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Program Overview of the Division of Energy Biosciences

With contemporary society having a growing appreciation of the tremendous value of
biotechnological developments in a medical context, the role of plants and non-heaith related
microorganisms also requires increased appreciation. Historically, mankind has had vital
dependence on such organisms from the very origin of humans. This has been not only in
terms of food, but also as fuels, as fibers, as medicinal drugs and a vast variety of other
roles. The fact of the matter is that plants and microorganisms have massive capabilities to
perform biochemical conversions and other functions that have been of use to humans, but
such resources have only been exploited until now to a limited extent. With recent
developments in molecular biology and chemical analyses, plus a wide variety of other
technological advances, entirely new and hitherto unavailable approaches have become
possible that would generate knowledge of enormous value to humankind. Such
opportunities will undoubtedly result in discoveries that will not only improve the supply of
food, generate new pharmaceuticals, provide new polymers for fabrics and plastics, but also
influence the opportunities to use renewable resources in place of non-renewables for fuels
and for a wide variety of other purposes. In addition to all of these contributions, improved
understandings of the functions of plants and non-health related microorganisms will most
certainly contribute to the restoration of environments that in some cases had been disrupted
from their natural, benign condition by mankind’s somewhat unconcerned developments.

The mission of the Energy Biosciences program is to generate fundamental information about
plants and non-health related microorganisms that will constitute the base for new
biotechnologies as well as supply information to improve usages of such organisms in their
current form. The collective aims are totally consistent with the Department of Energy's
objectives of developing alternate energy sources, replacements for otherwise fossil energy
derived products and providing critical fundamental information for the preservation and
restoration of environmental conditions affected by energy related activities.

The EB program takes full advantage of its organizational locale in the Office of Basic Energy
Sciences to directly interact with such disciplines as Materials Sciences, Chemistry,
Engineering and Geosciences to promote cross-disciplinary research and planning activities.
These interactions range from joint funding to the impact of biological expertise in the
management and function of the numerous national facilities administered by Basic Energy
Sciences. One of the major specific objectives of the EB program is to probe the enormous
capabilities of the specified organisms to carry out biochemical conversions. The limitation
to realization of entirely new products and processes via biotechnology is the lack of basic
understanding of natural processes. Such knowledge will then afford the advantage of
developing procedures to the benefit of people and their society in providing new products
along with providing new employment possibilities.

The EB program is aimed at generating a sufficient breadth of understanding of basic
biological mechanisms so that principles of organisms’ growth, survival, maintenance,
morphological and biochemical characteristics, and energy utilization will be fully understood.
Ultimately, such knowledge will underpin the new biotechnologies referred to above. This




information is crucial to assure that the technologies that emerge not only serve the needs
of society, but do so without unexpected risks to both the health of people and the
environment in which they live.

The scope of any program is determined by a number of factors. While the Energy
Biosciences program is not especially large in budget allocations, the scientific scope is fairly
broad. Not only does the program cover some areas that are important, well populated,
research areas, but, in addition, serious efforts are made to generate interest in critical
research areas that are quite underpopulated. Investigators are encouraged to explore ideas
that are simply not given much attention for a variety of reasons including a certain amount
of riskiness in being able to come up with results in a given time period. Each of the
components of the scope is aimed at contributing to building the base of fundamental
knowledge about biological mechanisms.  Such insightful information will provide
opportunities for coming forth with innovative applications in the future.

The broad scope of the EB program is described below. Although the program is arbitrarily
broken down into three categories, there is a significant amount of integration and exchange
among the three categories reflecting the manner in which biological systems work--not in

isolation but as integrated entities.

I. Primary Biological Energy Conversion. This category comprises research on plant and
microbial photosynthesis, the energy driven process central to the support of life on earth.
This category includes the initial carbon dioxide fixing mechanisms, as well as the associated
water splitting and other component reactions. The program also supports research on the
fundamental processes that ultimately govern the form and amount of biomass which a plant
produces, such as the control of growth and development, and plant interactions with the
natural environment (including stress reactions, as well as the interactions with biological
agents such as pathogens). Constituents of this broad research category include biophysical,
biochemical and physiological, and genetic investigations.

Il. Bioconversion of Products. The utilization of the products of the primary energy
conversion process is the nature of this second category. A prime component is studies on
the diverse metabolic capabilities of plants and microorganisms in synthesizing materials that
may ultimately be utilized for fuels and chemicals. These fundamental investigations focus
on understanding pathways of metabolism and the genetic and biochemical regulatory
mechanisms that determine the nature and amount of metabolic compounds converted. Of
special interest are the synthesis, structure and function of plant cell walls, the predominant
renewable biomass resource. Also of interest are the mechanisms by which lignocellulose
of plant cell walls is degraded biologically into compounds of potential utility. Associated with
this category is how plant-microbial interactions occur in symbiotic energy exchanges. A
substantial amount of this category covers fundamental microbial conversions, such as
methanogenesis and other diverse fermentative pathways.




Il. Infrastructure. Underpinning the development of future biotechnologies is a key objective
of the EB program. In this category are efforts to better understand genetic mechanisms
involving the transfer of genetic information and its expression in plant and microbial systems,
that oftentimes have not been studied very extensively. Also included in this portion of the
program are such activities as the development of critical data bases, specific techniques and
instrumentation. A training component for nurturing areas (such as microbial physiology) that
are important but underpopulated is also encompassed.

Please refer to pages 117-137 for additional breakdown of the program into categories.

Despite the vital importance of plants and non-medically oriented microorganisms, these
organisms, for many years, have not received the basic research attention they deserve. The
Energy Biosciences program, along with certain units in the National Science Foundation and
the Department of Agriculture, have been attempting to fill this critical gap. Associated with
this effort have been joint efforts which reflect common interests, but at the same time retain
the differing individual specific objectives of the three agencies. While these activities to date
have been predominantly with plant science research and training (see below), similar
collaborative and coordinated efforts are currently being planned for microbial research and
training that will probably include additional agencies, including the National Institutes of
Health, Office of Naval Research and the Environmental Protection Agency.

One important current aspect of the Energy Biosciences program is the effort to encourage
collaborations and coordination among investigators. Clearly, with the diversity of highly
sophisticated research technologies becoming more available with time, and their value in
enhancing the knowledge about various biological phenomena, it is important to apply them
whenever feasible. However, no one individual can be expert in everything, nor can every
laboratory afford to have all of the instrumentation. Therefore, collaborations among
researchers with different expertises are becoming ever more important. The integration of
varied approaches to problems including genetics, physiology, biochemistry and others such
as computational and biophysical sciences will certainly provide deeper insights into biological
functions and will be fostered where feasible. That is not to suggest that every biological
problem is immediately amenable to such integrated approaches, but where appropriate the
integration should be sought in order to expedite progress.

