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Pl: Eric Davies

Titlee NSCORT. Calcium, Signaling and Gravity: An Integrated Molecular,
Cellular and Physiological Approach to Plant Gravitational Biology

ABSTRACT (PLEASE UPDATE AS NECESSARY)

This program in gravitational biology involves 12 faculty members from North Carolina State
University, Wake Forest University, Baruch College, and the Dynamac Corporation through the
Kennedy Space Center. The overall goal isto study calcium as a central focal point in the gravity
response. The group uses an integrated molecular, cellular, and physiological approach to plant
gravitational biology.

The precise modulation of calcium homeostasis will be acheived using transgenic technologies
and monitored using sophisticated imaging techniques to verify the specificity and extent of
transgenic expression. These efforts, in combination with our expertisein local and long-
distance signalling, will make amajor contribution to understanding the fundamental role of
calcium in orchestrating the transduction of the gravity stimulus into an autopoietc (self-

regul ated) response.

The project brings together experts in arange of specially-selected fields to addressa single
major research problem, i.e., the fundamental role of calcium in regulating gravity-stimulated
signal transduction in plants. The expertise to be called on includes molecular biologists to
produce transgenic plants with altered cal cium homeostasis (Thompson, Robertson, Sederoff);
cell biologists to image calcium and other components of the signal transduction pathway (Allen,
Tucker); physiologists to study signal transduction (Boss, Davies, Muday); and biochemists to
study calcium-modulated carbon/nitrogen metabolism (Brown, Huber, Huber). By fostering
interdisciplinary collaborations among these diverse laboratories, the proposed program will
create a multi-faceted approach to the study of plant gravitational biology.

TASK PROGRESS

For the Education/Outreach component, programs which were established during the first months
of the NSCORT were refined and continued and new initiatives were begun. “ Space Biology” was
offered as an undergraduate course at NC State University and attracted extramural and intramural
funding to utilize distance learning technology to enhance the students experience. Workshops for
school teachers dealing with techniques for teaching topics related to plants, gravity and space again
were offered and attended by teachers from several states. Other opportunities for outreach, in
partnership with existing programs, were explored as well. In al, an estimated 500 students,
educators and members of the general public were directly influenced by programs involving the
NSCORT. Finaly, our homepage was updated and enhanced which will increase advertisement of
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this program to the public (http://www2.ncsu.edu/ncsu/cal /nscort).

For the Research component we focused on two mode systems, the maize pulvinus and
Arabidopsis thaliana. These systems were characterized and utilized for studies of gravity-induced
biochemical aterations involving carbon and inositol lipid metabolism, auxin transport, polysome
distribution and MAP kinases. Additionally, we progressed in our efforts to image changes in
cytoskeleton, calcium, pH and ion currents during gravistimulation through continued research and
participation in extramural training. We identified target proteins (camodulin, careticulin, PIP-5-
kinase and the ER Ca2+-ATPase) for a reverse genetics approach to ater calcium homeostasis and
the clones are now in hand. This year we have XX publications (published or in press), XX
published abstracts, XX seminarg/lectures. All of this should benefit NASA in their efforts to
understand the role that gravity playsin the development and physiology of plants.

The NSCORT played a mgor role in the establishment of NC State University as an Affiliate
Campus of the International Space University (ISU). ISU is an interdisciplinary, international, and
intercultural university dedicated to excellence in space education. The affiliate campus status will
alow us to become integrated in the world-wide internationa intellectual community involving
gpace and its applications. This will provide opportunities such as exchange of faculty,
postdoctora fellows and graduate students, sabbatical leave, off-campus scholarly assignments,
joint research development, joint teaching, and outreach program development. This relationship
should be of great benefit to ISU, NCSU and NASA as more highly trained scientists, engineers,
policy makers and business leaders will be needed to continue our quest to explore the solar system
and the universe,

EARTH BENEFI TS (PLEASE UPDATE AS NECESSARY)

This research will determine the mechanisms by which plants perceive and respond to severa
environmental stimuli, especially gravity. It will provide afundamental understanding of basic
plant processes, especially 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 of enhanced paper quality (e.g. pine seedling system and its
formation of compression wood) and yield of seed grains (e.g. reorientation of corn plants blown
over in strong winds).
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| mpact on America

Resear ch Results

Representatives of several companies (including Union Camp Corporation and Westvaco
Corporation) have asked to obtain cDNA clonesinvolved in process of xylem formation.
These clones are available through the American Type Culture Collection.

Industrial Affiliates

Dynamac Corporation, Rockville MD.

New Technologies
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A new way of seeing: Images from a microscopic world. Perspectives, the Magazine of the NC
State University College of Agriculture and Life Sciences, Fall 1998.



