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NASA Specialized Center of Research and Training 
(NSCORT) in Gravitational Biology 

Rice University 
Institute of Biosciences and Bioengineering 

Houston, Texas 

The NASA Specialized Center of Research and Training (NSCORT) in 
Gravitational Biology at Rice University's Institute of Biosciences and Bioengineering was 
officially initiated March 1, 1996. We are pleased to submit this report on the progress 
made during the first year of our NSCORT and our plans for the coming year. 

MISSION STATEMENT 

The mission of our NSCORT is to investigate the effects of gravity and other 
environmental factors on biological function at the cellular and molecular level. The 
research efforts, training opportunities, and scientific exchange will promote the expansion 
of a scientific peer group well-educated in space-related biological issues. This will 
stimulate the interest of the larger scientific community and insure the continuing 
development of rigorous flight investigations in Gravitational Biology. 

RESEARCH OVERVIEW 

The Rice NSCORT research program is focused on examining the effects of 
microgravity and associated stresses on development and cell culture in prokaryotes and 
eukaryotes. While most of the research involves mammalian cells, exciting research is also 
underway on plant cells, yeasts, microbial cells and Drosophila melanogastor. Many of the 
projects include utilization of the rotating bioreactor systems developed at Johnson Space 
Center as a tool for simulation of some aspects of the microgravity environment. 

Several of the project principal investigators have established research programs 
centered on understanding the molecular basis of the response of various cell types to 
mechanical stimuli. These faculty include Professor Braam (employing a plant model), 
Professor Gustin (using yeast) and Professor McIntire (mammalian cells). The NSCORT 
research program is centered on understanding at the molecular and cellular level, the effect 
of microgravity and associated stresses on development and cell function. Drosophila are 
chosen as the model system for two of the developmental biology projects because of the 
wealth of molecular level knowledge and reagents that are available to allow testing of very 
specific mechanistic hypotheses (Projects I and 11). In addition, this model system is 
relatively easy to translate to actual flight experiments once ground-based research identifies 
the proper questions to ask and establishes the requisite data base for comparison. 

Projects III, IV and V examine basic cellular mechanisms involved in sensing the 
mechanical force environment, in transduction of these signals, and in gene regulation, 
using arabidopsis, yeast and mammalian cell models. These projects interact closely with 
each other because of their common scientific interest in signal transduction and the 
understanding produced forms a mechanistic basis for developing hypotheses concerning 
the effect of microgravity on cell function. The data produced will also have wide 
application in many other areas where mechanical forces are intimately coupled with gene 
regulation and cell metabolism. 
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The remaining four projects currently underway examine specific hypotheses 
focused on understanding the molecular and cellular basis of several documented cellular 
alterations seen in space flight. These include a dramatic reduction in lymphocyte DNA 
synthesis in response to mitogens (Project VI) and in migration (Project IX), increased 
bone resorption and demineralization (Project VII), and skeletal muscle atrophy (Project 
VIII) . 

The model systems have been carefully chosen so that specific mechanistic 
questions at the cellular and molecular level can be addressed and so that once the proper 
ground-based data have been assembled, the development of flight based proposals will not 
be difficult. 

These projects span a sufficient range of areas to be attractive to a wide range of 
potential trainees - undergraduate, graduate students and postdoctoral fellows. Too narrow 
a focus would limit the attraction of the NSCORT and we would not be able to interest the 
highest quantity young scientists and engineers we are currently attracting. 

MANAGEMENT OVERVIEW 

The NSCORT is administered by the Institute of Biosciences and Bioengineering at 
Rice University and involves significant participation from two of the three Laboratories in 
the Institute as well as the NASA Johnson Space Center. 

Administration: Day-to-day decisions regarding budgeting and programmatic matters 
are handled by the NSCORT Director in consultation with the Associate Director. 
Oversight of day-to-day administrative operations and the development and implementation 
of education and outreach activities are handled by the Assistant Director of the Institute. 
Secretarial support for the NSCORT is also provided through the Institute. 

Executive Committee: An Executive Committee has been established to examine new 
budget requests and to evaluate research progress. The committee members are listed 
below. This committee is also responsible for assigning students and fellows to 
individual projects and for evaluation of equipment requests to be funded out of the 
"competitive equipment" budget category. The committee meets bimonthly in conjunction 
with the NSCORT bimonthly seminar series at which NSCORT faculty provide a detailed 
presentation of their research progress. 

Executive C o m d t e e  Membe rs 

Larry V. McIntire, E.D. Butcher Professor of Biomedical Engineering and Chair, 
Institute of Biosciences and Bioengineering, Rice University 

Frederick B. Rudolph, Professor and Chair of Biochemistry and Cell Biology and 
Executive Director, Institute of Biosciences and Bioengineering, Rice University 

Kathleen Beckingham, Professor of Biochemistry and Cell Biology, Rice University 

James Kinsey, Dean, School of Natural Sciences, Rice University 

Clarence Sams, Research Biochemist, Biomedical Operations and Research Branch, 
NASA, Johnson Space Center 

Nitza Cintron, Research Biochemist, Biomedical Operations and Research Branch, 
NASA, Johnson Space Center 
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External Review Committee: We are in the process of finalizing the membership of 
our External Advisory Committee, which will be in place and hold its first meeting during 
our First Annual NSCORT Symposium to be held in Spring 1997. As discussed in our 
initial proposal, the committee will meet on a yearly basis to evaluate program progress and 
direction and give guidance to the Director and the Executive Committee. The External 
Review Committee will also review and evaluate requests for new research proposals in 
conjunction with the Executive Committee. 

Budget: The budget request for Year Two of our NSCORT (March 1, 1997 - February 
28,1998) remains unchanged from that proposed in a revised management plan and budget 
letter to Dr. Ron White dated October 29, 1995 and approved by NASA. In this budget, 
funds for Year Two would be allocated as follows: $843,567 to Rice University and 
$156,433 to the Johnson Space Center. A more detailed budget request can be submitted 
if required. 

RESEARCH PROGRESS REPORTS 

In this first year of our NSCORT nine research projects were funded. Progress 
reports for each of these projects follow. The reports cover the period March 1, 1996 (the 
date our NSCORT was officially initiated) through December 1996. 
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PROJECT I 

"The Role of Gravity in Early Embryonic Pattern Formation" 

Kathleen Beckingham 
Professor of Biochemistry and Cell Biology 

Rice University 

The NSCORT funded research in Dr. Beckingham's laboratory is centered on using 
Drosophila melanogaster as a model organism for studies of gravitational effects on 
development and behavior. The intensive genetic, developmental and behavioral studies 
performed in this organism make it ideal for a dissection of the effects of gravity upon these 
processes. Gravitational effects on two aspects of Drosophila biology and physiology are 
being pursued as described below. 

1 )  Use of a climb assay to identify mutants in a gravitational response 
One of the well-characterized behavioral responses of Drosophila involves sensing 

the vector of the gravitational force. Thus, when adult Drosophila are tapped to the bottom 
of a glass vial, they respond by quickly climbing up the vial walls in the opposite direction 
to the gravitational vector (the "climb" test- see reference 1). This response occurs in the 
absence of light and other stimuli, indicating that it is purely a response to the direction of 
the gravitational force. We are using this assay in combination random mutagenesis of the 
organism (by chemical mutagens) to isolate mutants defective in this test. This will 
ultimately lead to identification of the genes that mediate the gravitational response. 
Secondary testing of all mutants identified in this first screen is being performed to 
eliminate individuals with simple motor defects that interfere with their ability to respond to 
gravity. For example, mutations that prevent flies from walking properly are being 
eliminated by this secondary screening step. The small size of Drosophila, the simplicity of 
the screening test and the use of a so-called F1 screening protocol are allowing us to screen 
very large numbers of potential mutants. To date -10,OOO flies have been examined and at 
least one potential mutation has been identified. 

Our laboratory has considerable expertize and experience in analyzing the effects of 
mutations to the single calmodulin gene of Drosophila ( 2 ) .  Calmodulin is a major 
intracellular signalling molecule that is known to be involved in Ca2+ regulation of many 
neurophysiological processes (for review see reference 3). We have already demonstrated 
that mutations to the calmodulin gene fail the climb test even though they appear to walk 
normally (2). Thus calmodulin may mediate some aspects of this gravitational response. 
Initially therefore our mutant screening is focussed on identifying mutations that fail the 
climb test when combined with a weak mutation at the calmodulin gene, Mutations thus 
uncovered should therefore include those that affect interacting loci. This route will 
therefore give us access to the genes for additional members of signalling pathway involved 
in mediating the gravitational response. 

2) Gravitational effects upon Ca2+ localization and mobilization in the 
early embryo. 

Data from previous space flights indicates that hypogravity has an effect upon the 
early events of embryogenesis in Drosophila (4). Early embryonic development in 
Drosophila is characterized by many rounds of synchronized nuclear replication that occur 
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in the absence of cytoplasmic division. These divisions are amongst the most rapid known 
(occurring every 10 minutes) and generate an embryo that is a syncytium with 
approximately 5000 nuclei in a single cytoplasm. Direct observation has shown that the 
synchronization of these divisions has a wave-like property. Divisions are initiated at the 
anterior end of the embryo and an initiation wave spreads along the length of the embryo 
over a period of many seconds. 

Ca2+is  known to play a major role in synchronizing mitotic events in other 
organisms (for examples, see reference 5 )  and thus one interpretation of the 
synchronization wave is that it represents a front of Ca2+ release from intracellular stores 
along the length of the embryo. In other systems, release of intracellular Ca2+ is also 
known to be one of the immediate responses to mechanical stress (for example, reference 
6). Given that many of the effects of hypogravity reflect perception of altered mechanical 
forces, our working hypothesis is that the embryonic defects produced in Drosophila by 
hypogravity may involve altered Ca2+ movement and mobilization in the early embryo. We 
have therefore initiated experiments to visualize Ca2+ localization and movement in the 
early embryo both under normal and altered gravitational forces. 

Ca2+ is being imaged using confocal microscopy and various commercially- 
available fluorescent calcium sensors. Initial studies have focussed on identifying the best 
calcium sensor for this work. Although Fluo-3 appears adequate, Calcium-green-dextran 
has the advantage that it is relatively immobile and thus can be used to monitor changes in a 
very discrete subregion of the embryo. Thus microinjection of Calcium-green-dextran is 
currently being pursued. 

References 
1. Richards, S., Hillman, T. and Stem, M. (1996) Mutations in the Drosophila pushover gene confer 

increased neuronal excitability and spontaneous synaptic vesicle fusion. Genetics 142: 1215-1223. 
2. Nelson, H., Heiman, R.G., Bolduc, C., Kovalick, G.E., Whitley, P., Stern, M. and Beckingham, K. 

(1997) Calmodulin point mutations affect Drosophila development and behavior. Genes and 
Development, submitted. 

3. Cohen, P. and Klee, C.B. (1988) Calmodulin. Molecular aspects of cellular regulation. Vol5, 
Elsevier Press, Amsterdam. 

4. Vernos, I., Gonzalez-Jurado, J., Calleja, M. and Marco, R. (1989) Microgravity effects on the 
oogenesis and embryos of Drosophila melanoguster laid in the Space shuttle during the Biorack 
experiment (ESA). Int. J. Dev. Biol. 33, 213-226. 

5. Poenie, M. and Steinhardt, R. A. (1987) in "Calcium and Cell Function" (Cheung, W.Y., ed.), pp. 
134-157, Academic Press, New York. 

6. Nollert, M.U. and McIntire, L.V. (1992) Convective mass transfer effects on the intracellular calcium 
response of endothelial cells. J. Biomech. Eng. 114, 321-326. 
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PROJECT II 

"The Role of Gravity in the Development and Function of the Drosophila 
Nervous System" 

Michael Stem 
Assistant Professor of Biochemistry and Cell Biology 

Rice University 

Specific Aims 
The following specific aims were proposed for this project: a) effects of gravity 

on establishment of neuronal identity; b) effects of gravity on axon pathfinding; and c) 
effects of gravity on synaptic function. These specific aims have not been modified from 
the original application. We have begun to perform experiments for each specific aim 
listed. These experiments are described below: 

RESULTS 

Overview 
Several previous reports suggested that exposure of a developing organism to 

altered gravity, either micro gravity or hyper gravity, could perturb development or 
function of the nervous system in subtle but specific ways. These perturbations caused 
changes in the behavior of the organism at the adult stage, which were observed even after 
return to normal gravity. The behavioral changes observed were most consistent with 
abnormalities in the vestibular system, which enables the organism to orient itself properly 
in space. These effects of altered gravity on the nervous system might be important factors 
in considering space flights of long duration. Thus it is of interest to define these effects in 
more detail, and to try to elucidate the cellular and molecular mechanisms by which these 
effects are generated. 

Experimental Protocol 
A large number of wildtype Drosophila females lay eggs for a three hour period in 

six-well micro-titer plates. Two different experimental protocols are then performed: First, 
the eggs are spun for approximately 15 hours in a low speed centrifuge at 8g of 
acceleration. After this regimen of experimentation, the developing embryos have 
completed nervous system development and differentiation. Second, prior to the spin, the 
eggs are allowed to develop in their micro-titer plates for a variable period of time (0-9 
hours), then are spun for three hours , and finally allowed to develop further for a variable 
period of time (0-9 hours). The first experimental protocol enables a determination of the 
global sensitivity of the developing embryo to hyper gravity, whereas the second 
experimental protocol enables the determination of the developmental stage at which this 
sensitivity to hyper gravity occurs. 

Following this treatment, the developing embryos are subjected to one of three 
further treatments. A first set of embryos are collected, fixed, stained with one of a variety 
of antibody probes, and then dissected to enable visualization of neuronal structures in both 
the peripheral and central nervous systems. A second set of embryos are grown to the third 
instar larval stage, and then assayed for synaptic transmission at the neuromuscular 
junction with the larval neuromuscular preparation, developed by Jan and Jan in 1976. A 
third set of embryos are grown to adults, and assayed for behavioral abnormalities, 
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including altered sensitivity to mechanical force, which might be a phenotype resulting 
from defects in adult sensory structures. 

Preliminary Data Obtained and Plans for the Coming Year 
Structure of the central and peripheral nervous system in late stage embryos was 

determined following two spinning protocols: first, embryos that were spun from 3-6 
hours post fertilization, and then those that were spun from 2-17 hours post fertilization. 
Following these spins, embryos were stained with monoclonal antibody 22C 10, which 
recognizes the cell bodies, axons and dendrites of all neurons, and then dissected to enable 
visualization. Both the CNS and PNS look normal at this level of analysis. The number of 
neurons, their positions along the embryo, and the number and positions of nerve cords 
between the PNS and CNS appear to be normal in spun embryos. These results were 
anticipated. Previous studies on other vertebrate and invertebrate organisms suggested that 
the effects of altered gravity on nervous system development would be subtle. If we can 
confirm that our various spinning protocols have no observable effect on the structure of 
the CNS or PNS, as assayed by antibody 22C10, we will use other available antibodies 
that enable the visualization of subclasses of neurons and axons. One antibody of 
particular interest is 49C3 which specifically recognizes chordotonal neurons and their 
processes. Such antibodies will allow us to test for more subtle effects of altered gravity 
on the nervous system, as described in the project description. 

Effects of hyper gravity on synaptic transmission at the larval neuromuscular 
junction were also tested. In particular, we measured the amount of both spontaneous and 
evoked neurotransmitter release from the larval motor nerve terminal from larvae developed 
from embryos spun from 3-6 hours after fertilization. We found that all parameters 
measured for neurotransmitter release appear normal, demonstrating that the three hour spin 
we induced produced no gross defects in synaptogenesis, synaptic vesicle metabolism or 
docking, or muscle properties. Additional experiments using spins of longer duration, and 
possibly at higher g-force, will be performed. 

Behavioral data has been obtained from adults arising from embryos that were spun 
at 3-6 hours post fertilization, 9-12 hours post-fertilization, and 12-15 hours post- 
fertilization. Although numbers of flies tested are not yet large enough for firm 
conclusions, it seems unlikely that we will find any significant effect of the three 
centrifugation protocols tested on the climbing, flight, or sensitivity to mechanical force in 
flies. These results were also anticipated; because during pupation, the central nervous 
system of Drosophila is remodeled extensively and the peripheral nervous system is 
remodeled completely, it seemed unlikely that exposure of developing embryos to hyper 
gravity would affect behavior in the adult. In this regard, we are planning to investigate the 
effects of hyper gravity during embryogenesis on behavior of first and third instar larvae. 
My lab has not performed behavioral studies on Drosophila larvae. However, Dr. Kate 
Beckingham, who is a member of the Rice Biochemistry department and is a co- 
investigator in this NSCORT program, has extensive experience in these analyses and has 
agreed to assist us in these experiments. 
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PROJECT III 

"Molecular and Developmental Responses of Plants to Mechanical Stimuli" 

Janet Braam 
Associate Professor of Biochemistry and Cell Biology 

Rice University 

Specific Aims 
The major focus of this work is to determine the in vitro and in vivo functions of 

the calmodulin-related TCH2 gene product of Arabidopsis thaliana. Expression of TCH2 
is strongly and rapidly upregulated by stimuli such as wind, temperature stress and 
darkness; thus, TCH2 may function in the adaptation of plants to environmental stresses. 
The specific aims of this work (unchanged from the original application) are as follows: 

1. Tissue and subcellular localization of TCH2. 
2. In vitro activity of TCH2. 
3. Physiological functions of TCH2. 

Results and Plans for the Coming Year 
To probe the localization of TCH2 protein in plants, we have generated TCH2- 

specific antibodies. TCH2 (with a T7 tag) was produced in E. coli cells and then partially 
purified with phenylsepharose chromatography. The antigen was injected into rabbits and 
antisera were obtained; IgG fractions were isolated by chromatography. One lot of 
antibodies shows a specific interaction with a single band of the appropriate size of TCH2 
on western blots of total plant protein. This band is most likely TCH2 because the protein 
shifts size in the presence of Ca2+ (a characteristic of calmodulin-like proteins) and because 
the antibody does not recognize purified calmodulin. The antigenic band also increases in 
abundance in plants exposed to darkness, a stimulus known to increase TCH2 transcript 
levels. Thus, we are now poised to begin western analyses of the accumulation of TCH2 
protein during development and in plants exposed to various environmental stimuli. These 
antibodies will enable us to determine the cell and tissue localization of TCH2 protein using 
light microscopy and to identify the subcellular localization using immuno-electron 
microscopy. 

The second specific aim is to characterize the in vitro activity of TCH2. Currently, 
we are attempting to produce in E. coli "native" TCH2 protein (Le., lacking any sequence 
modifications from TCH2 protein produced in plant cells). This protein will be purified by 
phenylsepharose and then will be used in assays to determine if TCH2 can modulate the 
activity of known calmodulin targets. In this way, we will learn the significance of the 
sequence divergence between TCH2 and calmodulin. Furthermore, because we predict that 
TCH2 is likely to have at least some target proteins unique for TCH2, we will directly 
screen for TCH2-interacting proteins. We are generating TCH2 with a g1utathione-S- 
transferase tag so that it can be linked to a column resin and used to "pull out" potential 
target proteins from plant extracts. We will also label this TCH2 protein and use it in gel- 
overlay assays to look for proteins to which TCH2 binds in a Ca2+-dependent manner. 
This approach will then also be used to screen cDNA expression libraries so that the genes 
encoding TCHZinteracting proteins can be isolated and identified. 

The analyses described above lead into our overall goal of this work which is to 
determine the cellular functions of TCH2. One direct approach is to identify plants that are 
altered in their expression of TCH2. We are using PCR to screen pools of DNA from 
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plants that have suffered random insertions of T-DNA to determine if any lines harbor T- 
DNA insertions within the TCH2 gene. Any such plants would be extremely valuable tools 
in characterizing the physiological function of TCH2. Furthermore, we have generated 
plants that have been designed to produce TCH2 antisense and sense transcripts so as to 
lead to underexpression and overexpression, respectively, of TCH2. Currently, these 
plants are being analyzed by western blots to determine the effects on TCH2 protein 
accumulation. Plants that are most dramatically altered in TCH2 protein levels will be 
thoroughly analyzed for changes in morphogenesis and in molecular and developmental 
responses to environmental stimuli. 

We have discovered through related work in the laboratory that TCH2 expression 
may be turned on strongly in guard cells during the process of stomatal closure. This 
response is known to be influenced by cytosolic Ca2+ levels and by the ABI-1 protein 
phosphatase. It is possible, therefore, that TCH2 may function in the process of turgor 
loss in guard cells. To test this possibility, we will determine (i) whether TCH2 can 
directly bind ABI-1 using the gel overlay assays described above and the yeast two-hybrid 
screen and (ii) whether TCH2 can influence guard cell ion channel activity in collaboration 
with Julian Schroeder's laboratory. We will provide them with antibodies and TCH2 
protein to determine if the loss or gain of TCH2 availability in guard cells affects channel 
activity. In addition, when antisense and sense plants have been sufficiently characterized, 
the Schroeder laboratory will determine if channel activity in the guard cells from these 
plants are significantly affected. 
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PROJECT IV 

"Pressure-sensing MAP Kinase Cascades in Yeast and Mammals" 

Michael Gustin 
Associate Professor of Biochemistry and Cell Biology 

Rice University 

Two NSCORT research projects have been initiated: (a) molecular analyses of 
pressure-sensing proteins in yeast, and (b) pressure-sensing MAP kinase pathways in 
osteoblasts. Research on the yeast pressure sensor project was begun in July 1996 by 
NSCORT postdoctoral fellow, Dr. Jacobus Albertyn, with help from junior undergraduate, 
Shion Hung. In May 1996, research on the osteoblast project was begun by second-year 
graduate student Chris Helmke, with help from senior undergraduate Jonathan Yang, all in 
collaboration with the NSCORT-funded research group of Dr. Anthony Mikos, Department 
of Chemical Engineering, Rice University. 

Molecular Analyses of Pressure-Sensing Proteins in Yeast 
The yeast Saccharomyces cerevisiae responds to changes in external osmolarity by 

activating or deactivating one of several pressure sensors in its plasma membrane. To 
determine how a pressure sensor works, we have chosen the Shol sensor for structure- 
function analysis. The goal is to determine which portions of this membrane protein are 
necessary and sufficient to sense pressure. Our original proposal proposed similar studies 
of a different sensor called Slnl. Both Slnl and Shol act as osmosensors for the HOG1 
MAP kinase pathway, a protein kinase cascade needed for growth at high osmolarity. 
Mutant analysis show that either Slnl or Shol is sufficient for sensing osmotic changes. 
The switch of our emphasis to Shol was made because (a) the latter protein seems to sense 
pressure by a novel mechanism, (b) Shol is the only pressure sensor known to be activated 
by a loss of pressure, a physiological stimulus more relevant to the sensing of the 
microgravity state. Starting from its cytoplasmic NH2 terminus, Shol is predicted to have 
four transmembrane domains followed by a large cytoplasmic domain containing a 
juxtamembrane region of unknown function and a more COOH-terminal SH3-type region 
that interacts with a proline-rich domain in the osmosensing MAP kinase kinase Pbs2. 
Three models for pressure sensing have been proposed. A sensor could sense pressure of 
extracellular materials on the plasma membrane, stretching of the plasma membrane lipid 
bilayer, or stretching of the cytoskeleton. There is very little of Shol exposed on the 
outside of the plasma membrane, thus ruling out the former. Thus, Dr. Albertyn has begun 
making deletions in different portions of Shol - transmembrane or cytoplasmic domains - 
to determine which regions are required for osmosensing. These mutant Shol will be tested 
for function using a yeast strain lacking the SSK2/SSK22 genes that cannot receive a 
signal from Slnl and are therefore dependent upon Shol for growth in high osmolarity 
medium. 