In addition to the varied scientific advances that occurred during Fiscal Year 1993 ranging
from the discovery, cloning and characterization of noteworthy genes in piants and microbes
to the development and application of neural network computer programs that would greatly
enhance the speed and ability to identify and discern structures of biological molecules, there
were a number of other notable achievements. Upon examination of the abstracts contained
herein, examples of advances in diverse areas can be seen. An example of one such study
includes research on enzyme regulation:




The survival of biological systems requires tight control of the metabolic pathways that are
in operation at any particular time. Twenty-five to thirty years ago considerable attention was
paid to regulatory mechanisms acting at the enzyme level that provided short-term control.
These studies focused on the popular biochemically-defined model systems (e.g., E. coli,
yeast, bovine liver). The recent growth in interest in plant science has paralleled the
development of modern molecular biology tools which permit sophisticated analysis of
developmentally and transiently controlled gene regulation. This led to a rapid advancement
in our knowledge of plant gene regulation. The less popular discipline of plant biochemistry
is being advanced by a number of EB-funded researchers exploring plant regulatory
mechanisms directly affecting enzyme activities. One example is the studies conducted by
Dr. Steven Huber and colleagues at North Carolina State University. Dr. Huber has been
able to demonstrate that protein phosphorylation occurs during the control of sucrose
phosphate synthetase and nitrate reductase, central enzymes in sucrose synthesis and
nitrate metabolism. Studies of this type are critical to the future of biotechnological processes
involving the modification of plant metabolism.

With respect to technology transfer in which fundamental information generated by the
studies supported is adopted and applied in an industrial context, there are numerous
instances of where Energy Biosciences supported investigators in universities and other
institutions have developed connections with commercial firms. This has meant that when
particular knowledge emerges, there is easy transfer of such information. A fine example of
the closeness with which the investigators involved in basic research interchange easily with
persons from industrial firms was illustrated in a workshop meeting held in late July on Plant
Lipids in Minneapolis. The workshop was organized by the chairpersons of the Network on
Plant Lipids sponsored under the DOE/NSF/USDA Joint Program on Collaborative Research
in Plant Biology. The network, which was initiated about a year ago, had an attendance of
over one hundred scientists of which significant representation was from industrial firms. This
type of interaction encourages not only information transfer, but also potential collaborations
and other activities that will expedite applications. This is evidenced occasionally by the
procurement of patents on particular scientific developments. The bottom line is that unlike
some scientific areas, where there are serious questions raised about the dearth of
technology transfer, in most biological areas the question of technology transfer is not a very
serious one. One need only examine the interactions that have occurred that have resulted
in early applications of discoveries to support such a conclusion. The interest of the
scientists about potential applications of basic information, combined with the corresponding
interest on the part of commercial firms in such applications, results in a healthy environment
for such transference. This does imply that encouragement of technology transfer related to
the Energy Biosciences program is an objective.



The breakdown of how the resources available to EB were distributed in FY 1993 is
indicated in the following table.

Number FY 93 Percent
of funding of
Projects  (in thousands) total
funds
University and Non-Profit 182 $ 16,381 65%
Institutions
Michigan State University
Plant Research Laboratory 13 3,292 13%
Three-Agency Plant Science 3 1,830 7%
Collaboration Activities--
Universities
National Laboratories 11 2,390 9.5%
Brookhaven National Lab
Lawrence Berkeley Lab
L.os Alamos National Lab
National Renewable Energy Lab.
Small Business Innovation 866 3.5%
Research (SBIR) contribution,
and Miscellaneous
Conferences, Educational 12 421 1.5%
Activities
Databases (joint funding) 1 70 0.5%

222 $ 25,250




Some words of explanation are appropriate about the funding figures indicated with
abstracts. Most projects are committed to three years of funding with the investigator
receiving initially two years of funding with a third year following. The apparently large
figures for the National Laboratory projects (Brookhaven and Lawrence Berkeley
Laboratory) include full costs of virtually all salaries and other costs, with no institutional
sharing. Likewise, the figures for the projects at the Plant Research Laboratory at
Michigan State University include full costs for the infrastructure operations, making the
figures appear higher than average.

The Energy Biosciences program in Fiscal Year 1993 was the recipient of 246 new
research applications following the screening of numerous preapplications. Of the new
applications received, some 12 new projects were funded (ca. 4%). A fraction of the
funding for new projects derives from the turnover of previously supported research. The
strong competitiveness illustrated by these figures prevails in plant science programs and
certain microbiological topics of other agencies as well. All of this indicates a situation
where a considerable number of investigators with quality projects are not receiving
support from Federal agencies.

During a fiscal year when the Energy Biosciences program resources are seriously
limited, new applications covering selected research topics are deferred for the year by
not encouraging submissions after receipt of preapplications. The purpose is to avoid
investing large amounts of time and effort necessary on the part of an investigator to
prepare a research application and also on the part of the research community in
reviewing applications. The intent is to reduce the expenditure of effort on the part of the
research community in pursuing a resource that is virtually unattainable due to severe
budget limitations. The deferred topic areas are changed and are again included in
subsequent years of application considerations. Like the declination of any fine research
application, this procedure is not gratifying, but it is an attempt to conserve scientists’

valuable time.

In the course of the fiscal year, the EB program has provided partial support for the
following conferences, workshops or training activities:

1. Conference on Multicellular and Interactive Behavior of Bacteria, Woods Hole,
Massachusetts, March 28 - April 1, 1993

2. The Past, Present and Future of Plant Biology, A Symposium to honor Professor
Joseph E. Varner, Washington University, St. Louis, Missouri, May 27-29, 1993

3. The Cyanobacterial Workshop, 1993 - The Use of Cyanobacteria to Explore Basic
Biological Processes, Pacific Grove, California, May 30 - June 2, 1993

- Vi -



4. FASEB Conference on Ubiquitin and Intracellular Protein Degradation, Saxtons River,
Vermont, June 20-25, 1993

5. American Society of Plant Physiologists Plant Biochemistry Course, 1993,
University of Wisconsin, Madison, Wisconsin, June 30 - July 18, 1993

6. Summer Investigations into the Metabolic Diversity of the Microbial World, Marine
Biological Laboratory, Woods Hole, Massachusetts, Summer 1993

7. Fifth International Conference on Arabidopsis Research, Ohio State University,
Columbus, Ohio, August 19-22, 1993.

8. International Symposium on Cellular and Molecular Biology of Phosphate and
Phosphorylated Compounds in Microorganisms, Woods, Hole, Massachusetts, September
13-17, 1993

9. Workshop on Stems and Trunks in Plant Form and Function, Oregon State University,
Corvallis, Oregon, February 1994

10. Lighting in Controlled Environments Workshop, University of Wisconsin, Madison,
Wisconsin, March 27-30, 1994

In addition, funding was provided for three new Life Sciences Research Foundation post-
doctoral fellows. These include:

Paul Blount (University of Wisconsin)
David R. Lerner (University of California-San Diego)
Peter Margolis (Stanford University)

Each of these fellowships has a three-year duration.

