-2007 ANNUAL MEETING

Saturday Morning, October 27

8:00 Registration Desk Opens

Scientific Symposium |1
Science for Small Satellites

8:30 - 12:15
John Hines, Symposium Chair

Start
Page
8:30 Opening Remarks. John Hines
9:00 A Small Payloads Program for Astrobiology. J.D. Rummel. [40] 20
9:30 Non-Exploration Life Sciences Research within NASA’s Exploration 20
Systems Mission Directorate. J. Cohen. [41]
10:00 Break
10:30 Studying Space Effects on Microorganisms Autonomously: GeneSat, 20
PharmaSat and the Future of Bio-nanosatellites. M. Parra, M.R. McGinnis,
AJ. Ricco, B. Yost and J.W. Hines. [42]
11:00 Recoverable Satellite for Animal Research. T. Ochiai, H. Matsumoto and K. 20
Shimura. [43]
11:30 US Participation in the Russian Bion-M1 Mission: An Overview. M.G. 21

Skidmore, R. Boyle and K.A. Souza. [44]

12:00 Lunch, Special Session, and Committee Meetings

12:30 Special Session on Careers, Thaddeus Fulford-Jones, ASGSB Student
Association President

Xvi Gravitational and Space Biology 21(1) October 2007



LONG PROGRAM —-2007 ANNUAL MEETING

Saturday Afternoon, October 27

Concurrent Oral Sessions | and 11

2:00—-4:00

Oral Session |

Spaceflight Results and Biotechnology

Paul Todd, Chair

Start Page

2:00 Ongoing Comparative Study of the Effects of Microgravity During Foton 24
M2 and M3 on Cancellous Bone Mass in the Aquatic Newt Pleurodeles
waltl and the Terrestrial Gecko Pachydactylus bibronii. E. Almeida, N.
Dvorchkin, R. Turner, R. Globus and N. Searby. [45]

2:15 Small Satellite Platform for Automated Gene Expression Measurements. 24
A. Pohorille, A.J. Ricco, A. McShea, D. Danley and K. Schweighofer. [46]

2:30 Maximizing RNA Extraction From Plants Grown on the International 24
Space Station. A.J. Stimpson, R.S. Pereira and M.J. Correll. [47]

2:45 Space Flight Microgravity and Ground Proton Irradiation Induce an 24
Immune Response and Tumorigenesis in the Fruit Fly, Drosophila
melanogaster. S. Bhattacharya, M.E. Sanchez, M. Lera, L. Higgins, E.
Blazevic and O. Marcu. [48]

3:00 WISE-2005: Lower Body Negative Pressure Treadmill Exercise and 25
Resistive Exercise Countermeasures Maintain Physiologic Function in
Women during 60-days of Bed Rest. B.R. Macias, S.M. Schneider, S.M.C.
Lee, P. Guinet, S. Meuche, R.L. Hughson, S.M. Smith, S.R. Zwart, D.E.
Watenpaugh and A.R. Hargens. [49]

3:15 Activation and Regulation of Monocyte Differentiation C-F. Li and M. 25
Hughes-Fulford. [50]

3:30 3D Random Rotations Induce Apoptosis In Cultured Astrocytes. M.A. 25
Masini, B. Uva, F. Strollo, P. Prato and F. Ricci. [51]

Gravitational and Space Biology 21(1) October 2007 Xvii



LONG PROGRAM —-2007 ANNUAL MEETING

Oral Session 11
Plants and Stress - Gravity, Radiation and More

Gioia Massa, Chair

Start

2:00

2:15

2:30

2:45

3:00

3:15

3:30

3:45

xviii

Triple Traits Improvement in Genetic Engineering Tomatoes for Space
Exploration M. Khodakovskaya, C. Brown, J.B. Freeman, L. Stodieck and
H.W. Sederoff. [52]

Knockouts of Either APY1 or APY2 Genes Suppress Root Gravitropism in
Arabidopsis. S.J. Roux, J. Zalawadia, J. Wu and T. Butterfield. [53]

Bioconvection Patterns In Cultures Of A Calcifying Alga. S.J. Chen and
P.J. Duke. [54]

Heat Shock Protein Expression in Response of Pea Seedlings to Altered
Gravity. L.Y. Kozeko, A.S. Talalaev and E.L. Kordyum. [55]

Testing of the HELIAC 2 Plant Detection and Lighting System. G.D.
Massa, C.M. Bourget, R.C. Morrow and C.A. Mitchell. [56]

A Synthetic Approach to Redesigning Plants to Survive in Inhospitable
Environments: Overexpression of Pyrococcus Furiosus Superoxide
Reductase in Arabidopsis. Y. Im, C. Lowder, M. Ji, A.M. Lee, A.M. Grunden
and W.F. Boss. [57]

Seed Production Across the Gravity Continuum in Brassica and
Arabidopsis. M.E. Musgrave, A. Kuang, J. Allen, R. Darnell, R. Wagers-
Hughes, E. Escobedo and J. Blasiak. [58]

The Role of Nitric Oxide and cGMP as Downstream Signals for
Transduction of Calcium Dependent Gravisensing. M.L. Salmi, K.E.
Morris, S.J. Roux and D.M. Porterfield. [59]

Gravitational and Space Biology 21(1) October 2007
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Poster

C01

C02

C03

C04

C05

CO06

CO7

Co08

C09

C10

Cl1

LONG PROGRAM —-2007 ANNUAL MEETING

Saturday Afternoon, October 27

Poster Session |11

4:00-5:30

Seed Production by Plants Grown in a Lunar Thermophotoperiod. J.
Blasiak and M.E. Musgrave. [60]

Plants as Countermeasures for Humans Living in Isolated or Extreme
Environments Such as Long Term Space Flight. G.E. Bingham, S.C. Bates,
V.1. Gushin, A.Vinokhodova, J. Marquitand V.N. Sychev. [61]

Gravity Effects on Growth Form of Brassica rapa L. and Arabidopsis
thaliana (L.) Heyn. J. Allen, A. Kuang, M. Regan and M.E. Musgrave. [62]

Performance of Rapid Cycling Dwarf Arabidopsis Grown In a Lunar
Light Regimen. R.N. Bowman and G-S. Sun. [63]

Glucosinolate Production in Hypergravity in Brassica rapa. R.L. Darnell,
L.H. Levine, P.A. Bisbee, J. Allen and M.E. Musgrave. [64]

The Role of Phytochrome C in Tropisms. P. Kumar, C.E. Montgomery and
J.Z. Kiss. [65]

Effects of Cis- and Trans-Retinoic Acid on Growth and Gravitropic
Responses in Maize Roots. T.J. Mulkey. [66]

Biomedical Sample Return from ISS in the Post-Shuttle Period. E.L. Hill,
M. Krihak, D. Atchison, P. Dumars, A. Dave, C. Kundrot and D. Reiss-
Bubenheim. [67]

Neurovestibular Adaptation in the Utricular Otolith Following Extended
Periods of 3G Exposure and Re-adaptation to 1G. R. Boyle, Y. Popova, J.
Varelas, A. Mofrad and A. Kondrachuk. [68]

Chemical Sensation Modulated by High Gravity Stress at Different
Growth Stage in Rats. M. Kimoto, S. Takase, K. Toda and Y. Kumei. [69]

Role of the Vestibular System in the Regulation of Body Mass in Male and
Female Rats. T.M. Hoban-Higgins and C.A. Fuller. [70]

Page

32

32

32

32

33

33

33

33

34

34

34
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Poster

XX

#
C12

C13

Cl4

C15

Cl6

Cl7

C18

C19

C20

C21

C22
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Molecular Bases of Muscle Atrophy in Mammals: Comparative Studies on
Bats and Rats. K. Lee, T. Gwag, W. Yoo, J.W. Lee, M. Byun and I. Choi.
[71]

Geranylgeranylaceton Increases Protein Content and Heat Shock Protein
72 Expression in Skeletal Muscle Cells. K. Goto, S. Morioka, T. Naito, A.
Kojima, T. Akema, H. Fujiya, T. Sugiura, Y. Ohira and T. Yoshioka. [72]

Responses of Protein Expression to Cardiotoxin-induced Muscle Injury. F.
Kawano, M. Terada, N. Nakai, T. Ohira, Y. Higo, N. Nishimoto and Y. Ohira. [73]

Effects of Inhibited Neural and/or Mechanical Stimuli on the Water
Content and Dry Weight in Rat Hindlimb Muscles. X.D. Wang, M.
Danda, M. Terada, F. Kawano, T. Ohira, Y. Higo, Y. Nakajima, N. Nakai, K.
Goto and Y. Ohira. [74]

A New Paradigm for Environmental Limits of Life: Finding Clues from
Unknown Proteins. J.D. Ng, R.C. Hughes, M. Byrnes, M. Davis and G.
Podila. [75]

Testing the Oxygen Paradox with Antioxidant-Deficient Cyanobacteria
M. Eubanks, J. Boling, M. Crowell, T. McSpadden, C. Rector, C.L.
Schuchardt, C.J. Spurlock, J. Warrington and D.J. Thomas. [76]

Multiuser Experiment Facilities for the Japanese Experiment Module
“Kibo”. M. Takaoki. [77]

Bacterial Response to Modeled Microgravity- A Comparison Between
Genotypic and Phenotypic Responses. M.A. Juergensmeyer, E.M. Mobley
and E.A. Juergensmeyer. [78]

The Differentiation of Myoblast is Regulated by Gravity. Y. Kawahara, R.
Yoshimoto, A. Sasaki, S.L. Wu, T. Manabe, T. Kajiume, M. Takeda, T.
Magaki and L. Yuge. [79]