Pressure-Sensing MAP Kinase Pathways in Osteoblasts 
The function of bone-forming osteoblast cells is enhanced by compression on bone. 

The mechanism by which compression forces activate osteoblast function is currently 
unknown, but is likely to involve cytosolic signaling pathways that mediate compression- 
induced changes in bone cell gene expression. One of the most common mechanisms for 
mediating extracellular signal-induced gene expression is a MAP kinase pathway, of which 
there are several known in mammals (e.g., ERK, JNK, p38(HOG)). To investigate this 
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possibility, Chris Helmke and Jonathan Yang have begun an inventory of the MAP kinase 
pathways present in osteoblasts. With commercially-available antibodies specific for 
individual MAP kinases, they showed by Western blot analysis that Erk2 and p38 MAP 
kinases are present in short-term osteoblast cultures taken from rat femurs. Chris has also 
shown that p38 mRNA is present in mouse osteoblasts by RT-PCWDNA sequencing. 
More studies are planned to look at the amount of different MAP kinases present at the 
different stages - proliferative, matrix synthesis, calcification - of primary osteoblast culture 
development in vitro. To classify the stage of the culture, the levels of different stage- 
specific mRNAs will be measured. These studies will be performed in both 2-D and 3-D 
cultures. For the latter cultures, we will work together with Dr. Mikos's group. Using 
different biodegradable polymers, they have developed a system for 3-D culture of primary 
osteoblasts. Following the inventory of MAP kinases, we will then analyze the effect of 
compression -using a Vitrodyne apparatus - on the 3-D osteoblast cultures, measuring 
changes in MAP kinase phosphorylation using specific antibodies and changes in stage- 
specific mRNAs using Northern blots or quantitative RT-PCR. These latter studies we 
anticipate starting in the coming year. 
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PROJECT V 

"Laminar Fluid Flow Effects on Mammalian Cell Protein Synthesis 
and Secretion" 

Larry V. McIntire 
E.D. Butcher Professor of Biomedical Engineering 

Rice University 

Background 
Contrary to the previous belief that a microgravity environment would not affect 

living organisms at the cellular level, recent findings from the STS-8, SL-1, SL-3 and D- 1 
missions demonstrate that many cell functions may be altered during spaceflight. These 
include increases in growth, changes in size, altered DNA transfer during conjugation, 
aging modifications, and changes in development and cell differentiation. Specific effects 
on mammalian cells include a 40-50% increase in kidney cell attachment to microcarriers 
and a five-fold increase in interferon production by in vitro lymphocytes, while lymphocyte 
mitogenic responses are reduced by more than 90%. Even though prolactin secretion 
remains unchanged, growth hormone release from pituitary cells is decreased. 
Mechanisms for these changes are not understood. 

A consistent problem with much of this work has been the lack of control of many 
physical and chemical variables and possible nonuniformities in field variables (particularly 
concentrations). Because of the ability to provide a uniform controlled environment, a 
stirred-tank bioreactor designed for culture of cells on microcarriers would be ideal for 
these experiments. However, high agitation rates create hydrodynamic shear and turbulent 
collisions that result in cell damage and limit the use of fragile cells. Studies on confluent 
cells in laminar flow chambers have shown that low level fluid shear stress can also alter 
cell morphology and metabolism, including several-fold stimulation of cell secretion rates. 
Microgravity experiments need to consider the effects of the hydrodynamic environment 
within the culture system. 

We have chosen as a model cell type the human aortic vascular smooth muscle cell. 
Recent modeling studies [ 11 have shown that hASMC normally experience shear stresses in 
the range of 1-10 dyne/cm2 due to transmural wall flux. Space flight alters pressure 
distributions within the vasculature, and therefore alters pressure driven transmural wall 
flux of fluid. If there are significant effects of fluid stress on SMC metabolism and gene 
regulation, these may be crucial in modulating vascular remodeling during long term space 
flight. 

Initial Results 
Our first studies were to determine the effects of shear stress on nitric oxide (NO) 

production by cultured human aortic smooth muscle cells exposed to increasing levels of 
shear stress using parallel plate flow chambers. NO in the conditioned media was assayed 
fluorometrically by measuring nitrite, a metabolite of NO. Shear stress significantly 
increased nitrite production and decreased smooth muscle cell proliferation compared to 
stationary control cultures. An initial rapid increase in nitrite production rate was followed 
by a more gradual rate of increase throughout the duration of shear stress exposure. 
Neither the initial rapid nor the prolonged sustained nitrite production was dependent on the 
level of shear stress in the range 5-25 dynekm2. Repeated exposure to 25 dynekm2 shear 
stress after a 30 min static period re-stimulated nitrite production similar to the initial burst. 
BAFTA-AM, a Ca++ chelator, blocked shear stress-induced nitrite production, suggesting 
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that NO production was Ca++ was dependent. @-amino-L-arginine, a competitive 
inhibitor of nitric oxide synthases, blocked nitrite production but not the decrease in cell 
proliferation rate. Treatment with dexamethasone or cycloheximide had no effect on nitrite 
production. Monoclonal antibodies directed against the inducible and endothelial nitric 
oxide synthase isoforms showed no immunoreactivity on Western blots, while monoclonal 
antibodies directed against the neuronal nitric oxide synthase isoform gave specific 
products in all control and shear stressed samples. These findings suggest that human 
aortic smooth muscle cells express a constitutive neuronal nitric oxide synthase isoform, 
the enzymatic activity of which is strongly modulated by flow-induced shear stress. This 
work has recently been accepted for publication in Circulation Research [2]. 

To determine whether shear stress regulates gene expression in vascular smooth 
muscle cells, we investigated the effect of flow on the expression of the human thrombin 
receptor (HTR) and tissue plasminogen activator (tPA). HASMC were subjected to 
physiologic levels of shear stress (5-25 dyne/cm2) using parallel plate flow chambers. At 
different time points (2-24 hours), mRNA levels of HTR and P A  were determined using 
RNAse protection assays. HTR mRNA was transiently upregulated by 2.1 fold at 5 
dynekm2 , while at 25 dyne/cm2 HTR mRNA decreased at all time points. In contrast, 
P A  mRNA decreased at 5 dyne/cm2 after a lag and was upregulated at 25 dyne/cm2. To 
further characterize the observed regulation of HTR expression by shear stress, a panel of 
HTR promoter/luciferase constructs were transfected into rat ASMC and the effect of shear 
stress on reporter gene expression was examined. The activity of the full length HTR 
promoter was downregulated by high shear stress (2.5 fold) and a region of the HTR 
promoter (-160 to -300 bp) was found to be required for shear stress mediated HTR 
downregulation. These data indicate that shear stress is capable of regulating gene 
expression in HASMC and that the HTR promoter contains a shear stress sensitive 
element. This work has recently been submitted for publication [3]. 
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PROJECT VI 

“Regulation of G1 Cyclins and their Cyclin-Dependent Kinases during T 
Cell Activation in Hypogravity Culture” 

Clarence F. Sams, Ph.D. and Joseph E. Penkala, Ph.D. 
Research Biochemist, Biomedical Operations and Research Branch 

NASA, Johnson Space Center 

Background 
Studies of lymphocyte (T cell) activation during space flight and in simulated 

microgravity (clinorotation) show a dramatic reduction of DNA synthesis in response to 
mitogenic lectins (Cogoli, 1993). While some progress has been made in identifying T-cell 
inhibition in microgravity, a mechanistic understanding of the inhibition is still lacking. 
Recently, our laboratory has defined two distinct arrest points for T-cells activated in 
clinorotation. Specifically, when these cells are activated by lectins or soluble monoclonal 
antibodies (mAb), they fail to express cell surface activation markers or to secrete 
lymphokines, indicating a GO to G1 block. When purified T-cells are activated in 
clinorotation by phorbol ester (PMA) together with ionomycin (I) or by bead immobilized 
mAb, they progress into late G1 as evidenced by expression of the receptors for IL-2 and 
transferrin, and secretion of IL-2. The interaction of IL-2 with its receptor is considered 
essential for progression through the cell cycle from G1 into S phase (Pauza et al., 1984). 
In hypogravity inhibition of lymphocytes, the interaction of IL-2 with its receptor, does 
take place. However, the cells do not exit G1 and fail to initiate DNA synthesis. This 
finding suggests that hypogravity may alter the regulation of the GUS checkpoint. 

Experimental Design 
To elucidate the role of these GUS regulatory elements in mediating the gravity 

sensitivity of activated T cells, purified T lymphocytes will be activated with bead bound 
anti-CD3 or P M M  and cultured under static (lg) or clinostat (simulated microgravity) 
conditions. The expression and activity of the G1 cyclins and their cyclin-dependent 
kinases will then be determined. 

A. G1 cyclins and cdks. 
1. Expression and assembly of cdklcyclin complexes. Expression of G 1 cyclins 

A, D2, D3, and E as well as associated kinase subunits, cdk2 and cdk4 will be 
examinedusing immunoblot analysis with specific antibody probes. Complex formation 
between specific cyclins and cdks will be determined by immunoprecipitation with anti- 
cyclin affi i ty beads, followed by immunoblot analysis of the precipitates and supernatants 
with anti-cdk antibodies. 

Since both p33cdk2kyclin E and 
p33cdk2 kyclin A are well characterized and have been identified as key regulators of the 
GUS checkpoint, their activation and regulation can be readily examined. Activation of the 
enzymatic activity of cdk2 kinase will be determined by immunoprecipitation with anti- 
cyclin E or anti-cyclin A affinity beads, followed by histone H1 kinase assay of the 
proteins on the beads. It should be noted that cdk4/cyclin D does not phosphorylate 
histone H1 in vitro, but can phosphorylate pRB (see below). 

3. Activation of cdk2/cyclin complex. The cdk2 kinase/cyclin E or A complex is 
activated by phosphorylation of Thrl6O and dephosphorylation of Thrl4 and TyrlS 
(Sebastian et al., 1993), similar to what has been demonstrated for cdc2 kinase. Analysis 
of these modifications will be used to assess the regulation of the cdk2 function. The 

2. Activation of cdkkyclin kinase activity. 
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changes in phosphorylation state of the p33cdk2 peptide can be detected by changes in 
mobility on SDS-PAGE followed by immunoblotting. This will be verified by anti- 
phosphotyrosine immunoblotting or phosphoaminoacid analysis. 

B. PhosDhorvlation of retinoblastoma protein, 
Hyperphosphorylation of pRB is linked to G1 exit via its dissociation from the 

transcription factor E2F. Furthermore, it has been shown that cyclhs A, D, and E in 
complexes with cdk2 and cdk4 can perform this phosphorylation of pRB in vitro. 
Therefore, pRB phosphorylation will be determined following immunoprecipitation, SDS- 
PAGE, and anti-pRB immunoblotting. The phosphorylation can be observed as a 
dramatically retarded mobility of the 110 kD pRE3 band (Dulic et al., 1994). 

C. cdk Inhibitors, 
1. Expression of p53. It has been shown that under conditions of DNA damage, 

the transcription factor p53 mediates GUS arrest via increased production of the universal 
inhibitor p21 that directly complexes with and inhibits the cyclidcdks (Dulic et al., 1994; 
Kastan et al., 1992). In the lymphocyte system of GUS arrest, we will determine whether 
elevated levels of p53 can be detected in microgravity.culture by Western blotting of cell 
lysates with anti-p53 . 

2. Expression of p21 and p27. Both p21 and p27 are small, heat stable inhibitors 
of cdk activity that bind directly to cdkkyclin complexes. It was recently shown that p27 
mediates the TGF-beta induced block to cdk activation in lymphocytes, whereas p21 is 
down regulated in G1 lymphocytes upon stimulation by IL-2 prior to G1 exit (Firpo et al., 
1994). To examine whether microgravity induced alterations inhibit cdk function via one 
of these inhibitory molecules, lysates will be immunoprecipitated with anti-cyclin D, A, or 
E and immunoblotted with specific probes for p27 and p21 respectively to determine their 
levels. In addition, inhibitory activity of the lysates will be determined by incubation with 
S phase extracts, or active cdkkyclin complexes, and measurement of subsequent H1 
kinase activity following immunoprecipitation of the cdks. 

Progress to date 
The originally stated objectives (above) were based upon observations using the 

bead-anti-CD3 and PMA/I activation systems. This system usually resulted in entry to the 
cell cycle (GO/Gl transition) and subsequent arrest at GUS. We have observed a 
variability of the GUS block using these systems that appears to be dependent upon 
concentrations utilized for the activators. This variability is apparently due to activator 
concentrations resulting in overstimulation and cell death (with the PMM) or induction of 
anergy (with the bead-anti-CD3). This was a significant problem when basing S phase 
progression on tritiated thymidine utilization. This assay will look identical for an S phase 
block or the death of the cells prior to S phase. Therefore, at this time there is some 
question whether the arrest at GUS is valid or is an artifact of cell death or anergy. We will 
continue our efforts to define the experimental system and to remove any influence of 
potential artifacts. To this end we are now using bromodeoxyuridine incorporation to 
assess the 9% of S phase cells. This assay is performed on the flow cytometer and provides 
a cell-by-cell analysis of cell cycle position. It also allows elimination of non-viable cells 
and does not have the potential for artifacts of the tritiated thymidine uptake assay. Upon 
the further definition of our experimental parameters, we will continue the course of 
investigation outlined above. 

In the event that the GUS block is determined to be untenable for further study, we 
will focus our attention on the GO/Gl transition. This block is very consistent using both 
soluble anti-CD3 antibodies or mitogenic lectins. We originally chose to examine the GUS 
transition since more is known about the regulatory elements at this cell cycle control point. 
However, GO/Gl block wouild allow investigation of the coupling between the initial 
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signal transduction pathways and cell cycle entry. Investigation of the GO/Gl block will 
focus on the signaling pathways coupling binding of the T cell receptor (TCR) to changes 
in nuclear transcription. TCR binding activates protein kinase cascades including the MAP 
kinase system. The investigation of this protein kinase cascade and it’s coupling to cell 
cycle entry can be performed using experimental techniques similar to those outlined above. 
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PROJECT VII 

"Mechanical Load Effect on Bone Formation" 

Antonios G. Mikos 
Law Associate Professor of Bioengineering 

Rice University 

Peggy A. Whitson 
Deputy Division Chief, Medical Sciences Division 

NASA, Johnson Space Center 

Specific Aims 
The research plan includes creating a versatile three-dimensional (3-D) polymer/cell 

construct to model bone behavior under specific mechanical environments. This model 
incorporates the simplicity of an isolated system of osteoblasts (bone forming cells) while 
preserving the matrix environment allowing the cell-cell and cell-matrix communication 
expected in real bone. The specific aims of this project are: 

1. To create 3-D cultures of primary rat osteoblasts attached on biodegradable polymer 
scaffolds and to form bone tissue in vitro. We will explore the effects of seeding 
density and foam morphology on osteoblast proliferation, function, and matrix 
synthesis. We will use the knowledge from these studies to develop culturing 
protocols for creating our 3-D in vitro model with controlled cellularity and bone 
density; and 

2. To investigate with the in vitro model the effect of static and cyclical compressive 
strain exerted on the 3-D polymer/osteoblast cultures for: 

a) alkaline phosphatase activity, collagen production and gene expression for 
osteocalcin, osteonectin, and osteopondin, all of which are extracellular matrix 
components and contribute to mineralization, 

b) secretion of cytokines and growth factors which play important roles in the bone 
remodeling process, and 

c) mineralization and bone formation to understand their adaptation to load conditions. 

Accomplishments 
Bone formation in vitro was investigated by culturing stromal osteoblasts in three- 

dimensional (3-D), biodegradable poly(D1-lactic-co-glycolic acid) foams. Three polymer 
foam pore sizes and two different cell seeding densities were examined over a fifty-six day 
culture period. The polymer foams supported the proliferation of seeded osteoblasts as well 
as their differentiated function which was demonstrated by high alkaline phosphatase 
activity and deposition of a mineralized matrix by the cells. Cell number, alkaline 
phosphatase activity, and mineral deposition increased significantly over time for all the 
polymer foams. Seeding density was an important parameter for the constructs, but pore 
size over the 150-710 mm range did not affect cell proliferation or function. This study 
suggested the feasibility of creating 3-D cultures of primary rat osteoblasts attached on 
biodegradable polymer scaffolds and forming bone tissue in vitro. This study also showed 
that cell seeding needs to be further investigated for creating cell cultures with controlled 
cellularity and bone density. 
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We have begun investigations to study cell seeding into porous polymer scaffolds in 
order to create a 3-D in vitro model that better mimics the in vivo load conditions. We have 
developed a new scaffold design and polymer processing method in an attempt to improve 
cell seeding. In vitro experiments where performed with rat marrow stromal osteoblasts 
seeded and maintained into the scaffolds. To apply strain to the cells within the scaffolds, a 
new apparatus was also designed and built, which allows us to treat the scaffolds 
continuously over a long time period and still support the seeded cells inside the scaffold. 
Moreover, this apparatus allows us to control the mechanical load on 3-D polymedcell 
constructs including the frequency of the stimulating strain, strain range within a cycle, 
ratio of strain change, and maximum force applied to the construct. We will use this 
apparatus with the 3-D cell cultures to study mechanical load effects on osteoblast gene 
expression and bone formation. 

Deviations 
The collaboration with Dr. Barbara D. Boyan of the University of Texas Health Science 

Center in San Antonio, unfortunately, did not work out because of the distance between 
Houston and San Antonio. However, we have been very fortunate to establish a 
collaboration with Dr. M. Cindy Farach-Carson of the University of Texas Dental Branch 
at Houston who has agreed to serve as a consultant for this project. Dr. Farach-Carson is 
an expert in skeletal physiology and is currently also funded by NASA. 

S.A. 1 : Develop Cell Seeding Method 
S.A. 2: Study Gene Expression Under Mechanical Stimulation 
S.A. 2: Study Protein Synthesis Under Mechanical Stimulation 

1/97 - 6/97 7/97 - 12/97 
> -- - - - -- 

> ------- ------- 
> -_____________ 
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PROJECT VIII 

"Mechanical Loading, Growth Factor Release and Regulation of 
Skeletal Muscle Mass: A Potential Site for the Application of 

Microgravity-Induced Muscle Atrophy Countermeasures" 

Daniel L. Feeback, Ph.D. and Mark S.F. Clarke, Ph.D. 
Life Sciences Research Laboratories (SD-3), NASNJohnson Space Center 

Houston, TX 77058 

Background 
Understanding microgravity-induced musculoskeletal adaptation, specifically 

microgravity-induced skeletal muscle atrophy (MISMA) is of critical importance to the 
future of manned space flight. MISMA, with the consequent loss in muscle mass strength 
and endurance, is one of the most serious, and potentially dangerous, problems faced by 
crew members during and after extended space flight. However, the mechanism(s) 
responsible for the initiation of MISMA are unclear. In contrast, the mechanistic nature of 
the events leading to muscle hypertrophy are better understood. Increasing the mechanical 
load on skeletal muscle initiates muscle hypertrophy in both human and animal exercise 
models, whereas disusehnloading initiates atrophy. Exercise increases the amount of basic 
fibroblast growth factor (bFGF) detected in muscle and causes satellite cell proliferation in 
vivo, whereas disuse suppresses satellite cell proliferation. We have previously shown that 
mechanical loading of muscle during eccentric exercise causes wide-spread sarcolemma 
wounding and a consequent reduction in wounded myofiber bFGF content in vivo. In a 
related study we also detected a dose-dependent, contraction-induced release of both acidic 
FGF and basic FGF from the rat myocardium. We suggest that mechanically-induced, 
wound-mediated release of FGF acts as a transduction mechanism for translating mechanical 
load into a muscle growth response and that disruption of this mechanism during spaceflight 
plays a significant role in the initiation of microgravity-induced muscle atrophy. 

Progress to Date 
During the past 12 months we have completed the preliminary studies outlined in our 

original proposal utilizing our newly acquired Flexcell Strain Unit (FSU). This work 
appeared as a research article in the FASEB Journal and is the first study to demonstrate a 
direct, proportional correlation between the amount of mechanical load applied, the degree 
of sarcoplasmic wounding inflicted on and the quantity of fibroblast growth factor (FGF) 
released by differentiated human myotube cultures. In addition, this study demonstrated that 
the growth response induced by mechanical loading was abolished when the action of FGF, 
released as a consequence of mechanical loaded-induced sarcolemma wounding was 
blocked using a specific, site-directed FGF neutralizing antibody. As such, this work 
directly demonstrates that sarcolemma wound-induced FGF release is a central signaling 
mechanism involved in mechanical load-induced skeletal muscle growth. We have recently 
acquired a second FSU culture platform which will be used for the study of Unloading on 
human skeletal muscle cells. 

A second area of investigation of great importance, although not directly related to 
the NSCORT study, is the development in this laboratory of an immortalized human skeletal 
myoblast cell line, MyoSLT, capable of normal terminal differentiation in culture. Access to 
this cell line will assure a consistent and reliable source of human myocytes and myotubes 
for use in the planned FSU experiments, without the need to return to the costly and time- 
consuming isolation of primary human skeletal muscle myocyte cultures from needle biopsy 
material. These cells (Myo5LT) have been successfully grown as myocytes in collagen- 
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coated FSU culture plates and will prove indispensable in our future studies on the effects of 
unloading on human skeletal muscle in vitro. 

A third research project in this laboratory, a bedrest study completed August 1996, 
has yielded some very encouraging results which have direct implications for the research 
being carried out under the auspices of the NSCORT Award. The bedrest study has shown 
that myofiber wounding is significantly reduced during bedrest, that circulating acidic FGF 
levels are significantly reduced and that these changes are paralleled by significant skeletal 
myofiber atrophy of the m. vastus lateralis. When the test subjects underwent a resistive 
exercise protocol during bedrest, muscle acidic FGF content, myofiber wounding and 
circulating acidic FGF levels were all significantly increased. These changes were paralleled 
by prevention of the bedrest-induced myofiber atrophy detected in unexercised bedrest 
subjects. These results suggest that the central concept of mechanical load-induced, 
sarcolemma-mediated FGF release as a central signaling pathway in the maintenance of 
skeletal muscle mass in vivo is correct. The program of research for the NSCORT project 
will further help us to understand the basic molecular mechanisms involved in the unloading 
response in human skeletal muscle, using the highly reproducible and controllable 
environment of the FSU. 
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PROJECT lX 

"Microgravity Effects on Lymphocyte Adhesion and Motility" 

Kyriacos Zygourakis 
Professor of Chemical Engineering 

Rice University 

Specific Aims 
This project will focus on the effects of microgravity environments on cells of the 

immune system. Activation of T lymphocytes requires a specific sequence of cell signaling 
and intracellular events that are triggered through interactions with monocytes or other 
antigen-presenting cells (APC). Since migration of lymphocytes and their adherence to 
other cells are two of the most significant properties modulating these interactions, our 
research will concentrate on elucidating the effect of microgravity environments on the 
pathways of lymphocyte adhesion and motility. Measurements of lymphocyte aggregation 
rates and migration speeds will be performed using two sensitive assays based on video 
microscopy and digital image processing. 

Results 
During the past six months, we completed the development of a model that 

describes the kinetics of homotypic cellular aggregation. Such a model is necessary for 
correctly interpreting the results from lymphocyte aggregation experiments. 