One of the very noteworthy events of this fiscal year was the convening of a workshop
to discuss the needs and opportunities relating to plant biochemistry. The workshop
participants were asked to come forth with impressions of what the research and training
needs were in order to advance the employment of plants for the benefit of society. In
addition, examples were provided of opportunities for the development of new and
valuable plant products depending on plant biochemical research. The representation
included academic, industrial and governmental personnel. The principal organizer and
summarizer of the workshop was Dr. Chris Somerville. A summary report of the
workshop was composed using both the views of the attendees and a number of other
highly knowledgeable non-attendees who were asked to make comments on an early
draft of the summary report. Copies of the report are available on request to the Energy
Biosciences office.
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Another activity initiated during this fiscal year is an effort to encourage greater
participation in plant science training research by minority students. The project, started
at Michigan State University, involves having undergraduate students from Howard
University, and subsequently other historically black colleges and universities, spend their
summer in plant science laboratories at Michigan State University. The intent is to
generate genuine interest in plant science research by the direct involvement of the
student in the respective investigations. The students are to be members of teams
probing plant science problems, and they are to work closely with other investigators in
performing experiments. [t is expected that with their participation much curiosity and
interest will be generated in the students so that they will become seriously committed
to seeking graduate education in science.

In Fiscal Year 1992 the second phase of the three agency (DOE/NSF/USDA) Joint
Collaborative Program in Plant Sciences was initiated. The program included two
components with the objectives of establishing: 1) multidisciplinary training in plant
biology, and 2) networks for integrating activities in specific plant research areas. A brief
meeting of the representatives of the various programs and those of the federal agencies
was held in April 1993 to hear about the progress being made along with opportunities
for discussions about the objectives and other aspects of the programs. Clearly, on the

basis of reports to date, the three agency program is progressing very well. A number
of very excellent meetings, such as the workshop on plant lipids mentioned eatrlier, and

one termed Cytonet, covering relationships between the cytoplasm and other components
of plant cells, have been held, with others in the planning stage. The multidisciplinary
training activities are well underway also.

The question of how the quality of the program is maintained arose during the last couple
of years. All new research applications received that fall within the scope of the program
are peer reviewed. This also includes on-going projects which are subject to review on
the average every three years. The funding duration for grants averages three years with
extensions possible following the renewal review. The review process includes reviews
by mail, reviews by site visits in certain instances, and panel reviews. In all cases efforts
are made to obtain rigorous, but fair and objective evaluations upon which decisions may
be made concerning the quality of the science as well as its potential importance in
furthering biological understanding.

As is the case every year, the staff of the Energy Biosciences program wishes to
convey its deep gratitude to the hundreds of persons in this country and abroad
who have generously given their time and effort in evaluating the very large
number of applications that are received by the program. Needless to say, w.thout
such assistance on the part of the many members of the scientific community, who
graciously donate their efforts, the program would not possess the quality that it does.
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Should the reader of this report wish additional information about the EB program, the
communication contacts are as follows:

Telephone number: 301-903-2873

Fax number: 301-903-6067

E-mail: dilworth@mailgw.er.doe.gov

The staff members of the Energy Biosciences program are :

Dr. Robert Rabson Ms. Patricia A. Snyder
Dr. Gregory L. Dilworth Ms. Mary Jo Martin

Division of Energy Biosciences
Office of Basic Energy Sciences
ER-17, GTN

U.S. Department of Energy
Washington, DC 20585




Abstracts of Projects Supported in FY 1993

U.S. Department of Agriculture
Madison, Wi 53705-2398

1. Molecular Organization in the Native State of Woody Tissue: Studies of Tertiary
Structure and its Development Using the Raman Microprobe, Solid State '*C NMR and
Biomimetic Tertiary Aggregates
R.H. Atalla, Forest Products Laboratory $100,000

The studies of wood cell wall structure include both a program of measurements of the range of
variation of molecular composition and organization within the walls, and an effort to develop a deeper
understanding of the processes of structure formation. The methods used include Raman
spectroscopy and the Raman microprobe, solid state '*C NMR, and a number of complementary
instrumental methods which allow exploration of the states of molecular organization and their
relationship to cell wall geometry and morphoiogy. The complementary methods include liquid state
NMR, UV-visible absorption spectroscopy, measurements of photoconductivity, theoretical modeling
of intermolecular interactions, and traditional chemical analytical procedures. The effort to understand
the intermolecular interactions which dominate molecular organization in cell walls has been expanded
to include biomimetic aggregates incorporating cellulose, hemicelluloses, and lignin precursors
polymerized within the polysaccharide matrices. Preparation and characterization of these aggregates
has allowed assessment of the effects of the tertiary structure of the polysaccharide environment on
the primary structure of the lignins formed within them. Key observations which underlie the program
include evidence for: (1) organization of lignin relative to cell wall morphology; (2) a strong influence
of cell wall matrix polysaccharides and lignin precursors on the aggregation of cellulose during
biogenesis; (3) strong associative interactions between lignin precursors or models and cell wall
polysaccharides, and, more recently, evidence that these interactions allow the polysaccharides to
function as templates that organize the assembly of lignin; (4) photoconductivity in woody tissue
suggesting unanticipated pathways for charge transport at the nanoscale level within the cell wall
matrix.
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U.S. Department of Agriculture
Raleigh, NC 27695-7631

2. Control of Sucrose Biosynthesis in Plants by Protein Phosphorylation

S.C. Huber, USDA/ARS and Departments of Crop Science and Botany, NCSU
$63,000

Sucrose-phosphate synthase (SPS) is a key enzyme of the sucrose formation pathway in leaves, and
in many species is reversibly light activated by a mechanism known to involve protein phosphorylation.
We have partially purified the protein kinase (SPS-kinase) that phosphorylates and inactivates SPS
in vitro. The native enzyme has a molecular weight of approx. 147,000 kDa (by ge! filtration) and
appears to be a homodimer composed of 65 to 70-kDa subunits. We are attempting to obtain amino
acid sequence information to produce oligonucleotide probes and use PCR to amplify the kinase gene.
We have also sequenced the major regulatory phosphorylation site that is responsible for inactivation
of SPS. By comparison with the deduced amino acid sequence of spinach leaf SPS (from R. Klein
and M. Salvucci, University of Kentucky), we can identify Ser-158 as the modified residue. There are
basic amino acid residues located N-terminal to the phosphorylated seryl residue which may be
important recognition elements. Experiments are also underway to elucidate the basis for the apparent
light-activation of SPS-protein phosphatase (SPS-PP) activity. New molecular forms of SPS-PP can
be resolved by Mono Q chromatography of an enzyme preparation from light leaves compared to dark
leaves, but the basis for the effect is still not clear. We have also followed up the recent observation
that spinach leaf NADH:nitrate reductase (NR) is light modulated, in parallel with SPS, by a
mechanism involving phosphorylation of seryl residues. Peptide mapping analysis indicated that there
could be as many as three phosphorylation sites on NR; however, only one or two appear to be of
regulatory significance. Phosphorylation of key proteins may be a mechanism regulating C/N balance.

