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Abstract:

The NSCORT isaconsortium of 11 project leaders from 4 institutions including North Carolina
State University (College of Agriculture and Life Sciences and School of Forestry), Wake Forest
University, Baruch College (City University of New Y ork), and Dynamac Corporation (which
manages the Life Science support contract at NASA's Kennedy Space Center). Faculty, staff and
students from all of these institutions participate in various aspects of the program. In addition,
participation by non-NASA supported personnel has added to the value of the grant. This report
summarizes the progress of the NSCORT in FY99. The overall mission of the NSCORT is
spelled out in the two sub-headings. Research and Education/Outreach.

Research:

To advance the basic understanding of the role of calcium in gravity perception, induction and
response and; To alter gravity-induced growth by altering calcium homeostasis. The group uses
an integrated molecular, cellular, and physiological approach to plant gravitational biology.

Education/Outreach:

To create an innovative learning environment for postdoctoral fellows, graduate and
undergraduate students through active integration of teaching, research and outreach
opportunities; To communicate knowledge and enthusiasm for gravitational plant biology to K-
12 teachers and students and; To enable the teachers to share what they learn.

Task Progress

Resear ch

The approach, as stated in the Original Proposal Abstract, isasfollows. “ The precise
modulation of calcium homeostasis will be achieved using transgenic plants and monitored using
sophisticated imaging techniques to verify the specificity and extent of transgene expression.
These efforts, in combination with our expertisein local and long-distance signaling, will make a
major contribution to understanding the fundamental role of calcium in orchestrating the
transduction of the gravity stimulus into an autopoietic (self-regulated) response.” The research
synergy is such that “Principal Investigator” and “Project” are NOT synonymous and thus it was
inappropriate to make this report one of 11 independent Pl/projects. This approach has resulted
in 5 highly integrated research thrusts, listed below as Projects| - V.

Project I. Changing calcium homeostasis in transgenic plants. A reverse genetics approach
(Robertson, Thompson, Boss).



Project I1. Isolation of anovel class of mutants with impaired transduction of the gravity signal
(Robertson, Muday),

Project I11. Changes in gene expression during gravistimulation (Davies, Whetten, Sederoff),
Project V. Signal transduction pathways and early responses to gravistimulation (Allen, Tucker,
Boss, Muday, Davies, Whetten,

Project V. Effects of gravity on metabolism (Huber, Brown, Muday).

Our thesisisthat if we genetically altered calcium homeostasis, we would affect the plant’s
ability to respond to gravity. The research progress of this reverse genetic approach is described
inProject |. Thishasresulted in anumber of constructs we now have available for the group.
These include calreticulin, calmodulin, calmodulin-binding peptides, PIP 5-kinases, the ER C&*-
ATPase and tonoplast Ca**-ATPase under the control of inducible and targeted promoters. This
has furnished the first evidence to support our hypothesis insofar as transgenic Arabidopsis plants
over-expressing calreticulin in the endoplasmic reticulum, when grown on low calcium medium,
have an enhanced response to gravity compared to controls. This has also enabled us to produce
the first stable transformants with areliable, inducible Topl0 promoter in Arabidopsis and to
optimize conditions for itsuse. We also optimized conditions for using onion epidermal peels
for transient expression. The onion system greatly facilitates imaging GFP-fusion proteins for
localization studies and for testing our constructs. Another focus has been the optimization of
calcium- and pH- sensitive reporter proteins for expression in Arabidopsis to facilitate analysis of
ion fluxes in response to gravity.

Project Il isamutant screen of T-DNA tagged Arabidopsis that takes advantage of the fact that
inflorescence stems can perceive but not respond to gravity at 4°C.. The mutants are proposed to
have lesionsin their Gravity Persistent Signaling mechanism and, therefore, they have been
called GyPSI mutants. We have recovered 8 mutants that have been screened through the F2
generation and we are in the process of characterizing them with respect to phenotype, genetics,
and auxin transport in mutant and wild-type backgrounds. We anticipate that the mutant screen
will lead to new insights concerning control points for gravi-sensing in plants.