The study of cellular aggregation under an optical microscope is a common method 
used by immunologists to study the role of various reagents in activating and modulating 
cell adhesion. For a typical aggregation experiment, lymphocyte cells are activated and 
placed on the bottom of a tissue culture well. As the activated cells move on the well 
surface and collide with other cells, they form large multi-layered aggregates. For 
lymphocyte systems, we expect that the rate of aggregation will depend on (a) the rate of 
collision of cells and cell aggregates, and (b) the ability of the two colliding species to bind 
upon contact. Collision rates are strong functions of the cell migration speed and the size 
of the aggregates. In turn, cell migration speed is governed mainly by its cytoskeletal 
activity. The fraction of cell collisions resulting in adhesion gives the sticking probability 
which depends on the concentration of surface receptors and their affinities for the ligands 
on the opposing species. These parameters are affected both by the level of cell activation 
and by more subtle biological variables such as the cell cycle and cell-surface interactions. 
They are probably also time-dependent because of activation and down-regulation of 
adhesion processes. 

The above points are sometimes overlooked by investigators analyzing cellular 
adhesion by monitoring aggregation, and this can lead to misinterpretation of the 
experimental data. For example, two systems may have similar aggregation kinetics even 
though they have very different binding capabilities: a system with highly motile cells with 
low-affinity receptors may be indistinguishable from one with cells having low motility but 
high affinity receptors. Comparisons among various aggregation experiments are further 
complicated due to difficulties in controlling other system parameters such as the initial cell 
density. 

To resolve these problems, we have developed a kinetic model and applied it to the 
analysis of experimental aggregation data. The model considers cellular aggregation under 
no-flow conditions as a two-step process. Individual cells and cell aggregates (a) move on 
the tissue culture surface and (b) collide with other cells (or aggregates). These collisions 
lead to the formation of intercellular bonds. The aggregation kinetics are described by a 
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system of coupled, non-linear ordinary differential equations and the collision frequency 
kernel is derived by extending Smoluchowski's colloidal flocculation theory to cell 
migration and aggregation on a 2-dimensional surface. To relax some of the restrictive 
assumptions of earlier models and to more accurately simulate the behavior of our 
aggregation system, we modified the kinetic kernel in accordance with our experimental 
findings and basic collision theory principles. Model predictions agree well with data from 
homotypic lymphocyte aggregation experiments using Jurkat cells activated by 33B6, an 
antibody to the b l  integrin. This comparison allowed us to quantify the dependence of 
aggregation rates on (a) the motility of cells and cell aggregates, (b) the frequency of cell- 
cell collision and (c) a measure of the strength of inter-cellular bonds. Thus, this model 
provides a potentially useful tool for identifying the important physiological parameters 
involved in aggregation and for correctly interpreting experimental data obtained from 
visual assays of homotypic cellular aggregation. The usefulness of our model is enhanced 
by the fact that cell migration speeds and all the other model parameters can be 
independently measured. 

Plans for the Coming Year 
We plan to extend our studies on lymphocyte aggregation and motility to cells that 

have been cultured in a simulated microgravity environment. The cells will be stimulated 
with monoclonal antibodies to the bl integrin (33B6 and 18D3) and cultured in clinostats 
either in suspension or encapsulated in gel matrices for varying periods of time. After 
removing them from the clinostat, the lymphocyte adhesive properties and motility will be 
assayed at several time points. Homotypic aggregation kinetics will be measured using our 
novel assay and receptor expression levels will be quantified using flow cytometry. We 
will also study the energetics of receptor activation by examining the effects of temperature 
and various chemical stimuli (phorbol ester, cytochalasin B) on the activation epitope 
expression and on the homotypic activation function. Finally, the level of cell activation 
will be quantified using flow cytometry to monitor changes in intracellular Ca+2 levels. 
These studies will address the following questions: (A) Does exposure to simulated 
microgravity affect the receptor expression and the binding of monoclonal antibodies to 
corresponding epitopes of the bl  integrin ? (B) Does simulated microgravity affect the 
aggregation kinetics and do we observe any dosage-dependence effects that can be used to 
control this adhesive function ? (C) Is cell avidity altered only due to conformational 
changes of the bl  integrin or does ligand binding induce intracellular activation signals that 
modulate lymphocyte adhesion function ? 

Using a second assay we developed, we will also evaluate the motility of 
lymphocytes exposed to simulated microgravity by measuring their speed of locomotion, 
persistence of movement and turn angle distribution. The lymphocytes will be activated 
with 33B6 and 18D3 mAbs before and after clinostat exposure. Surfaces coated with 
varying concentration of extracellular-matrix proteins (like fibronectin) will be used for the 
motility measurements. 

Student Training 
A new Ph.D. student (Art Bergman) has started working on this project and he will 

carry out the lymphocyte aggregation and motility experiments in the coming year. A Rice 
undergraduate student (Matthew Wong) has also worked on this project last summer (June 
1- August 15, 1996) carrying out cell motility measurements and implementing a new 
image analysis technique for measuring changes in the shape and size of migrating cells. 
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EDUCATION, TRAINING AND OUTREACH 

Our NSCORT education, training and outreach activities are reported in accordance 
with the following definitions set forth by the NASA Space Life Sciences Division, Office 
of Life and Microgravity Sciences and Applications: 

Training - Learning opportunities and information dissemination designed primarily for 
NSCORT members and staff. 

Education - Education information or activities designed for grades K-14 that benefit 
students other than NSCORT trainees, and participation by NSCORT 
members in professional association conferences, etc. 

Outreach - Activities that extend NSCORT information to business and general public 
audiences. 

A. TRAINING 

Students in Training 
During the first Year of our NSCORT in Gravitational Biology 22 students have 

received traiiing (4 p&tdoctoral; 7 graduate students; and 11 unckgraduates) in the 
laboratories of our NSCORT investigators. In addition to these research experiences, the 
NSCORT-affiliated postdoctoral fellows and students (both graduate and undergraduate), 
along with all students and postdocs affiliated with the Institute of Biosciences and 
Bioengineering are encouraged to attend both the Biweekly and Monthly NSCORT 
Seminars described below under Training Opportunities. 

NSCORT Postdocto ral Fellows. G r a d w  Stude nts and U ndergraduates 

Name 

4 Postdoctoral Fellows: 
Keith Johnson 
Jacobus Albertyn 
M a r h s  Widmer 
Heidi Nelson 

7 Graduate Students: 
LaChelle Warbington 
Stephen Richards 
Chris topher Helmke 
David Rhoads 
Rob Thomson 
Arthur Bergman 
Suzie Ishaug 

11 Undergraduate Students: 
Monica Ramos 
Kasia Mucha 
Susan Lang (1/2 time) 
Andrew Varga (1/2 time) 
Jasper Liu 

Mar 1,1996 - Feb 28,1997 
Jul2, 1996 - Feb 28, 1997 
Jun 1,1996 - Feb 28,1997 
Aug 1,1996 - Feb 28,1997 

Mar 1,1996 - Feb 28,1997 
Mar 1,1996 - Aug 31,1996 
May 16,1996 - Feb 28,1997 
May 16,1996 - Feb 28,1997 
Jul 1, 1996 - Feb 28, 1997 
Apr 1, 1996 - Feb 28, 1997 
Mar 1,1996 - Jun 30, 1996 

Aug 26,1996 - Feb 28,1997 
May 16,1996 - Aug 15,1996 
May 16,1996 - Aug 15,1996 
Jun 3,1996 - Aug 15,1996 
May 16,1996 - Aug 15,1996 

Trainin? Received in the 
Laboratory o f; 

J. Braam 
M. Gustin 
T. Mikos and P. Whitson 
K. Beckingham 

M. Stern 
M. Stern and K. Beckingham 
M. Gustin 
L. McIntire 
T. Mikos and P. Whitson 
K. Zygourakis 
T. Mikos and P. Whitson 

J. Braam 
K. Beckingham 
M. Stern 
M. Stern 
J. Braam 
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Daniel Lin May 16,1996 - Aug 15,1996 M. Gustin 
Jessica Nolley 
Matthew Sing Wong May 16,1996 - Aug 15,1996 K. Zygourakis 
Toma Miller Sept 9,1996 - Feb 28,1997 J. Braam 
Liang Wang Sept 11,1996 - Feb 28,1997 K. Beckingham 
AUyson Woods Sept 25,1996 - Feb 28,1997 K. Beckingham 

May 16, 1996 - Aug 15, 1996 T. Mikos and P. Whitson 

NASA-NSF-GRC Award 
Dr. Keith Johnson, NSCORT Postdoctoral Fellow in the laboratory of investigator 

Janet Braam, was awarded a NASA-NSF-GRC Young Investigator Stipend to attend the 
Gordon Conference on "Gravitational Effects on Living Systems" held at Colby-Sawyer 
College, New London, New Hampshire, July 14-19, 1996. Dr. Johnson presented an 
abstract and poster at the meeting, which is reported below under the category of 
Professional Education. 

TraininP Opportunities 

Biweekly Seminar Series 
A Biweekly Seminar series has been initiated. The seminars are for NSCORT 

faculty to present detailed presentations of their research projects. All faculty, postdocs 
and students affiliated with the NSCORT and with the Institute of Biosciences and 
Bioengineering are invited to attend these seminars. At this reporting, the two most recent 
seminars to be presented (including the Thanksgiving holiday) were: 

Friday, November 8 
Presenting: 
Title of Talk: "Effects of Altered Gravity on the Development and Function of the 

Dr. Michael Stern and Graduate Student LaChelle Warbington 

Nervous System of Drosophila melanogaster." 

Friday, December 13 
Presenting: Dr. Michael Gustin 
Title of Talk: "Pressure-Related Signaling Pathways in Large and Small Creatures - 

A Tale of Bones and Beer" 

Monthly Seminar Series 
Our most recent NSCORT Monthly Seminar was held on Wednesday, December 

11, 1996. This seminar series is designed to bring outside speakers to the campus whose 
research interests are relevant to the Rice NSCORT research projects. These monthly 
seminars are open to NSCORT members, the Rice campus community (including all 
faculty, postdoctoral fellows, graduate students and undergraduates affiliated with the 
Institute of Biosciences and Bioengineering), and the general public. The site for these 
seminars alternates between Rice University and the Johnson Space Center. 

Wednesday, December 11 
Presenting: Dr. Karl H. Hasenstein, Associate Professor of Biology , 

University of Southwestern Louisiana 
Title of Talk: "Induction of Plant Curvature by Magnetophoresis and Cytoskeletal 

Changes During Root Graviresponse." 
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Graduate and Undergraduate Courses 
Graduate and undergraduate courses are being developed. These will be space 

technology related courses which will be new additions to the biological sciences 
curriculum at Rice and will consist of two offerings - a broad course in space technology 
with emphasis on effects of microgravity on biological systems and a second course taught 
as an upper division course dealing with specific aspects of current research in this area. 
The first course will be open to all students with minimal prerequisites. These courses will 
utilize Johnson Space Center personnel to a large degree. This will provide a major 
opportunity for NASA to interact with university students, including those not involved 
directly in this program, who have strong interests in space activities. 

Visit by Morehouse School of Medicine Investigators 
On December 11, eighteen scientists affiliated with the Morehouse School of 

Medicine Space Life Science Center visited Rice to meet with Rice NSCORT faculty to 
learn about our NSCORT and to establish a connection between our two centers. Director 
Larry McIntire presented an overview of the Rice NSCORT, followed by an overview by 
Dr. C. Sanborn of the research activities of the Morehouse Space Life Science Center. A 
question and answer period was followed by informal discussions among the two groups 
of investigators. 

Attendance at Professional Conferences 

directly relating to gravitational biology. 
This year six NSCORT faculty and students attended professional conferences 

Annual ASGSB Meeting in Washington D.C., October 25-29,1995 
- Attended by NSCORT Associate Director Frederick B. Rudolph and NSCORT 
Investigator Dr. Janet Braam 

1996 Summer Gordon Conference entitled "Gravitational Effects on Living 
Systems", Colby-Sawyer College, July 14-19, 1996 

- Attended by NSCORT Investigator Dr. Kyriacos Zygourakis and NSCORT 
Postdoctoral Fellow Dr. Keith Johnson 

1996 Annual ASGSB Meeting in Charlotte, North Carolina, October 23-26,1996. 
- Attended by NSCORT Director Larry V. McIntire and NSCORT Investigator 
Dr. Clarence Sams 

B. EDUCATION 

Professional 

A complete list of Publications, Abstracts and Conference Presentations based on 
NSCORT research is presented on pages 29-3 1 of this report. 

Educat ion 

Development of Rice NSCORT Educational Programs 
Several communications with Ms. Bonnie McClain, NASA Life Science Education 

Programs Coordinator helped us clarify the types of educational activities and programs 

26 



that would be best suited to our NSCORT. On December 11, 1996, Ms. McClain visited 
our NSCORT. The information and advice she provided was extremely useful in helping 
us focus on specific programs for our NSCORT. 

A network of K-12 programs sponsored by the Howard Hughes Medical Institute 
and administered through the Rice Univeristy Department of Biochemistry and Cell 
Biology has been in existence since 1990. The Hughes grant currently supports a program 
for secondary school involvement which exposes all teachers of science in the Houston 
Independent School District (which has a significant minority population) to advances in 
the field and acquaints them with modem techniques. The program was developed with an 
attempt to facilitate recruiting students, while simultaneously providing benefits 
independent of the specific selection of graduate institution. A clear objective of these K-12 
initiatives is to increase enrollment of minority (as well as students in general) in science 
and engineering, particularly during the high school years. 

Our NSCORT educational activities will be integrated into these well established 
programs. The addition of a NASA component will enhance the attractiveness of the 
existing programs and integrate all of the initiatives to allow maximum impact on 
recruitment and training of minority students and students in general in science and 
engineering. 

These activities will be coordinated by Diana Welch, Assistant Director of the 
Institute of Biosciences and Bioengineering and designated Education Contact Person for 
our NSCORT. Ms. Welch will continue to consult with Ms. McClain as the Rice 
NSCORT educational programs are initiated. 

C. OUTREACH 

Presentations 

Annual Symposium 
The Rice NSCORT's first Annual Symposium will be held on the Rice campus in 

Spring 1997. The conference will consist of a keynote lecturer in the area of space 
biology, talks on current research projects, and will include a poster session. The External 
Review Committee will meet as a part of this event and provide guidance for operation of 
the program. The symposium will be advertised locally and nationally and a particular 
effort will be made to encourage attendance by industrial groups. Local high school and 
college students and teachers will be invited to this event as a part of outreach activities. 

Media 

Advertisements 

September 21,1995 issue of the Rice News. 
The Rice NSCORT was advertised in the May 24, 1996 issue of Science and the 

NSCORT Web Homepage 

and Bioengineering's world wide web homepage. The address is http://www-bioc.rice. 
edu./Ins titute/IBB .broc hurdindex. html. 

The Rice NSCORT has been added to the Rice University Institute of Biosciences 
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NSCORT Information Materials 

Flyer 
A general information flyer describing the mission of the Rice NSCORT in 

Gravitational Biology and the research focus areas was prepared and distributed at both the 
1995 and 1996 ASGSB Annual Meetings. A copy of this flyer is attached as Appendix A. 

Institute Annual Report 
The awarding of the NSCORT to Rice University was reported in the 1995 Annual 

Report of the Institute of Biosciences and Bioengineering, a copy of which is attached to 
this report as Appendix B. This publication is mailed to over 2,500 scientific colleagues, 
business contacts, donors and friends of Rice University and the Institute of Biosciences 
and Bioengineering. 

The 1996 Annual Report of the Institute is in press at this time. This report 
contains a followup story on the initiation of our NSCORT on March 1, 1996. A copy of 
this publication will be forwarded to NASA Grant Officer Dr. Barbara Cephas and NASA 
Technical Officer Ms. Vicki Thorne as soon as it is available. 
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PUBLICATIONS, ABSTRACTS AND 
CONFERENCE PRESENTATIONS 

Publications Arising From NSCO RT Activities; 

1. Clarke, M.S.F. and Feeback, D.L. (1996) Mechanical load induces sarcoplasmic 
wounding and FGF release in differentiated skeletal muscle cultures. FASEB J. 

L. Lu and A.G. Mikos (1996), “The Importance of New Processing Techniques 
in Tissue Engineering,” MRS Bulletin, 21, 28-32. 
A.C. Jen, S.L. Ishaug, M.J. Yaszemski, L.V. McIntire, and A.G. Mikos, 
(1996) “Three Dimensional In Vitro Mechanical Model for Bone Formation,” 
Trans. World Biomter. Congr., 5, 1-979. 
Richards, S., Hillman, T. and Stem, M. (1996) Mutations in the Drosophila 
pushover gene confer increased neuronal excitability and spontaneous synaptic 
vesicle fusion. Genetics 142: 1215-1223. 

4: 127- 139. 
2. 

3. 

4. 

In Press: 

5 .  Papadaki, M., Tilton, R.G., Eskin, S.G. and McIntire, L.V., “Nitric oxide 
production by human aortic smooth muscle cells: Modulation by fluid shear stress” 
Circulation Research , accepted for publication (1996). 
S.L. Ishaug, G.M. Crane, M.J. Miller, A.W. Yasko, M.J. Yaszemski, and A.G. 
Mikos, “Bone Formation by Three-Dimensional Stromal Osteoblast Culture in 
Biodegradable Polymer Scaffolds,” J. Biomed. Muter. Res., in press (1996). 
S.L. Ishaug-Riley, G.M. Crane, A. Gurlek, M.J. Miller, M.J. Yaszemski, A.J. 
Yasko, and A.G. Mikos, “Ectopic Bone Formation by Marrow Stromal 
Osteoblast Transplantation Using Poly(DL-Lactic-co-Glycolic Acid) Foams 
Implanted into the Rat Mesentery,” J. Biomed. Muter. Res., in press (1996). 
S. Neelamegham, L.L. Munn and K. Zygourakis, “A Mathematical Model for the 
Kinetics of Homotypic Cellular Aggregation under Static conditions,” Biophysical 
Journal, 72, in press (1997). 

6. 

7. 

8. 

Submitted: 

9. Nelson, H., Heiman, R.G., Bolduc, C., Kovalick, G.E., Whitley, P., Stern, M. 
and Beckingham, K., Calmodulin point mutations affect Drosophila 
development and behavior. Submitted for publication to Genes and Development, 
(1996). 
Ruet, J., Papadaki, M., Eskin, S.G., McIntire, L.V. and Runge, M.S., 
“Differential regulation of thrombin receptor and tissue plasminogen activator 
expression by shear stress in human aortic smooth muscle cells,” submitted for 
publication to Journal of Clinical Investigation (1996). 
Clarke, M.S.F., Candal, F.J., Vanderburg, C.R., Ades, E.W. and Feeback, 
D.L. (1996) Establishment of an immortalized adult human skeletal muscle cell line 
(Myo5LT) capable of differentiation in tissue culture. Submitted for publication to 
Developmental Dynamics (1996). 

10. 

11. 

Abstracts a nd Co nference Presentations o f NSCO RT Activities; 

1. Johnson, Keith A. and Braam, Janet (1996) The TCH2 Gene of Arabidopsis 
Encodes a Novel Calmodulin-Related Protein: Its Expression Pattern Indicates a 
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2. 

3. 

4. 

5 .  

6. 

7 .  

8.  

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Possible Role in Plant Responses to Mechanical Stimulation. Abstract presented at 
the 1996 Summer Gordon Conference Conference entitled "Gravitational Effects on 
Living Systems", Colby-Sawyer College, July 14- 19, 1996. 
Braam, Janet (1996) Regulation of Expression and Functions of XET and 
Calmodulin-Related TCH Genes of Arabidopsis. Symposium on Calcium and 
Gravitational Biology, November 2, 1996, The North Carolina Biotechnology 
Center, Research Triangle Park, NC. 
Bamman, M.M., Clarke, M.S.F., Feeback,D.L., Powers, S.K. and Stevens, 
B.R. (1996) Myosin heavy chain distribution following bed rest with and without 
resistance exercise. (Abstract) The American College of Sports Medicine, Denver, 
co. 
Clarke, M.S.F., Bamman, M.M. and Feeback, D.L. (1997) Myofiber wound- 
mediated FGF release and muscle atrophy during bedrest. (Abstract), Experimental 
Biology '97, New Orleans, LA. 
McIntire, L.V., Papadaki, M. and Eskin, S.G. (1996). Invited lecture "Flow 
Modulation of Smooth Muscle Cell Proliferation and Metabolism" Vth Biennial 
Meeting of the International Society for Applied Cardiovascular Biology, 
Manchester, England, March, 1996. 
Papadaki, M. Eskin, S.G., Tilton, R. and McIntire, L.V. (1996) "Fluid Shear 
Stress Increases Nitric Oxide Production by Cultured Human Aortic Smooth Muscle 
Cells" Experimental Biology '96, Washington, DC, April, 1996. 
McIntire, L.V., Eskin, S.G. and Papadaki, M. (1996) Invited lecture 
"Modulation of Gene ExDression in Mammalian Cells bv Fluid Flow and Mechanical 
Strain" 5th World Congkss of Chemical Engineering, $an Diego, California, July, 
1996. 
Eskin, S.G., Tilton, R., Papadaki, M. and McIntire, L.V. (1996) "Nitric Oxide 
Production by Shear Stressed Smooth Muscle Cells" IXth International Vascular 
Biology Meeting, Seattle, Washington, September, 1996. 
Runge, M., Papadaki, M., Ruet, J., Eskin, S.G. and McIntire, L.V. (1996) "A 
Novel Effect of Fluid Shear Stress: Down-regulation of Human Thrombin Receptor 
mRNA and Promoter Activity in Human Aortic Smooth Muscle Cells" American 
Heart Association - 69th Scientific Sessions, New Orleans, LA, November, 1996. 
Papadaki, M., Runge, M., Eskin, S.G., and McIntire, L.V. (1996) "Thrombin 
Receptor and Plasminogen Activator mRNA Levels are Modulated by Shear Stress 
in Human Aortic Smooth Muscle Cells" Annual Meeting of the American Institute of 
Chemical Engineers, Chicago, E, November, 1996. 
G.M. Crane, S.L. Ishaug, M.J. Miller, M.J. Yaszemski, and A.G. Mikos, 
"Three-Dimensional Bone Formation Using Biodegradable Polymer/Stromal 
Osteoblast Constructs," Keystone Symposium on Tissue Engineering, Taos, New 
Mexico, January 24, 1996. 