Arizona State University
Tempe, AZ 85287-1604

3. Antenna Organization in Green Photosynthetic Bacteria
R.E. Blankenship, Department of Chemistry and Biochemistry $104,000

All photosynthetic organisms contain chlorophyll pigments that function as an antenna, absorbing light
and transferring excitations to a photochemical reaction center where energy storage takes place by
a series of chemical reactions. The green photosynthetic bacteria are characterized by large antenna
complexes known as chlorosomes. The overall objective of this project is to determine the molecular
organization and mechanism of excitation transfer in chlorosome antennas. The chlorosome pigments
are organized in vivo into pigment oligomers in which direct pigment-pigment interactions are of
dominant importance. Model compounds have been used to gain more information about the structure
of the pigment oligomers found in chlorosomes. Time-resolved spectroscopy has given insight into
the pathway and kinetics of excitation flow from the peripheral region of the chlorosome to the reaction
center. New ultrafast absorbance measurements are underway to better define the early energy
transfer processes. Recent work has identified a redox-activated control of energy transfer efficiency
in green sulfur bacteria. At high redox potential, most excitations are quenched within the chlorosome,
while at low redox potentials almost all are transferred to the reaction center. The quenching appears
to operate on at least two positions within the energy transfer pathway. The quenching effect may be
a control mechanism that protects the cell from damage during conditions where light and oxygen are
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present simultaneously. A multidisciplinary approach is being taken to understand the mechanism of
this redox-activated control effect, utilizing protein chemistry, spectroscopy and molecular biology.

Arizona State University
Tempe, AZ 85287-1601

4. The Chiorophyll-Binding Protein CP47 in Photosystem Il
W.F.J. Vermaas, Department of Botany $178,010 (FY 92 Funds/e years)

Chlorophylls in photosynthetic systems serve to absorb light and to transfer light energy to the
so-called reaction center; here this energy is used to fuel biological reactions, such as the reduction
of carbon dioxide to sugars, and oxidation of water to molecular oxygen. In photosynthetic systems,
chlorophylls are bound to proteins, which provide a suitable orientation and positioning of the
chlorophyll molecules, making light-harvesting and energy-transfer processes highly efficient. A main
question we approach in our research project is the nature of chlorophyll-protein interactions, and the
effect of the protein environment on the properties of the chiorophyll and vice versa. We study the
chlorophyll-binding protein CP47 of the photosystem |l complex as a suitable system to address this
question. By genetic engineering we have obtained a strain of the transformable cyanobacterium
Synechocystis 6803 in which most, if not all, chlorophyll is associated with photosystem il. Mutations
are now introduced at selected positions of the CP47 protein, and resulting mutants are studied in
terms of light energy transfer properties. CP47 appears to be a multi-functional protein in the
photosystem |I complex: In addition to its involvement in energy transfer, the CP47 protein also
participates in creating the environment of the water-splitting (and oxygen-evolving) system. We use
targeted mutagenesis to identify and analyze the domains of CP47 that are involved in proper
assembly and function of the water-splitting apparatus.

University of Arizona
Tucson, AZ 85721

5. Engineering the Production of Sugar Aicohols in Transgenic Plants: Extending the
Limits of Photosynthesis?
H.J. Bohnert and R.G. Jensen, Department of Biochemistry
$202,000 (FY 92 Funds/2 years)

Several factors limit photosynthetic carbon assimilation. These include the intrinsic limitations of the
photosystems, the assimilation of CO,, and metabolism, translocation and storage of carbon products.
While strategies that circumvent these identified bottlenecks are being explored in many laboratories,
we suggest a different approach. A significant amount of carbon in the biosphere is stored in the form
of sugar alcohols, acyclic and cyclic polyols. Different steric forms of polyols are present in virtually
every plant, albeit in higher plants that are usually found in small amounts. Generally, few systematic
studies that list these compounds have been carried out. Using gene transformation, we have diverted
carbon from sugar production into the production of polyols and are investigating effects on
photosynthesis, biomass production and environmental stress tolerance in transgenic plants. The
genes that we use lead to the production of either mannitol, sorbitol, or ononitol (methyl-inositol).
Lines have also been obtained that accumulate several of these polyols. We use tobacco, Arabidopsis
and tomato as models. All transgenic plants are phenotypically normal even though in some
combinations the polyol or polyols accumulating are the major low molecular weight Cé-carbon
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compound. All polyols confer salt stress tolerance albeit to different degrees depending on the type
of polyol. Present experiments include measurements of carbon flux through the engineered
pathways. '

University of Arizona
Tucson, AZ 85721

6. Role of Pectolytic Enzymes in the Programmed Release of Cells from the Root Cap of

Higher Plants
M.C. Hawes, Departments of Plant Pathology and Molecular & Cellular Biology
$87,000

Many plant species separate and release thousands of healthy root "border” cells from their root tips
daily. This controlled release of living somatic cells into the environment is unique among higher
organisms, and its function is unknown. The purpose of this project is to elucidate the physiological,
biochemical, and molecular mechanisms of border cell separation in Pisum sativum. Border cell
separation is developmentally regulated, and varies in response to environmental signais. The process
of cell separation is correlated with at least two pectin degrading enzymes, a hydrolase and a
pectinesterase. The goals of the project are to characterize enzymes whose activity is correlated with
border cell separation; to clone the genes encoding the enzymes; and to test the role of the genes in
cell separation. Our results are consistent with the possibility that activity of the PE has a dramatic
impact on the biology of the root cap. When PE activity is high, during the process of border cell
separation, pH of the ceil surface as measured by uptake of fluorescein is below 5.0. When PE
activity is low, fluorescein uptake does not occur, indicating that the pH of the cell surface in the
absence of PE activity increases by at least an order of magnitude. Monoclonal antibodies to pectin
of differing degrees of esterification have been used to detect changes in pectin in the root cap during
border cell separation. The results are consistent with the possibility that deesterification of pectin
progresses linearly during border cell separation, so that when cell separation is complete all of the
pectin is deesterified. In addition, the results indicate that localization of the pectin changes from being
bound to cell walls of the root tip, to being extracellular. Heterologous probes have been used to
select putative root cap PE clones from a root cap specific CDNA library.

University of Arizona
Tucson, AZ 85721

7. Role of Zein Proteins in Structure and Assembly of Protein Bodies and Endosperm
Texture
B. Larkins, Department of Plant Sciences $186,001 (FY 92 Funds/2 years)