Project 111 isanother approach to identifying novel genesinvolved in gravity-induced signal
transduction and response. Changes in transcription are indicated by the fact that specific
transcripts become more abundant in gravi-stimulated pine xylem and maize pulvinus tissue,
while changes in trandlation are indicated by differencesin polysome profilesin gravi-stimulated
maize pulvini. Our data suggest that transient changes in gene expression occur over timein the
upper and lower halves of gravi-stimulated maize pulvini and are consistent with biochemical
differences reported in Project IV and V. We also are using microarrays to identify genes
expressed in gravi-stimulated pine and will eventually expand these studies to maize.

Project 1V addresses cellular and biochemical studies of signal transduction pathways. We have
evidence for arole for the phosphoinositide pathway in the maize pulvini and MAP kinase-
regulated signaling events in both gravi-stimulated pine and maize. Rapid (10s) changesin P
evident in the lower side of the maize pulvinus indicate an early sensing of a change in the
gravity vector. In addition, we have repeatedly detected an oscillation of the metabolic changes
alternating between the lower and upper sides of the pulvinus as though the commitment to



elongate does not occur until after about 2-4h of gravi-stimulation. More complete analysis of
the signaling events over time will be needed to sort out this intriguing signaling pattern.
Although the maize pulvinus has been ideal for biochemical studiesit is not tractable for
imaging. To thisend, we developed a method for isolating files of amyloplast-enriched bundle
sheath cells for imaging changes in cytosolic calcium and pH during gravi-stimulation.

Although others were not able to detect changesin Ca* in gravi-stimulated root columella cells,
we have shown arapid (<1min) increase in pH of the Tier 2 columella cells on the lower side of
Arabidopsisroots. To provideinsight in the relationship between auxin transport and gravity
response in the roots of Arabidopsis, an assay has been devel oped to measure auxin movements.
Results from the assay of wild-type and mutant plants altered in transport, combined with
inhibitor studies indicate that basipetal auxin transport is sufficient to control gravity responsein
Arabidopsisroots. In addition, proteins that bind and potentially regulate auxin transport
proteins were found to bind F-actin affinity columns suggesting actin localization of the transport
proteinsis a potential means for regulating auxin transport.

In order to measure calcium influx in response to gravity, we used a self-referencing Ca?*-
selective ion probe and monitored Ca®*-influx into the tip cell of afilament of Physcomitrella.
This cell has proven to be useful for microinjecting dyes and recombinant proteins, and studies of
Ca”* revealed adramatic and rapid effect of light on cytosolic Ca?* which may override gravity-
induced changes.

Project V focuses on the role of carbon metabolism in the gravity response and studies of starch
metabolism in space flight. Rapid (10 min) changes in malate concentrations are evident in the
mai ze pulvinus following gravi-stimulation. Changesin the intracellular distribution of the
sucrose metabolizing enzyme, sucrose synthase, were also noted suggesting a mechanism
regulated by protein phosphorylation that affects the membrane and cytoskeletal localization of
the enzyme. The effect of gravity on the regulation of invertase activity as well as transcription
of its gene has become a major focus of this work. Recent work indicates that invertase gene
expression in controlled by auxin levels and that redistribution of auxin across a gravity
stimulated maize pulvini precedes differential invertase expression. The potential for changesin
cytosolic pH to regulate invertase activity and a possible connection to the cytoskeletal structure
make this a very exciting system for regulating a growth response. Space flight grown plants
have been studied with regard to their starch metabolism and were found to produce less starch
and have smaller starch granules. Indications of altered starch grain structure and morphol ogy
have been noted and are under investigation.

Education/Qutreach

The “ Space Biology” course was made an official part of the NC State University curriculum
(Botany 277) and is taken primarily by undergraduates, either science majors wanting to expand
their horizons, or by non-science majors as a science elective. This has increased the awareness
of space biology among the campus community. Furthermore, since the course was transmitted
from 5 locations around the country, including 3 NASA centers, and was transmitted to 2 other
ingtitutions (UNC-Chapel Hill and the NC School of Science and Math), it has broadcast
awareness of space biology to a much wider audience than just NCSU. In 1998, 23 students and




1 teacher took Space Biology. Ten guest lecturers participated last year, many of them external to
the NSCORT. We arein the process of developing it asamodel course for long distance
education and have established a course website (http://www.cal s.ncsu.edu/course/bo277).