S.L. Ishaug, G.M. Crane, M.J. Yaszemski, and A.G. Mikos, "Three- 
Dimensional Calvaria Osteoblast Culture in Biodegradable Polymer Scaffolds," 
14th Annual Conference of the Houston Society for Engineering in Medicine and 
Biology, Houston, Texas, February 8, 1996. 
A.C. Jen, S.L. Ishaug, M.J. Yaszemski, L.V. McIntire, and A.G. Mikos, 
"Three Dimensional In Vitro Mechanical Model for Bone Formation," 14th Annual 
Conference of the Houston Society for Engineering in Medicine and Biology, 
Houston, Texas, February 8, 1996. 
S.L. Ishaug, G.M. Crane, M.J. Miller, M.J. Yaszemski, and A.G. Mikos, 
"Bone Formation Using Stromal Osteoblasts Cultured in Biodegradable Polymer 
Foams," 14th Annual Conference of the Houston Society for Engineering in 
Medicine and Biology, Houston, Texas, February 8, 1996. 
G.M. Crane, S.L. Ishaug, M.J. Miller, M.J. Yaszemski, and A.G. Mikos, 
"Three-Dimensional Bone Formation Using Biodegradable Polymer/Stromal 
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Osteoblast Constructs,” 15th Southern Biomedical Engineering Conference, 
Dayton, Ohio, March 31, 1996. 
S.L. Ishaug, G.M. Crane, and A.G. Mikos, “3-D Osteoblast Culture in 
Biodegradable Polymer Foams,” 5th World Biomaterials Congress, Toronto, 
Canada, May 30, 1996. 
A.C. Jen, S.L. Ishaug, M.J. Yaszemski, L.V. McIntire, and A.G. Mikos, 
‘”Three Dimensional In Vitro Mechanical Model for Bone Formation,” 5th World 
Biomaterials Congress, Toronto, Canada, June 2, 1996. 
S.L. Ishaug, G.M. Crane, M.J. Yaszemski, and A.G. Mikos, “Three- 
Dimensional Osteoblast Migration in Biodegradable Polymer Foams,” 5th World 
Congress of Chemical Engineering, San Diego, California, July 16, 1996. 
A.C. Jen, A.G. Mikos, J. Mayer, and E. Wintermantel, “Biocompatible Fiber- 
Reinforced Composites for Culturing Osteoblasts,” Annual BMES Fall Meeting, 
State College, Pennsylvania, October 6, 1996. 
A.C. Jen, J.L. Almaguer, S.D. Cho, M.S. Widmer, A.G. Mikos, K. Akanbi, 
and M.C. Farach-Carson, “Three-Dimensional PolymerKell Mechanical Model for 
Bone Formation,” Post-ASME Workshop on Cell Biomechanics, Georgia Institute 
of Technology, Atlanta, Georgia, November 23, 1996. 

16. 

17. 

18. 

19. 

20. 
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APPENDIX A. 

RICE 
NASA Specialized Center of Research and Training (NSCORT) 

in Gravitational Biology 

RICE UNIVERSITY 
INSTITUTE OF BIOSCIENCES AND BIOENGINEERING 

The goal of the NSCORT at Rice University is to develop a high quality training 
and research program that will establish a NASA-university base for space-related research. 
The research emphasis will be in the area of Gravitational Biology, in particular the 
investigation of the effects of gravity and other environmental factors on biological function 
at the cellular and molecular level. The research efforts, training opportunities, and 
scientific exchange will promote the expansion of a scientific peer group well-educated in 
space-related biological issues. This will stimulate the interest of the larger scientific 
community and insure the continuing development of rigorous flight investigations in 
Gravitation Biology. 

There are twelve major research projects which span a wide range of interests. 
The model systems have been carefully chosen so that specific mechanistic questions at the 
cellular and molecular level can be addressed and so that once the proper ground-based data 
have been assembled, the development of flight based proposals will not be difficult. Brief 
overviews of the research programs are given, followed by the titles of the included 
projects and the project principal investigator. 

MAJOR RESEARCH PROJECTS 

RESPONSES TO MECHANICAL STIMULI 

Several of the project principal investigators have established research programs 
centered on understanding the molecular basis of the response of various cell types to 
mechanical stimuli. These projects examine basic cellular mechanisms involved in sensing 
the mechanical force environment, in transduction of these signals, and in gene regulation, 
using arabidopsis, yeast and mammalian cell models. They interact closely with each other 
because of their common scientific interest in signal transduction, and the understanding 
gained forms a mechanistic basis for developing hypotheses concerning the effect of 
microgravity on cell function. The data produced will also have wide application in many 
other areas where mechanical forces are intimately coupled with gene regulation and cell 
metabolism. 

Molecular and Developmental Responses of Plants to Mechanical Stimuli 
(Janet Braam) 

Pressure-Sensing MAP Kinase Cascades in Yeast and Mammals 
(Michael Gustin) 

Laminar Fluid Flow Effects on Mammalian Cell Protein Synthesis 
and Secretion (Larry V. McIntire) 

Rice University Institute of Biosciences and Bioengineering - MS 144 6100 South Main Street Houston, Texas 77005-1892 
Phone: (713) 527-6034-Fax: (713) 285-5154 



DEVELOPMENTAL BIO LOGY 

Another focus area in the NSCORT is centered on understanding the effect of 
microgravity and associated stresses on development at the molecular and cellular level. 
Drosophila are chosen as the model system for these developmental biology projects 
because of the wealth of molecular level knowledge and reagents that are available to allow 
testing of very specific mechanistic hypotheses. In addition, this model system is relatively 
easy to translate to actual flight experiments once ground-based research identifies the 
proper questions to ask and establishes the requisite data base for comparison. 

The Role of Gravity in  Early Embryonic Pattern Formation 
(Kate Beckingham) 

The Role of Gravity in the Development and Function of the Drosophila 
Nervous System 
(Michael Stern) 

OTHER SYSTEMS 

The remaining seven projects examine specific hypotheses focused on 
understanding the molecular and cellular basis of several documented cellular alterations 
seen in space flight. These include a dramatic reduction in lymphocyte DNA synthesis in 
response to mitogens and in migration, increased bone resorption and demineralization, and 
skeletal muscle atrophy. Finally, two exciting basic research projects on understanding 
microgravity effects on cytoskeletal assembly in mammalian cells (both in suspension and 
for attachment-dependent cells) and effects of microgravity on microbe-host interaction will 
be undertaken. 

Regulation of G1  Cyclins and their Cyclin-Dependent Kinases During T 
Cell Activation in Hypogravity Culture 
(Clarence F. Sams) 

Microgravity Induced Changes in Lymphocyte Movement Through 
Interstitium 
(Neal Pellis) 

Microgravity Effects on Lymphocyte Adhesion and Motility 
(Kyriacos Zygourakis) 

Mechanical Load Effects on Bone Formation 
(Antonios G. Mikos and Peggy Whitson) 

Mechanical Loading, Growth Factor Release and  Regulation of Skeletal 
Muscle Mass: A Potential Site for the Application of Microgravity- 
Induced Muscle Atrophy Countermeasures 
(Daniel L. Feeback) 

Hypergravi ty  a n d  Simulated Hypogravity Effects on  Cytoskeletal  
Components of Attachment-Dependent Cells and Suspension Cells 
(Peggy A. Whitson and Clarence F. Sams) 

Microgravity: Effects on Microbe-Host Interactions 
(George Bennett and Frederick Rudolph) 



EDUCATION AND TRAINING OPPORTUNITIES 

Education and training at the Rice NSCORT involves undergraduates, graduate 
students and post-doctoral fellows. Increasing the participation of minorities and women at 
all levels of research and training is a first priority in recruitment. 

The research projects of the Rice University Institute of Biosciences and 
Bioengineer NSCORT in Gravitational Biology represent a wide range of research areas. 
We hope to attract the highest quality young scientists and engineers as potential trainees. 

Training provided under this program will be focused in two areas. Research 
opportunities will obviously be a major focus. The second focus will involve seminars and 
space technology related courses. Research programs for undergraduates and new courses 
are being developed (such as one in Tissue Engineering). Undergraduate research will be 
emphasized particularly in the research courses offered both in bioengineering and 
biosciences. Graduate students and post-doctoral fellows will do research in laboratories 
both at Rice and at NASA-JSC. This exchange of personnel will help in knowledge 
transfer and help insure close interaction on a daily basis of the project investigators. 
Outreach and knowledge transfer will be the focus of an annual NSCORT Symposium and 
Poster retreat. Investigators from other universities, national laboratories and the 
biotechnology industry will be invited. At the end of the five-year grant period, a major 
International Symposium on Gravitational Biology will be held in Houston, sponsored by 
the Institute of Biosciences and Bioengineering and held jointly with NASA-JSC. 

Requirements in Graduate Program. This program includes two departmental 
components, the Department of Biochemistry and Cell Biology and the Department of 
Chemical Engineering. Students will apply to a selected department and will meet 
requirements for those specific programs. The primary common ground for the students in 
these two departments will be the seminar series which includes all students who are in 
laboratories of faculty participating in the NSCORT training program. These situations in 
which students are gathered together from various disciplinary contexts will provide a rich 
setting for education, discussion, insight, and simply getting to know individuals in other 
laboratories and opportunities for interaction with NASA scientists will add to that 
experience. 

** Postdoctoral Positions Available ** 
Applications for postdoctoral positions for the Rice University Institute of 

Biosciences and Bioengineering NSCORT in Gravitational Biology are currently being 
accepted. For more information, interested candidates as well as others interested in 
graduate or other research opportunities should contact: 

Dr. Frederick B. Rudolph 
Institute of Biosciences and Bioengineering 

NSCORT Project 
Rice University - MS 144 

6100 S. Main 
Houston, Texas 77018 

Phone: (713)527-4015; EMail: fbr@rice.edu; Fax: (713)285-5154 
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The Institute represents a unique educational environment in VoIhich to prepare students 

to meet the omplex scientific, technological, and ethical challenges Vole face 

as Vole head into the tVolenty-first century. 
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Message from the Institute Chair 

The Fu ture of biotechnology-both the 

di covery of new knowledge and the 

application of that knowledge to develop 

new tech nologies - will increasingly require 

the combined effort of experts in many 

fie ld . We at Rice University believe it is 

crucial that future cientists and engi neers 

be exposed to and involved in interdiscipli

nary activities that teach them to go beyond 

their cho en fields in pursuit of new knowl

edge and olutions to problems. 

The mission of the In titute is to pro

mote interdisciplinary research and ed u

cation encompassing the biological, chemi

cal, and engineering disciplines. We 

pur ue this mission by providing oppor

tunities for cro -di ciplinary interactions 

among scienti t and engineer at Rice and 

their colleagues at the nearby Texa i\ ledi

cal Center and at other institutions. 

Since its inception in 1986, we have 

made sign ificant progress toward realiz

ing our vision of the Institute as a center 

of excellence for innovative cross-disci 

plinary research and educational pro

grams. The Institute represents a unique 

educational environment in which to pre

pare student to meet the complex scien

tific, technological, and ethical challenge 

we Face as we head into the twenty-first 

century. 

During the past few year we have ex

panded the original concept of the 

In titute 's mi sian to include the increas

ingly important element of outreach -

aimed at both the lay public and the aca

demic, medical, and industrial communi-

ties of sou thea tern Texas. Our goal is to 

establish the Institute as Houston' intellec

tual center For information- haling and prob

lem-solving on scientific and technological 

problem and related issues of public concern. 

This past year ha been a particularly 

rewarding one for the Institute and ha put 

us in an excellent position to embark upon 

a significant pha e of growth and devel

opment. I am pleased to list here ome of 

our accomp li shm ents during this past 

1994-95 academic yea r, many of wh ich are 

further highlighted in thi s annual report: 

uccessful appli cation for a NA A 

pecialized Center of Re earch and Train-

ing ( CORT) grant in gravitational bi-

ology ( 5 million over five years) 

• E tabli hment of a new graduate pro

gram in bioengineering 

uccessFul application For a Whitaker 

Foundation pecial Opportuni ty Award 

( 750,000 over three years), including two 

new facu lty positions in bioengineering 

• Successful preliminary application 

for a Whitaker Foundation Development 

Award ($5 million over ix years) to es

tablish an undergraduate program in 

bioengineering, hire six new Faculty, and 

enhance the existing graduate program 

• Renewal of the lational Institutes of 

Health Biotechnology Training Grant for 

an additional five years (1995-2000, 1.5 

million over five years) 

• Third offering of the" Advances in 

Ti sue Engineering" Sholt Course in con

junction wi th the Rice School ofContinu

ing Studie 
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• Ho ting of an FDA Workshop: "Bio

technology Derived Products: Regulatory 

Policy Issues" 

• Success ful application for a grant 

From the Howard Hughes Medical Insti

tute to es tablish outreach programs For K-

12 and women and minori ty undergradu

ate to encourage young people in science 

and to provid e opportunities For 

underrepresented groups 

• Publication of "Biotechnology: Sci

ence, Engineering and Ethical Challenges 

For the 21st Century" by the Joseph Hen ry 

Press (an arm of the National Academy 

of cience Pre s) containing the edited 

proceedings of the second DeLange Con

ference , hosted by the I nstitute in the 

spring of 1994. 

J\ lany of the achievements and hon

ors received thi s past year by individual 

Institute fa cul ty, students, and stafF are 

also included in this report. We are proud 

of these ach ievements and excited about 

the new chall enges and opportun ities 

ahead . With this report, we invite you to 

share in and continue to support our vi

sion For cross-disciplinary research and 

outreach and for the education of biosci

entists and bioengin ee rs fo r the twenty

first century. 

Larry V. i\lcIntire 

E.D. BII/cher PI"II/eJJorallo Chair 

ill,l/illl/e of Birl.lcimceJ 0110 Biomqilleerill.fJ 



Highligl1t.J- of Crou-Disciplillary Research Collaboratiol1..J· 

Th e In s titute h as es t a bli s h e d a n e tvvork or i nt e rdi sc ipl in a r-y a nd c r-oss-di sc ipli n a ry 

r-esea r c h co ll a b o r a ti o n s to in c r-ease th e Icn o vvl e d ge base o{'Jn s titute ('ac uity, e nri c h th e 

e n v ir-o nm e nt ro r In s titut e gra du a te a nd und e r-g r a duate stud e nt s , a nd in c r ease th e 

contac t s a nd r-eso ur-ces th a t s uppo r-t th e c ontinued g r-o VY lh of In s titut e progl-a m s . 

C ross-disc iplinary and interdis

ciplinary coll abo rati ons within 

the I nst itu te eX ist among sc ientists, 

b ioe ngin eers, and Cac ulty rrom th e 

Texas j\\ed ica l Center and th e Houston 

biotec hnology in dustry as we ll as with 

resea rchers from other acade mic and 

gove rnm ent in stitu tions and biotec hnol

ogy co mpani es ac ross th e count ry and 

aroun d th e worl d. This sharing or ex 

pertise leads to th e development of new 

research opportuniti es and prov id es 

stud ents th e opportunity to expand 

th eir resea rch kill s and to learn to 

reach beyond th e bound ari es of tradi 

tional disc iplin es . 

Some of the research collabora tions 

currently under way in t-he I nstitute are 

highlighted on the f"ollowing pages. 

/),: Pr,,(lerick B. Rudolph, dltlli' 4hlilchmu;(lry lind ceLl biology aw) ~.,ecllli,'~ (lir~clor 
0/ the 111,.1 illlfe t>/ /3iwcimce:.. 11m) Bli1etl.qillterin.q. 
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R ep resentative Current CoLLaborationS" between InS"titute FacuLl1J a nd alS"o with 

the Texas- Medical Center and the HoltS"ton BioteChnology Indu.J"try 

Flow jJ1oduLation 0/ CeLL 
AdheJIOn alZd i/lJetaboLi.m2 

Larry V. Mclntire 
Biomedical EII.91I1eel; 

Rice Ull il1mlity 

Suzanne Eskin 

Te.raJ Biotechllology Corporatillll, 

HOlIJtoll 

C. Wayne Smi th 
Te.raJ Childrell J HOJpital, 

f!OIlJtOIl 

Garth icolson 
Tiullor Biologl:,t, 

A1.D. Alldel;IOII Callcer Centet; 

HOlIJtoll 

Three main areas of special interest 
are currently under in vestigation: I. Flow 
modulation of adh esive in teractions of 
bl ood born e cells and end othelial ce ll s 
that Itne the wall s of arteries and veins. 
Application include inflammati on, ar
thri tis, reperfusion injury, and cancer 
metastasi ; 2. Development of models for 
thrombosis. The molecular mechanisms 
of both venous and arterial thrombosis 
are being investigated, with the goal of 
deve loping a new ge nerat ion of anti

thrombotic therapeutics; and 3. The role 
of blood fl ow and resul tant fluid mechani
cal fo rces in modulation of in tracellular 

metaboli sm of va cular cells. Applica
tions in cl ude improved under tanding of 
the etiology of ath erosc le ro sis and 
hyperproli fe rative diseases of the vascu
la r syste m as we ll as targeted ge ne 
therapy using end oth elial ce lls or smooth 
muscle cells as vectors fo r drug de livery. 

Lymphocyte AdheJIOn 

Kyriacos Zygourakis 
Chemiml Ellgllleer, 

Rice Ull i,'e/;Il:ty 

Larry V. Mclntire 
Biollledical Ellgillw; 

Rll-e Ulli,'el'Jity 

Bradley W. Mcln tyre 
11lI1Il1l1IOLog1Jt, 

A1. D. IIl1riet'JolI Callcer Cenlet; 

HOIl.llolI 

Our team is developing and testing 
a diagnostic procedure that can directly 
assay the functional properti es of patient 
ly mphocyte popu lations by monitoring 
their aggregation rates and analyzing the 
aggregate morphology. We hope that the 
lymphocyte adh esion assay will eventu
ally become a standard clinical tool for 
evaluating patient health and fo r formu
lating treatment sh'ategies and analyzing 
their effecti veness. Through the Technol
ogy Tran fer Offi ce of the M.D. Ander
son Cancer Center, we have already ap
pli ed to obta in a patent for thi s assay. 
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Gene Therapy 

Kenn eth K. Wu 
Pro/e.IJor 0/ IIIIel'llll1 !liedicille, 

UT Health SciclICl' Cell tel; 

HOIlJtOIl 

Antonios C. Mikos 

Bioen.9illw; 

Rice Ull il'erJIty 

We have begun in ves tigations using 
reco mbtnant DNA techniqu es to evalu
ate replica tion-defecti ve retrovirus and 
adenovirus constructs as vectors fo r th e 
transfer of human genes. The major tech
nological problems limiting the clinica l 
application of gene therapy include the 
effi ciency of gene transfection in to the 
ce ll , th e effi cient transplantation of the 
transfected ce lls to the host, th e long-term 
survival of the transplanted cell s, the pro
longed gene ex press ion, and the con
troll ed (or modu lated) release of protein. 
Solving these problems in a way th at 
minimi zes cost to the health care system 
and ma-'.-imi zes safety wtll require close 
collaboration of biomedical engineers, li fe 
scien('ists, and cl inical researchers. Rice 
biomed ical engin ee rs and colleagues in 
the Texas Med ical Center are ideally situ
ated to provide leade rshi p in these areas 
of ge ne therapy. 



BLood SLLbJtitlLteJ 

J. David Hellums 
Gbemieal Ellgilleel; 

Rice Ullillet'Jity 

John S. Olson 
Biocbenl/Jt alld Gell BiologlJt, 

Rice Ullilltl'Jily 

Guillermo Gutierrez 
Proje.IJor ojllfedieille, 

UT Health Seiellce Gelltet; Howtol1 

With the in creasing worldwide con
cern about the saFety of our blood supply 
and blood products, there is a great de
mand for development of blood substi 
tutes. An ongoing interdisciplinary, in
terinstitutional project involves faculty 
from biomedica l enginee rin g and bio
chemistry and ce ll biology from Rice and 
the University of Texas Health Science 
Center. The project in volves three areas 
of Focus in protein and tissue engineer
ing: blood ubstitutes and replacement 
therapies, computational and living engi
neered model system, and characteriza
tion of ti ssue structure and function . 

NutritionaL ImmulloLogy 

Frederick B. Rudolph 
BioebeouJt a lid Gell Biologl~/l, 

Rife Ullil'el'Jily 

Charles T. VanBuren 
Trafl,lplalli SlIrgeoll, 

UT IIlerHcal Scboll/, /-/011.11011 

With the advent of defined nutri
tional Formu lations for infants and For 
patients in cl inica l setti ngs, new nutri
tional requi rements are be ing found. It 
has previously been assumed that sources 
of purine and pyrimidines, such as DNA 
or RJ\TA, were not essential co mponents 
of the diet. We have discovered a require
ment for nucleotides (a source of pre
formed purine and/or pyrimidine bases) 
in the diet For maximum cel lu lar immune 
function. It appears that T-ce ll s are de
pendent on salvage for nu cleotid e forma
tion in the G I phase of the ce ll cycle and 
that remova l of prefo rmed nu cleotides 
from the diet delays differentiation lead
ing to a decreased cell-mediated immune 
re ponse. The cli nical consequences of 
thi s dependence are be ing eva luated 
along with basic biochemi cal studies on 
the metabolic consequences related to this 
dietary requiremef\t. A reformu lated in 
fant formula and an enteral feeding for
mu latio n based on thi s wo rk are now 
commercially available. 
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CeLL TranJpLantation 

Anton ios G. Mikos 
Bioellgilleet; 

Rice Ullil'el;lity 

I(enneth K. Wu 
ProjeJJor of IlItel'llal !lledicille, 

UT Healtb Sciellce Genlel; 

flolMtoll 

Michael J. Yaszemski 
Orlhopaedic SlIrgeoll, 

IF/ilfllrd Hall l?ledical Gel/let; 

Lacklalu) IIFB 

Rena Bizios 
Biomedical Ellgillw; 

Rel/,IJelaer Polytechllic IIIJtitllte 

We are in vestigati ng the ad hesive in
teractions between ce lls and both syn thetic 
and biological substrates to determin e the 
effect of different physical and biochemi
cal factors on cell growth and fu nction. 
Until recently, most resea rch in the field 
has focused on minimi zing biological fluid 
and ti ssue interactions with biomaterials 
in an eFfort to prevent fibrous encapsula
tion From fo reign-body reaction or clotting 
in blood that has contact with artificial 
devices. In short, mu ch biomaterials re
search has focused on making the mate
rial in visib le to the body. Innovations us
ing the inverse approach-programmed 
exten ive in teraction of the material with 
biological tissue-will give biomaterials re
search a new Focus. \Ve are study ing bone 
regeneration and repair using a biodegrad
able polymer scaFfold either by inducing 
osteoblast growth From the surrounding 
bone postimplantation or by seeding the 
scafFold with osteoblasts prior to implan 
tation. We are also exploring a new ap
proach to create hybrid artificial organs by 
transplanting isolated or encapsulated ce ll 
popu lations into vascularized templates of 
synthetic polymers. 



ArteriaL Throm6oJIJ 

J . David Hellums 
Bio/lledicaL Ellgillcel; 

Rice Ullillel"Jity 

Andrew I. Schafer and 
Michae l H. Kroll 

Bn yLor CoLLege of 111er)£cil1e, 
HOIIJtoll 

Joel L. Moake 
BayLor ColLege of IlIedicine a IIi) 

AJJociate Director 0( the Cox Lahoratory 
for BiomedicaL Engilleerillg, Rice UllillerJlty 

Our work has shown that Row con
ditions play an important role in deter
mining platel et react ions . The shear 
stress fi eld associated with Row in blood 
vessel can lead to timulation, functio nal 
alterations, and lys is of platelets. Al so, it 
is clear that both the rates and the exten t 
of response of platelets to va rious agonist 
depend heavily on the hear fieldi thus, 
studi es in carefully controlled, kn own 
hear fields are pa rticularly sign ificant in 

elucidating the mechanics and kin etics of 
platelet reactions. One long-term resul t 
of the work will be the development of 

improved antithrombotic agents. 