Concominant Cytokine Secretion and Amino Acid Metabolism Alterations
in Human Leucocytes Subjected to Microgravity Analog and Cortisol
Treatment In Vitro. P.N. Uchakin, S.M. Smith, O.N. Uchakina and B.W.
Tobin. [80]

The Effects of Microgravity on the Metastasis of Cancer Cells. E.E.
Williams, N. Miller, E. Ancel, C. Manarinjara, S. Moore, C. Sczamarski, D.
Tollaver and S. Ullah. [81]

Effect of Simulated Weightlessness on the Induction of ERK2 by Fluid
Shear Stress in MG-63 Osteosarcoma Cells. S. Zhang, B. Wang, Z. Yang
and X.Q. Sun. [82]
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C24 Dementia Astronautica: A Possible Outcome of Long-Duration Space 37

Missions? P.M. Cummings and A. Obenaus. [83]

C25 Three-Dimensional Organization and Enhanced Function of HepG2 Liver 38
Cells Cultured in a Reduced Gravity Environment. T.T. Chang and M.
Hughes-Fulford. [84]

C26 Radiation Biology Educator Guide. J. Rask, B.J. Navarro, C. Elland and W. 38
Vercoutere. [85]

C27 SlimeSat (Space Laboratory for Investigations of Microbial 38
Ecophysiology): A Proposal for a New Platform for the Investigation of
the Effects of VVariable Gravity and Space Radiation on Microbial
Ecophysiology. B.M. Bebout, E.D. Fleming, A.E. Frisbee, L.E. Prufert-
Bebout, J.C. Rask, A.J. Ricco, F. Selch, S.P. Worden and B. Yost. [86]

Saturday Evening, October 27

Start

6:00 Banquet and ASGSB Business Meeting
Banquet Speaker: Seth Shostak, “When Will We Find ET, and What If We
Do?”

Sunday Morning, October 28

7:00 ASGSB Governing Board Meeting

8:00 Registration Desk Opens
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Sunday Morning, October 28

Scientific Symposium |11
Space Radiation Biology

8:30-12:15
Paul Todd, Symposium Chair

Start
8:30
Page
9:00 Space Radiation Health Research: Narrowing the Uncertainties in 40
Exploration Risk. P. Todd. [87]
9:45 Space Radiation Carcinogenesis: Reducing the Uncertainties. R.L. Ullrich 40
[88]
10:15
Break
11:00 Neurological Effects of Exposure to Galactic Cosmic Rays G.A. Nelson. 40
[89]
Acute Affects of Solar Proton Storms Combined with Space Flight 40

11:45 Factors. M.S. Mendonca, C.M. Orschell, H. Chin-Sinex, S.B. Klein, J. Farr,
P.E. Sokol, A. Constance and P. Todd. [90]
12.15 Panel Questions and Answers

Lunch
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Sunday Afternoon, October 28

Oral Session 111

1:30 - 3:30

Oral Session 111

Space Physiology and Animal Development

Bill Landis, Chair
Start Page

1:30 Increased Filamentous Growth of Candida albicans in Simulated 42
Microgravity. L.E. Hyman, S.M. Altenburg. Y. Stypula, J. Antand S.
Nielsen-Preiss. [91]

1:45 Effects of Simulated Microgravity on Swimbladder Development in the 42
Zebrafish (Danio rerio). R.P. Croll, B.W. Lindsey, T.C. Dumbarton, G.N.
Robertson and F.M. Smith. [92]

2:00 Characterizing Molecular Signaling Pathways During Hindlimb 42
Suspension Induced Atrophy Followed by Voluntary Exercise. A.M.
Hanson, B.C. Harrison, L.S. Stodieck and V.L. Ferguson. [93]

2:15 Neuronal Activities in Rat Hippocampus at Altered Gravity and 5SHT 42
Modulation. Y. Kumei, J. Zeredo, T. Ikeda, H. Suzuki, M. Kimoto and K.
Toda. [94]

2:30 Iron lon Irradiation Alters Adhesiveness of VVascular Endothelium. D.F. 43
Kucik, S. Khaled, K. Gupta, X. Wu, T. Yu, P. Chang and J.H.S. Kabarowski.
[95]

2:45 Gene Expression and Structure of Cultured Osteoblasts Subjected to 43
Increased Gravity. W.J. Landis, R. Jacquet, E. Lowder, K.J. Hodgens, J.
Rask, D. Morgan, T. Shaw, J. Dwyer, T. Purcell, R. Globus and M. Rubin. [96]

3:00 Gravity Plays a Key Role in Postnatal Development of Heart Rate 43
Variability. S. Nagaoka, C. Miyasaka, M. Shida, Y. Enoand Y. Ohira. [97]

3:15 Effects of L-NNA on Arterial Contractile Responses of Abdominal Aortic 43
Rings in Hindlimb Unweighting Rats. J. Ma, X.L. Ren, J.X. Baoand H.
Tang. [98]
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[68]

NEUROVESTIBULAR ADAPTATION IN THE UTRICULAR
OTOLITH FOLLOWING EXTENDED PERIODS OF 3G
EXPOSURE AND RE-ADAPTATION TO 1G. R. Boyle', Y. Popova',
J. Varelas', A. Mofrad', A. Kondrachuk?

"BioVIS Center, NASA Ames Research Center, Moffett Field, CA 94035,
and “Institute of Physics, National Acad. Science, Kiev, Ukraine.

The utricular organ senses the sum of inertial force due to head translation
and head tilt relative to the gravitational vertical. A change in force has a
profound effect on how an organism maintains equilibrium, and the neural
response might involve the peripheral otolith receptors, the brain or both. If
the influence of nG leads to adaptation and subsequent re-adaptation in
otolith function upon return to 1G, then: does the transfer from 1G to 3G
impart the opposite effects on changes of structure and function response
seen following pG exposure? Do the effects accompanying transfer from 3G
to 1G conditions resemble in part (as an analog) the transfer from 1G to pG?
Here we record the impulse response of utricular afferents to servo-
controlled linear accelerations and tilt profiles in the anesthetized oyster
toadfish, Opsanus tau, after 1-, 2-, 3-, 4-, 5-, 8- and 16-day exposure to 3G
centrifugation, and following 1-8 days recovery to study re-adaptation to
1G. Typically >60 afferents are well characterized in each animal.
Afferents were also examined during electric shocks applied to the efferent
vestibular pathway at rest and during motion tests. In each fish 45-60
horizontal canal afferents are also studied to yaw. Synaptic body counts in
striolar and extrastriolar hair cells are performed on serial sections of the
macula using transmission electron microscopy. Results to date show a
biphasic pattern: an initial sensitivity up-regulation (3- and 4-day)
followed by a significant decrease after 16-day exposures. Return to
control values following 16-day exposure is on the order of 4 days. A
significant decrease by 50% in hair cell synaptic bodies is observed
between control and 16-day exposure fish. The otolith sensitivity to
acceleration is clearly regulated by altered gravity exposure, and indicates
that this paradigm might be used to study the neural and behavioral
responses, including the response to countermeasure intervention, to
altered gravity in a ground-based model.

70
I[?OI:!E OF THE VESTIBULAR SYSTEM IN THE REGULATION
OF BODY MASS IN MALE AND FEMALE RATS. T.M. Hoban-
Higgins and C.A. Fuller. Section of NPB, University of California, Davis,
CA.

The vestibular macular receptors transduce gravitational and linear
acceleration information. Recent work suggested that they also play a role
in the changes seen in body mass regulation at altered G. This study
investigated the role of the vestibular system in the regulation of body
mass. Since there are known gender differences in the regulation of body
mass and composition, age-matched male and female rats were used as
subjects. Experimental groups underwent chemical labyrinthectomy
(transtympanic injection of sodium arsanilate) to remove vestibular input
while control groups experienced the same surgical procedures, but with a
saline control injection. Four subject groups of each gender were
established, for a total of eight groups. These included two experimental
groups, one that remained at 1G and one that experienced 8 weeks of 2G
produced via centrifugation and two matching control groups. Body mass
and food and water consumption data were collected twice weekly.
Baseline data were collected prior to surgery. An eight-week recovery
period followed surgery to allow for the re-establishment of stable growth
curves prior to the onset of centrifugation. Both male and female rats
initially had a decrease in body mass following chemical labyrinthectomy.
However, while regulation at a lower body mass persisted in male rats,
body mass of female experimental rats returned to the level of the controls.
Similar results were seen in response to 2G. Body mass decreased in all
2G groups at the onset of centrifugation, with experimental groups having
a smaller response than the controls. Again, while males continued to
regulate body mass at a lower level under 2G, in females body mass
returned to levels similar to controls. Consequently, at the end of the eight
week centrifugation period, body mass was similar between all four female
groups while differences were evident between male groups. MalelG
animals had a higher body mass than 2G animals and, at each G level,
control animals had a higher body mass than labyrinthectomized animals.
(Supported by NASA Grant NNA07CN33G.)

[69]

CHEMICAL SENSATION MODULATED BY HIGH GRAVITY
STRESS AT DIFFERENT GROWTH STAGE IN RATS. M. Kimoto',
S. Takase', K. Toda'? and Y. Kumei.> 'Physiological Laboratory, Japan
Women's University, Tokyo, “Integrative Sensory Physiology, Nagasaki
University Graduate School of Biomedical Sciences, Nagasaki,and
*Biochemistry, Graduate School of Tokyo Medical and Dental University,
Tokyo, JAPAN.