The 1999 Annual Teachers Workshop “Plants, Gravity and Space” had 9 participants from 5
states and the District of Columbia. The workshop helped to forge ties with teachers both within
and outside the state of North Carolina and has been the basis for other outreach activities such
as “Expanding Your Horizons’. These workshops aso provided the impetus for our NSCORT to
become amgjor player in the NC Science Olympiad held at NCSU in 1998. In total, the
NSCORT has interacted with over 250 students and 100 teachers through our Outreach Program
in FY99.

Both the 1999 and 2000 Annual Symposia*“ Calcium and Gravitational Biology” top speakers,
and drew over 80 attendees each year from across the country. In addition to the main speakers,
poster presentations have been given by teachers, undergraduate, graduate and post-doctoral
students.

Earth Benefits:

This research will determine the mechanisms by which plants perceive and respond to several
environmental stimuli, especially gravity. It will provide afundamental understanding of basic
plant processes, especidly at the cellular, molecular, and developmental levels. A deeper
understanding of how plants respond to gravity and other environmental conditions will improve
our understanding of how they grow in various space conditions (e.g. Earth orbit, Mars) and how
their growth can be modified to maximize yields on Earth. More applied work on specific plants
should yield valuable by-products such as enhanced paper quality (e.g., pine seedling system and
its formation of compression wood), yield of seed grains (e.g., reorientation of corn plants blown
over in strong winds), improved quality of cut flowers (maintenance of straight stems during long
distance shipping), and nutraceutical plants (e.g., plants with enhanced capability of storing
essential nutrients such as calcium).

Bibliography

Abstracts—Journals

Brown, C.S., Sanwo-Lewandowski, M.M., Keller, M.A., Piastuch, W.C. and Guikema, J.A.,
1998. The interaction of gravity and ethylene in soybean seedlings. Gravitational and Space
Biology Bulletin 12:76.

Klymchuk, D.O., Brown, C.S., Piastuch, W.C. and Kordyum, E.L., 1998. Alterationsin the root
tip cells of soybean seedlings grown under microgravity. Gravitational and Space Biology
Bulletin 12:45.

Nedukha, O., Kordyum, E., Brown, C., Piastuch, W. and Ovrutskaya, ., 1998. Influence of
microgravity on localization and relative content of Ca?* in soybean seedlings. Gravitational
and Space Biology Bulletin 12:76.



Scott, A. and Allen, N. 1998. Imaging cytoplasmic pH in cap cells of Arabidopsis primary roots
during gravistimulation. Gravitational and Space Biology Bulletin 12:14.

Abstracts — Proceedings

Articlesin Peer Reviewed Journals

Allen, N.S., Moxley, D., Collings, D., Holzwarth, G. 1998. Polarization Modulation DIC
Microscopy: an improvement for video microscopy. Proc. EM SA.130-31.

Butler, JA., Hu, S,, Brady, S., Dixon, M.W. and Muday, G.K. 1998 In vitro and in vivo
evidence for actin association of the NPA binding protein. Plant Journal 13, 291-301.

Callings, D.A., Asada, T.A., Allen, N.S. and Shibaoka, S. 1998. Plasma membrane-associated
actin in tobacco BY -2 cells: evidence for interaction with micro-tubules. Plant
Physiol.118:917-928.

Callings, D.A., Winter, H., Wyatt, SE. and Allen, N.S. 1998. Growth dynamics and
cytoskeleton organization during stem maturation and gravity-induced stem bending in Zea
mays L. Planta 207:246-258.

Hellmann, 1., Perera, 1.Y ., Gross, W. and Boss, W.F. 1999. Changes in phosphoinositide
metabolism with daysin culture affect signal transduction pathwaysin Galdieria
sulphuraria. Plant Physiology 119:1331-1339.

Perera, 1.Y ., Heilmann, |. and Boss, W.F. 1999. Transient and sustained increasesin
inositol-1,4,5-trisphosphate precede the differential growth response in gravistimulated maize
pulvini. PNAS USA 96:5838-5843.