ArteriaL ReJtelZoJiJ 

Antonios G. Mikos 
Bioetl.qilleeJ; 

Rice Ullillel"Jity 

Suzanne Eskin 
Te.cad BiotechlloLogy Corporatioll, 

Howtoll 

Restenosis of coronary arteries after 
ba lloon angioplasty occurs in 25 to 40 per
cent of cl inical case, generally within two 
to three months after the procedure. Re
peated proced ures have a probabili ty of 
restenosis of up to 70 percent. ' lITe are 
studying antisense oligodeoxynucleotides 
(ODN), which potentially could provide 
an effective treatment for restenosis by 
inhibiting smooth muscle cell proli feration, 
migration, and matrix synthesis, which 
co ntribute to intim al thi ckenin g and 
restenosis. Del ivery of the 0 DN is a key 
problem that we are working on. The de
velopment of an effecti ve way to deliver 
these th erap euti c age nts to arter ia l 
stenoses would decrease the incid ence of 
restenosis after angioplasty. 
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New Protein R,-preJJiolZ SYJtemJ 

George Benn ett 
BiochellllJt alld CeLL BioLogl:tf, 

Rice Ul1il lel"Jity 

Ka-Yiu San 
Cbem.ical EII,qilleel; 

Rice UII illerJ ity 

This project involve the use of an 
acid-induced expre sion system to pro
duce recombinant protei ns in E. coLi. The 
project in vo lves both analysi of the 
mechanism of acid induction and engi
neering studies to optimize the prod uc
tion levels. In add ition, the use of meta
boli c engineering to redu ce limitations on 
recombinant protein production has pro
vided new avenu es to improve produc
tion systems. 



BioproceJJiJlg 

J acqu eline V. Shanks 
Chelllim/ Ellgillw; 

Rll-e Ullitler"ity 

/Vl.ichael Gustin 
Biochmll;'! nlld Cell BliJ/ogl:,I, 

Rice Ullitlel~,ity 

Bioprocesses require kn owledge of 
the metabolism of cells in a reactor envi
ronment. NM R spectroscopy can probe 
the kinetics and physiology of ce lls in a 
microreactor in situ. We are collaborating 
on a project on high osmolari ty mutants 
of the yeast S. cerel'IJiae. Dr. Gustin's lab 
defi ned [our genes of a new gene fa mily 
that fun ction to regu late ce ll growth and 
gene expression in respon e to external 
stimul i. When S. w-el'I;lIne is exposed to a 
mediu m in whi ch th e osmolarity is in 
creased, the yeast increase glycerol syn
thesis, arresting cell growth until glycerol 
accumulation i maximal. [n situ NM.R ex
periments have provided a powerful , de
tailed analysis of the metabolic fun ction
in g of these genetically altered strains. 
Osmolari ty regu lati on in yeast exhibits 
several consequences in ca rbon uti li zation 
and alcohol production and has important 
applications in th e brewing industry. 

Fermentation Technology 

George Benn ett 
Bli)('henll:,1 nlld Cell Bio/'~91:'I, 

Rice Ullitlmity 

Ka-Yiu San 
Chelllicn/ EII.f}illw; 

Rice Ullil'el;,ily 

We are developing a high-level re
combinant protein production process in 
ruebel'li'bln coli using a pH-inducible pro
moter system. The use of pH-i nducible 
promoter systems is highly des irable, since 
reactor pH can be controlled easily and 
in ex pensively by the addition of bu lk 
chemicals. In another project, we are de
veloping a system to relea e periplasm ic 
proteins from E. coli into the fe rmentation 
broth without causing sign ificant ceJlly
sis. The capabi li ty of releasing prod uct 
protein s into the broth is high ly desirable 
and will greatly facilitate protein recovery. 
Work is in progress to adapt this system 
to a whole ce ll immobiliza tion system [or 
production of recombinant proteins con
tinuously and extracellularly. 

/11 aooitioll If} tbo,lf bl:f}b/~I}bte() aD(JI'e, Ilf'wly olher co//aDorali" e 

re,learc!.? project,l are allo {'{{rreJ/t~1J 01'111.1} COlloucteO a/llOIl.1} [ llJti

tute faCIlity. 
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HighLight.J of Collaboratiol'l.J Anwng IIl.Jtitute Faculty 

In September 1995 the Institute was awarded a 

$5 million grant over five years from the National Aero

nautics and Space Administration (NASA). Institute 

scientists and bioengineers will work with scientists 

from the Johnson Space Center to establish the Insti

tute as a NASA Center of Research and Training in 

gravitational biology. We look f'oward to this extensive 

new collaborative effort, the details of which are high

lighted in a special section in this report. 

The Institute was founded on the belief that it is 

crucial for future scientists and engineers to be exposed 

to and involved in cross-disciplinary activities that en

able them to reach beyond the parameters of their cho

sen specialty to pursue both new knowledge and solu

tions to problems. 

Our network of research collaborations high

lighted in this report \\~II continue to expand into new 

fields, such as nanotechnology and computational en

gineering. bringing together individuals from different 

disciplines and groups to focus on research of mutual 

interest and concern. 
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SeLected CoLLaboratiollJ with JlZdllJtry 

• John Olson (BiochenllJtry alld Cell Biology, Rll.·c UllllleNlty) and 
Somatoge n, Inc. 

• George N. Ph ill ips, Jr. (BiochenllJtryand CeLl Biology, 
Rice VIIl:"el'Jity) and Tanox, Inc. 

• Antonios G. Mikos (Cf1emLcal EIl.qLlleerillg, Rice UnillCI'JLty) and 
Johnson & Johnson 

• J acquel ine V. Shanks (Chemical Ellgllleerln,q, Rice Unillet'Jlty) 
and Proctor & Gamble, Inc. 

• Wayne C. Campbell (BiocbellllJlry alld CeLl BioLogy, 
Rice Ullillel'Jity) and Service Corporation International 

• Larry V. Mcintire (CI,elllical Ellgilleering, Rice Ullil'cl'Jity) and 
Gensia, COR Therapeutics, Centocor, and Texas 
Biotechnology Corporation 

• Frederick B. Rudolph (BlilcbenllJtry and CeLl BioLogy, 
Rice VIl IIICI'Jlty) and Wyeth Aye rst, Inc. and Sandoz 

utrition 

CrOJJ -DiJcipLinary I llteractionJ between 

InJtitute FacuLty and other R ice UniverJity 

DeparlmentJ, I nJtituteJ, and CelZterJ 

Drs. Baru ch Brody (Phil osophy) and Phil Bedient (Envi
ronmental Science and Engineering) served with Institute fac
ulty members Drs. McIntire. Hell ums, Rudolph, Matthews, and 
Schroepfer in 1993-94 on the planning committee for th e Second 
DeLa nge ConFerence, which brought together a diverse audience 
of scientists, engineers, policy leaders, eth icists. and concerned 
laypersons to discuss the scientific, pol itica l, and ethical issues 
surrounding the current and futu re directions of biotechnology. 
Dr. Stanley Reiser (Religious Studies) and Dr. Herb Ward (En
ergy and Environmental Sys tems Institu te) were also acti ve par
ticipants in the Second DeLange Conference. 

Collaborations, incl ud ing possible joint symposia, are being 
developed with the J ames A. Baker III Institute for Public Policy. 

Institute faculty Drs. Rudolph, Bennett, and Shanks have 
establi shed ongoing collaborations with Dr. Joseph Hughes (En
vironmental Science and Engineering) . 



Highlights oj Specialized A reas oj R e.rearch 

Key AretUI 0/ Strength and 
Specialization 

• fermentation, metabolism, and 

bioprocessing 

On the following pages these special

ized areas are outlined by the research in

terests of a few representative faculty 

working in these areas. The faculty in the 

Institute may be involved in more than one 

of these specialized areas of research, as 

well as other areas of specialization that 

are being pursued. 

The research programs carried out 

by the Institute faculty can be grouped 

around the following five key areas of 

strength and specialization: 

• sequence, structure, and function 

• plant biochemistry and genetics 

• cellular and tissue engineering 

• signal transduction 

The manner in which these areas of spe

cialization within the Institute are grouped 

may change over time, reflecting the dynamic 

nature of the biological sciences. 

CeLLuLar and TiJJlle Engineering 

FacilIty: Drs. Hellums, Mcintire, Mikos, Moake, Zygourakis, 
Shanks, San, Clark, Bennett, Rudolph, and Ol son 

Dr. Mcintire's laboratory foc uses on understanding the 
interplay between fluid mechanics, convective mass tran port, 
cell biology, and mol ecular biology in the cardiovascular sys
tem. The experimental approaches fall in to three different ar
eas. The first is examination of molecular mechan isms of adhe-

sion [or cells that are found in 
the circulatory system. Specific 
appli cations include circulat
ing whi te blood ce ll s and meta
static cance r ce ll s, both of 
which must adhere to specific 
sites in order to migrate 
through the walls of blood ves
sels. The second area is the de
velopment of mod els for the 
fo rm ation of thrombotic le-
sions in blood vessels. Usi ng 

defined flow cond itions, it has been possible to achieve insight 
in to the effects of shear rate and specific com pounds on th e fo r
mation of these lesions in vessels. Finally, th e rol e of blood flow 
and the consequ ent forces exerted by flu ids on the vascular wall 
is being examined . In particular, mechanical force modu lation 
of intracellu lar metabolism of the endothelial ce lls that line the 
vessels is being explored, and the transcriptional and transla
tional events that influence ce ll state and responses are under 
investigation. Experiments on lymphocyte adhesion are carried 
out in collaboration with Dr. Zygouraki , whose wo rk foc uses 
on fundamental physical, chemical, and molecular in teractions 
that occur during adhesive processes. 
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Dr. Hellums's laboratory is examining adhes ion and ag
gregation of human blood platelets and the crucial roles these 
ce ll s play in hemostatic and thrombotic events in human. A col
laborative resea rch effort with in vestigators from the Texas 
Medical Center has shown that flow conditions play an impor
ta nt ro le in determining platelet reactions. The response of plate
lets to a variety of stimuli depends heavi ly on the shear forces to 
whi ch th e ce ll s are subjected . In collaboration with Dr. Olson 
(biochemistry and ce ll biology), Dr. Hellums has developed a 
unique experimental system to determine oJ..'Ygen fluxes to and 
from hemoglobin solutions or red ce ll suspensions under condi
tions that simulate the microcirculation. To simulate these flu xes, 
a mathematical model has been developed, and the combination 
of ex perimental and theoretical methods is being appli ed to gen
erate information that will fac ilitate design of blood substitutes. 

Dr. Olson's laboratory applies biochemical. biophysical. 
and chemical engineering approaches to explore the fundame n
tal processes in volved in oxygen transport and storage in mam
malian circulatory systems. Using genetically engin eered pro
te in s, the dynamics of ligand binding (oxygen, carbon monoxide, 
etc.) to hemoglobin and myoglobin and their derivatives pro
vid e insight into the stru ctural requ irements for ligand binding 
and re lease. [n collaboration with Dr. Phillips, the three-dimen
sional structures of the myoglobin derivatives are being deter
min ed to correlate the actual structural changes with the func
tional properties of the proteins. The resu lts of these studies are 
being applied to the design of blood substitutes. Optimization 
of in vivo and in vitro stabil ity as we ll as oJ..'Ygen transport prop
erties (both binding and release) is requ isite for a hemoglobi n 
or myoglobin variant that will be a componen t of blood substi
tutes. The applications for a substitute for blood that can be used 
in the fi eld in remote areas in accident, trauma, and military situ
ations are man ifold and lifesaving. 



Dr. Mikos's group i studyi ng the reconstruction and re
pair of tissues by cell transplantation with biodegradable poly
mer . Using donor material, ti sue is dissociated into individual 
cells, and the cell are attached and grown in a polymeric de
vice. Subsequently, the device is implanted to a site where the 
cell can fun ction. The polymer is a biodegradable scaffold that 

SignaL Trall/dllctwn 

Faculty: Drs. Beckingham, de Hostos, Glantz, Gustin, 
Hellums, Matthews, Mcintire, Jviiko , Moake, 

chroepfe r, Stern, and Zygouraki 

Dr. Beckingham's laboratory has generated a series of mu
tants of calmod ulin, a protein that plays a major role in regulating 

IGNAL TRA 'SDUCTION IN YEA T 

o MOTle STRESS 

BUD 

t 
HOGI 

... 
CELL CYCLE REGULATION 

TRESS GE 'E 
EXPRES ION 

OS,\ IOR I,GULATION 

cellular events in animal 
cells. Localized changes in 
free calcium are employed 
to regulate metabo lis m, 
ge ne ex press ion , and 
other processes. The e ef
fects are largely med iated 
by ca lmodulin , whi ch 
binds calcium ions and, a 
a consequ ence of confor
mational alteration, binds 
to and activates a va riety 

of target enzymes and proteins. Both in vitro studie to determine 
the structu re and functional properties of modified calmodulins 
and in vivo studies to ascertain the effect of mutation on organismal 
and cellular events are being pursued. 

Dr. Gustin 's laboratory examines how cells ense and re
spond to osmotic stre s, a project that para llel work in the labo
ratories of Drs. Braam and Mcintire. Genes essential to osmotic 
responsivity have been cloned, sequenced, and found to be ki
nases involved in a signall ing pathway within the organism. Fur
ther studie are under way to determ ine the nature of these genes' 
ro le in the ignaUing cascade and to identifY targets. In add ition, 
Dr. Gustin i exami ning effects on the actin cyto keleton during 
osmotic stress as this network i rapidly disassembled; genes whose 
products interact with actin to promote reassembly have been iden
tified and are under examination. 

Dr. Glantz and his colleague examine ynaptic mechani m 
by which neuronal networks ftltel~ compute, and encode sensory 
information. The experimental model is the optic lobe of the cray
fish, and the emphasis is on neuronal computation of the direction 

II 

organizes the ti ssue for transplantation. Specifica lly, liver, carti
lage, and bone are being examined. 

Dr. Zygourakis is examining the proliferation and migra
tion of anchorage-dependent mammalian cells, si nce these Fun
damental proce ses are es ential to wound healing and restora
tion of endothelial cells in vascular prostheses. 

and velocity of moving targets. The participation of specific types 
of neurotran mitters, their local ization in pecific neurons, and their 
action on target cells have been elucidated. Pharmacological ma
nipulation of synapse function ha indicated the neurochem istry 
and mechanisms of selectivity. Th is information can be employed 
in generating computational mechanisms of en ory perception. 

Dr. Stern 's laboratolY is involved in analysis of synaptic 
transmission in DroJophifa. A combination of genetic, electrophysi
ological, and molecular methods is being applied to identifY and 
analyze proteins that control synaptic transmission. Genes are 
id entified by mutation, their functions inferred by assaying ef
fects on synaptic tran mission, and the genes are cloned and se
quen ced to enabl e study at the molecular level. 

Fermentation, /JI/etaDoLi.J/n, alld BwproceJJing 

Faculty: Drs. Bennett, Rudolph, San, Shanks, Campbell, and Stewart 

01'. Rudolph's laboratory exa mines kinetic, regulatory, and 
physical properties of enzymes involved in am ino acid and nucle
otide metaboli m. The cu rrent proteins on which this labora
tory focuses are adenylosuccinate synthetase and 
adenosine deaminase. Structural and mechani s
tic analyse are coupled with site-directed mu
tage nes is and regu lato ry and deve lopmental 
analysis of these proteins. 

Dr. CampbeU's research is directed toward 
determ ining the mechanism of translocation of 
glutamine synthetase in to avian liver mitochon
dria. Most mitochondrial proteins are encoded 
in the nucleu , translated in the cytosol, and tar
geted to mitochondria by an N-termi nal sequence 
that is subsequently removed. Glu tamine syn
thetase lacks thi presequence, and efforts are 

und er way to identifY the amino acids that elicit the transloca
tion to the mitochondria. This targeting process is important to 
genetic engineering, ince protein must reach the correct destina
tion in transgenic organisms to function properly. 



Dr. Bennett's laboratory emphasizes the response oFbac
teria to the stress of low pH conditions. This area is of particular 

importance because of the relationsh ip between acidic condi
tions and the production of toxins or virulence pathogens . Gene 
that are induced by low pH have been identified, and physi
ological studi es on the mechan ism by which low pH aFFects ex 
pression indicate an ac id detoxification system. The mechani sm 
of ac id sensing and gene activation are current ta rgets of study. 

D r. San's laboratory focuses on 
the development of methods for using 
biologica l systems as catalys ts For pro
duction of useful compounds and pro
teins. Efforts incl ud e development of a 
system to release peri plasmic proteins 
from E. coLi without ca using cell lysis, a 
capabil ity that fac ilitates protein recov

ery and may lead to production of re
co mbinant proteins co ntinuously and 
eXb·aceliularly. In co llaboration with Dr. 
Benn ett's labo rato ,y, exploration of a 
high level pH inducibl e system for re-
combinant protein prod uction i under 
way. In addition, Dr. San's group is examining improved meth
ods For using mammalian tissue ce ll s For protein production. 

The laboratories of Drs . Bennett and Rudolph are col
laborating to explore solve nt production in CLo,lfri()ia by meta
bolic engin ee ring. This project in volves purification and char
acte ri zation of the enzymes in vo lved in ac id and so lve nt 
prod uction, characterization of the genes and thei r regulation, 
and expression of the genes in CLoJtri()ia . The goal of these ef
forts is to engineer bacteria that will co ntinuously produce eco
nomically important solvents in steady state growth under con
ditions that have no negati ve environmental consequences. Dr. 
San's laborato,y wi ll become in volved in the later phases of scal
ing up production processes. 

Dr. Stewart's laborato,y i examining genetic program
ming in a model viral system, SPO] phage of B. JllbtiLt'J . The life 
cycle of this virus in volves at least ten regulatory eve nts in which 
genes are turned on or ofF at specifi c times. Using molecular 
ge netic approaches, mutational analysis of the genes and gene 
products respon ible for each of these eve nts is under study. 
In formation on these regulatory sequences ca n provide th e po
tential to alter the natural equence of gene action. In addition, 
thi s laborato,y is studying the interactions between virus and 
host that are employed to ensure viral surviva l. This informa
tion wi ll be useful in generating methods to preclude viral re
production and favo r host rather than viral surviva l. 
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Sequence, Stmctul'c, and Function 

FaCIlity: DI·s. Gomer, Matthews, Nikonowicz, Palmer, Parry, 

Phillips, Price, Clm'age , Schroepfe r, Walker, and \Vilson 

Dr. Gomer's laboratory has purified and characterized a 
protein that is utilized by the sli me mold DictyoJtelill1ll rJt;,coiJetllI/ 
as a sensing mechanism fo r the proximi ty of other ce lls. This sys
tem se rves as a model for the mechanisms generally by which 

ce ll s diFFerentiate and are ar
ranged in to organ sy tems. Cell 
ce ll sensing in terms of spatial ori
entation and proximi ty is crucial 
in these processes. Us ing molecu
lar biology, genetics, and protein 
biochem istry, this protein and 
others that are in volved in cell 

type differentiation and density 
sensing mec hani sms are being 
identified and characteri zed . 

Dr. Schroepfer's laboratory 
is in volved in understanding the 
chemi stry and biochemist,y of 

cholesterol and other lipids. In particula r, this group has exa m
in ed a number of oxygenated sterols, prepared by chemical syn
thesis, which have been found to be very potent inhi bitors of cho
leste rol biosynthesis. In terre lati onships in the biosynthesis, 
metabolism, and regula tory effects in ce ll function of cholesterol 
and sphingolipids and their metabolites are emphasized. 

Dr. Matthews's laboratOlY is examining the structure and 
function of DNA binding proteins that are in volved in regulati ng 
gene expression ill both prokaryotic an d eukaryotic organisms. 
Using genetica lly engineered derivatives and a wide range of 
chemi cal and physical methods, the co ntribu tions of speciFic do
mains and selected am ino acid residu es to the Functional proper
ties of the lactose repressor protein a re being exp lored . 
Ultrabithorax, a homeodo main-containing protein essential fo r 
segmentation in Dro.lOpJ.1/'/a, is also under study, employing unique 
DNA constructs with variable numbers and spacing of target se
quences. 

Dr. PaLner's laboratOlY foc uses on the proteins that cata
lyze electron tran Fer reactions in the mitochondria; these enzymes 
are the mechan isms by which energy that originates in th e diet is 
made ava ilable to the cell. Two of these proteins, ubiquinol cyto
chrome c oxidoreductase and cytochrome oxidase, are the pri
malY targets of study. The methods employed are primarily spec
h'oscopic and kinetic to determine transient states of these enzymes 



and to construct the electron and proton translocation react·ions. 
Dr. Phillips's laboratory examines th ree-d im ensional struc

ture and dynam ics oFbiomolecules and relates these properties to 
function. Empha is is on the molecular mechanisms involved in 
the regu lation of muscle contraction. The specific proteins in volved 
in the regulatory proce s under study are tropomyosin, actin, and 
troponin. I n addition to application of x-ray crystallographic tech
niques to the tudy of this important system, theoretical analysis 

and development of other diffraction methods provide addi tional 
in ights into the modes of action ot the e proteins. 

The goal of D r. Nikonowicz's laboratory is to obta in a 
better understanding of the tructure-Function relationships un
derlying biologically re leva nt nu cleic ac id systems usin g 
heteronuclear nuclear magnetic resonance spectroscopy and a 
va riety of computational methods. 

PLant Bioc/.?elniJtry and GelleticJ 

FaclIlly: Drs. Braam, Gibson, Shanks, and Bartel 

D r. Braam's research group is identifYing the genes and 
protein that are in volved in mechanosensory pathways in plants 
and determining the ways in which mechanical stimulation alters 
developmental pathway. Thi em phasis on mechanical timula
tion in ome ways parallels the tudies of Dr. Mcintire ' labora
tory on the effects of shea r stress on endothelia l 
cell . In terestingly, three ot the five gene sequences 
identified as mechanically responsive in plants ap
pear to be calcium binding prote in s, including 
calmodulin. This result suggests that calcium 
may playas important a role in plant cell s as 
in animal ce ll . 

Dr. Shanks's laboratory is ex'}) loring the use 
of "hairy root" cu ltures of periwinkle for produc
tion of pharmaceutically active compound . These 
clones grow rapidly and carry out the secondary 
meta boli te pathways nece ary for generation of 
mo t active compound. These methods apply not 
only to production of antica ncer compounds From periwinkle but 
also to other plant products that are biologica lly active (e.g., taxol, 
trichosanthin). 

D r. Gibson's resea rch in terests are th e regulation of 

membrane compos ition and rol e of membrane compositi on in 
determining cellular propertie and so urce-sink interact ions 
in plant. 
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Dr. Bartel's research interest are concerned with the ge
neti cs of auxin regulation in !lm/;i{)oPJI~1 development, with the 
expectation that major teatures of auxin regulation deciphered 
there will be general to the plant kingdom . Manipulating these 
regulators will allow modulation of auxin level to inAuence de
velopment and uncover the many roles of aux in in the plant liFe 
cycle. The abi lity to control auxin levels also has applications in 
agricu lture, in which control of plant size and shape i crucial. 

We are extremely pleased to have very recently 

added two faculty in the plant biochemistry and genet

ics area (Drs. Gibson and Bartels both recently joined 

the biochemistry and cell biology department). Add

ing the strengths of these new faculty to those of Dr. 

Braam (biochemistry and cell biology) and Dr. Shanks 

(chemical engineering), we have a very strong group 

from which to build a dynamic program in this emerg

ing new field . 

As with many of the emerging new specialty ar-

eas within the biosciences and bioengineering, it is very 

possible to attain national ranking with a small 

number of faculty. We believe we can build our 

specialized research areas into programs of national 

ranking because of the high quality of the faculty 

we now have and because of the Institute's strength 

in outreach and cross-disciplinary interaction, 

which makes great use of a large network of intel

lectual resources from the academic, medical, and 

industrial communities within and outside of the 

Institute and the university. 

As an example, a recent study conducted by the 

ational Research Council. an independent organiza

tion chartered by Congress, entitled "Research-Doc

torate Programs in the United States" ranked Rice tenth 

in scholarly quality and fourth in teaching effective

ness in the field of biomedical engineering. 