We are investigating the interactions between zein proteins in maize endosperm and the role these
proteins play in influencing the texture of the mature kernel. Zeins are the storage proteins of maize
seed. They are synthesized on rough endoplasmic reticulum (RER) membranes and associate within
the lumen of the RER into spherical structures called protein bodies. Two of these proteins, the beta-
and gamma-zeins are cysteine-rich proteins that are extensively cross-linked through disulfide bonds.
Several kinds of evidence suggest that these sulfur-rich proteins have important structural functions
in protein body formation and endosperm hardness. First, the beta- and gamma-zeins are the first
proteins to appear in protein bodies, and the way in which protein bodies develop suggests they may
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play a role in organizing the alpha- and delta-zeins. Second, mutants that have a soft, starchy
endosperm can be converted to a normal phenotype by a 3-fold increase in gamma-zein synthesis.
Our recent evidence also suggests that enhanced synthesis of the gamma-zein protein can increase
the hardness of even normal genotypes. We are using two approaches to investigate the role the
beta- and gamma-zeins play in protein body formation and endosperm texture. First, we have
screened a large number of soft, opaque mutants in order to identify mutations that affect the
synthesis of the beta- or gamma-zeins. This past year we screened over 6000 mutant lines induced
by the Mutator transposable element, as well as several EMS-induced mutants. We found 3 mutants
in which gamma-zein synthesis is significantly reduced. These mutants have soft, starchy
endosperms, consistent with the notion that this protein plays a role in endosperm hardness.
Experiments are in progress to map these mutations and characterize the ultrastructural changes
associated with the reduction in gamma-zein content. To study the interaction between zein proteins
during protein body formation, we constructed expression vectors consisting of rice endosperm-specific
promoters and the coding sequences of the alpha-, beta-, gamma- and delta-zeins. We have also
constructed vectors containing a combination of beta- and gamma-zeins and the alpha- and delta-
zeins. Transgenic tobacco plants that should produce the alpha, gamma- and delta-zeins are being
analyzed. We are in the process of making transgenic plants that will simultaneously synthesize the
two types of zein proteins. With the help of Dr. Bill Park at Texas A&M University, we are also testing
these gene constructs in transgenic rice plants. Once plants have been identified that produce
significant quantities of each type of protein, or combinations of proteins, we will make the appropriate
genetic crosses and investigate the interactions between proteins when they are synthesized
simuitaneously.

University of Arizona
Tucson, AZ 85721

8. Molecular Characterization of the Role of a Calcium Channel in Plant Development
K.S. Schumaker, Department of Plant Sciences $146,000 (2 years)

During the course of development, plants convert physical and chemical signals into specific growth
responses. The pathway from environmental cue to developmental change involves a series of
biochemical changes in the cell. Controlled changes in cellular calcium ion concentrations are thought
to be an important component of this signal transduction pathway. in the moss Physcomitrella patens,
addition of the phytohormone cytokinin causes a rapid, transient increase in cytoplasmic calcium
resulting in vegetative bud formation. Whole cell studies suggest that calcium enters moss cells
through plasma membrane calcium channels.

Our research examines the molecular nature of this calcium channel. We use moss protoplasts to
establish the presence and biochemically characterize this channel in the native membrane.
Preliminary studies show that moss channel activity has similar transport characteristics (voltage-
dependence, antagonist and agonist sensitivity) with voltage-dependent calcium channels in animal
cells. Taking advantage of the antagonist sensitivity of the channel, we are using isolated plasma
membranes to identify and purify the channel polypeptide. Because there may be a specific moss
homolog to the animal calcium channel, we have begun molecular studies to isolate the gene encoding
the moss channel. Studies are also underway to determine the mechanisms underlying channel
gating. Preliminary studies indicate that one of the cytokinin effects in the induction of bud formation
is channel regulation.
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We expect that access to the channel (polypeptide and gene) and understanding its functional
properties will advance our knowledge of the molecular mechanisms underlying calcium regulation and
calcium’s role in plant development.

University of Arizona
Tucson, AZ 85721

9. Phytoalexin Detoxification Genes and Gene Products: Implication for the Evolution of
Host Specific Traits for Pathogenicity
H.D. VankEtten, Department of Plant Pathology $84,270

The production of antimicrobial compounds (phytoalexins) by plants is believed to function as an active
mechanism for disease resistance. Our previous work with the diseases of pea and chickpea caused
by the fungus Nectria haematococca suggest that plant pathogenic fungi may circumvent a
phytoalexin-based plant resistance mechanism by detoxifying their host's phytoalexins. Whereas
detoxification of the pea phytoalexin pisatin is accomplished via a substrate inducible cytochrome P-
450 monooxygenase, medicarpin and maackiain, the phytoalexins from chickpea are detoxified by
uncharacterized monooxygenases. This past year a gene (MAK1) encoding a monooxygenase that
detoxifies the chickpea phytoalexins has been cloned and shown to be different from the genes (PDA)
encoding the detoxification of pisatin. Of the six known PDA genes only those associated with high
levels of enzymatic activity in whole cells are linked with high virulence on pea. By studying their level
of expression and the biochemical properties of chimeric and native genes products, it has been
demonstrated that the observed whole cell phenotypes result from differences in the level of
expression of the PDA genes and not the biochemical properties of the enzymes encoded by the

different genes.

Boston College
Chestnut Hill, MA 02167-3860

10. Osmoregulation in Methanogens
M.F. Roberts, Department of Chemistry $86,000

The ultimate goal of these studies is to understand on a molecular level how methanogens deal with
osmotic stress and to use these insights for increasing the salt tolerance of other cells. Three different
areas are under investigation: (1) in vitro and in vivo **C, 'H, *'P, and "N NMR studies of
Methanococcus thermolithotrophicus and Methanohalophilus strain FDF1 using soluble substrates for
methanogenesis to monitor organic osmolyte production, uptake, or loss (some of these may be
paralleled with HPLC studies), (2) *K and *Na relaxation studies of these two organisms plus
Methanobacterium thermoautotrophicum to characterize environmental differences for ions in low and
high NaCl cultures, and (3) characterization of lysine 2,3-aminomutase (postulated as the key enzyme
for the formation of N*-acetyl-B-lysine), and the K* activation of cDPGase (the enzyme that hydrolyzes
cyclic-2,3-diphosphoglycerate to 2,3-DPG). The first of these will give us an excellent handle on how
the intact cells determine which of several osmolytes will be accumulated or released under different
medium conditions. The second will use muitiple quantum NMR experiments to estimate slow (T,,)
and fast (T,) components of *K and #Na T, to see if there are significant changes in
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macromolecule/ion interactions with altered external NaCl. The protein work will provide us with at
least one enzyme (LAM) whose activity is regulated by changes in external NaCl and another that is

activated by intracellular K.

Boyce Thompson Institute for Plant Research, Inc.
Ithaca, NY 14853-1801

11. Differential Regulation of Plastid mRNA Stability
D.B. Stern $168,000 (2 years)

The expression of photosynthetic proteins requires a cooperative interaction between the nuclear and
plastid genomes, and the development of molecular tools to manipulate plants depends in part on
understanding how these genes are regulated. Our research focuses on the control of mMRNA stability
in @ model system, spinach chloroplasts, since mRNA accumulation is an important regulatory
mechanism during plastid differentiation in this plant. Plastid mRNA stability is controlled by three
interactive components: RNA secondary structure, RNA-binding proteins, and ribonuclease activities.
We have exploited an in vitro system to study each of these factors. We have shown that hairpin
structures located at mRNA 3’ ends are required for RNA stability, and that they are also required for
correct mMRNA processing. We have identified and partially purified three proteins from spinach
chloroplasts that are involved in the formation of a 3’ hairpin RNA:protein complex. One RNA-binding
protein of 41 kd binds to a double-stranded region of the hairpin, and mutant RNAs unable to bind this
protein are degraded in several types of in vitro assays. To understand the mechanism by which the
41 kd protein and other RNA-binding proteins stabilize RNA, we are introducing reporter genes with
different 3' hairpin structures into tobacco chloroplasts by stable transformation, with the aim of using
altered RNA sequences to manipulate RNA accumulation and gene expression in vivo. Since
RNA-binding proteins appear to affect the ability of ribonucleases to degrade RNA, we have also
studied an endonuclease activity that cleaves near the hairpin, and whose activity may be regulated
by the presence or absence of RNA-binding proteins. Purification of the endonuclease and the
hairpin-binding proteins are currently in progress.