Reed, R.C., Brady, S.R. and Muday, G.K. 1998 Inhibition of Auxin Movement From the Shoot
into the Root Inhibits Lateral Root Development in Arabidopsis thaliana. Plant Physiol. 118:
1369-1378.

Scott, A.C., Wyatt, S., Tsou, P.-L., Robertson, N. and Allen, N.S. 1999. A model system for
plant cell biology: GFP imaging in living onion epidermal cells. BioTechniques 26: 1125-
1132. JOURNAL COVER

Stevenson, J.M., Perera, I.Y. and Boss, W.F. 1998. A Phosphatidylinositol 4-kinase Pleckstrin
Homology (PH) Domain that Binds Phosphatidylinositol 4-Monophosphate. J. Biol Chem.
273:22761-22767.

Wenck, A.R., Quinn, M., Whetten, R.W., Pullman, G. and Sederoff, R.R. (in press) High-
efficiency Agrobacterium-mediated transformation of Norway spruce (Picea abies) and
loblolly pine (Pinus taeda). Plant Molecular Biology.

Gravity, Space and/or NSCORT-Related Publications

Cai, W.M., Guan, P.Z., Zhao, W., Yun, J. and Fel, C.K. 1998. Identification of gravity-related
esterases (QrEST1 and grEST?2) in carrot callus cells. Acta Phytophysiologica Sinica
24(4):392-398.

Davies, E., Abe, S, Larkins, B.A., Clore, A.M., Quatrano, R.S. and Weidner, S. 1998. Therole
of the cytoskeleton in plant protein synthesis. In: A Look Beyond Transcription: Mechanisms
determining mRNA Stability and Tranglation in Plants. J Bailey-Serres, DR Gallie, eds.
ASPP pp. 115-124.



Sack, F.D., Stankovic, B., Antonsen, F., Johnsson, A., Volkmann, D. (1998) Autotropic
straightening after gravitropic curvature of Lepidium rootsin microgravity. In: Biorack on
Spacehab. Perry, M. ed., ESA Publications, Nordwijk, The Netherlands, pp. 237-242.

Stankovic, B., Volkmann, D., Sack, F.D. (1998) Autonomic straightening of gravistimulated
cress roots. Plant Physiology 117: 893-900.

Stankovic, B., Volkmann, D., Sack, F.D. (1998) Autotropism, automorphogenesis and gravity.
Physiologia Plantarum 102: 328-335.

Stankovic, B., Witters, D.L., Zawadzki, T. and Davies, E. 1998. Action potentials and variation
potentials in sunflower: an analysis of their relationships and distinguishing characteristics.
Physiol Plant. 105:51-58.

Whetten, RW., MacKay, J.J. and Sederoff, R.R. 1998. Recent Advancesin Understanding
Lignin Biosynthesis. Annu. Rev. Plant Physiol. Plant. Mol. Biol. 49: 585-609.

Yorio, N.C., Wheeler, R.M., Goins, G.D., Lewandowski, M.M., Mackowiack, C.L., Brown, C.S,,
Sager, J.C. and Stutte GW. 1998. Blue light requirements for crop plants used in
bioregenerative life support systems. Journal of Life Support and Biosphere Science. 5:119-
128.

Articlesin Other Journals

Brown, C.S. and Wyatt, S.E. 1998. Clinorotation. Internet Article http://www.asgsb.org.

Wyatt, S.E. 1997. Why Study Plants? Internet Article
http://quest.arc.nasa.gov/smore/background/wyatt.html.

M eeting Paper s (Pr oceedings)

Academic Dissertations/ Theses

Scott, A.C. 1998. Changesin cytoplasmic pH are involved in the early signaling pathway for root
gravitropism in Arabidopsis thaliana. Master’ s Thesis, Department of Botany (Plant
Physiology Program), NC State University.

Books or Book Chapters

Drobak, B.K., R.E. Dewey, and W. F. Boss. 1999. Phosphoinositide-Kinases and the Synthesis
of Polyphosphoinositidesin Higher Plant Cells. International Review of Cytology-A survey
of Cell Biology, K.W.Jeon ed, CRC Press, 189:95-130.