We previously reported that gravity stress modified nociceptive
processing system in rats. This suggests that stressful stimulation by
gravity change may modify various sensory systems closely related to
emotion including taste sensation. In addition, the developing or growth
stage is thought to be critical for inducing sensory modification by stress.
Therefore, in the present study, we investigated effects of high gravity
stimulation on chemical sensation depending on the growth stages of rats.
Using male Wistar albino rats, gravity stimuli varied at 2.0-3.0G were
applied by centrifugation for 10 min once daily at the growth stages of 1-
15 postnatal days (STAGE I), 24 -68 days (STAGE II). As for chemical
solutions, sucrose, saccharin, NaCl, caffeine, citric acid, ascorbic acid,
sodium glutamate, quinine and capsaicin were used. Results: (1) STAGE I:
2.0 G application induced stress-resistance reaction for chemical sensory
system. (2) STAGE II: 3.0 G application significantly modified the taste
sensation of sweet and salt, and in addition, somatosensory irritable
sensation induced by capsaicin. Data suggest that gravity stimulation is
critical for modification of chemical sensation at the infant stage of rats.
Supported by a Grant-in-Aid for scientific research from the Ministry of
Education, Science, Sports and Culture of Japan (No.18500630,
No.18613011, 2006-2007).

[71]
MOLECULAR BASES OF MUSCLE ATROPHY IN MAMMALS:
COMPARATIVE STUDIES ON BATS AND RATS
Kisoo Lee', Taesik Gwag', Woojae Yoo', Ju Woon Lee?, Myungwoo
Byun? and Inho Choi'
'Dept. of Life Science, Yonsei Univ., Wonju, Gangwon-Do and *Radiation
Application Research Institute, Korea Atomic Energy Research Institute,
Jeongeup, Jeonbuk, Republic of Korea

Mammalian hibernators and nonhibernators display different degrees of
muscle loss after a prolonged period of unloading. To comprehend
molecular bases of this difference, we investigated expression levels of
sarcomeric and stress proteins using 2-dimenstional electrophoresis and
immunoblotting analysis on the soleus muscle of Sprague-Dawley rats and
the pectoral muscle of bat Murina leucogaster. The rats were divided into
a vivarium control and a 3-wk hindlimb suspension group (HS). Bats were
collected as a summer-active group and winter hibernation group (HB,
spending about 3 months of dormancy). Muscle mass to body mass,
tension production capacity, and actin to myosin filaments (based on
electron micrograms) were determined as well. We found the rat soleus
muscle showed 31% - 50% reduction in the relative muscle mass,
maximum tetanic tension, the myofilament ratio for the 3-wk unloading,
whereas the bat pectoral muscle did not show any sign of atrophy or
functional depression for 3-mo dormancy. In parallel with these
differences, expressions of sarcomeric proteins (alpha-actin, tropomyosin,
myosin light chain, troponin T1 and T2) and heat shock proteins (HSP90,
p27, alpha crystalline B-chain) of HS decreased 0.3- to 0.7-fold those of
the control, while expressions of most of those proteins were maintained or
even elevated 1.7- to 1.9-fold for HSP70 and HSP27 in HB. Because HSPs
are known to play a role of molecular chaperones as well as maintenance
of myofibrillar organization and integrity against mechanical and heat
stresses, the expression level of stress proteins may be an important factor
limiting the extent of muscle atrophy and contractile depression against a
prolonged disuse.
(This work was supported by Korea Atomic Energy Research Institute in
2007.)
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[72]

GERANYLGERANYLACETON INCREASES PROTEIN
CONTENT AND HEAT SHOCK PROTEIN 72 EXPRESSION IN
SKELETAL MUSCLE CELLS. K. Goto"?, S. Morioka®, T. Naito®, A.
Kojima®, T. Akema®, H. Fujiya®, T. Sugiura®, Y. Ohira® and T. Yoshioka®®.
'Lab. of Physiol, Toyohashi SOZO Univ., Toyohashi; Depts. of *Physiol.
and *Sports Medicine, St. Marianna Univ. Sch. of Med., Kawasaki;
4Yamaguchi Univ., Yamaguchi; Graduate Sch. of Med., Osaka Univ.,
Toyonaka; ®Hirosaki Gakuin Univ., Hirosaki, Japan.

Heat-stress as well as mechanical stress activate proliferative potential
and induce muscle hypertrophy. Up-regulation of heat shock protein 72
(HSP72) induced by heat stress may be one of the signals for muscle
hypertrophy. HSP72, a stress-inducible HSP70, is one of the best-known
endogenous factors protecting cell and tissue injury under
pathophysiological conditions. In skeletal muscles, it has been reported
that the preconditioning by heat stress to increase the HSP72 expression
could attenuate muscle atrophy induced by unloading. Antiulcer drug
geranylgeranylaceton (GGA) stimulates HSP72 expression in the gastric
mucosa, small intestine, and heart in rats. However, the effects of GGA on
protein expressions in skeletal muscle cells are unclear. The purpose of
the present study was to investigate the effects of GGA on HSP72
expression of cultured skeletal muscle cells. Mouse skeletal muscle cells
(C2C12) were plated on collagenized culture dishes. Contents of HSP72
and total muscular protein were up-regulated by GGA. Evidences suggest
that GGA may be a useful tool for a countermeasure for muscoskeletal
deconditioning.

(Supported, in part, by Grant-in-Aid for Scientific Research (C, 17500444,
KG), (C, 15500453, TY), and (S, 19100009, YO) from Japan Society for
the Promotion of Science, Ground-based Research Program for Space
Utilization from Japan Space Forum (KG)).

[74]

EFFECTS OF INHIBITED NEURAL AND/OR MECHANICAL
STIMULI ON THE WATER CONTENT AND DRY WEIGHT IN
RAT HINDLIMB MUSCLES.

X.D. Wang', M. Danda', M. Terada?, F. Kawano', T. Ohira’, Y. Higoz, Y.
Nakajima3, N. Nakai', K. Goto* and Y. Ohira" % Grad. Sch. of 'Med. and
“Frontier Biosci., *Sch. of Sci, Osaka Univ., Toyonaka City, Osaka, and
*Toyohashi SOZO Univ., Toyohashi City, Aichi, Japan.

Effects of tenotomy (T, n=7), denervation (D, n=6), or T+D (n=6) on the
water content and dry weight were studied in 19 adult male and female
Wistar rats. The distal tendons of left soleus (Sol), plantaris (P1), medial
and lateral gastrocnemius (MG and LG), tibialis anterior (TA), and
extensor digitorum longus (EDL) muscles were cut for T. The sciatic
nerve at the gluteal region was cut off (~1 cm) for D. The right limb was
maintained intact as the normal control. One or 2 rats with the same
treatment were housed in a cage with 35 x 25 cm and 20 cm height). They
were pair-fed (20 g/day) and water was given ad libitum. After 5 days,
these muscles were isolated and wet weight was measured immediately.
Water content and dry weight of the muscle were measured keeping the
samples in an incubator kept at 64 °C for 3 days. As the results, the wet
weights of all muscles were decreased following each treatment
significantly, except in EDL treated with D. The degree of atrophy in
response to T tended to be MG>TA>Sol>PI=LG>EDL. That in response
to D tended to be Sol>MG=LG>PI>TA>EDL. Further, the magnitude of
the effect of T+D were Sol>PI>MG>LG=TA=EDL. The atrophy of Sol,
especially, advanced as T<D<T+D. Similar patterns were also noted in PL
Both absolute water content (mg) and dry weight tended to decrease
following these treatments. But the rates of decrease were similar, being
the percent water and dry weights were relatively stable. It was suggested
that both neural and mechanical stimuli play the essential roles in the
regulation of skeletal muscle mass.

(Supported by the Grant-in-Aid for Scientific Research (S, 19100009)
from Japan Society for the Promotion of Science)

[73]

RESPONSES OF PROTEIN EXPRESSION TO CARDIOTOXIN-
INDUCED MUSCLE INJURY. F. Kawano', M. Terada’, N. Nakai', T. Ohira’,
Y. Higo?, N. Nishimoto? and Y. Ohira". Grad. Sch. of ' Med. and? Frontier
Biosci., Osaka Univ., Osaka, Japan.

It is well-known that the severe muscle atrophy is induced during spaceflight and
hindlimb suspension in slow antigravity muscle. Although the muscle mass is
gradually recovered following the reloading, the muscle damage is generally noted
during the acute phase of reloading or exposure to hyper G. The responses of the
proteome in rat soleus muscle to acute muscle injury were investigated in the
present study. Twelve weeks old male Wistar Hannover rats were anesthetized
and 0.1mL of cardiotoxin (CTX, 0.03% in phosphate-buffered saline) was
intramuscularly injected in the left soleus muscle using a 30-gauge hypodermic
needle. The right soleus muscle was kept intact as the control. Muscle sampling
was performed 24 hours after the injection of CTX. The muscle sampled was
frozen at an optimal length in isopentane cooled with liquid nitrogen and was cut
cross-sectionally into two portions. Half of the muscle segment was used for
histochemical analyses, and the remaining half was homogenized. And soluble
fraction was sampled and two-dimensional electrophoresis was performed.
Subsequently, the spots with different expression from the control were picked up
and the protein was identified using a peptide mass fingerprinting method. As the
results, a loss of muscle fibers was noted in the cross-section of CTX-injected
muscle. Further, CTX-injection-related increase was observed in the expression of
26 proteins, including myosin heavy chain and light chain-associated fragment,
serum-derived albumin, apolipoprotein A-I, haptoglobin, and vitamin D binding
protein. The results indicated that the fragmentation of myofibrillar protein was
induced during the acute phase of muscle degeneration. It was suggested that the
infiltration of blood plasma proteins to the injured muscle may play a role in the
regulation of the subsequent inflammation and muscle regeneration, since it was
reported that apolipoprotein and haptoglobin have anti-inflammatory function,
whereas vitamin D binding protein, which is the precursor of macrophage-
activating factor, could be a pro-inflammatory regulator.