Brookhaven National Laboratory
Upton, NY 11973

12. Plant Molecular Genetics
B. Burr and F.A. Burr, Biology Department $350,000

We have established two recombinant inbred families of maize that have been used to construct a high
density map of the maize genome with molecular markers. These populations are being used by the
maize genetics community for rapid mapping of cloned genes.

These populations are also well suited for the study of genetic factors controlling quantitative traits.
Our aim has been to identify and define these loci and study their interactions at the molecular level.
We have chosen three model systems for investigation. The most intensively studied one to date has
been anthocyanin accumulation which was selected because many of the genes involved in its
regulation and biosynthesis have been cloned. The primary lesson from this trait is that regulatory
genes are candidates for quantitative trait loci. This is borne out when we examine levels of
transcription. This result may be because slight changes in regulatory genes, as opposed to structural
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genes, are most likely to have measurable effects on the overall pathway. A second model system
being examined is carotenoid biosynthesis. Here it is possible to quantitatively measure many of the
intermediate compounds in the carotenoid pathway from phytoene to the xanthophylls. We are using
carotenoids as a quantitative trait to test the prediction that the most consequential loci implicated in
the control of these characters will be regulatory genes. A third quantitative trait that we have
investigated is telomere length. This trait demonstrates that there are clear differences in quantitative
trait loci between populations and has been used to test the accuracy of our models.

Brookhaven National Laboratory
Upton, NY 11973

13. Molecular Bases of Photoadaptation in Unicellular, Eucaryotic Algae
P.G. Falkowski and J. LaRoche, Department of Applied Science $70,000

In contrast to higher plants, the photosynthetic apparatus in eucaryotic algae is remarkably plastic.
The cellular level of light harvesting pigment protein complexes can vary by five-fold or more solely
in response to changes in growth irradiance. Such large changes, which occur within a few hours,
optimize light harvesting at low irradiance levels while reducing photodamage at higher irradiance
fevels. In aigae, photoadaptation is not spectrailly dependent and is not mediated by phytochrome.
The goal of this research effort is to elucidate the molecular signal transduction pathways which lead
to the irradiance-induced changes in the abundance and composition of photosynthetic proteins. Using
two species of eucaryotic algae as model organisms, we have isolated, characterized and sequenced
the cDNA clones encoding the LHCPs. Northern and western blot techniques have revealed large
increases in LHCP mRNA within 2 h upon reduction in irradiance levels, followed by accumulation of
the proteins. Nuclear run-on transcription assays have been developed to assess the importance of
transcriptional control and several genomic clones are being characterized to identify upstream control
sequences and DNA-binding proteins. Sequence comparison and reconstitution studies have been
initiated to identify how specific pigment protein complexes are regulated and the consequences of
the differential expression on the pigment composition and optical absorption cross section of the

photosynthetic apparatus.

Brookhaven National Laboratory
Upton, NY 11973

14. Regulatory Enzymes of the Thylakoid: Isolation and Characterization of Protein Kinases

and a Protein Phosphatase
G. Hind, Biology Department $355,000

This project seeks information on the structure, function, and organization of enzymes associated with
the stromal surface of the thylakoid. Of principal concern are enzymes that optimize photosynthetic
efficiency.

The distribution of light energy between the two photosystems is modulated by a redox-regulated,
reversible phosphorylation of a mobile pool of light-harvesting chlorophyll a/b protein (LHC-l). The
responsible protein kinase has been sequenced from the cDNA. The deduced precursor protein
contains an N-terminal chloroplast transit peptide of 101 amino acids, while the mature protein has an
N-terminal domain of 358 residues, separated by a 13-residue, glutamine-rich link from a C-terminal
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domain of 167 residues. The primary sequence lacks canonical protein kinase motifs but contains
presumptive copper redox centers, possibly involved in control of catalytic activity. Functional sites
for nucleotide binding, substrate binding, autophosphorylation, and redox control will be identified in
native kinase and mutant enzyme expressed from the cDNA. Parallel studies will examine the
structure and function of a 25 kDa protein kinase which we have also isolated from thylakoids and
have partially purified.

The corresponding dephosphorylation of LHC-II is catalyzed by a constitutively active, fluoride-sensitive
phosphatase with pH 8.0 optimum. We have isolated this enzyme from pea thylakoids as a 51.5 kDa,
catalytically active monomer with an inhibitor-sensitivity profile resembling that of mitochondrial and
prokaryotic phosphoprotein phosphatases. The primary sequence of thylakoid phosphatase will be
determined from the cDNA. Post-translational modifications that provide for its attachment to the
membrane will be examined in detail.

- Brookhaven National Laboratory
Upton, NY 11973

15. Characterization of Stearoyl-ACP Desaturase
J. Shanklin, Biology Department $270,000

The process of fatty acid desaturation is poorly understood despite its central role in lipid metabolism.
The plant stearoyl-ACP desaturase represents the best model system to understand this process
because: (1) It is the only soluble desaturase identified in any system. (2) It can be expressed in
bacteria, is easily purified, and yields a stable functional protein. (3) Desaturases possess common
biochemical features, indicating that they probably share a common mechanism of catalysis. Areas
of research will be as foliows: (A) Characterization of the active site components using various
spectroscopic techniques and using site directed mutagenesis to test resulting predictions. (B)
Producing large quantities of protein for X-ray crystallographic studies. (C) Exploring the gene
regulation in the model plant system, Arabidopsis thaliana.

Brown University
Providence, Rl 02912

16. d-Aminolevulinate Biosynthesis in Oxygenic Prokaryotes
S. Beale, Division of Biology and Medicine $97,000

Tetrapyrrole pigments function as essential components in the processes of respiration and
photosynthesis, and also exist as cofactors in other important enzyme reactions. The tetrapyrroles
arise from a branched biosynthetic pathway having 8-aminolevulinic acid (ALA) as its first committed
member. ALA is known to be formed by two distinct routes: by condensation of glycine and succinyl-
CoA in animal, fungal, and some bacterial cells, and by transformation of the intact carbon skeleton
of glutamate in plants, algae, and other bacterial cells. We are characterizing the reaction components
for ALA biosynthesis derived from oxygenic prokaryotes, comparing them to their counterparts in
plants, and studying the regulation of their activity in response to light and nutritional status. The
potential of the prokaryotes for molecular genetic studies is being exploited by generating ALA
auxotrophs, and identifying the enzymatic lesions by in vitro reaction complementation with purified,
identified reaction components obtained from wild-type cells. Genetic complementation of the
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auxotrophic cells will be carried out by plasmid transformation with genomic libraries obtained from
wild-type cells and carried in E. coli. The genes coding for the macromolecular reaction components
will be isolated, identified, and made available for use as probes for studying the regulation of their
expression during adaptation of the cells to light and nutritional status. The probes will also be
evaluated for use in measuring expression of analogous genes in eukaryotic algae and higher plants.