Heillmann |., Pereral.Y ., Stevenson J.M., Ransom W.D., Gross W. and Boss W.F. 1998. Inositol
lipid signaling: What can we learn from plants? In: Advances in Lipids Research. eds, J.
Sanchez, E. Cerda-Olmedo and E. Martinez-Force. University of Sevilla Press, Sevilla, Spain
pp. 394-397.

Heillmann, |., Perera, 1.Y ., Stevenson, J.M. and Boss, W.F. Sense and Sensibility: Inositol
phospholipids as mediators of abiotic stress responses. In:  “Plant Tolerance to Abiotic
Stresses in Agriculture: Role of Genetic Engineering”. (in press).

Huber, S.C., Toroser, D., Winter, H., Athwal, G.S. and Huber, J.L. 1999. Regulation of plant
metabolism by protein phosphorylation. Possible regulation of sucrose-phosphate synthase by
14-3-3 proteins. In: Proc. XIth International Photosynthesis Congress, Kluwer Academic
Publishers, The Netherlands, (in press).




Perera, 1.Y ., Heilmann, ., Stevenson, J.M. and Boss, W.F. Phosphoinositide signaling and plant
responses to gravity. In: Signal Transduction in plants: Current advances, eds, S.K. Sopory,
R. Oelmueller and S.C. Maheshwari , Kluwer Academic/Plenum Publishers (in press).

Government Publications

Presentations/ L ectures

Allen, N.S. Scientist stories and overcoming obstacles. Expanding Y our Horizons Conference,
NCSU, Raeigh, NC . March 9, 1999.

Allen, N.S. The NSCORT at NC State University. Marine Biological Laboratory Discovery Day,
Woods Hole, MA, August, 1999.

Ante, S.J., Brady, S.R., Reed, R.C., Muday, G.K. Auxin transport polarity and gravity response
in lateral and primary roots of Arabidopsis thaliana. American Society of Plant Physiologists
Annua Meeting, Baltimore, MD, July 1999.

Basu, S., Luciano, R., Muday, G.K. Auxin transport is required for light-induced cell polarity
and normal rhizoid development in Fucus zygotes. American Society of Plant Physiologists
Annua Meeting, Baltimore, MD, July 1999.

Boss, W.F., Perera, .Y ., Heilmann, |. and Stevenson, J.M. Phosphoinositide Signaling: The long
and short of it. Minisymposium on Signal Perception and Transduction. American Society of
Plant Physiologists Annual Meeting, Baltimore, MD, July 1999.

Brown, C.S, Clore, A. and Huber, J.L. Plant Space Biology and Farming in Space. NC Science
Teachers Association Meeting, Greensboro, NC. November 5, 1998.

Brown, C.S. Plants, gravity and space. US Air Force Academy, Ft. Collins, CO, February 8,
1999.

Brown, C.S. Space biology. American Institute for Aeronautics and Astronautics Club, NCSU,
Raleigh, NC, September 21, 1999.

Brown, C.S. Space biology. Space Day Science Symposium, NC Central University, Durham,
NC, November 1998.

Brown, C.S. Space. Frank Porter Graham Elementary School, Chapel Hill, NC. February 4, 1999.

Brown, C.S., Sanwo-Lewandowski, M.M., Kuznetsov, O.A. and Hasenstein, K.H. Carbohydrate
metabolism and starch structure in space-grown plants. International Gravitational
Physiology Symposium, Orlando, FL., March 1999.

Clore, A. Introduction to plants and the basic things that they do. NCSU Campus Child Care
Center, Raleigh, NC July, 1999.

Clore, A. Plants can move! Expanding Y our Horizons Conference, NCSU, Raleigh, NC. March
9, 1999.

College, Raleigh, NC. March 10, 1999.

Collings, D. Nuclear grooves and invaginationsin onion epidermal cells investigated with ER-
tart%eted GFP. North Carolina Plant Molecular Biology Retreat, Asheville NC, September
127 1999.

Coallings, D. Carter, C. Rink, J.C., Scott, A.C., Wyatt, SE., Allen, N.S. Nuclear grooves and
invagination in onion epidermal cells investigated with ER-targeted GFP. American Society
of Plant Physiologists Annual Meeting, Baltimore, MD, July 1999.