Recent Activitiu and Achievemenu oj In.J"titute FaclllttJ 

Dr. Kathleen M. Beckingbam 

Texas Advanced Technology Program 
(ATP) grant (with Dr. Michael tern). 
The in vivo role of calmodulin in neural 
function 

• Robert A. Welch Foundation Grant 
renewed 

• Best Presentation Award, FASEB 
Conference on Calcium and Cell Func
tion, July 1994 

• Invited speaker, Ninth International 
ympo ium on Calcium Binding 

Proteins, May 1995 
• NASA grant, Role of Gravity in Ea rly 

Embryonic Patte rn Formation 

Dr. George Bennett 

I nvited speaker at American ociety 
of Microbiology and the ociety fo r 
Industrial Microbiology on metabolic 
engmeenng 
Robert A. Welcb Foundation grant to 
develop methods for manipulating and 
assembling large DNA fragment 
Renewal of co llaborative Department 
of Energy (DOE) and U.S. Department 
of Agriculture (USDA) grants (with Dr. 
Frederick B. Rudolph) to tudyevents 
related to solvent production in CIlMtridia 

• NSF grant (with Dr. Ka-Yiu San) to 
analyze and manipulate metabolic 
fluxes in bacteria 

• EPNHSRC collaborative grant with 
Dr. Frederick B. Rudolph and Dr. J. 
B. Hughes (envi ronmental engineering) 
to tudy biodegradation of TNT by 
CIIJJtriJia 
NASA grant (with Dr. Frederick B. 
Rudolph), j\ll.icrogravity: Effects on 
Microbe-Host In teractions 

Dr. Janet Braam 

• NIH First Award, Signal transduction 
and gene regulation in AmhidOpJi.1 
New five-year NSF grant to study regu
lation and function of genes encodi ng 
cell wall modi fying enzymes 
NASA grant, Calmodu lin-related proteins 
in mechanostimulated plants 

• Invited speaker at eight univer ities, 
conferences, or seminar se ries during 

1994-95 
Member of NASA and NSF study 
sections 
Invited participant at the White House 
Forum on Health, Safety and Food for 
America sponsored by the Office of Sci
ence and Technology 
NASA grant, Molecu lar and Develop
mental Respon es of Plants to Mechanical 
Stimuli 

Dr. J lT7ayne Campbell 

Member, Review Committee for LEQSF 
proposals in biological and medical sci
ences, Baton Rouge, Louisiana, 1994 

Dr. JameJ' Clarage 

SF grant to study structure and 
dynamics of macromolecu les using 
x-ray diffraction 
Invited speaker, Biophysical Society, 
San Fransisco, California, 1995 

• Essay published in the international 
magazine, WI RED 

Dr. Jolm W. Clark, Jr. 

• Named fo unding fellow of the American 
Institute of Medical and Biological Engi
neering 

Dr. Sllsall I. Gibsoll 

j ew DOE grant, A molecular-genetic 
approach to studying source-sink interac
tions in ArnhidOp.lt;, 
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Dr. Raymoll M. Glalltz 

Renewal of NSF grant, Synaptic 
mechanisms of di rectionally selective 
movement detection 

Dr. RiclJard GOlller 

• New March of Dimes grant, Cell 
den ity sensing in DictyoJteLill11l 
New Robert A. Welch Foundation grant, 

Regulation of c M P synthesis 
• Renewal of Howard Hughes Medical 

Institute appointment 

Dr. Micl.1fl.el C. Gustill 

New American Cancer Society grant, 
Osmosensing signal transduction 
pathways 

• Renewal of F grant (five years), 
Signal mediated growth control by 
osmotic stress 

1 ASA grant, Pre ure-sensing {\-lAP 
Kinase Cascades in Yeast and Mammals 

Dr. J. Da~id HeLLums 

• NI H MER IT Research Award for the 
period 1986- 1996 
Biomedical Engineering Society Award: 
Whitaker Foundation Distinguished 
Lectureship 
Elected a founding member of the Ameri
can Institute of Medical and Biological 
Engineering 
Elected to senior membership in the 
Biomedical Engineering Society 

• Elected to rhe Board of Directors of the 
Biomedical Engineering Society 

• Special Professorship in Biomedical 
Engineering, University of Tsukuba, 
J apan, Spring Semester, 1995 

• Lecturer at the University of Tsukuba and 
at seven other universities and research 
institutes in Japan 



Institute facul ty research has received major s u pport from nation a l and regional 

fou n dations, both government and private. 

Dr. Kathleen S Mattbews 

• Nominating commi ttee, ASBMB 
• Review Committee, Howard Hughes 

Medical Institu te 
• A sociate Editor, J ournal of Biologica.l 

Chemistry 
• Funding from the Dunn Foundation for 

"High Performance Computing Research 

in Computational Biology" 
• Funding from the Markey Foundation 

for "Research Instrumentation for 
Biosciences" 

Dr. Larry V. Mclntire 

• President, Biomedical Engineering 
Society, 1995·96 
President, North American Society fo r 
Biorheology, 1994·97 
Elected ecretal},-Treasure r of the 
Ameri can Institute fo r Medical and 
Biological Engineering, 1995-97 
Named a Fe]]ow of the American Institute 
of Chemical Engineers, 1995 
Principal Investigator: Whitaker Founda
tion Special Opportuni ty Award, 1995-97 
Principal Investigator: NASA·l ational 
Speciali zed Center of Research and Train
ing in Gravitational Biology, 1996-200 I 
Renewal of IIH lVlERlT Award, 
1995-2000 

• Executive Committee, Council on 
Thrombosis, American Heart Association, 
1995-97 

Sigma Xi National Lecturel; 1993-95 
• Executive Committee, U. S. ational 

Commi ttee on Biomechanics, 1994-96 

Dr. Antonios G. Mikos 

• 1994 Whitaker Young Investigator 
Award, Biomedical Engineering Society 

• 1995 Hershel M. Rich 1 nvention Award, 
Rice University 

• Research Advisor of Best Undergraduate 
Polymer Research, POLYED Award, 
American Chemical Society, 1995 

• Research Advisor of Be t Poster, ln ter
medics Award, Houston Society fo r Engi
neering in Medicine and Biology, 1995 

• invited Lecturer, Ameri can Association 
for the Advancement of Science JVleeting, 
Atlanta, Georgia, 1995 

• Keynote Lecturel; First International 
Congress on Cellular Therapy & Tissue 
Engineering, Washington, D.C., 1995 

• Editor, Ti.JJlle EIl.9il1eerillg, 1995 
• Organizer of Third Annual Continuing 

Education Course, "Advances in Tissue 

Engineering," 1995 
• Whitaker Foundation Grant, Polymeric 

Delivery Systems for Antisense Oligo
nucleotides 

• NASA grant, Mechanical Load Effects on 
Bone Formation 

Dr. Joel Moake 

NIH grant, Molecular mechanisms or 
platelet thrombosis under 80w (four years) 

Dr. Eowaro P. Nikollowicz 

i H grant, NMR studies of RJ"lAs and 
RNA protein interactions 

• Welch grant, Development of Heter
onuclear J MR methods to probe RNA 
structural motifs 

Dr. Jobn S. Olsoll 

• Invited lecturer at Kyoto University, 
Osaka Uni ve rsity, and institute for 
Molecular Design, Okazaki, Japan, 
March, 1995 

• JV\ember of NIH Cellular and Molecular 
Biophysics (BBCA) Study Section 

• Scientific consultant to Somatogen, Inc. 

• Con tinuing IH grants, Functional 
properties of hemoglobins and myoglobins 
and the design of heme-protein based 
blood substitu tes 

• Welch Foundation grant, Stereochemical 
mechanisms of ligand binding to heme 
proteins 

• New Texas Advanced Technology 
Program (ATP) grant (with Dr. George 
Phillips) , Synthetic Heme Cofactors In 
Engineered Globins as Physiological 
Ligand Biosensors 
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D,: Grabam Palmer 

• Invited lecturer, Second lUBMB Con· 
gress on Molecular Biology, Bari, Italy 

• MERIT renewal of NIH grant, Molecular 
mechanism in biological redox-reactions 

• Renewal of Welch Foundation grant, 
Electron transfer reactions 

D,: RonaLd J Parry 

• Grant renewal from ationallnsti tute of 
General Medical Science (NIGMS) (four 
years), Biosynthesis of some microbial 
metabolites 

• Associate Editor, Natural Product Letters 
• Invited lecturer, Gordon Conference on 

Purines and Pyrimidines, July 1995 

Dr. George N. Pbillips, Jr. 

• Grant renewal from NI AJVIS (fi ve years), 
Structural determinates of ligand binding 
to myoglobin 

• Invited lecturer, Gordon Conference on 
x·ray physics, August 1995 

• Renewal of Welch Foundation grant, 
Protein Dynamics 

• New Texas Ad vanced Technology 
Program (ATP) gran t (with Dr. John 
Olson), Synthetic Heme Cofactors in 
Engineered Globins as Phys iological 

Ligand Biosensors 

Dr. Maureen G. Price 

• Muscular Dystrophy Association basic 
research grant renewal (three years) , 
Skelemin: mammalian muscle cytoskeletal! 
M-disc protein 

• John F. Smiekel Foundation Research 
Grant, (four years), Muscle structural 
proteins antecedent to the immuno
globulin superfamily 

• Codirector, Rice Undergraduate Scholars 
Program (Honors 470-471 ), 1993-1996 

• Invited lecture r, American College of 
Sports Medicine, May 1996 



Facu lty members a r e frequ e ntly rec ognized by nationa l professional s o c iet ies 

as rne rn be l-s, offi e ,-s, a nd invite d co n fe r e n ce lec tu,-e rs . 

• Coorganizer of Houston Motility and 
Cytoskeleton Group (with Dr. Amy 
McGough, Bay lor College of Medicine, 
1995- ) 

Dr. Frederick B. RLLdolpb 

• Howard Hughes Nledicallnstitute 
Undergraduate Biological Science 
Initiati ve Grant 

• Grant from Hoblitzelle Foundation for 
joint program with high schools in Rio 
Grande Valley 

I H Biotechnology Training Grant 
renewal, 1995-2000 

• Patent under review 
• f acul ty member, Project Kaleidoscope 

leeting on Biological Sciences Curricu
lum, Univers ity of Oregon, May 1995 

• Panel Membel; HHMI Program Directors 
Meeting, October 1995 

• Coprincipal In vestigator: NASA-National 
Special ized Center of Research and Train
ing in Gravitational Biology, 1996-200 I 

Dr. Ka-Yia Sail 

NSF grant (with Dr. George Bennett) to 
analyze and manipulate metabolic flu xes 
in bacteria 
Coinvestigator (with Dr. Jacqueline 
Shanks), SF grant entitled "H PLC 
Photodiode Array and System Upgrade" 

Dr. George J. Scbroepjelj Jr. 

1992-95: twenty-six publications, ten 
patents awarded, six additional patents 
currently under review 

Invited lecturer at the Shanghai Inst'itute 

of Organic Chemish), of the Chinese 
Academy of Sciences 
Lecturer at the University of Tokyo, 
Sapporo University College of Medicine, 
the National Cardiovascular Research 
Center of J apan, Niigata Uni ve rsity 
School of Medicine, and Showa Univer
sit}' School of Pharmaceutical Sciences, 
Un ive rsity of Texas Medical School at 

Houston, Univer it}' of Texas Medical 
School at Galveston, Baylor Coll ege of 
Medicine, Unive rsity of Ca li forn ia at Los 
Angeles 
Scientific research co ll aborations with 
scientists at a number of institutions, 
including: The J ackson Laboratol), (Bar 
Harbor, Maine), the Sa.lk Institute, 
Southwestern Med ical School, Baylor 
College of Medicine, University of Penn
sylva nia School of Medicine, University 
of California at Los Angeles School of 
Medicine, Uni ve rsity of Texas Medical 

chool at Houston, Johns Hopkins 
School of Medicine, Upjohn Company, 
Uni ve rsity of Niigata School of Med icine 
(Niigata, J apan), National Institutes of 
Health of Japan (Tokyo), and Pasteur 
Institute (Lille, France) 
I ew grant from National I nsti tutes of 
Health," phingolipids and Sterols: 
Metabolism and Interactions" 
New grant from Texas Advanced 
Technology Program, "Development 
of New Oxysterols for Pote ntial Use 
in Medicine" 
New grant from March of Dimes Birth 
Defects foundation, "Role of Defects in 

Sterol Biosynthesis in the Pa thogenesis 
of Congen ital Developmental Diseases" 
Renewal grant from Robert A. Welch 
Foundation, " ynthes is, Structure, and 
Spectral Properti es of 'atu ral Products" 
Guest Associate Editor, J ournal of Lipid 
Research, 1994, 1995 
Member of Ed itorial Board, Current 
Phnl'lllflceillicnl D&1I911, 1995 

Dr. Jacqueline V. SballkJ' 

1992-1997 'SF Nat'ional Young 

Investigator Award, "In situ J MR 

spectroscopy of metabolically engineered 

plant and yeast cul tures" 

Professional Progress in Engineering 

Award, Iowa State University, 1994 

New NSF grant (with Dr. Ka-Yiu San) 

entitled "H PLC Photodiode Array and 

System Upgrade" 
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New EPA grant (with Dr. J oseph 

Hughes) entitl ed "In situ Biochemical 

Remediation of Trinitrotoluene 

Contaminated Soil s" 

N RC Comm ittee Member on Biobased 

Industrial Products, 1994-1 995 

American Chemical Society Alternate 

Councilor, BlOT Di vision, 1995-1998 

New Texas Advanced Technology 

Program (ATP) grant, Phytoremed iation 

ofTNT 

Dr. MicbaeL Stem 

New grant from NIGNIS (fi ve years), 
Control of synaptic transmission in 
Dro,lI)p/'iln 
I ew grant from Texas ATP (with Dr. 
Kathleen Beckingham), "The in vivo role 
of calmodulin in neural function" 
New grant from Amel·ican Heart Asso
ciation (three years), "Cloning of P669, a 
gene aFfecting neuronal excitabili ty in 
Dro,'lIphtln " 
NASA grant, Ro le of Gravity in the 
Development and Function of the 
DI'(),J()philn Nervous System 

Dr. Jame.!' B. Walker 

Publication in J. Bacteriology, February 

1995-Biosynthesis of spectinomycin

antiobiotic. 

Invited symposium lecturer on bioener
getic engineering, Antwerp, Belgium 

Dr. KyriacoJ' Zygourakis 

New NS F grant (with Dr. Lan), V. 
Nlc lntire), 1995- 1998, to study the migra
tion and pmliferation of endothelial ce lls 
Patent awarded on lymphocyte adhesion 
assay 

• NASA grant, "M.icrogravity EfTects on 
Lymphocyte Adhesion and Motili ty" 



New FacuLty Men'thers 

Associat io n vv ith t h e Insti t ute a nd t h e n evv fac ili ti es a t Geo r-ge R. Brovv n H a ll 

h ay e n a b Le d d e p a r-t m e n ts t o r-ec r-u i t o u t s ta nd in g n e vv facul ty. 

Thi s year the In stitute welco mes 

three new facu lty members. Drs. 

Bonnie Bartel and Eugenio de Hostos have 

joined the Department of Biochemistry and 

Cell Biology, and Dr. ei ichi Matsuda has 

accepted a join t appoi ntment with the De

parhnent of Chemistry and the Deparhnent 

of BiochemishY and Cell Biology. 

Bonnie BadeL 

Assi ta n t Professo r 

The major focus of re earch in our 
laboratory is deciphering the molecular 
mechan isms by wh ich levels of the plant 
hormone auxin are regulated. Auxins are 
plant ignaling molecu le that are involved 
in both developmental events, such as em
bryo :ymmetry establishment and root in i
tiation, and environmental re ponse , 
includ ing gravib'opism and phototropi m. 
Whether a plant cell develops as a root or 
a hoot i in part determi ned by the local 
concentration of auxins. Although the 
gross effects of altering auxin concentra
tions were fi r t observed decades ago, how 
these phenomena occur at a molecular 
level remai ns so obscure that not even the 
auxin biosynthetic pathway has yet been 
determined in plants. The enzymes that 
inactivate auxins are only begin ning to be 
desc ri bed, and the signa l transd uction 
pathway by wh ich auxi n exert their eF
fects have not been elucidated . 

We are exploring the molecular bases 
of aux in regulation and the roles of auxin 
in growth and development using the flow
ering plant Arabi()opJl.J IDa/ialla. Levels of 
the predominant aux in, indole-3-acetic 

acid (IAA), ca n be controlled in pla nt by 
altering rates of synthesis and degradation 
as we ll as by conj ugatio n to and 
deconjugati on from am ino acid or ca rbo
hyd rates. We have iso lated ArabldOpJI;' mu
tants with deFects in IAA deconjugation 
and have cloned one of the gene defec
tive in these mu tants using positional in
Formation. We are also studying the role 
of indole-3-acetoni trile (IAN) hydrolyz
ing enzymes in IAA biosynthesis. We are 
ectop ica lly express ing IAA metaboli c 
genes in transgenic plants to mod ulate IAA 
level in vivo and elucidate the many roles 
of auxin in the plant li fe cycle. Us ing a 
combination of classical genetic analyses 
in plants and functio nal screen in yea t, 
we are isolating additional mu tants and 
genes involved in auxin biosynthe is, con
jugation, deconjugation, and degradation 
in order to un ravel th e complex mecha
ni m by which auxin levels are controlled. 
By identifying both upstream and down
strea m regulator of IAA, ul timately we 
will be able to modu late lAA levels in the 
plant and observe the conseq uence at the 
organ ismal, tissue, and cellular levels. 
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Bonnie Btl rtel 

B.A .. Bethel College, KS, 1983 

(Biology) • Ph.D" Massachusetts 

Institute of Technology. 1990 (Bi-

ology) • American Cancer Society 

and NSF Postdoctoral Fellow, 

Whitehead Institute for Biomedical 

Research. 1991-1995 • Faculty 

member. Rice University, 1995-

present 



Eugenio L. de HOc1tOJ 

B.S., Yale University, 1983 • 

Ph.D., Stanford University, 1989 • 

Postdoctoral Fellow, Planck 1nsti-

tute for Biochemistry. Martinsried. 

Germany, 1989-1992 • Postdoc-

toral Fellow, University of Califor-

nia, San Francisco, 1992-1995 • 

Faculty member, Rice University, 

1995-present 

Eugenio L. oe H OJtod 

Ass istant Professo r 

Moving themselves around and mov
ing things in side of them are two of the 
fundamental processes of eukaryotic ce lls. 
The in tricately regulated and complex ma
chinery behind these processes is the 
cytoskeleton, which has two major divi
sions: th e actin-based microfilament sys
te m and the tubu lin-based microtubu le 
ystem. 

My laboratory is engaged in projects 
aimed at identi fyi ng and analyzing com
ponents of both systems using the tools of 
biochemistry, molecular biology, and mi
croscopy. As an experimental system we 
use the cellular slime mold DictyoJteLill1ll 
JUcol.dell/n, which resembles in many ways 
the ameboid ce ll s of higher eukaryote . 
Much work has shown that the ab ili ty of 
most ce lls to migrate depends largely on 
actin (in fi lamentous or monomeric fo rm) 
and on proteins that in teract with this mol
ecule. I t is thought that actin-binding pro
teins are the targets of signal transduction 
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pathways that make cells such as a mac
rophage or DictyoJteLill117 respo nd to a 
chemotactic signal. Our work in the area 
of the actin cytoskeleton focuses on actin
binding proteins. We are curre ntly ana
lyz ing mutants ge nerated by ge ne 
disruption that lack a particular actin
binding protein and are defective in cell 
locomotion and ce ll division . Molecular 
motors that move along microtubule tracks 
are involved in transporting organelles, in
cluding chromosomes and sec retory 
vesicles within eukaryoti c cell s. Based on 
their peptide sequence the motors can be 
grouped into two famil ies, the dyneins and 
the diverse tamJy of kinesin-like proteins 
(kips). We have identified six kips in 
DictyoJteLium and are in the process of as
signing specific roles to individual proteins 
biochemically by using in vitro motil ity 
assays and by generating mutants by gene 
disruption. 



Assistan t Professor 

Terpenoids are compounds derived 
from isopentenyl pyrophosphate . They 
are the most numerou and structurally 
diver e group of natural product , with 
22,000 members di playing more than 
three hundred ring systems. Terpenoids 
that play crucial roles in vertebrates in
cl ude the retinoids; the gera ny l and 
farnesyl protein anchors; the coenzymes 
Q, vitamins A, D, and E; chol e terol; and 
the stero id hormones. Terpenoid hor
mones and pheromones appear to be 
equa lly important in invertebrates. In 
plant, the gibberellins, the bra in
osteroids, and abscisic acid are terpenoid 
regulatory molecules. Many plants syn
thesize defen e terpenoids that would in
terfere with biological proces e in 
potential herbivores. Some of these com
pounds are medicinally useful , such as 
taxol (a n ticancer), com pacti n (hypo
cholesterolemic), and digitoxin (card io
tonic). FinaJly, terpenoids are important 
component of flavor and fragrance. 
Example terpenoid flavor s are 
glycyrrh et ic acid (licorice), ca rvon e 
(spearmint), limon ene (lemon), and 
pinene (gin). Terpenoids account for the 
distinctive flavor of nearly every herb and 
are the scent components of ro e, mu k, 

sa ndalwood, patchou li, and cedar, among 
myriad other. 

We in ve tigate terpenoid biosynthe-
is, primarily using molecular biological 

techniques to tudy the major classes of 
enzymes that contribute to terpenoid di
versity : oligoprenyl pyro pho ph ate 
synthases, terpene synthases, and terpene 
oxidases. Terpene synthases cata lyze 
spectacular reaction, such as the conver
sion of epoAj' qualene to cycloartenol. The 
genes that encode these enzymes are keys 
that permit access to many arena of ter
penoid biochemist!y. We have learned sur
prisingly much about the roles that speci6c 
amino acid residu es play in cataly is im 
ply by thoroughly analyzing seq uence 
data. We are using this structural infor
mation to design and synthesize drugs that 
disrupt the biosynthe is of essential ter
penoid in pathogenic organ i ms. We are 
reconstructi ng terpenoid biosyn thetic 
pathways to develop microorganisms that 
produce va luable compound s, many of 
which are difficu lt to synthe ize or ext!'act 

from natural sources. We will manipulate 
bio ynthesis of regulatory terpenoids in 
the plantArab'dopJIJ thalialla to investigate 
the biological functions of these molecules. 
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I n the future. molecular biologists will have to learn a variety 

of engineering techniques. Similarly. the next generation of 

bioengineers will have to acquire fundamental knowledge of biol

ogy and biochemistry. The recent National Research Council re

port. "Putting Biotechnology to Work: Bioprocess Engineering." 

emphasizes the need for this new kind of engineering if the United 

States is to capture the fruits of its investment in molecular and 

cell biology. 

The graduate programs of the Institute of Biosciences and 

Bioengineering at Rice directly and effectively address this need 

for a more comprehensive curriculum incorporating both biology 

and engineering. 

Graduate study leading to the Ph.D. in biology. biochemis

try and cell biology. chemistry, chemical engineering. and electri

cal and computer engineering is offered. Students are formally 

affiliated with a department and carry out research in one of the 

three major laboratories of the Institute. This year the Institute 

introduced a new graduate program leading to a Ph.D. in bioengi

neering. The curriculum will be based on newly discovered fun

damental knowledge. combining molecular and cell biology 

advances with a quantitative systems approach. The graduate cur

riculum includes a core of required courses to give the basic sci

ence and engineering background we believe will be required for 

the twenty-first century bioengineer. The new program is high

lighted in more detail below. 