California Institute of Technology
Pasadena, CA 91125

17. Genetics in Methylotrophic Bacteria
M.E. Lidstrom, Environmental Engineering Science $194,000 (2 years)

The purpose of this project is to use genetic techniques to study the transcriptional regulation of C-1
specific functions in methylotrophic bacteria. Part of this effort involves the study of promoters, and
we have identified promoter regions upstream of moxF genes {genes encoding the large subunit of
methanol dehydrogenase) from two different Type | methanotrophs and the facultative serine pathway
methanol-utilizer, Methylobacterium extorquens AM1. Transcriptional start sites have been mapped,
and the sequences upstream are not similar to each other, nor to any known promoters. Further work
is in progress to characterize the promoter regions, but the sequences suggest that novel sigma
factors must be necessary for their transcription. In order to investigate this idea, we have purified the
RNA polymerase from M. extorquens AM1, and have isolated a putative sigma factor that directs
specific transcription of moxF in vitro. We are currently cloning the gene encoding this polypeptide.
The rest of the project has focused on understanding the regulatory network for methanol oxidation
in M. extorquens AM1. A number of methanol oxidation genes (mox genes) have been identified that
are required for transcription of the structural genes for methanol dehydrogenase. The function of
these genes and their relationship to each other is currently under study.

California Institute of Technology
Pasadena, CA 91125

18. Molecular and Genetic Analysis of LEAFY, a Gene Controlling Fioral Induction and
Flower Development in Arabidopsis thaliana
E. Meyerowitz, Division of Biology $124,000

We are studying the LEAFY gene of Arabidopsis thaliana as a way of understanding two related
processes: floral induction, and floral organ differentiation. Plants mutant for LEAFY show, in several
ways, a partial conversion of each flower to an inflorescence stem, and in addition an absence of
petals and stamens. LEAFY is thus necessary for lateral meristems to assume a fully floral identity,
and also for proper development of floral organs. To study the effect of LEAFY on fioral induction, we
have cloned the gene, shown it to be the earliest known gene expressed in developing floral primordia,
and shown that it acts in concert with at least two other meristem identity genes, APETALA1 and
CAULIFLOWER, in specifying that lateral meristems be flowers. To study the action of LEAFY in
specifying petals and stamens, we have analyzed the expression of a variety of the organ identity
genes of Arabidopsis flowers in plants mutant for LEAFY (with or without additional mutations in
APETALA1 and CAULIFLOWER), and shown that LEAFY, with the other meristem identity genes, is
necessary for the induction of the later-acting organ identity genes. LEAFY thus plays a key role in
the translation of environmental signals into patterns of gene induction in developing flowers. That
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LEAFY may be a key regulator of reproductive development in plants other than Arabidopsis is
indicated by our having cloned parts of homologous genes from very distant relatives of Arabidopsis,
including the nonflowering plant Ginkgo biloba.

University of California
Berkeley, CA 94720

19.  Genetic Analysis of Adh1 Regulation
M. Freeling, Department of Plant Biology $94,000

There are two Alcohol dehydrogenase genes in maize. Both are intricately connected to the
development and to the environment of the plant. This project aims to better understand the "language
of gene regulation" used to instruct the Adh genes; our approach is to obtain mutants that are aitered
in regulatory behaviors and then to elucidate the mechanism by which misinformation was delivered
or interpreted. We have been most successful in characterizing several transposon-directed, small
deletions and insertions that altered organ specificities of expression, especially in pollen. Deletions
of the TATA box alter organ specificities by starting messages at different points in different organs,
and some messages are translated better than others (Kloeckener-Gruissem et al., 1992). Suspecting
surrogate TATA binding functions, we cloned two functional, duplicate Tbp genes in maize, found that
both function in yeast and both are expressed nonidentically in plants (Vogel et al., 1993), but there
was not a special pollen Tbp as we had suspected. Dawe and Freeling (1992) found that tiny
insertions in a specific region of the DNA encoding untranslated leader generated over- or
underexpression of ADH1 message specifically in pollen. Further, we found that wild-type alleles of
Adh2 naturally variegate in specific epidermal cells just below the root meristem. -- Various selection
procedures allowed us to select hundreds of Adh mutants and revertants over the years.
Unfortunately, we have been unable to select mutants genes necessary to turn Adh "on" anywhere
in the plant. We have sequenced an anaerobic protein and have preliminary evidence that it is
regulatory, and ADH is an anaerobic protein, but this genetics laboratory cannot continue with a
system that will not deliver upstream mutants. For that reason, we have used other funding sources
to develop a replacement system that can better address our questions as to the "language" of
developmental gene regulation: the gene pathway that induces the ligule.

The leaf of maize is in two parts, the sheath that wraps around the stem, and the blade that lays out
in the sun. Between the sheath and blade lies the ligule (i.e., epidermal ligule fringe and two auricles).
Several mutants alter the shape or position of the ligule; four are cloned. Recessive mutants in two
genes remove the ligule: /g7 is cloned and /g2 is transposon-tagged. From genetic experiments, we
know that Lg2 precedes LG1 in function, and that the R-type helix-loop-helix transcriptional factor that
turns on anthocyanine genes in the ligule is downstream from LG1; certain lines of maize only color
the ligule of the leaf. Finally, we have mutants that alter only parts of the ligule, and must certainly
lie even further downstream. See Freeling (1992). We are preparing to renew this DOE grant using
the genes in the ligule induction cascade as our experimental system. The questions of gene
regulation asked of Adh genes and of ligule induction genes are actually the same.

Kloeckener-Gruissem B, Voegl JM and M Freeling (1992). The TATA box promoter region of maize
Adh1 affects its organ-specific expression. EMBO J. 11, 1, 157-166.

Dawe RK, Lachmansingh AR and M Freeling (1992). Transposon-mediated mutations in the
untranslated leader of maize Adh7 that increase and decrease pollen-specific gene expression. The
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Plant Cell 5, 311-319.
Vogel, JM, Roth B, Cigan M and M Freeling (1993). Expression of the two maize TATA-binding protein
genes, and function of the encoded TBP proteins by complementation in yeast. The Plant Cell, in

press.
Freeling, M. 1992. A conceptual framework for maize leaf development. Develop. Biol. 153:44-58.