Coallings, D.A., Carter, C.N., Rink, J.C., Scott, A.C., Wyatt, S.E., Allen, N.S. (1999) Nuclear
grooves and invaginations in onion epidermal cells investigated with ER-targeted GFP.
American Society of Plant Physiologists Annual Meeting, Baltimore, MD, July 1999.

Davies, E., Shimps, B. and Stankovic, B. Growth, injury, calcium and gene expression in
aeguorin-expressing plants. International Gravitational Physiology Symposium, Orlando, FL.,
March 1999.

Geary, R. and Wyatt, S.E. Our Blueprint to Space. 16th Annual Daniels Science Symposium,
Meredith

Gupton, S., Wyatt, S., Scott, A., Allen, N.S. (1999) Gravitropic responses of Arabidopsis
seedlings altered in their calcium homeostasis. J. Elisha Mitchell Scientific Society 115: 171.
Presented at North Carolina Academy of Sciences, Elon College, Elon, NC, March 27" 1999.
(Third place award, Undergraduate Competition).

Hellmann, I., Perera, 1.Y. and Boss, W.F. Céellular distribution of PIP 5-kinase during
osmosignaling in Galdieria sulphuraria. American Society of Plant Physiologists Annual
Meeting, Baltimore, MD, July 1999.

Hellmann, |., Perera, 1.Y., Stevenson, J.M. and Boss, W.F. Sense and Sensibility: Inositol
phospholipids as mediators of abiotic stress responses. NATO Advanced Research Workshop
on “Plant Tolerance to Abiotic Stressesin Agriculture: Role of Genetic Engineering”.
Mragowo, Poland, June 1999.

Horn, T. Clore, A. Wyatt, S. Love, J, Long, J., Geary,. R. and Brown, C.S. “Plants in Space (&
on Earth). St. Timothy Elementary, Raleigh, NC. May 14, 1999.

Huang, J., Shin, J., Heillmann, |., Perera, |., Stankovic, B., Boss, W. and Davies, E. Changesin
polysomes and gene expression during gravistimulation of maize pulvini. American Society
of Plant Physiologists Annual Meeting, Baltimore, MD, July 1999.

Huber, J.L. Farming in Space, Heartwood Montessori School, Raleigh, NC, November, 1998.

Huber, J.L. Farming in Space. Family Science Night, Bugg Elem. School, Raleigh, NC. January
17, 1999.

Johannes, E., Callings, D.A., Rink, J.C., Allen, N.S. (1999) Cytoskeleton, calcium and pH
dynamicsin gravistimulated bundle sheath cells of maize pulvini. American Society of Plant
Physiologists Annual Meeting, Baltimore, MD, July 1999.

Klymchuk, D.O., Brown, C.S. and Chapman, D.K. Ultrastructural organization of cellsin
soybean root tips in microgravity. International Gravitational Physiology Symposium,
Orlando, FL., March 1999.

Long, J.C., Zhao, W., Winter, H. and Huber S.C. Signal transduction components regulating
gravity-induced invertase activity in the maize pulvinus. American Society of Plant
Physiologists Annual Meeting, Baltimore, MD, July 1999.

Love, J. and Clore, A. Plants in Space and Careers in Science. Science in the Park, Cary, NC.
June 23, 1999.

Love, J. Persson, S. Geary, R. Thompson, W. Robertson, D., Boss, W.F., and Wyatt, SEE. Ca2+
dynamicsin NT1 cellswith altered calreticulin levels. American Society of Plant
Physiologists Annual Meeting, Baltimore, MD, July 1999.

Muday, G.K. Ligandsand Proteins that Regulate Auxin Transport and Plant Growth. Virginia
Tech Plant Physiology Seminar, November 20, 1998.



Muday, G.K., Hu, S, Brady, SR., Clark, G.B., Roux, S., Kovar, D., Staiger, C. NPA binding
protein and annexin-like proteins from zucchini bind to actin filaments. American Society of
Plant Physiologists Annual Meeting, Baltimore, MD, July 1999.