Having highly trained. creative bioengineers will contribute 

to U.S. industrial competitiveness and will be crucial for translat

ing our world leadership in the scientific aspects of biotechnology 

into cost-effective industrial and product applications. We strongly 

believe that the new bioengineering curriculum will have a major 

national impact on the evolving paradigms of bioengineering and 

will prepare our students to be leaders in translating science to 

biotechnology applications for the year 2000 and beyond. 



Havi ng high ly trained, c reative bioe ngin.ee r "" il l con tr ; b u te to U. S. indu st t-ia l com .pet; t;veness 

and ""ill b e c ru c ial for trans lating our ·world leadership in t h e s c ie ntific aspects of b iotec hnology 

into c ost-effec t ive ind u strial a nd produ ct appli cation s . 

Inter()i,JClpLinal'Y Bioengineerin.9 ProgramJ 

Bioengineers will need interdisciplinary 
skills in the biological ciences, modern 
material s cience, computer science, and 
systems modeling. Th is year we in tro
duced a new grad uate program leading 
to a Ph.D. in bioengineering that will pre

pare our students to interact directly with 
ce ll and molecular biologists bu t still re
tain the quantitative modeli ng capabili ty 
so important for real engineering app li
cations. 

The grad uate curriculum allows for 
three specific areas offocus ",rithin bioengi
neering: cell ular and molecular engineer
ing, biomechanics and biomaterials, and 

systems engineering and instrumentation. 
To implement the new curriculum, six new 
and two completely mod ified bioengineer
ing courses are being developed, targeted 
at first-year grad uate students. Elective 
courses in each of the three area of focus 

complement the core requ ireme nts and 
allow concentration in a specifi c aspect of 
the broad fie ld of bioengineering. 

A recent study of research-doctorate 
programs by the National Research Coun
cil ranked th e biomed ica l engineerin g 
graduate program at Rice Un iversity tenth 
in scholarly quali ty and fourth in teach
ing eFFectiveness. 

Bioteclmology Training Program 

Funded by a grant from the National In
stitutes of Health, the program provides 
stipend s and research support in a va riety 
of discipl ines for graduate students inter
ested in a research career in biotechnol
ogy. The program allows students access 
to the tools of biotechnology while special
izing in a particular re earch area. Stu
dents receive training in broad areas of 
biotechnology that relate to commercial 
application of these techniques. 

A co re of interdisciplinary courses 
is offered and in cludes a three- to six
month internshi p in an industrial setting. 
Students from the Department of Bio
chemistry and Cell Biology, Chemistry, 
Chemi ca l Engin eering, Electrica l and 
Computer Engin eering, and others par
ticipate in the program. 

Ot/.7el' Trainillg Program.! 

Support for graduate train ing is also pro
vided by another Nationa l rn stitutes of 
Health grant (in molecular biophysics) 
and by a recently awarded grant from the 

ational Aeronautics and Space Admin
istration. This new program is highlighted 
in a special section in this report. 

Opportunities for studies in compu
tational aspects of modern biology and 
biochemistry are ava ilable through the 
Keck Center fo r Computational Biology, 

a join t effort of Rice University, Bay lor 
College of Medicine, and the University 
of Houston. Fellowship support is avail
able for students willing to take cou rses 
in both computational science and the 
biosciences. 

Jo int M.D '/Ph.D. Program s are 
ava ilable in various laboratories of the In
stitute in conj un ction with Baylor College 
of Medicine and the University of Texas 
Health Science Center at Houston. 
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Ph.D. Gradllatu 

The quality of facul ty r esear c h a nd expertise, c o u p l e d \¥it h \¥o rld -class p hysical fac iliti es, 

a ttracts hig hly q u a li fi e d g r a duate stud e nts to lli ce \¥ h o go o n to p u rs u e ca r-ee r s in 

biotechno logy, e n g inee r-in g, a nd rTI e di in e . 

Since the Institute's inception in 1986, 

130 students have received Ph . D.s 

from the member department of th e In

stitute of Biosciences and Bioengineering. 

We are proud to list them here and to 

report on their progress since graduation. 

Biochemi.Jtryal1d CeLL BioLogy 
Departmen t 

/986 

Bruce E Coopel; Lecturer and 
Coordinator of Laborato,), Training, 
Department of Biochemistry and Cell 
Biology, Rice University 

Thomas] Daly, StaFF Scienti t, 
Repligen, Cambridge, Ma . 

Akihiro Izumi, Ane thesiologist, 
St. Jo eph's Hospita l, Houston 

Robert J. Kauten, Research A sociate, 
Department of Food Science and Technol
ogy, University of Califo rnia, Davi 

Russell E. McKinnie, Research cientist, 
Monsanto, St. Lou i , Mo. 

Sharon (Yodel) Rotb, A i tant ProFessor, 
Department of Biochemistry and Molecu
lar Biology, M.D. Anderson Cance r Cen
te r, Houston 

ALice Rubacha, At home with three small 
children, San Francisco, Calif. 

Da"idM. Tu,.,w; Assistant Director of Re
search Planning, Departm ent of Drug 

aFety and Metabolism, Sandoz Pharma
ceutical Company, East Hanove l~ .J . 

Peggy A. Whitson, Deputy Director of Life 
Sciences, Biomedical Operation and Re
search Branch, j ASA, Houston 

/987 

Arterni.rE. Cbakerian, Research Scientist, 
Uni versity of ew Mexico, Albuquerque 

/988 

Elizabeth A. Auger, As istant Professor, 
Department of Therapeutic Rad iology, 
Un iversity of Minnesota Health Center, 
Minn. 

WiLLiam C. FarlJ'LolIJ, Research Scientist, 
lmmunex Corporation, Seattle, Wash. 

W. Richard Ligh~ Re ea rch Scientist, 
Biopure, Inc., Boston, Mass. 

Da"id W. MyerJ, Research cientist, Walt 
Disney Memorial Cancer Center, Orlando, 
Fla. 

Tbomas LV. Pajelflski, Assi tant ProFesso l~ 

Department of Anesthesiology, University 
of Virginia Medical chool, Charlottesville 

Nadine Riffel; Research Scientist, Abbott 
Laboratories, Abbott Park, III. 

Ann 0. Sperry, Postdoctoral Associate, 
University of Texas Southwe tern Medi
cal School, Dallas 

Jolm C. Spurlino, Re earch Investigator, 
terling Winthrop Pharmaceutical 

Research Division, Collegeville, Pa. 

Mark A. Tuckelj Re earch Associate Pro
fe sor, Univer ity of Southern California 
School of Dentistl)" Los Angeles, Calif. 

PoLLy S. Vermer.rch, Associate, Howard 
Hughes Institute of Structural Biology, 
Baylor College of Medicine, Houston 
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Martin X. ZiLlman, Research Scientist, 
private company, New York 

/989 

Wei-Yilan CLlOll, Assistant ProFe sor, 
National Defe nse University, Taiwan 

Douglas D. Lellwn, Research Scientist, 
Somatogen, Inc., Boulder, Colo. 

Ronald] RoblfJ, Research A i tant Pro
Fe sor, Department of Medicine, University 
of CaliFornia, San Diego 

Scott D. Rose, Postdoctoral Associate, 
Southwestern Medical School, Dallas 

/990 

Tamsen V. de Valoil j Attorney, Houston 

Kellin E. DoyLe, Research Scientist, bio
technology company, Bo ton, Mass. 

Joseph A. Gardllelj I nstructor and Ed ito l~ 

J apanese Chemical Society, ari ta, J apan 

Bruce L. Jacobsen, Research Associate, 
Enzyme I nstitute, University of Wisconsin, 
Madi on 

Hartowl Luecke, Postdoctoral Fellow, Lin
ear Accelerator Center, Stanford University, 

tmford, Calif 

Dolores H Needleman, I nstructOI~ Baylor 
College of Medicine, Hou ton 

Cindy Pfeiffer-Linll, Assistant Professor, 
Loui ian a State Un iversity Medical School, 
j ew Orlean , La. 

Ricbard W. fflelcb, Postdoctoral Fellow, 
National I nstitutes of Health, Bethesda, 
Md. 



KyleL. Wick, Postdoctoral Fellow, EmOlY 
University, Atlanta, Ga. 

1991 

Susan Chacko, Postdoctoral Associate, Na
tionallnstitutes of Health, Bethesda, Md. 

John E Maune, Overseas studies, Sapporo, 
J apan 

Daniel J Petersell, Postdoctoral Research 
Fell ow, University of British Columbia, 
Vancouver, Canada 

1992 

Rui Brito, Assistant Professor, 
Universidade de Coimbra, Portugal 

Jack HOIvarth, Site Manager, Structured 
NMR Facili ty, Univer ity of Cincinnati , 
Ohio 

Yuan-Chillg Lilt, Postdoctoral Associate, 
Boyer Center for 'lolecular Medicine, 
Yale University School of Medicin e, New 
Haven, Conn . 

Shi-Yuan Mellg, Research Scientist, 
Amgen, Inc., Thousand Oaks, Calif. 

LYllne E. Rouseth, Postdoctoral Fellow, 
Department of Structural Biology, Uni
versity of Texa Southwestern Medical 
Center, Dallas 

Ita Yuen, Research Associate, DuPont, 
Wilmington, Del. 

1995 

Robert E. Brantle:y, Jr. , High School 
Science Teacher, Dublin, Ca. 

T E. Carvel; Postdoctoral Fellow, 
Department of Biochemistry, Penn 
State University, Pa. 

Jie Chell, Postdoctoral Fellow, 
Departm ent of Chemistry, Harvard 
University, Cambridge, Ma . 

KathLeell M. Gajewsk~ Po tdoctoral 
Fellow, M.D. Anderson Cancer Center, 
Houston 

K.A. Johllsoll, Postdoctoral Fellow, 
Howard Hughes Institu te of Structural 
Biology, Baylor College of Medicine, 
Houston 

PLLrllillla R. Laud, Postdoctoral Fellow, 
Department oflmmunology, M. D. Ander
on Cancer Cente l~ Houston 

/994 

Jay L. Brewster, Postdoctora l Fellow, 
1cLaughlin Re earchers, Great Fall , 

Montana 

Well-I Chang, Research Scientist, 
Tanox Inc., Houston 

SLUnita ChoWdhury, Postdoctoral 
Fellow, Department of Rad iology, Uni
versity of Californ ia at San Francisco 

RenlL Jaill, Research Associate, 
Baylor Coll ege of Medicine, Houston 

KeYin Tu, Pri vate company, 
San Antonio 

Ping Wei, Postdoctoral Fellow, Salk 
Institu te, La Joll a, Calif. 

/995 

Anand R. Kolatkar, Postdoctoral 
Fellow, Department of Structural Biol
ogy, Stanford Univer ity, Stanford, Calif. 

Michael L. QuiLLill, Po tdoctoral 
Fellow, Institute of Molecular Biology, 
University of Oregon at Eugene 
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Xiao-Lu Shi, Postdoctoral Fell ow, 
Rockefeller Uni ve rsity, New York 

Frank G. Whitby, Postdoctoral Fellow, 
Department of Biochemistry, 
University of Utah chool of Medicine 

John Wong, Postdoctoral Fellow, 
Department of Med icine, Emory 
University, Atlanta, Ca. 

Zhijian Xi, Staff Con ul tant, 
Cambridge Technology, Cambridge, 
Mass. 

Chemica! Engil1eerin.9 Department 
(Bioenginee,.ing Croup) 

/986 

Gi[()a Bambino, Associate ProfessOl~ 
ortheastern University, Chemical 

Engineering Department, Boston, Mass. 

Jeffre:1J Hubbel4 Professor of Chemical 
Engineeri ng, California Institu te of Tech
nology, Pasadena 

BYLUlg-Geon Rhee, Director, Biotechnol
ogy, Sam Yang Co. LTD., Seoul, Korea 

/987 

Clms Blt.!'silleall, Project Leader, 
Chi ron Corporation, Emoryville, Calif. 

John Frangos, Professor, Univer ity 
of Cali fornia, San Diego, Bioengineering 
Department, La J olla, Cali f. 

Todd Giorgio, Assoc iate Profe SOl', 

Vanderbil t University, Chemical Engineer
ing Department, ashviiJe, Tenn . 



CIJarles Meyel; Senior Research 
Engineer, Shell Oil, Environmenta l 
Division, Houston. 

1988 

Robert Cherr)p Assistant Professo r, 
Duke University, Mechanical Engineering 
Department, Durham, N.C. 

Pratap Nail; Director, Project 
Development, Chemshare, Inc., Houston 

Timothy Wick, Associate Professor, 
Georgia Tech University, Chemical Engi
neering Department, Atlanta, Ga. 
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Michael Huesel7lann, Research Engineer, 
Shell Development, Environmental 
Division, Houston 

Michael B. Lawrence, Assistant Professor, 
University of Virginia, Biomedical Engi
neering Department, Charlotte ville, Va. 

Jonathan R Petersen, Research Enginee l~ 
Failure Analysis Associates, San Francisco, 
Calif. 

Dennis P Wiesenborn, Assistant Professor, 
North Dakota tate University, Chemical 
Engineering Department, Fargo 

1990 

Ralph CarueLLo, Research Enginee l~ 
Exxon, Research and Engineering 
Control Division, Chnton, N.J . 

Sllsan Ca.mocha, Research Engin ee ,~ 

Monsanto Research, Life Sciences 
Division, St. Louis, Mo. 

Scott Dial/wnd, Associate Professol~ 
SUNY Buffalo, Chemical Engineering 
Department, Buffalo, N.Y. 

Bernard Folie, Research Engineer, Ex.'(on 
Polymers, Antwerp, Belgiu m 

/(urt /(unllJ j Resea rch Enginee ,~ Baxter 
Healthcare, Ch icago, III. 

Allison Webeli Consultant, Houston 

1991 

Mark Brou.f.fard, Senior Research 
Enginee r, Shell Development, Control 
Division, Houston 

Charlene K Owens, Research Engineer, 
Exxon Prod uction Research, Envi ron
mental Division, Houston 

Sridhar Rajagopalan, Research 
Engineer, Shell Development, Environ
mental Division, Houston 

Pill Ying Huang, Research Engi neer, 
Exxon Production Research, 
Environ mental Division, Houston 

J992 

Omid Abba.f.fl; M.D. Resident, 
Baylor College of Medicine, Houston 

BarbaraAle~riadoll? Assistant Professor, 
J ohns Hopkins Uni ve rsity, Biomedica l 
Engineering Department, Baltimore, Md. 

Joseph Calwi, Research Engineer, 
Dow Central Research, Midland, Mich. 

Nancy Shu-Iml Huang, Research 
Engineer, Exxon Production Resea rch, 
Environmental Division, Houston 

Hei Chan Lee, Bioprocess Engi neer, Tanox 
Biosystems, Houston 
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sc. Niraly'an, Research Associate, 
Un ive rsity of Texas Med ica l Branch, 
Galveston 

Gerard To lentino, Resea rch Enginee r, 
Hoechst Celanese, Corpus Christi 

J995 

Charles Lill, Medical Student, 
Yale Medical School, ew Haven, Conn. 

Lance Mllnn, I nstructor, Harvard 
Medical School, Boston, Mass. 

NicholaJ' Panaro, Postdoctoral Fell ow, 
NIH, Bethesda, Md. 

Peng .fu, Research Scientist, Bristol 
Meyers-Squibb, Syracuse, New York 

CIJih-Huang Ho, Resea rch Engin ee r, 
Biotechn ology In titute, Taipei, Taiwan 

Jeff IlfcCrary, Assistant Professor, 
Virginia Polytechnic Un iversity, 
Blacksburg, Va. 

John Patton, Staff Scientist, GlycoTech 
Corporation, Rockville, Md. 

J994 

Aristos Aristidou, Research Associate, 
Bioengineering Center, Massachu setts 
I nstitute of Techn ology, Boston 

Raji~ Bhadra, Research Associate, 
Rice University, Houston 

Da~id Jones, M.D. Student, Baylor 
College of Med icin e, Houston 

/(onstantinos /(onstantopoulos, 
Resea rch Associate, Rice Un iversity, 
Houston 



YilJ Lee, Resea rch Associate, 
Bioengineering Center, Dartmouth 
Coll ege, Hanover, N H 

John Mathew, Resea rch Engineer, 
Cabot Corporation, Bo ton, Mass . 

Charles Patrick, Research Associate, 
Rice University, Houston 

JlLlia M. RoJ'J', Assistant Professor 
Chemical and Biochemical Enginee ring 
Depa rtment, University of Mary land at 
Ba ltimore County, Baltimore 

Vinod Palathinkara, Resea rch Associ
ate, Bioengin eering Department, Uni
versity of Oklahoma, Norman 

John Wagner, Assistant Professor, 
Chemical Engin eering Department, 
Tri-State University, Angola, Ind. 

ChenuJtry Department 
(Bi(]JcienceJ Grollp) 

1986 

Le.rlie A.rkona.r, Resea rch Scienti st, 
Monsanto, St. Louis, Mo. 

Rob.ronMajotJ.; Research Scientist, Mobay 
Corporation, Pittsburgh, Pa. 

1988 

Elizabeth Eudy Gomez, In tructor, 
Arkansas College, Little Rock 

John A. Goodwin, Assistant Professo r, 
Eckerd College Department of Chemistry, 
St. Petersburg, Fla. 

1990 

DeAnna/(, Coggin, Postdoctoral Research 
Associate, Purdue University, 
West Lafayette, Ind. 

Sbirley A. Moy, Research Scientist, 
Dow Chemical Company, Houston 

1991 

Jorge A. Gonzalez, Section Leader; 
Azko Chemical Company, Hydrocarbon 
Analysis Division, Pasadena, Tex. 

Yall Li, Resea rch Associate, Du Pont, 
Wilmington, Del. 

1992 

Angelika Mll.rcate, Postdoctoral Fellow, 
University of California, San Francisco 
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Ted Arn.rt, Research Scientist, Na lco 
Chemical Company, Sugar Land, Tex. 

Jo.reph E. Brad.rhauI, Postdoctoral 
Research Associate, University of Pennsyl
vania School of Medicine, Department of 
Pharmacology, Ph iladelphia 

ElectricaL alld Compllter 
EIZ.tJ ineering Depa rtmen t 
(Bioengineering Group) 

1986 

Nirmala Gallapatby, Senior Research 
Engineer, Exxon Production Research 

Darel A. Linebargel; Assistant ProFessor, 
University of Texas, Dallas 
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1989 

JobnA. Haltel; Assistant Profe sor; Baylor 
College of Med icine, Houston 

1990 

Anand R. Kumal; Staff Engineer, British 
Physical Labs, India 

1991 

Carmen C. Cana~iel; Research Associate, 
University of Texas Health Sciences 
Center; Houston 

C. Richard Murpbey, Research Associate, 
Uni ve r ity of Texas Medica l Branch, 
Galveston, Tex. 

George Pettit, Staff Scientist, Food 
and Drug Adm inistration, Rockvi ll e, Md. 

John Shumakel) Resea rch Associate, 
Houston Advanced Research Center, 
The Woodlands, Tex. 

1992 

Jacob Agri.r, M. D.IPh. D. Resident 
Physician, WaJme State University, 
Detroit Med Center 

[yad Saidl; M.D. fPh. D. Resident 
Physician, Johns Hopkins, Baltimore, Md. 

1993 

Miriam Zack.renbou.re, Assistan t 
Professor, Technion Israel Institute 

Job/1 Hellry Scbild, Po tdoctoral 
Fellow, Bay lor Coll ege of Medicine, 
Hou ton 



Outreach and Special llUtitute Eveni:.f" 

Dialla L. Il7elch, AJJIJtallt 

i llJfilule 0/ BioJciellClJ and ~/J.'en.quul'rUlq. 
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T he Institute's outreach efforts are complementary to its pri

mary mission of promoting interaction among faculty and 

students in the biosciences and bioengineering. Through our out

reach efforts, we are instrumental in bringing together individuals 

from different disciplines and groups that affect and are affected 

by our research programs, including ethics and public policy, as 

well as from the biotechnology industry and the general public. 

For three days in February-March [994 the Institute hosted 

the second Delange Conference on the Rice University cam

pus entitled "Biotechnology: Science, Engineering and Ethical 

Challenges for the 2[st Century." This conference brought to

gether a diverse audience of scientists, engineers, politicians, ethi

cists, and concerned laypersons to discuss both the great oppor

tunities and the difficult challenges that progress in biotechnology 

presents. A book based on this conference is being published 

by the Joseph Henry Press, an arm of the ational Academy of 

Sciences Press, and is scheduled for completion this December. 

The purpose of the conference and of this resulting publication 

is to contribute to and encourage broad participation in the im

portant dialogue that will shape the direction of biotechnology 

in the twenty-first century. 

This year our special outreach efforts included the third of

fering of the Annual Advances in Tissue Engineering course and 

a one-day workshop presented by the Southwestern Regional 

Office of the FDA Biologics Division designed to bring together 

representatives of the biotechnology industry to assist them in 

efficient and successful attainment of product marketing approv

als for products from the FDA. 

This year we also received an award for $5 million over five 

years from the ational Aeronautics and Space Administration 

( ASA) to establish the Institute as a NASA center of research 

and training in gravitational biology. 

Details of these events are highlighted on the following pages. 



Estahiishment of the Institute as a NA SA Specialized Center of 

R esearch and Training in Gravitational Biology 

We are pleased to reprint here an 
article from the September 21, 1995, Rice 
NeUlJ: 

ASA Grants Rice $5 M illion 

for Centel-: Institute of 

B iosciences a nd Bioengineering to 

Study Microg,-avity 

BYLlA UNRAU 
Rice Nell'J Staff 

The Institute of Bioscience and 
Bioengineeri ng at Rice has been awarded 
a $5 million, five-year grant to serve as a 
NASA Specialized Center of Research 
and Training (NSCORT). 

ASA's Johnson Space Center 
(JSC) is a collabora ti ng partner in the 
Rice NSCORT project. The specialized 
center will seek to understand the effects 
of Earth's gravity on livi ng ce lls. 

The National Aeronautics and Space 
Administration (NASA) establi hed the 
NSCORT program to create effective 

method for solvi ng pecific problems in 
space li fe sciences. 1 orth Carolina State 
Uni versity, in collaboration with Wake 
Forest University, and Ru tgers University, 
in co llaboration with Stevens Institute of 
Technology, are also new NSCORTs, 
bringing the total number of specialized 
centers in the United States to eight. 

As a designated gravitational biology 
cente l~ researchers from Rice and the JSC 
wi ll study how gravity, or the lack of it, 
affects ce ll functions and assemblies of ce ll 
tissues. In its report, the SCORT re
view team concl ud ed that "this multifac
eted, basic research-oriented proposed 

SCORT will e tab lish the effects of mi

cro-and hypergravity on a number of in
teresting biological systems." The report 
also stated that, "Given the quality control 
of this NSCORT and the expertise of the 

scien tists, the results should be fund amen
tal to gravitational biology; thus, this will 
provide an exce ll ent contribution to 
NASA's mission." 

Rice and JSC cientists will look at 
the effects of microgravily and associated 
environmental stresses on cellular metabolic 
re ponse. 

"We've shown, and others have too, 
that gravi tational forces affect what cells do, 
what they are, and what they make," aid 
Larry V Mclntire, chair of the In titute of 
Biosciences and Bioengineering and the 
new specialized center's director. "A lot of 
work has previously been done on animal 
model," Mclntire said, "What we proposed 
is to look at molecular mechan isms, and we 
hope to understand how environmental 
stresses, uch as altered gravity, affect cell 
functions at the molecular level. 