(Supported by the Grant-in-Aid for Scientific Research (S, 19100009) from Japan
Society for the Promotion of Science)

[75]
A NEW PARADIGM FOR ENVIRONMENTAL LIMITS OF LIFE:
FINDING CLUES FROM UNKNOWN PROTEINS. J.D. Ng, R.C.
Hughes, M. Byrnes, M. Davis and G. Podila. Dept. of Biological Sciences
and Laboratory for Structural Biology. University of Alabama in
Huntsville, AL

The evolution and acclimatization of life of an organism are eventually
determined by the stability of the protein’s three-dimensional fold and
their specificity. Common topological shapes of proteins are observed in
almost all known structure to-date. Recurring structural motifs in proteins
may be a consequence of evolution or as prevalent folds that are
inherently thermodynamically stable. To investigate this phenomenon, we
have examined the “hypothetical protein” structures from psychrophilic
(cold-loving), hyperthermophilic (hot-loving) and mesophilic (moderate
temperature) organisms and compared them to all known protein folds
presently known. Hypothetical proteins are gene products that have no
identifiable function and exist as a significant fraction in all genomes.
They are of particular interest because these proteins may contain ancient
or undiscovered protein folds associated with new functions. A structural
genomics approach has been used in this investigation in which
hypothetical proteins have been cloned from known genome sequences.
Recombinant protein expression systems were constructed where purified
proteins were crystallized and their structures determined by X-ray
crystallography. Comparing structures of homologous proteins from
different domains and temperature tolerance of life uncovers the minimal
structures important for survival in extreme environments. Knowledge of
the limits, chemical and physical requirements, and output of
extremophilic life on Earth gives considerable insight into where life may
now be found or have previously existed on other planets within our solar
system. These signatures can then be used to direct subsequent
exploration of other planets.
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[76]

TESTING THE OXYGEN PARADOX WITH ANTIOXIDANT-
DEFICIENT CYANOBACTERIA Michelle Eubanks, John Boling,
Marie Crowell, Tiffany McSpadden, Carl Rector, Christy L. Schuchardt,
CaSandra J. Spurlock, Jaime Warrington and David J. Thomas (P.I.). Lyon
College, Science Division, Batesville, AR 72501.

The light reactions of oxygenic photosynthesis produce reactive oxygen
species (ROS) that can damage cellular components and lead to cell death.
Thus, the co-evolution of an antioxidant system was necessary for the
survival of photosynthetic organisms. This project investigated the
sequence of antioxidant system evolution in cyanobacteria. The first
organisms that possessed antioxidants would have been able to live closer
to the water's surface, and would have been pre-adapted for dealing with
photosynthetically produced ROS. We tested this hypotheses by growing
wild type and mutant cyanobacteria (Synechococcus PCC7942 katG’,
sodB’, and tplA’) under primordial atmospheres (2.5% CO, in N,). The
s0dB" strain had a lower growth rate than the wild type under both aerobic
and anaerobic conditions, indicating a preexisting need for FeSOD before
the evolution of oxygenic photosynthesis. The katG™ strain grew
somewhat faster under aerobic conditions versus anaerobic conditions; the
reason for this is unclear. There were no significant differences in growth
rates of the tplA” strain. Overall, our results support the hypothesis that
superoxide dismutase evolved before oxygenic photosynthesis, and was a
necessary preadaptation. Catalase would necessarily have evolved even
earlier in order to detoxify the hydrogen peroxide produced by SOD. (This
research was supported by grants from the Arkansas Space Grant
Consortium.)

[78]

BACTERIAL RESPONSE TO MODELED MICROGRAVITY- A
COMPARISON BETWEEN GENOTYPIC AND PHENOTYPIC
RESPONSES.

M.A. Juergensmeyer', E.M. Mobley', and E.A. Juergensmeyer”

'IT Research Institute, Chicago, IL, and *Judson College, Elgin, IL.

A wide variety of mechanical devices have been used on Earth to mimic
the environment seen during spaceflight. While all modeled microgravity
(MMG) systems are able to re-create some elements of the spaceflight
environment, no single device is capable of truly mimicking spaceflight. It
is, therefore, of interest to the researcher to know which device might
potentially be the most similar to spaceflight, and thus, perhaps, the most
useful during ground-based studies.

We have grown Escherichia coli on fast clinostats, slow clinostats,
vibrating shakers, and High Aspect Rotating Vessels (HARVs). Each of
these MMG systems provides a different subset of the microgravity
environment, and each MMG system results in physiological changes
comparable to those seen during spaceflight, e.g. reduced lag phase, higher
final cell number, etc. However, examination of the RNA regulation
during growth on these MMG systems reveals that of the four systems
tested, the clinostats and linear vibration induce generally the same number
of genes and pathways, while HARV-grown cultures are significantly
higher numbers of genes. We therefore chose another physiological test,
antibiotic resistance, and determined the change in resistance of bacteria
grown on these four MMGs.

E. coli grown in MMG were challenged with eleven antibiotics of
varying modes of action. Overall, very little significant change in minimal
inhibitory concentration (MIC) was seen. However, vibrated cultures had
a slight tendency to be more susceptible to antibiotics than the control,
while HARYV cultures had a tendency to be more resistant. The HARV
data correlates with an increase in the amount of RNA coding for
antibiotic resistance genes seen in the microarray data, although the
increase in resistance was not as significant as the array data would have
predicted.

Supported by NASA Grant NNA04CC75G

[77]
MULTIUSER EXPERIMENT FACILITIES FOR THE JAPANESE
EXPERIMENT MODULE “KIBO”. Muneo Takaoki, Space
Environment Utilization Center, Japan Aerospace Exploration Agency.
The capability of space biology research facilities to be operated in the
Japanese Experiment Module “Kibo” of the ISS was assessed. The Kibo
module will be assembled utilizing three flights of the Space Shuttle, STS-
123, 124 and 127. The biology research facilities of Kibo are expected to
be brought into operation in the middle of 2008. The center for biological
research inside the Kibo module is the Saibo Rack which accommodates
the Cell Biology Experiment Facility (CBEF) and the Clean Bench (CB).
The CBEF is an incubator with two compartments, one for the
microgravity and the other for the artificial gravity conditions. Each
experiment will be run in the experiment unit inside the incubator. The
experiment units can be made-to-order to meet various requirements
including the use of small multicellular organisms. The CB is a glove box
with a small aseptic workspace and equipped with a phase-contrast
fluorescence microscope. The European made Minus Eighty degree
Celsius Laboratory Freezer for ISS (MELFI) is inside Kibo for the
cryopreservation of samples. Monitoring radiation environment of
individual experiment is possible with the Passive Dosimeter Lifescience
Experiments in Space (PADLES). Combinations of these equipment
together with other supportive instruments can be recognized to cover a
fair part of experimental requirements. There is, however, a major defect,
the lack of rodents. To help overcome the drawback, we have focused
attention to a small fish, Medaka (Oryzias latipes). Although there are
clear differences such as calcium metabolism and renal functions, the
small fish has may advantages over rodents for space experiments. They
need less space. Their body is translucent and pathological observations
are possible without dissection. Since the gene knockout technique has
recently been established (1), the importance of Medaka is increasingly
recognized in laboratories on the ground too. The experiment facilities to
keep small fish on Kibo should be studied seriously.
(1) Taniguchi, Y. et al., Genome Biology 2006, 7(12):R116

[79]

THE DIFFERENTIATION OF MYOBLAST IS REGULATED BY
GRAVITY. Y. Kawahara'?, R. Yoshimoto', A. Sasaki', S.L. Wu', T.
Manabe', T. Kaj jume’®, M. Takeda®, T. Magaki3, and L. Yuge"z; !Graduate
School of Health Sciences, “Space Bio-Laboratories Y. K., and *Graduate
School of Biomedical Sciences, Hiroshima University, 1-2-3 Kasumi,
Minami-ku, Hiroshima 734-8551, Japan.

A 3D-clinostat is a multi-directional gravity device, by controlled
rotation of two axes, and makes 10~ G average over time. We previously
reported that microgravity inhibited stem cell and bone marrow-derived
cell differentiation. In the present study, the effects of microgravity on
myoblast differentiation were examined. L6 rat myoblast cells were seeded
in OptiCell and propagated in normal 1G environment. When L6 cells
reached confluence on culture day 4, they were induced differentiation and
then exposed to 10°G environment (group CL). Control cells were
cultured in normal 1G environment (group C). After Sdays induced
differentiation, cells were divided into two more groups and cultured for
another 5 days. One was continued to culture in same environment (group
CL/CL or group C/C), the other was exchanged culture environment of the
cells (group CL/C or group C/CL), thus cells in group CL were transferred
to 1G, and cells in group C were transferred to 10~G. It was shown that
microgravity inhibited myoblast differentiation by morphological
observation and molecular biological analysis. Moreover, the cells in
group CL/C began differentiation when cells put in 1G environment, while
the cells in group C/CL stopped differentiation when cells put in 10°G
environment. Here we show that gravity has possible effects on myoblast
differentiation.
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[80]

CONCOMINANT CYTOKINE SECRETION AND AMINO ACID
METABOLISM ALTERATIONS IN HUMAN LEUCOCYTES
SUBJECTED TO MICROGRAVITY ANALOG AND CORTISOL
TREATMENT IN VITRO. P.N.Uchakin', S.M.Smith’, O.N.Uchakina',
and B.W.Tobin'. 'Mercer University School of Medicine, Macon, GA;
“NASA Johnson Space Center, Houston, TX.