Muday, G.K., Hu, S., Brady, S.R., Clark, G.B., Roux, S., Kovar, D., Staiger, C. NPA binding
protein and annexin-like proteins from zucchini bind to actin filaments. American Society of
Plant Physiologists Annual Meeting, Baltimore, MD, July 1999.

Nedukha, O., Brown, C.S., Kordyum, E. and Piastuch, W.C. Electron cytochemical study of
calcium in cotyledon cells of soybean seedlings grown in microgravity. International
Gravitational Physiology Symposium, Orlando, FL., March 1999.

Perera, 1.Y. Phosphoinositide signaling during gravitropism of maize. 13 th Annual Plant
Molecular Biology Retreat, Asheville, NC, September 1999.

Perera, 1.Y ., Heilmann, |., Kaufman, P.B. and Boss, W.F. Short and long term increasesin IP; as
part of amechanism to initiate gravitropic bending. American Society of Plant Physiologists
Annua Meeting, Baltimore, MD, July 1999.

Rashotte, A.M., Muday, G.K. Tissue specific and gravity responseive auxin transport is
mediated by multiple genes. American Society of Plant Physiologists Annual Meeting,
Baltimore, MD, July 1999.

Wyatt, S.E. Plant the Green Side Up. 1% grade, Olive Church Elementary, Apex, NC. May 14,
1999.

Wyatt, S.E. and Love. Plants on the move and microgravity too. NC Science Teachers
Association Meeting, Greensboro, NC November 5, 1998.

Wyatt, S.E. Designer DNA: the basics of biotechnology. East Wake High School, Raleigh, NC.
March 2, 1999.

Wyatt, S.E. DNA Science: Living by the code. East Wake High School, Raleigh, NC. March 1,
1999.

Wyatt, S.E. DNA: It's Everybody’ s Business, East Wake High School, Rolesville, NC,
December 1998.

Wyatt, S.E. Plant the green side up. Cary Elementary School, Cary, NC. May 5, 1999.

Wyatt, S.E. Plantsin Space (& on Earth) Cary Academy, Raleigh, NC; Title
(talk/demonstration), November 13, 1998.

Wyatt, S.E., Love, Jand Clore, A. Plants on the move and microgravity too. Imagination Station
Science Museum, MINDS Student Scientist Program, Wilson, NC. November 7, 1998.

Wyatt, S.E., McDermott, P. and Robertson, D. Isolation and characterization of gravity-specific
mutants in Arabidopsis. American Society of Plant Physiologists Annual Meeting, Baltimore,
MD, July 1999.

Wyatt, S.E., Mutant Screens asa Tool for Research. Lecture to Plant Form and Function BO724,
Botany Department, NCSU, October 22, 1998

Wyatt, SEE., Tsou, P.-L., Gupton, S. Allen, N.S., and Robertson, D. The effects of altered
expression of calreticulin in Arabidopsis. American Society of Plant Physiologists Annual
Meseting, Baltimore, MD, July 1999.

Zhao, W., Long, J.C., Winter, H and Huber S.C. Gravity-induced changes in invertase gene
expression and enzyme activity. American Society of Plant Physiologists Annual Meeting,
Baltimore, MD, July 1999.



Zsuppan, G., Collings, D.A., Allen, N.S. (1999) Actin in the columella cells of maize. J. Elisha
Mitchell Scientific Society 115: 171. Presented at North Carolina Academy of Sciences,
Elon College, Elon NC March 27" 1999 (First place, Undergraduate student competition).

Patents

Awards

Geary, R. Ligation of DNA in Microgravity: a Student Space Flight Opportunity. This space
shuttle flight opportunity was awarded to NCSU undergraduate student and NSCORT
advisors, Sarah Wyatt and Niki Robertson in response to a national competition. The project
was sponsored by Instrumentation Technology Associates (ITA) and the American Society
for Gravitational and Space Biology (ASGSB). It flew on STS-95 from October 29 —
November 9, 1998.

Gupton, S. 3" place, Botany Section - undergraduate research presentations, North Carolina
Academy of Sciences, Elon College, Elon NC, March 27" 1999.

Yeung, N. 1999 NCSU Undergraduate Research Symposium Award Winner (Biological
Sciences).

Zsuppan, G. 1% prize, Botany Section - undergraduate research presentations, North Carolina
Academy of Sciences, Elon College, Elon NC, March 27" 1999.