"The hope is that if we understand the 
functions on a molecular level. we can de
velop measures that would counter these 
problems on other levels." 

The proposa l included a series of 
projects "vith faculty members investigat
ing the effects of tbe gravitational environ
ment on various model cell systems. At thi 
time, all research is ground-based, but re
searchers hope some projects will develop 
into space Right experiments. 

The In stitute of Biosciences and 
Bioengineering has had an ongoing rela
tionship "vith JSC since the early'SO , when 
the two centers co llaborated on creating 
bioreactors, which simulate some aspects 
of microgravily, or weightlessness. 

"This project will greatly enhance 
the interaction of a mu ch broader group 
of facu lty," Mcintire said. Researchers 
at JSC will participate in a seminar se
ries and teach some courses. 

As part of tbe NSCORT program, 
the center wJI hold an open symposium 
focusing on advances in gravi tational bi
ology each yea r. At the end of the f'ive-
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year program, an International Space Bi
ology Sy mposium wjJl be held jointly with 
the Johnson Space Center. 

Included in the propo al i the in
trodu ction of a new course at Rice in 
gravitational biology. 

The center will receive $ I million 
each yea r for the next five years. The 

money will provide support for und er
graduates, graduate st ud ents, and 
postdoctoral researchers as well as eq u i p
ment and supplies for research. 

"It' becoming clearer and clearer that 
learning about the coupling of local me
chanical environments and cell function has 
a buge spin-off in otber areas, " McLntire 
said. "It's important to understanding pa
thologies here on Earth involving the car
diovascular system, bone, and muscle." 

A major medical problem associated 
with space Bight is bone resorption (where 
the bone cells remove material they had 
previously deposited) and demineralization. 
Studying bone Formation vvith respect to 
gravity and microgravity promises insights 
into developing cures and prevention meth

ods for tbe effects of not only space fligbt 
but also long-term bed rest and possibly 
natural diseases such as osteoporosis, 
Mclntire said . Research into how weight, 
pressure, and the lack of it affects Row 
against endothelial cell s, the ce lls that line 
blood vessels, can also be appl ied to dis
eases such as arteriosclerosis. 

In studying mammalian cells, scien
tists will examine the long-te rm effects of 
we ightl essness on loss of bone a nd 
muscl e, decreased im mune response, and 
blood Row. 

The inherent nature of the institute 
played a role in securing the grant for Rice, 
Mclntire said . H[ think what made us com
petitive for tbe grant is that our structure 
crosses departmental lines, and we bave 

input from both the biosciences and 
bioengineering, H he said. Rice facul ty were 



already conducting research in closely re
lated areas as well. 

"There is a good mix of lnvestigators 
in this project," Mcintire said, "from de
velopmental biology, microbiology, cell bi
ology, and a wonderful mix of young to 
more senior investigators." 

The series of projects involves nine 
Rice faculty members and fo ur research
ers fro m JSC. Three inve tigators will 
study effects of gravity on immune cell s: 
McIntire; eal Pell is, program director of 
bio technology with 1 ASA/JSC; and 
Kyriaco Zygourakis, professor of chemi
cal engineering. 

Kathleen Beckingham, professor of 
biochemistry and ceLl biology, and Michael 
Stern, assistant professor of biochemistry 
and cell biology, will examine simu lated 
microgravity Forces on cellu lar develop
ment in fruit nies. 

Michael Gustin, associate proFessor of 
biochemistry and ce ll biology, wiLl study 
pressure and sensing genes in yeast cell s, 
and J anet Braam, ass istant professor of 
biochemistry and cell biology, will research 

molecular and developmental responses in 
plants. 

Antonios G. Mikos, as i tant profes
sor of chemica l engineering, is studying 
bone formation and Daniel Feeback, re
search scientist at NASAlJ C, is look
ing at the effects on mu cle and fiber 
fo rmation. 

George Bennett, pro Fessor of bio
chemistry and ce ll biology, and Fred 
Rudolph, professor and department chair 
ofbiochemisoy and cell biology, are exam
ining the effects of microgravity on bacte
ria-host interactions. 

Two researcher from Johnson Space 
Cente l~ Clarence Sam and Peggy Whitson, 
are studying the effects of microgravi ty on 
the cytoskeleton and interactions of the 
immune system. 

FDA Worhbop: "Biotecbnology Derived Product.f: 

Regulatory Policy J.y,fll£,f" 

"lfle intend /lot to be dimply pUlziti,'e ilZ Ollr rem-

edie,1 for people that may not wzderdtand or be 

in compliance !Viti} ollr reg [lllationjJ. We Ileed 

to work cooperati,'ely and try to (wlpe problemd. 

And we /leer) to .qet out of WlldhilZ.qtOIl- tO cirCll-

late and .qet the word out, aJ we're doillg here. " 

-IHit:hilt'1 Beatrice, Dl'pufy Director, 

FDA emtrr for Biou~qic,' Evalll.ation allo Re,'rare" 

[n May 1995 the Institute hosted a one-day work
shop presented by the Southwestern Regional Office of 
the U.S. Food and Drug Administration Biologics Divi
sion. The workshop was entitled "Biotechnology De
rived Products: Regulatory Policy Issues" and was de
signed to assist small biotechnology companies in 
efficient and successful attainment of product market
ing approvals for products from the FDA. The work
shop was attended by 180 representatives from biotech
nology companies in Houston, Texas, and the 
southwestern region. The Houston biotechnology com
munity was particularly well represented at this meet
ing, which has set a precedent for future gatherings of 
the Houston biotechnology community at Rice to dis
cuss issues of mutual concern. 
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'Jr() A nnual 'Y1 ()"ance.r in Tissue Engineering" Short Course 

The nex't generation of therapeutics for a 
number of acquired or inheri ted diseases 

will be patient-specific. utilizing ce ll . tis
sues. and eventually bioartificial organs For 
transplantation. To bring professionals 
up- to-date in thi fi eld. the Institute of 
Biosciences and Bioengineering. in con
junction with the Rice Uni versity School 

oF Continuing Studies. sponsored the third 
annual in tensive week-l ong continuing 
edu cation course entitl ed "Advances in 
Tis ue Engin eering" August 1-5. 1995. 

The course surveyed the late t knowl
edge and technologies in the world of pa
tient-specific therapeutics. from transplan
tation of cell s and tissues to bioartificial 
organs. Cell- based therapies and artibcial 
organs can have a great impact In medicine 

fo r trea tment of inheri ted diseases. such as 
li ver disease. diabetes. Parkinson ·s. and 
other organ defi ciencies. 

Twenty Facul ty from Rice. the Texas 
Medical Cente l~ industry. and other insti 
tution working on advances in the science 
and technology of ti ssue engineering pre
sented the course. which was organized 
and directed by Dr. Antonios C. M.ikos. 
T. N. Law Assi tant Professor of Chemi

cal Engineering and Bioengineering in the 
Institute of Biosciences and Bioengineer-

ing. Instructors included Institute faculty 
and guest facul ty from many fi elds. includ

ing biochemistry. biomedical engineering. 
and orthopaedic surgery. 

The course reviewed th e recen t ad

vances in biochemistry and biophysics; 
cell . molecular. and developmental biol-

D,: IJlltollio,' G. I~/iko,', COli rae 
(}irec/or '/:'1' '·Ari"all<.'tJ in TiJJlle 

The purpose of the course is to pro
vide scien tists and clinicians with a way 
to qu ickly update th eir knowledge in this 
rapidly growing. in terdisciplinary field. 

Thi yea r twe nty-six people from 
twelve states and six Foreign coun tries at
tended. The course has generated new 
collaborations among Institute investiga

tors and their counterparts at Baylor Col
lege of Med icine and th e M.D. Anderson 
Cancer Center and this year received an 
endorsement from th e Am erica n Society 
of Biomaterials. 

Ellgineerillil," (Jt;'ClI","~J a poillt with COIll'Jf atlendee Dr. [lera DOllaliji'Oll7 the 
Ul7i"erJity oj';/{iLall 11l"titllte of PLaJtic Sw.r;el:Y (Ie F). D,: Gail Nal~lJbtoll, 
e.,\:,·CIIli"e "ice preJidmt alld chic( operatillg ojlierr lor Ad"al7ced n',/fU 
EII.lJille,·rill.lJ. J IlC. til La Jolla, CaLif. . preJentJ a Lectllre 011. I1tU' techlloLa."u<" 
./;". ceLl alld tiJJIII' mltllre (top. cwtel). 

ogy; and mod ern materials science. It 
foc used particul arly on the science and 
technology of tissue engineering and the 
development of new means of replacing 
damaged or diseased body parts and re
storing fun ction. It also assessed the pros
pects and directions For development of 
strategies to regenerate metabolic orga ns 
and repair connective tiss ues and ce ll 
th erapies to deli ve r proteins and other 
th erapeutic drugs. 
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For more informa.tion abolll the COIII<Je or to be 
pllt 011 tbe //la iLillg ItJt to receille informatioll 
abolll tile lIe.xl' COlII ~le, contact tile Rice Un iller
Jity Scbool of COllhillllll.9 StlldieJ, (713) 520-
6022 or 527-4803. 



The In titute of Biosc iences and 

Bioengin eering wa established in 

1986 in recognition of the revolutionary 

advances in biotech-

nology and with the 

purpose of building 

on ex isti ng sh'engths 

in biochemical and 

biomedical engineer

ing and biosciences at 

Rice. The goal of the 

Institute is to provide 

an organizationa l 

framework for foster-

ing interaction 

Brief History of tbe llUtitute 

among the biological. chemical. and engi

neering disciplines, both between research 

groups at Rice and between life scientists, 

bioengineers, and medical colleagues at 

other in titution . In addition, the Insti

tute has a mission to strengthen the cross-
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disciplinary ed ucational programs at the 

undergrad uate, graduate, and postgradu

ate levels. 

Mem bers of the 

In st itu te in clu de 

thirty Faculty from 

the Departments of 

Bi ochemi stry and 

Cell Biology, Chem

istry, Chemical Engi

neering, and Electri 

cal an d Computer 

Eng in eer ing and 

seve n teen fac ul ty 

members from the 

Texas Med ical Cen

ter, prov iding a 

broad mix of inter-

e ts and expertise. 

The biochemical and biomedical facu lty in 

chemical engineering is the second larg

est in the country. Research is ca rried out 

in three major laboratories that make up 

the Institute: The Cox Laboratory for Bio

medical Engi neering, the Mabee Labora

tory for Bi ochemical and Genetic Engi

neering, and the Greenwood Laboratory 

for Basic Med ical Science. Faculty ca n be 

members of more than one laboratory. 

Since its inception, the Institute has 

made major adva nces toward its goa ls. 

Following are highlights of some of these 

accomplishments. 



"COInbining the nevv fi Id s of mole ular biology and biomed ical engineering in 

George R . Brovvn f-IaJl h as reated a uniqu e r esear c h and teac hing facili ty at Rice, 

vvith the purpose ofprornoting c ross-disc ip li n ary int ractions in biote h no logy. " 

Larry //lfcliltire, at the dedication ceremony of George R. Brown HaLL, November 1991 

CompLetioll oj 

George R. Brown HaLL 

In 1989 efforts were begun to create a 
world class tate-of-the-art biotechnology 
fac ility to hou se the Institute of Bio
sciences and Bioengineering. This new 

2S-million, 108,000 square-foot facility, 
the George R. Brown Hall, wa completed 
in 1991. The Institute moved into George 
R. Brown Hall in August of that year. 

The estab li hm ent of Geo rge R. 
Brown Hall as the home for the Institute 
of Biosciences and Bioengineering was a 
pivotal point in the development of the 
Institute. [t established a physical identity 
and symbolized a standard of excellence 
for the [n titute, and it provided a means 
of greatly increasing the potential fo r in
terdi ci plinary in teraction by physically 
bringing together life sc ient i ts and 
bioengineers into one fac ili ty. 

Quite symbolica lly, the location of 
the building between the biological sci
ence building on the west and the chem
i try and engineering buildings on the east 
reinforces the Institute' mi ion to bridge 
these discipline. 

Building Dedication and 

SYl77poJiwn 

On ovember [, 1991 , George R. Brown 
Hall was fo rmally dedicated. [n conjunc
tion with the dedication of the building, 
the Institute presented its first ymposium 
entitled "Per pectives in Biotechnology: 
Cross-Disciplinary Research and Training 
in Biosciences and Bioengineering." The 
principal speakers at the symposium were 
Dr. Purnell W. Chopp in (presid ent, 
Howard Hughe Medical In stitute), Dr. 
Daniel I. C. Wang (d irector, Bioproce 

Engin eering Research Center, Massachu
setts Institute of Techn ology), and Dr. 
David Botste in (chair, Department of Ge
netics, Stanford University) . These inau
gural events were well attend ed and pro
vided a means offorma lly in trod ucing the 
Institute to th e Rice community and the 
greater Houston cientific and business 

communities. 

R d D Laboratory of d?e Year 

Award to George R. Brown HaLL 

George R. Brown Hall received the 1992 
"Laboratory of the Year" Awa rd from Re
Jearch and Del1e/opmenl magazine and was 
featured in the May 1992 is ue as well as 
in the April 1992 issue of 
IIrchitecture magaz ine . 
The June 25, 1992, issue 
of Nature magazine fea
tu red a fifteen-page 
section titled" cience 
in Texas," in which 
the Inst itute and 
George R. Brown 
Hall we re fea
tured. 

N IH Biotecl.mo/o.qy Training 

Grallt 

[n J990 the [n titute was awarded a fi ve
year grant from the 1 ational [n titu tes of 
Hea lth, Natio nal [n titute of Genera l 
Medica l Sciences, [or a Biotechnology 
Training Program. The program provides 
support in a va ri ety of disciplines For 
graduate students in terested in a research 
career in biotechnology. This year the I n
stitute was awarded a five-yea r re newal 
of this training grant, providing support 
for graduate tudent through [999. 
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1" irJt InJtitute PllbiicationJ 

To increase the visibili ty of the Institute 
to the out ide world, to improve commu
nication with Institute donors and the 
greater Rice community, and to help re
cruit graduate students, the first graduate 
recruitment poster and Institute brochure 

were produced and distributed in the fa ll 
of [99 [ and spring of 1992, respectively. 
A revised In stitute brochure and our first 
Annual Report were published in 1994. 

FacaLI:1.J Recruitment 

The exi tence of the I nstitute and th e new 
Facilitie in George R. Brown Hall were 
instrumental in the successfu l recrui tment 

of several new faculty mem
bers. During the firs t five 

years of th e I nstitl.l te, six new 
facul ty were recruited to the In

stitute member departments. 
Drs. Michael Gustin, Ri chard 

Gomer, Jan et Braa m, and 
Michael Stern joined the Depart

ment of Biochemistry and Cell Bi-
ology, and Drs. Jacqueline Shanks 

and Antonios Mikos joined the De
partment of Chemical Engineering. 

The Institute continu e to attract 
bright new faculty members, with the ad
dition in 1993 of Drs. Susa n Gibson and 
Edward ikonowicz, and most recently, 
Drs. Bonnie Bartel, Eugenio de Hostos, 
and eii chi Matsuda. 



1l1Jtitilte DirectorJ 

Larry V. Mc lnt·ire, Ph . D. 

Chtlir 4 the 1Il" titllte 4 Bia,"'ience,' alld 
Biofll.9illeerill.9 tlllf) Director 4 the CO,y Labora
tory lor B,inlledica/ EII.9illeerill.9 

Frederick B. Rudolph , Ph. D. 

Et"ecllti,rc Director o./the JII~J/ilule 0/ Bi(),It:ienct!..J 
alld BliJel~9illeerlil.9 tllld Director 0/ the Illabee 
Laboratory/or Biochelll ical alld Cwelii- EII.9i
neeI'm.'} 

George J. Schroepfer, Jr., M.D. , Ph.D. 

Director 4 the Creel/wood Laboratory )"r Bn,,,,' 
IIlediea/ Science 

JnJtitlite FacuLty 

Bonnie Bartel, Assistant Professor of 

Biochemistry and Cell Biology, 

Ivlember of the Mabee LaboratOl)' 

Kathleen M. Beckingham, Professor of 

Biochemistry and Cell Biology, 

, 'Iember of the Mabee Laboratol), 

George N. Bennett, ProFessor of Biochemistt)' 

and Cell Biology, Nlember of the Mabee 

Laboratol}' 

J anet Braam, Assistant ProFessor of 

Biochemist,), and Cell Biology, 

Member of the Mabee Laboratory 

J. Wayne Campbell, ProFessor 01' BiochemistI}' 

and Cell Biology, Member of the Mabee 

Laboral"O'), 
J ames Clarage, Member of the Mabee LaboratOl), 

John W. Clark, Jr., ProFessor of Electrical and 

Computer Engineering, Member of the Cox 

LaboratOl), 

Eugenio L. de Hostos, Assistant Professor 

of Biochemisn)' and Cell Biology, 

Member of the Mabee LaboratOl), 

usan I. Gibson, Assistant Professor of 

Biochemistt)' and Cell Biology, 

J\lember of the Mabee LaboratOl), 

Raymon M. Glantz, Professor of Biochemistl)' and 

Cell Biology, l'vlember or the Mabee Laboratory 

Richard H. Gomer, Associate ProFessor of 

Biochemistry and Cell Biology, Howa rd 

Hughes Medical Institute Assistant Investi

gator, )\'Iember 01' the Mabee Laboratol}' 

Institute Directory 

Michael C. Gustin, Associate Professor of 
Biochemistl)' and Cell Biology, 

J\'lember of the Mabee Laboratol}' 

J. David Hellums, Hartsook Professor of 

Chemical Engineering, Member of the 

Cox Laboratory 

Seiichi P. T. Nlatsuda, Assistant Professor o/" 

ChemistI}' and Biochemist,)' and Cell Biol

ogy, Member of the Mabee Laboratol}' 

Kath leen S. Matthews, Wiess Professor 

of BiochemistI}' and Cell Biology, 

Member of the Nlabee LaboratolY 

Anton ios G. Mikos, Law Assistant Professo r 

of Chemical Engineering and Bioengi neering, 

Member of the Cox LaboratOl), 

J oel L. Moake, Professo r of Medicine (Baylor), 

and Associate Director of the Cox L"boratory 

Edward P. Nikonowicz, Assistant Professor 

of Biochemistl)' and Cell Biology, 

Member of the Mabee LaboratOl), 

J ohn S. Olson, Professor of Biochemislly and Cell 

Biology, Member of the Mabee LaboratOl)' 

Graham A. Palmer, ProFessor of Biochemistl)' and 

Cell Biology, Member of the JVlabee LaboratOl), 

Ronald J. Parry, Professor of Chemist')" 

Member of the Mabee Laboratory 

George N. Phillips, J r. , Professor of 

Biochemistl)' and Cell Biology, 

Member of th e Mabee Laboratory 

Maureen G. Price, Member of the Mabee 

LaboratOl), 

Ka-Yiu San, Associate Professor 01' Chemical 

Engineering, Member of the Cox LaboratOl)' 

and the Nlabee Laboratoty 

J acqueline V. Shanks, Associate Professor of 

Chemical Engineering, Member of the Cox 

LaboratOlY and the Ivlabee L"boratol), 

Michael Stern, Assistant Professor of 

Biochemist,), and Cell Biology, 

Member of the Mabee L"boratol)' 

Charles R. Stewart, Professor of Biochemi stl)' and 

Cell Biology, Member of the Mabee LaboratOl), 

J ames B. Walkel; Professor Emeritus of Biochem

istl), and Cell Biology, J\ lember of the Mabee 

Laboratory 

Lon J . Wilson, Professor of Chemisll)" 

Mem ber of the Nlabee L"boratol}' 

Kyriacos Zygourak is, Professor of Chemical 

Engineering, Member of the Cox LaboratOl), 

Te.-raJ 11/edical Genler AdjUllct FaCIlIty 

Clarence P. Alfrey, M.D., Ph.D. (Baylor), 

Adjunct Professor, the Cox LaboratOl)' 
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Suzanne G. Eskin, Ph .D. (Texas Biotechnology 

Corp-Houston). Adjunct ProFessor. the Cox 

Laboratol}' 

Gu illermo Gutierrez, M.D. (UT Hlth Sci Ctr 

Houston), Adjun ct Associate Professor, 

the Cox LaboratOl), 

Michael H. Kroll , N\'D. (Baylor), Adjunct 

Assistant Professor, the Cox LaboratOt), 

Edward C. Lynch, M.D. (Baylor). Adjunct 

Professor, the Cox Laboratol}' 

Michael Miller, M.D. (UT M.D. Anderson 

Cancer Center), Adjunct Assistant Professor, 

the Cox Laboratory 

Ma rtin D. Phillips, M.D. (UTHSC), Adjunct 

Associate Professor, the Cox LaboratOl), 

J an F. I\\. Post, Jv\.D, (UTM B,Galveston), 

Adjunct Assistant Professor, the Cox 

LaboratOl), 

Joseph Rodart e, M. D. (Baylor), Adjunct 

Professor, the Cox Laboratory 

Andrew I. Schafer, M.D. (Baylor), Adju nct 

ProFessor, the Cox LaboratOlY 

David A. ears, M.D. (Baylor), Adj unct 

Professor, the Cox LaboratOl)' 

Scott I.Simon, Ph.D., (Baylor), Adjunct Assistant 

Professor, the Cox LaboratOl), 

C. Wayne mith, 1\\.0. (Texas Children's 

Hospital-Houston), Adjunct ProFessor, 

the Cox Laborato,), 

Mark J\ \. Udden, M.D. (Baylor), Adj un ct 

Associate ProfessOt·, the Cox LaboratOty 

Ken neth K. Wu, M.D. (UT Hlth Sci Ctr Hous

ton), Adj unct Professor, the Cox Laborato,), 

Michael Yaszemski , (Wil fo rd Hall Med Ctr) 

Adjunct Assistant Professor, the Cox 

Laboram,), 

Frank M. Yatsu, M.D. (UT Hlth Sci Ctr Hous

ton), Adj unct ProFessor, the Cox Laborato,), 

Diana L. Welch, Assistant Director of the 
Institute of Biosciences and Bioengineering 

Patricia A. Gibbons, Program Coordin ator 

lI,i·, 1'IIil'e""iy ,.,tk" ttlllttrar! Ie) it,. /amlty, ,'taO; ,lIId 

"tllU(//t htluy 'IIIIIII/ieu pm'oll,' 0/ liil'erJe bllckqrtlllllu". III 

accordance with ,hi:' po/icy, R/('e doe.! 110/ Ot:,crtillillale III 

nthll/:','IO/l,I, ultlcatiollalpro.'I',(II1I." (Jrrmp/O.Vll1tnt ll,qaill.,/ 

(lilY flldil,idlll1! Oil/he bt1.,{~, (~f,'e'\'1 ,1(,rull! pre/erence, race, 

nJ/mj "(/'.9/011, a.ge, llfillimnl or fIlmic (1rl:qiIlJ or bfll1dimp. 

l/nil'(r"i(y policy al./(} illc/{[()r.1 a/jirmalil't at'litJl1lll.IaA-

{U,f} 10 aI/mel 10 RiC( II'IJlll(ll, l1uIl(}rily .9f'(JUP mtmbe/~l, 

/JllI1(Jil'l1PP((} /I/{Jil'i()utll." rim) "tlerml,I, 