Space flight is complex environment and consists of many physical and
physiological stress-factors which are able to diminish immune
responsiveness. The objective of this work was to investigate the
underlying metabolic mechanisms of stress-induced immune suppression
using High Aspect Ratio Vessel (HARV) tissue culture as a microgravity
(10?g) analog. Peripheral blood mononuclear cells from 6 healthy donors
were activated with LPS+PHA mixture and cultured in the HARV orin a
2-dimensional static (STAT) environment for 48h in a 5% CO,, 95%
humidity atmosphere, at 37°C. Additionally, cell cultures were treated
with sub- (10®M) and supra-physiological (10°M) “stress” doses of
hydrocortisone (HCS). Secretion of interleukin(IL)-2, interferon (IFN)-y,
IL-4, IL-10, and concentrations of 41 amino-metabolites were assessed in
the supernatants. Two-way RM ANOVA with post hoc Tukey test was
used to determine statistical significance (p<0.05). The level of all
cytokines was significantly (P<0.05) lower in HARV environment. This
effect was HCS-depended only for IFN-y and IL-4 (power of performed
tests with a=0.05: 0.953 and 0.8 correspondingly). Concurrently,
significantly higher concentrations of ala, arg, asn, asp, gln, gly, tyr, his,
ile, leu, lys, phe, try, and orn were registered in HARV. In contrast,
concentration of arg was lower in HARV compare to STAT conditions.
The concentration of hys in HARV was dependent on HCS treatment
(power 0.8; a=0.05). Physical and endocrine stress-factors of microgravity
are able to significantly alter metabolism of amino acids and immune
competence in vitro. Understanding the cause and implications of these
alterations will help to develop nutritional or other countermeasures for
stress-induced immune suppression. Funded in part by NIH R15
GM62795-03 and NASA NSBRI through Cooperative Agreement NCC
9-58 with NASA.

[82]
EFFECT OF SIMULATED WEIGHTLESSNESS ON THE
INDUCTION OF ERK2 BY FLUID SHEAR STRESS IN MG-63
OSTEOSARCOMA CELLS. S. Zhang, B. Wang, Z. Yang and X.Q. Sun.
Dept. of Aerospace Biodynamics, FMMU, Xi’an, 710032, P.R.China
Objective This study was aimed to explore the relationship of Shc and
ERK in MG-63 osteosarcoma cells mechanotransduction and to survey its
functional alteration in simulated weightlessness. Method One group MG-
63 osteosarcoma cells were co-transfected with negative mutant of Shc
(She-SH2) and Myc-ERK2. Another group cells were co-transfected with
pcDNA3 parental plasmid together with Myc-ERK2. Then, the effects of
15 min fluid shear stress (FSS) on the induction of ERK were examined in
the above cells cultured 60 h in two different gravitational environments,
i.e. 1G terrestrial gravitational condition and simulated weightlessness
condition. FSS was set to 1.5 Pa in the experiment and parallel control
groups were set to no FSS in two gravitational condition. Results In 1G
terrestrial gravitational condition, FSS caused significantly activated Myc-
ERK2 in cells transfected with pcDNA3, and this FSS induction of Myc-
ERK?2 activity was drastically reduced in cells transfected with Shc-SH2.
There was no measurable value in the amount of Myc-ERK?2 activities in
MG-63 cells without FSS treatment. As to the MG-63 cells cultured in
simulated weightlessness by using clinostat, mechanical stimulation by 1.5
Pa FSS resulted, after 15 min, in increased amount of Myc-ERK2 activities
in cells transfected with pcDNA3. And the nature of cell responsiveness
was significantly different between 1G and simulated weightlessness
conditions (P<0.01). Conclusion These results suggested that Shc was
involved in the upstream signaling for the shear stress induction of ERK.
And mechanotransduction in MG-63 cells was affected by simulated
weightlessness. This abnormal mechanotransduction might contribute to
osteopenia induced by weightlessness observed in crewmembers.
(Supported by NSFC:30300398)

[81]

THE EFFECTS OF MICROGRAVITY ON THE METASTASIS OF
CANCER CELLS.

E. E. Williams', N. Miller, E. Ancel?, C. Manarinjara', S. Moore', C.
Sczamarski’, D. Tollaver?, and S. Ullah'.

'Department of Biological Sciences, Salisbury University, Salisbury, MD,
and “Department of Mechanical Engineering, Old Dominion University,
Norfolk, VA.

A key characteristic of metastatic cancer cells is their increased
deformability compared to normal cells and to non-metastatic cancer cells.
This enhanced deformability is thought to be a result of changes in
cytoskeletal structure and membrane organization. Experiments with cells
in space have shown that microgravity profoundly influences both the
cytoskeleton and the structure of cell membranes. Thus microgravity might
influence the ability of cancer cells to metastasize (i.e., escape their
primary tumor and invade new tissues). Currently, little is known about the
relationship between microgravity and the ability of cancer cells to
metastasize. Drawing on our experience with murine leukemia cells (T27A
line) on an earlier rocket flight, we have designed, constructed and tested a
second generation payload instrument that will allow us to simultaneously
measure tumor cell deformability in nine independent chambers during
suborbital rocket flight. The deformability assay is based on the ability of
tumor cells to survive being hydrostatically forced through filters with very
small and very well defined pores. Surviving cells are chemically fixed
upon entering the post-filter chambers and counted after payload retrieval.
One g bench tests using in-flight protocols showed that 105.5% (£ 6.2
SEM) of cells survived passage when no filters were present. In tests using
filters with pores of 1, 5, and 8 um, survival rates were, respectively, 7.6%
(£2.4),79.0% (+4.1), and 97.9% (£ 3.7). (The cells are approximately
10p in diameter; all values are based on a minimum of 12 triplicate tests.)
These results indicate that this assay as performed by this instrument will
be able to detect microgravity-induced changes in cell deformability
during rocket flight, which is anticipated to launch in 2007.

[Supported by Innovative Business Solutions, Inc. (IBSi), and the
Midatlantic Institute for Space and Technology (MIST)].

[83]

DEMENTIA ASTRONAUTICA: A POSSIBLE OUTCOME OF
LONG-DURATION SPACE MISSIONS? PM Cummings, MD', A
Obenaus, PhD”. 'Department of Pathology, Division of Neuropathology,
University of Virginia, Charlottesville, VA. ’Radiation Medicine, Loma
Linda University Medical Center, Loma Linda, CA.

Radiation exposure is a major health hazard associated with long-duration
space missions. Of particular concern is the effect of high-energy high-
charge (HZE) particles on the central nervous system (CNS) of astronauts.
Damage to sensitive regions of the brain such as the hippocampus may
have important implications on behavior and memory functions.
Astrocytes are important first responders to CNS injury and express glial
fibrillary acidic protein (GFAP) when activated, a process termed gliosis
or reactive astrocytosis. Often this process is accompanied by delayed
axonal degeneration and subsequent neuronal loss. In our current study we
set out to determine the effects of HZE on the CNS of rats exposed to
head-only irradiation (600 MeV/n, 56Fe) in a single fraction of 0, 1, 2, 4,
Gy. Rats were euthanized at 1-week and 1, 6, and 12-months post
exposure. GFAP immunohistochemistry was used to determine the
astrocytic response and quantification was performed using image
densitometry. A modified Gallyas silver stain was used to detect
degenerating axons. We found increased gliosis which was progressive in
severity over all time periods within the hippocampus of experimental
animals compared to controls. In addition, we identified degenerating
axons within the fornix and in other regions of the limbic system with a
similar time dependence. These lesions are similar to those seen in patients
with Alzhiemer’s disease. Given these findings it is possible that the
performance of astronauts exposed to HZE on long-duration space
missions may be compromised by CNS lesions similar to those seen in
patients with neurodegenerative diseases.
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[84]
THREE-DIMENSIONAL ORGANIZATION AND ENHANCED
FUNCTION OF HEPG2 LIVER CELLS CULTURED IN A
REDUCED GRAVITY ENVIRONMENT. Tammy T. Chang, M.D.,
Ph.D. and Millie Hughes-Fulford, Ph.D. Department of Surgery,
University of California, San Francisco and Laboratory of Cell Growth,
San Francisco Veterans Affairs Medical Center, San Francisco, California.
Liver transplantation is currently the only treatment for patients with
end-stage liver disease but availability of donor organs is a major
limitation. A potential application for tissue engineering is to construct a
bioartificial liver ex vivo for therapeutic purposes. One of the first
requirements for such an endeavor is to provide a 3-dimensional (3D)
environment for cells to grow and form tissue structure. In order to
elucidate how 3-dimensional growth may affect cellular organization and
function, we cultured HepG2 cells, a human hepatoblastoma cell line, in
the 3D culture environment of the Rotating Wall Vessel (RWYV)
bioreactors developed from NASA technology. We found that within 72
hours, HepG2 cells form cell aggregates up to Imm in diameter. In
contrast to cells in 2-dimensional (2D) culture that form actin stress fibers,
cell aggregates in 3D culture demonstrate cortical actin organization
important for maintaining cellular function. Albumin production and
cytochrome P450 activity of HepG2 cells are significantly enhanced in the
3D cell aggregates compared to 2D culture. This enhancement in synthetic
and metabolic function is dependent upon continued culture within the
RWYV bioreactors. Cell spheroids from long-term 3D cultures demonstrate
decreased functional activity after transfer into a static 2D environment.
Differences in cell morphology and enhancement of cellular function in
3D cultures reflect differential gene expression between 3D and 2D
cultures. These findings are another illustration of how surrounding
physical forces affect basic cellular processes.
(Supported by the American College of Surgeons Research Scholarship.)