Impact on America

Who Uses This Research

This research will determine the mechanisms by which plants perceive and respond to several
environmental stimuli, especially gravity. It will provide afundamental understanding of basic
plant processes, especidly at the cellular, molecular, and developmental levels. A deeper
understanding of how plants respond to gravity and other environmental conditions will improve
our understanding of how they grow in various space conditions (e.g. Earth orbit, Mars) and how
their growth can be modified to maximize yields on Earth. More applied work on specific plants
should yield valuable by-products such as enhanced paper quality (e.g., pine seedling system and
its formation of compression wood), yield of seed grains (e.g., reorientation of corn plants blown
over in strong winds), improved quality of cut flowers (maintenance of straight stems during long
distance shipping), and nutraceutical plants (e.g., plants with enhanced capability of storing
essential nutrients such as calcium).

Industrial Affiliates
Dynamac Corporation

New Technologies

Current Employers of Former Graduate Students

Magazine Covers

Scott, A.C., Wyatt, S., Tsou, P-L., Robertson, N. and Allen, N.S. 1999. A model system for
plant cell biology: GFP imaging in living onion epidermal cells. BioTechniques 26: 1125-
1132. “A 4 day-old Arabidopsis seedling expressing green fluorescent protein localized to
the endoplasmic reticulum. The red in the leavesis chlorophyll autofluorescence.”

Popular Press Coverage

Newspapers and Magazines

10/6/98 "Student's work heads to space" Technician, NCSU, Raleigh, vol 70 (29).

10/30/98 *“Shuttle Carrying Student’ s Plant Experiment” Bulletin, NCSU, Raleigh.

10/27/98 "Student to Send Science Experiment to Orbit" Times-News (front page) Burlington,
NC.

11/2/98 "Far-Out Project” Asheville Citizen Times, Asheville, NC.

11/4/98 "Potential Nurtured at A-B Tech" Asheville Citizen Times, Asheville, NC.

Fall 1998 “A new way of seeing: Images from amicroscopic world” Perspectives, The
Magazine of the College of Agriculture and Life Sciences, NCSU, Raleigh.

Nov/Dec 1998 "Far-Out Project" The Community College Connection, vol 1(3), Raleigh.

Winter 1998 “Out of thisworld” Perspectives, The Magazine of the College of Agriculture and
Life Sciences,

NCSU, Raeigh.

2/5/99, “ Grant Program Explores New Teaching Methods” Bulletin, NCSU, Raleigh.

8/9/99, "Summer School part of many teachers activities', News & Observer, Raleigh.




7/30/99, "Teachers Introduced to Space Biology", Bulletin, NCSU, Raleigh.

Television and Radio

10/21/98, WNCN (NBC,Raleigh) 3 stories (related to the “DNA Ligation in Microgravity” Space
Shuttle experiment performed by undergraduate student Reathal Geary).

10/28/98, WRAL (CBS, Raleigh) 1 story (related to the “DNA Ligation in Microgravity” Space
Shuttle experiment performed by undergraduate student Reathal Geary).

10/28/98, WTVD (ABC, Raleigh) 3 stories (related to the “DNA Ligation in Microgravity”
Space Shuttle experiment performed by undergraduate student Reathal Geary).

10/29/98, The Today Show, NBC Network (related to the “DNA Ligation in Microgravity”
Space Shuttle experiment performed by undergraduate student Reathal Geary).

Fall 1998, North Carolina Radio News Network, ran multiple times (related to the “DNA
Ligation in Microgravity” Space Shuttle experiment performed by undergraduate student
Reatha Geary).

7/20/99, Radio feature on "Plants, Gravity & Space" teacher workshop, WPTF-AM, Raleigh.

7/19/99, Television feature on "Plants, Gravity and Space" teacher workshop, WTVD ABC
affiliate), Durham, NC, Channel 11.

7/20/99, Television feature on "Plants, Gravity and Space" teacher workshop, WRAL CBS
affiliate), Raleigh, NC, Channel 5.

8/99, Feature on the College of Agriculture and Life Sciences Video Newsmagazine for State
Extension Agents.
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