86
gLI%/IESAT (SPACE LABORATORY FOR INVESTIGATIONS OF
MICROBIAL ECOPHYSIOLOGY): A PROPOSAL FOR A NEW
PLATFORM FOR THE INVESTIGATION OF THE EFFECTS OF
VARIABLE GRAVITY AND SPACE RADIATION ON
MICROBIAL ECOPHYSIOLOGY. B.M. Bebout', E.D. Fleming', A.E.
Frisbee', L.E. Prufert-Bebout', J.C. Rask', A.J. Ricco?, F. Selch!, S.P.
Worden', and Bruce Yost'. 'NASA Ames Research Center, Moffett Field,
CA, *Stanford University, Palo Alto, CA. A new small satellite mission is
proposed. SlimeSat would use existing flight-qualified and successfully
flown small satellite hardware (the GeneSat platform) with suitable
modifications to examine the growth and photosynthetic efficiency of
cyanobacteria — key target organisms for development and integration into
future in-situ resource utilization and life support systems for oxygen
production and/or carbon sequestration. To the growth and measurement
capabilities of the GeneSat platform, we would add the capability to
conduct the biological experimentation at different g-levels ranging from 0
to 1g, with main focus on lunar and martian gravitational forces.
Cyanobacteria (blue green algae) are bacteria that perform oxygenic
photosynthesis, exactly like higher plants on land. Pulse-amplitude-
modulated (PAM) fluorometry would be used to quantify the efficiency of
photosynthesis by determining the proportion of photons captured by
chlorophyll that are converted to useful chemical energy (as opposed to
being lost as fluorescence). PAM fluorometry has been in wide use in
plant physiology and ecology laboratories around the world for some time.
As an optical technique that requires no moving parts and very little
energy, it is ideal for adaptation to flight hardware. The PAM fluorometer
provides information about the general condition of the photosynthetic
apparatus, key to the well-being of the photosynthetic organism
(cyanobacteria, plants, or algae), and is a very sensitive indicator of stress
(desiccation, radiation, etc.) in the organism.

[85]

RADIATION BIOLOGY EDUCATOR GUIDE. J. Rask', B.J.
Navarro’, C. Elland®, W. Vercoutere® "Enterprise Advisory Services, Inc.,
NASA Ames Research Center, Moffett Field, CA, *Space Biosciences
Division, NASA Ames Research Center, Moffett Field, CA, *Lockheed
Martin Space Operations, NASA Ames Research Center, Moffett Field,
CA 94035.

The Radiation Biology Professional Educator Guide is designed for pre-
service and practicing high school science teachers. The goal of this guide
is to enable teachers to bring authentic NASA Exploration Systems
Mission Directorate (ESMD) research into the classroom. Teachers will
learn background information and current research in radiation biology
through use of the NASA Radiation Biology Educator Guide. The
Radiation Biology Educator Guide is accessible on the web
(http://radiationbiology.arc.nasa.gov/). The Guide provides learning
activities for inquiry-based radiation biology and genetics studies related to
research on a variety of radiation sources, including ultraviolet and cosmic
radiation. Existing life science standards-based curricula will be enhanced
with links to relevant research conducted by NASA scientists. The
modules can be used for week-long to semester-long lesson plans.
Students, guided by teachers in their classrooms, will conduct experiments
analogous to the research conducted at NASA. These activities are aligned
with national science, technology, and mathematics standards. The web-
based Educator Guide provides educators with access to the lesson
modules, activity guides, information about current NASA research, and
opportunities to ask questions about classroom implementation. A critical
goal of NASA scientists is to identify and mitigate the effects of radiation
on travelers to the Moon, Mars, and beyond. The goal of this Educator
Guide is to facilitate hands-on activities in the classroom based on NASA
radiation research, apply research-based theories of education in their
classrooms (including inquiry-based science instruction), highlight NASA
research’s impact on the quality of life on Earth, and grow professionally
by increasing science content knowledge. We are currently collaborating
with colleagues from NASA, academic and non-profit educational
organizations, including Marshall Space Flight Center (Huntsville, AL)
and the Space Science Institute (Boulder, CO), to expand the guide to
include activities for middle school students. Our colleagues at the Space
Science Institute are also producing educational videos on radiation and
human spaceflight that will compliment the hands-on activities.
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[87]

SPACE RADIATION HEALTH RESEARCH: NARROWING THE
UNCERTAINTIES IN EXPLORATION RISK. Paul Todd, Techshot,
Inc., Greenville, IN 47124.

For fifty years we have known three broad categories of ionizing
radiations in space. Galactic cosmic radiation (GCR) consists of nuclei of
atoms of all species traveling at high energy and having similar elemental
distribution to that of the universe and includes biologically damaging iron
nuclei at a significant fraction of the dose. Solar protons and electrons
constantly diffuse away from the sun forming the solar wind and radiation
belts; these radiations are similar to x rays in their biological effect. Solar
proton events (SPE’s) episodically release protons of high energy (10-300
MeV) and intensity into the solar system in directions and at times that are
difficult to predict. Dose rates and physical spectra of these three
radiations have been extensively characterized, but their risks to space
travelers are only understood with great uncertainties. For more than three
decades scientists have pointed out that one great unknown risk is the
combination of space flight factors and radiation exposure. Flight crews
are known to exhibit such symptoms as anemia, immunodeficiency, bone
and muscle loss and intellectual impairment. The three broad radiation
effects under study in U. S. ground-based research are: risk of cancer due
to GCR, risk of neurological and behavioral decrements due to continuous
GCR exposure, and risk of acute whole-body effects due to SPE’s. Each
speaker in this session will present research concerning each of these risks.
Research in the U. S. is being performed on the biological effects of GCR
by more than 100 investigators in groups that utilize the radiations
produced at the NASA Space Radiation Laboratory (NSRL), a
sophisticated facility installed at Brookhaven National Laboratory.
Protons and heavy ions found in the GCR (C, Ne, Si, Ti, Fe) are
accelerated to energies of several GeV, spread into wide (20 cm) beams
and used to expose cells, molecules and organisms to simulated GCR
particles. Research on the biological effects of SPE’s is performed at
medical proton accelerators, such as those at Loma Linda University and
Indiana University, which provide medical dosimetry systems. Speakers
in this session will describe results of research performed at these
facilities. Support: NASA Contracts NNJO7JA10C and NNJO6HE95A.

[89]
NEUROLOGICAL EFFECTS OF EXPOSURE TO GALACTIC
COSMIC RAYS Gregory A. Nelson, Department of Radiation Medicine,
Loma Linda University, 11175 Campus St. CSP A1010, Loma Linda,
California 92354.
gnelson@dominion.llumc.edu

This presentation constitutes a review of the observed effects of
radiation on the central nervous system (CNS) with emphasis on high LET
radiation (galactic cosmic rays and accelerated particles) and low/medium
dose ranges. First, the general pathological responses of the brain and
spinal cord to ionizing radiation are considered. Following this
introduction, selected radiation responses for neurons, glia and vasculature
are discussed in terms of cell population changes, functional output and
alterations in tissue architecture. Examples of functional changes include
blood-brain barrier breakdown and alterations in electrophysiological
parameters. Various high-LET radiation effects are compared and
contrasted with corresponding low-LET effects with emphasis on results
from low dose in vivo experiments. The two most sensitive CNS responses
to radiation are neurogenesis and behavioral changes. These responses are
interrelated and have been subjected to numerous investigations with
charged particles in rodent models. Inhibition of neurogenesis, in
particular, may determine dose limits for cognitive impairment.
Predictions from network modeling studies will be presented to illustrate
the importance of redundancy and high connectivity to network failure
modes. Finally, the experimental results and observations on low LET
radiation-induced neurological and cognitive impairment in humans are
synthesized and discussed in terms of potential risk limits for space
missions.

[88]

SPACE RADIATION CARCINOGENESIS: REDUCING THE
UNCERTAINTIES. Robert L. Ullrich. Colorado State University, Fort
Collins, CO 80523.

It is recognized that one of the primary risks from radiation during space
flight is radiation-induced cancer. Understanding of potential cancer risks
is hampered by the fact that there are no quantitative data from human
populations exposed to the types of radiations encountered in deep space.
As a result, estimates must rely on data derived from experimental
systems. Using this approach requires adequate quantitative data for tumor
induction in animal models and sufficient understanding of mechanisms so
that appropriate models can be developed to allow extrapolation of risks.
Currently, such quantitative data and insight into carcinogenic
mechanisms, especially with respect to potential unique biological effects
of the types of radiation encountered during space flight, are lacking.
Quantitative understanding of cancer risks of ionizing radiation remains a
difficult task despite the many years of study of human populations
exposed under a variety of conditions. Data derived from experimental
systems have provided important insights but fundamental questions
remain. Early experimental studies in biology related to radiation-induced
cancer were largely descriptive in nature. This was mainly related to
technical limitations in biological research. However, recent advances in
techniques in cell and molecular biology and their application in cancer
research are increasing the ability to directly approach important questions
and provide a better understanding of cancer risks. This information
should provide the information necessary for appropriate biologically-
based models to be developed for extrapolation of risks. Currently, there
are only a limited number of animal models amenable to this approach that
may be of direct relevance to cancer risks in humans. This paper will
describe available data, current views of mechanisms involved in
radiation-induced cancer, and emerging information from new model
systems.
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[90]

ACUTE AFFECTS OF SOLAR PROTON STORMS COMBINED
WITH SPACE FLIGHT FACTORS. M.S. Mendonca', C.M. Orschell',
H. Chin-Sinex', S.B. Klein?, J. Farr®, P.E. Sokol’, A. Constance® and P.
Todd’, 'Indiana Univ School of Medicine, IN. *Solar Proton Radiobiology
Inst, IUCF, Bloomington, IN, and 3Techshot, Inc., Greenville, IN.

Crew members on deep space missions face the risk of acute radiation
syndromes due to solar proton events (SPEs). Low gravity and ionizing
radiation both produce transient anemia and immunodeficiencies, and are a
concern for long term deep space missions. The C57B1/6 based hindlimb-
suspension model has been utilized to investigate the consequences of
hindlimb suspension induced immune suppression on the sensitivity to
whole body irradiations with high-energy protons. Eight week old C57Bl/6
female mice were put into hindlimb-suspension and serial tail bleeds and
complete blood counts (CBCs) were performed weekly and compared to
non-suspended controls. C57Bl/6 mice were also transported to the
Medical Proton Radiotherapy Institute at the Indiana University Cyclotron
Facility to determine LD20/30, LD50/30, and LD80/30. Successful hind-
limb suspension up to 6 weeks has been achieved. Preliminary serial tail
bleeds and CBC analysis of tail-suspended and control mice by
HEMAVET indicate that one week of tail suspension reduced overall
white blood cells counts by over 50% with the majority of that decrease
due to 3 fold reduction in lymphocytes counts. These reductions were
maintained for the entire six week period of observation. Neutrophil, RBC,
and platelets counts were either not significantly or slightly reduced over
the same interval. A preliminary proton irradiation with 6.5, 7.0, and 7.5
Gy of protons has recently been completed. Preliminary serial tail bleeds
and CBC analysis of 7 Gy irradiated and control mice by HEMAVET
demonstrate severe reductions in WBC counts (Lymphocytes and PMNs)
by day 2 post-irradiation, followed a week to ten days later by reductions
in platelets, and then reductions in RBCs about 2 weeks post-irradiation.
Recovery of all blood components is underway three weeks post-
irradiation. Our preliminary investigations are quite promising and indicate
our approach will allow us to study the interaction of immune suppression
and high-energy proton radiation sensitivity. Supported by Cooperative
Agreement # NNJO6HE9SA with NASA.
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[91]

INCREASED FILAMENTOUS GROWTH OF CANDIDA
ALBICANS IN SIMULATED MICROGRAVITY. L.E. Hyman, S. D.
S.M. Altenburg. Y. Stypula, J. Ant and S. Nielsen-Preiss. Division of
Health Sciences and the Department of Cell Biology and Neuroscience,
Montana State University, Bozeman MT 59717.

Microgravity presents a unique environmental stress on prokaryotic and
eukaryotic organisms that have evolved under normal gravity.
Determining the effects of this stress on cellular function during space
flight is important to better understand the physiologic response of
humans, and that of microorganisms that are potential human pathogens.
To this end, ground-based methods, such as the high-aspect-ratio-vessel
(HARYV) bioreactor, have been useful models to study a simulated
microgravity (SMG) environment. In previous studies from our
laboratory, we examined the effects of SMG at both the phenotypic and
genotypic level in Saccharomyces cerevisiae using the HARV bioreactor.
Yeast grown under the influence of SMG displayed a random budding
phenotype compared to the typical bipolar budding pattern of cells grown
under control conditions. In addition, we observed an increase in the
number of cells found in clumps or aggregates. Consistent with these
phenotypic alterations, there were significant changes (>1.5 fold) in the
expression of genes associated with bipolar budding and cell separation.
In a separate but related study, genome wide microarray analysis revealed
significant microgravity-induced changes in the expression of genes that
have a role in environmental stress responses, as well as in genes that may
represent novel responses to microgravity.

The objective of the current study was to determine the effects of SMG
on C. albicans and establish whether the response is comparable to that
observed in S. cerevisiae. Specifically, we examined whether a subset of
genes conserved between S. cerevisiae and C. albicans respond in a similar
fashion when grown under conditions of SMG. In addition, we examined
whether the phenotypic response to SMG observed in S. cerevisiae was
mimicked by a morphogenic response in C. albicans, particularly to that
which might induce a pathogenic response. The results from this study
provide evidence that there is a conserved response to SMG between two
dissimilar yeast strains and the changes that occur in C. albicans may
predict an increased pathogenicity.

[93]

CHARACTERIZING MOLECULAR SIGNALING PATHWAYS
DURING HINDLIMB SUSPENSION INDUCED ATROPHY
FOLLOWED BY VOLUNTARY EXERCISE. A.M. Hanson', B.C.
Harrison®, L.S. Stodieck', V.L. Ferguson® Dept of Aerospace Engineering',
Mechanical Engineering®, and MCD Biology®, University of Colorado,
Boulder, CO.

Prolonged exposure to the microgravity environment causes significant
decreases in skeletal muscle mass and strength. Understanding the
underlying mechanisms of muscle loss and recovery is imperative to the
development of successful muscle atrophy countermeasures and therapies.
The objectives of this study were to characterize longitudinal changes in
protein expression, mRNA synthesis, and morphological adaptations in
myofibers over the course of fourteen days of hindlimb suspension (HS),
HS with a follow on exercise (E) period, and the effects E alone. Murf-
1/Atrogin-1 and p70s6k are known regulators of muscle atrophy, located
downstream of the IGF1 signaling pathway. Increased expression of Murf-
1/Atrogin-1 is indicative of a catabolism, whereas activation of p70s6k
indicates protein synthesis and muscle hypertrophy. Young adult C57BL/6
male mice (27.5+1 grams) were evenly divided (n=7) into four treatment
groups: Control, 14-days HS, seven days of exercise (voluntary wheel
running) (E7), and 14-days HS followed by seven days of exercise
(HSE7). Compared to controls, expression of p70s6k decreased 17.3% in
HS mice, increased 11.8% in E7 mice, and returned to control values in the
HSE7 mice. Levels of Murf-1/Atrogin-1 expression peaked at a 40-fold
increase compared to controls after 1-day of suspension, and dropped to a
4-fold increase at day fourteen. Murf-1/Atrogin-1 expression dropped to a
2-fold increase over controls with in the HSE7 mice; exercise alone did not
affect expression Murf-1/Atrogin-1. IGF1 expression increased slightly
through seven days of suspension, but returned to control values at the end
of the suspension period. Expression of type-I fibers in the soleus
decreased in number and size in the HS mice, increased in area in the E7
group, and returned to control values in size, but not numbers with
exercise following suspension. These results show a clear correlation
between p70s6k and Mruf-1/Atrogin-1 expression and morphological
changes in muscle undergoing unloading induced atrophy. (Supported by
NASA: NC C8-242)

[92]
EFFECTS OF SIMULATED MICROGRAVITY ON
SWIMBLADDER DEVELOPMENT IN THE ZEBRAFISH (DANIO
RERIO). R.P. Croll', B.W. Lindsey?, T.C. Dumbarton', G.N. Robertson?,
and F.M. Smith?* 'Department of Physiology & Biophysics, “Department
of Anatomy & Neurobiology, Dalhousie University, Halifax, N.S., Canada
Teleost fishes have evolved gas-filled swimbladders to counteract
normal gravitational forces, thus making these animals neutrally buoyant
in their natural environments. In previous studies we examined the normal
morphology of the swimbladder system together with its associated
musculature, vasculature and autonomic innervation in the zebrafish. We
have also examined the normal development of the swimbladder and its
innervation from pre-inflation, through the initial single-chambered stage
and finally to the double-chambered stage of the adult. Here we test
whether swimbladder development is dependent upon normal gravitational
input by examining the effects of exposing eggs and larvae to simulated
microgravity (SMG) in a NASA-designed rotating wall vessel
(“bioreactor”) for the initial 96 hours after fertilization. Only 14% of
SMG-exposed larvae had inflated swimbladders, compared with 62% of
age-matched controls when first removed from the bioreactor. Moreover,
in those animals with inflated swimbladders, the mean bladder volume was
significantly reduced in experimental vs. control animals. A delay in the
swim-up stage was also observed in SMG-exposed animals, but
subsequent testing revealed little difference in swimming behaviour of
animals at later developmental stages. There were also no obvious changes
in the anatomical patterns of musculature, vasculature, or innervation
between these two groups. Collectively, our findings suggest that despite
initial differences in inflation rates and swimming behaviour, animals
exposed to SMQ early in life appear subsequently to develop normal
swimbladders and swimming behaviours.
(Supported by Canadian Space Agency Contract 9F007-046016.)

[94]

NEURONAL ACTIVITIES IN RAT HIPPOCAMPUS AT ALTERED
GRAVITY AND 5HT MODULATION. Y. Kumei', J. Zeredo®, T.
Ikeda®, H. Suzuki’, M. Kimoto®, and K. Toda”. 'Graduate School of Tokyo
Medical and Dental University, Tokyo, Nagasaki University Graduate
School, Nagasaki, *Japan Space Forum, Tokyo, *Japan Women’s
University, Tokyo.

The neuronal activities of rat hippocampus were modulated by
gravitational alteration. During parabolic flights of male Wistar rats,
repeated exposures to microgravity induced the “late-response” of firing in
hippocampus, which was contrasted to hypothalamic response. A 5-min
exposure to 2G increased the efficiency of the synaptic transmission by
180% of the 1G static controls. The pre-treatment with methysergide, a
serotonin (SHT) inhibitor, further elevated the efficiency of the synaptic
transmission by 320% of the 1G static controls. It is known that the long-
term potentiation (LTP) in the hippocampus undergoes inhibitory
regulation by midbrain raphe nucleus (MRN) from which the serotonergic
neurons are projected various areas of the CNS, including hippocampus.
Thus, the data suggest that the methysergide treatment counteracted the
negative regulation of LTP by SHT, resulting in the further potentiation of
2G-induced LTP. We previously reported that 2G exposure induced pain
suppression in whole body of rats. The serotonergic neuronal activities
could be involved in the gravity stress-induced analgesia together with the
endogenous opioid system. Gravity change may modulate the firing and
synaptic plasticity in rat hippocampus, at least partly via MRN.
(Supported by Japan Space Forum and Grant-in-Aid from the Ministry of
Education, Science, Sports and Culture of Japan. No. 18659569)
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[95]

IRON ION IRRADIATION ALTERS ADHESIVENESS OF
VASCULAR ENDOTHELIUM. D.F. Kucik'**, S. Khaled', K. Gupta',
X. Wu', T. Yu', P. Chang’, and J.H.S. Kabarowski®' Departments of
'Pathology, “Biomedical Engineering and *Microbiology, University of
Alabama at Birmingham, VA Medical Center, Birmingham, Alabama,
and *SRI International, Menlo Park, CA.

Radiation causes inflammation, and chronic, low-level vascular
inflammation is a risk factor for atherosclerosis. Consistent with this,
exposure to radiation from a variety of sources is associated with increased
risk of heart disease and stroke.

Part of the inflammatory response to radiation is a change in the
adhesiveness of the endothelial cells that line the blood vessels, triggering
inappropriate accumulation of leukocytes, leading to later, damaging
effects of inflammation. Although some studies have been done on the
effects of gamma irradiation on vascular endothelium, the response of
endothelium to the high energy radiation likely to be encountered in
prolonged space flight has not been determined.

We investigated how irradiation with iron ions affects adhesion of
leukocytes to aortic endothelial cells, the consequences of this for
development of atherosclerosis, and how these effects compare to those of
gamma irradiation. Aortic endothelial cells were irradiated with high-
energy iron ions at Brookhaven National Laboratory and adhesion-related
changes were measured. Cells remained viable for at least 72 hours, and
were even able to repair acute damage to cell junctions. We found that
600 MeV iron ion irradiation altered expression levels of specific
endothelial cell adhesion molecules. Further, these changes had functional
consequences for adhesion. Using a flow chamber adhesion assay to
measure adhesion of monocytic cells to endothelial cells under
physiological shear stress, we found that adhesivity of vascular
endothelium was enhanced in as little as 24 hrs. after irradiation. Further,
the radiation dose dependence was not monotonic, suggesting that it was
not simply the result of endothelial cell damage. Subsequent experiments
using a mouse model will determine possible consequences for
development of atherosclerosis.

(Supported by NSBRI: NCC-9-58-162)

97
EBR;VITY PLAYS A KEY ROLE IN POSTNATAL
DEVELOPMENT OF HEART RATE VARIABILITY. S. Nagaoka',
C. Miyasaka', M. Shida', Y. Eno?, Y. Ohira®, 'Dept. of Physiology, Fujita
Health Univ. Sch. Health Sci., Aichi, Japan ~*Nangoya City Univ. Grad.
Sch. of Natural Sci. Nagoya, Aichi, Japan, *Dept. of Applied Physiology,
Osaka Univ. Grad. Sch. of Med., Osaka, Japan.

The respiration induced heart rate variability (RHRV) is only found in
mammals and avian showing a remarkable postnatal development, whereas
no or little RHRYV in aquatic species such as fish or amphibian. To
elucidate our hypothesis that gravity exposure may plays a key role in the
postnatal development of RHRYV as well as its evolutional origin in these
ground animals, we have studied effects of hypergravity (2G) on the
postnatal development of RHRV using rat. Pregnant Wister rats were kept
in centrifugal cages system for 2 months from 6th days of pregnant mother
to have neonates until 23 days old. Electrocardiograph was recorded from
the neonates in 2 to 23 days old in 2G group with simultaneous control
(1G) group. The RHRYV analysis was performed by calculating a
component of Fourier power spectral coincide with the respiration
frequency. In both groups, averaged resting heart rate gradually increase
from 2 to 23 days old. When comparing the heart rate between the two
groups, the 2G group indicated significantly lower (240+ 8 bpm) than 1G
control (326+21 bpm, p<0.001) in 2 days old, where as no significance in
23 days old. The RHRV of 2 days old neonates in both groups indicated
very small magnitude but significantly lower in 2G group than 1G control
(p<0.01). The RHRV gradually increase during the first 2 weeks and then
rapid increased to reached 45 fold of magnitude in 1G control, whereas 69
fold in 2G group. The results strongly suggested that the postnatal
innervation from respiration to cardiovascular centers was gravity
dependent.

[96]

GENE EXPRESSION AND STRUCTURE OF CULTURED
OSTEOBLASTS SUBJECTED TO INCREASED GRAVITY. W.J.
Landis', R. Jacquet', E. Lowder', K.J. Hodgens?, J. Rask®, D. Morgan®, T.
Shaw?, J. Dwyer’, T. Purcell®, R. Globus®, and M. Rubin®. 'Northeastern
Ohio Universities College of Medicine, ’Children’s Hospital, Boston, MA,
*NASA/Ames Research Center,, and “University of Pittsburgh.

Adaptation of bone in response to loading was studied with cultures of
osteoblasts from normal 17-day-old embryonic chick calvaria, placed in
hollow fiber bioreactors (Spectrum Laboratories, Rancho Dominguez, CA)
and mounted in an incubator (37°C, 5% CO,) at the end of a 9-ft centrifuge
arm at the NASA/Ames Hypergravity Facility for Cell Culture.
Osteoblasts were subjected to 1.08G (n=3) or 1.10G (n=3) for 2 wks on the
centrifuge, cell medium (DME, 10% FBS, 12.5 ug/ml ascorbate, 10 mM -
glycerophosphate) being changed (~1 hr duration) every 2 days. Cells
under identical conditions were maintained at 1G as controls (n=6) over
the same 2 wks. Centrifuged and control cells were treated in two ways.
Some were fixed and processed for scanning electron microscopy to
compare ultrastructural features. Others were harvested for isolation of
total RNA, which was then DNase-treated and reverse-transcribed. QRT-
PCR was used to analyze resultant cDNA with chicken-specific primers
for fibronectin (FN), osteopontin (OPN), bone sialoprotein (BSP), type I
collagen (C), and osteocalcin (OC). 18S rRNA as the normalizing gene
was used in standard curve methodology (all measurements in triplicate).
After 2 wks, increased matrix appeared on microscopy in centrifuged vs.
control bioreactors. Over the same time, mRNA levels in centrifuged vs.
controls were elevated in FN, OPN, BSP and OC while C remained
generally constant. Bonferroni multiple comparisons showed statistical
significance (p < 0.5) between 1.10G and 1G for FN, BSP and OC
expression and between 1.08G and 1.10G for BSP and OC expression. No
statistical differences were found between 1.08G, 1.10G and 1G for OPN
or C expression. Loading osteoblasts thus produced up-regulation of
statistical significance in expression of certain genes important in bone
matrix production and mineralization, supported by increases in matrix
inferred by microscopy. Data are critical to understanding possible
mechanisms underlying bone adaptation to mechanical forces.

[98]

EFFECTS OF L-NNA ON ARTERIAL CONTRACTILE
RESPONSES OF ABDOMINAL AORTIC RINGS IN HINDLIMB
UNWEIGHTING RATS. J. Ma', X.L. Ren?, J.X. Bao', H. Tang'. 'Dept.
of Aerospace Physiology, and “Dept. of Respiratory Diseases, Xining
Hospital, Fourth Military Medical Univ., Xi’an, China.

Previous works showed that Acetylcholine induced dilatory responses of
abdominal aorta were decreased in hindlimb unweighting rats compared
with control rats, but other works showed that there were not significant
differences in both expression of Nitric Oxide Synthase (NOS) and content
of Nitrate and Nitrite in abdominal aorta between hindlimb unweighting
rats and control rats. These results indicated that the activity of NOS may
be altered by hindlimb unweighting in abdominal aorta of rats. The aim of
this work was to investigate the effects of Nw-Nitro-L-arginine (L-NNA)
on contractile responses of abdominal aorta in hindlimb unweighting rats.
Twenty male healthy SD rats, which body weight ranged from 250g to
280g, were divided into control and hindlimb unweighting groups
randomly. After four weeks, the abdominal aorta was isolated and effects
of L-NNA on diminished vasoconstriction induced by 4-wk simulated
weightlessness were investigated by using isolated abdominal aortic rings.
The results showed: maximal contractile responses evoked by KCI and
Phenylephrin were enhanced in endothelium intact abdominal aortic rings
of both hindlimb unweighting and control rats by L-NNA(10*° mol/L); and
increased relative changes of vasoconstriction in endothelium intact
abdominal aortic rings of hindlimb unweighting rats were greater than that
of controls. But, in the presence or absence of L-NNA, maximal
contractile tension evoked by KCI and PE were all lower in rings from
hindlimb unweighting rats than that from controls, L-NNA did not recover
diminished contractile responsiveness of abdominal aorta induced by
hindlimb unweighting. The results indicate that increased basal nitric oxide
release may play a role in the diminished contractile responsiveness of
abdominal aorta in hindlimb unweighting rats, and the effects of hindlimb
unweighting on NOS of arteries may be different due to different location
or isoform of NOS.

(Supported by NSFC Grant 30170355).
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