University of California
Berkeley, CA 94720

20. Regulation of Tomato Fruit Growth by MVA and GTP-Binding Proteins
W. Gruissem, Department of Plant Biology $214,500 (FY 92 Funds/2 years)

Cell division, cell growth and differentiation are strictly controlled in growing parts of the plant, but there
is little information on the regulatory proteins and molecular mechanisms coordinating plant growth
control. Recent discoveries in animals and yeast have established mevalonic acid (MVA) synthesis
and prenylation of growth-related signal transduction proteins as critical factors for progression through
the cell cycle, and normal cell growth and differentiation. Prenylation of signal transduction proteins
therefore establishes a connection between the sterol biosynthesis pathway and mechanisms for
coordinating cell division and cell growth, although most of the molecular details are still unknown.
Experimental evidence in tomato and Arabidopsis suggests that MVA synthesis is critical for normal
growth and development, but it is unknown how the sterol biosynthesis pathway integrates with control
of cell division and cell growth. The research project will approach this problem from different
directions, using tomato fruit growth as a model system. In one approach, different experimental
strategies are being used to identify and isolate growth-related proteins from developing tomato fruit
and to determine if they must be prenylated to attach to membranes and for biological activity. in a
parallel approach, efforts are underway to clone the genes for prenyltransferases from tomato. In a
third approach, transgenic technigues are being developed to selectively disrupt the expression of the
hmg1 gene, which is the only one of the four tomato HMGR genes expressed during fruit growth.
Together, the experiments will establish the role MVA synthesis has in cell growth control during fruit
development.

University of California
Berkeley, CA 94720

21, Determination of Genes and Phenotypes of Bacteria Necessary for Epiphytic
Colonization and Survival on Plants
S.E. Lindow, Department of Plant Pathology $80,000

Bacteria that live as epiphytes on the surface of healthy plants are important as plant pathogens, in
causing plant frost injury by catalyzing ice formation, and in other processes. The objectives of this
study are to determine the traits of these epiphytic bacteria that allow them to survive the stress of the
hostile leaf surface environment. We have applied a random mutagenesis approach to identify genes
in Pseudomonas syringae that are involved in epiphytic fitness, thereby directly identifying genes which
are required for epiphytic growth or survival, and avoiding the limitations of investigating only
predetermined phenotypes exhibited by bacteria in culture. Of 42 mutants that were decreased in their
tolerance of stresses associated with dry leaf surfaces, most did not show deficiencies in stress
tolerance phenotypes that were expressed in culture. Four mutants with the highest sensitivity to
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stress on leaves grew normally on wet leaves but exhibited multiple phenotypic alterations resulting
from single Tn5 insertions. One locus encodes proteins of 46 and 21 kD whose function is still
unknown but may condition the expression of other genes which presumably mediate tolerance to
environmental stress. Further characterization of two other distinct environmental stress tolerance loci
is proceeding and the "downstream" genes regulated by one or both of these loci are being identified
and their pattern of regulation characterized using fusions with a promoterless ice nucleation gene.

University of California
Berkeley, CA 94720

22. Phytochrome from Green Plants: Assay, Purification and Characterization
P.H. Quail, Department of Plant Biology $194,000 (FY 92 Funds/2 years)

The regulatory photoreceptor, phytochrome, is encoded by a family of five divergent genes, phyA, B,
C, D and E. Using photomorphogenic mutants and transgenic plants overexpressing different
phytochromes, we have obtained initial evidence that individual family members perform discrete
photosensory functions in regulating plant responses to light. Hypocotyl elongation growth in
transgenic Arabidopsis seedlings overexpressing phytochrome B is substantially more sensitive to
inhibition by continuous red light (Rc) than in wild type (WT). Conversely, the phytochrome B-deficient
hy3 mutant of Arabidopsis is unresponsive to Rc. However, neither phytochrome B-overexpressors
nor the hy3 mutant are different from WT in responsiveness to continuous far-red light (FRc). These
data indicate that phytochrome B mediates the effects of Rc but not FRc. By contrast, transgenic
phytochrome A-overexpressors are hypersensitive to FRc, and phytochrome A-deficient hy8_ mutants
are unresponsive to FRc but normal in responsiveness to Rc. These data indicate that in WT
seedlings phytochrome A mediates the effects of FRc but not Rc. Taken together, the evidence
supports the conclusion that phytochromes A and B have reciprocal photosensory roles in mediating
photomorphogenic responses in etiolated seedlings to the red/far-red region of the spectrum.

University of California
Berkeley, CA 94720

23. Cloning and Characterization of Genes Determining Disease Resistance in
Arabidopsis-Pseudomonas Interactions
B.J. Staskawicz, Department of Plant Pathology $101,000

We are currently genetically dissecting the disease resistance pathway in Arabidopsis-Pseudomonas
interactions. Specifically, we have screened diepoxybutane mutagenized M2 seed and naturally
occurring ecotypes of Arabidopsis for disease susceptible plants that no longer mount a defense
reaction in response to strains of Pseudomonas syringae containing the avrRpt2 avirulence gene.
Four diepoxybutane-induced mutants and one natural occurring ecotype (Wu-0) have been identified
and genetically characterized. Genetic complementation analyses have revealed that all the Col-0
mutants and the Wu-0 ecotype map at or very close to the RPS2 locus.

Fine structure RFLP mapping has allowed us to determine that this locus maps on chromosome 4
closely linked the M600 RFLP marker. This information has allowed us to construct a YAC contig that
spans this locus. Furthermore we have localized the locus to a cosmid contig that spans
approximately 100 kB. We are currently examining these mutants for alterations at the DNA and RNA
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level in hopes of correlating susceptible phenotypes with specific nucleic acid alterations. Finally,
binary cosmids containing this region are currently being introduced into the disease susceptible
mutants by Agrobacterium-mediated transformation to identify cosmids that contain the RPS2 locus.

University of California
Berkeley, CA 94720

24, Analysis of Genes Essential for Floral Development in Arabidopsis
P. Zambryski, Department of Plant Biology $91,000

The tousled mutation of Arabidopsis thaliana exhibits a complex phenotype. The leaves of the mutant
are abnormal, displaying deeper serrations on their margins than wild type leaves. Flowers of
homozygous ts/ plants each contain a random set of floral organs (sepals, petals, stamens and a
bicarpellate gynoecium); their positions are correct, but their number is reduced. Scanning electron
microscopy of ts/ floral meristems indicates that the 7SL gene acts early during flower development,
and affects the number and positioning of the primordia in the floral meristem. A ts/ mutant line has
been generated which contains a T-DNA insertion element that cosegregates with the mutant
phenotype. The T-DNA has been used to identify and characterize the TSL locus. A fragment of wild-
type DNA from the region has been transformed into s/ plants and rescues the mutant phenotype.
The TSL gene encodes a 78 kDa protein with three structural domains. The C-terminal half of the
protein shares the conserved residues found in the catalytic domain of known protein kinases, and is
most homologous to the serine/threonine class. It does not fall into any known subgrouping of protein
kinases, and may be the first representative of a new family. The N-terminal half of the protein
consists of a glutamine-rich domain followed by an a-helical domain which contains two segments
predicted to participate in coiled-coil structures. The TSL gene is most abundantly expressed in
developing floral meristems, but the transcript can also be detected at lower levels in both roots and
leaves. The TSL gene product may participate in a signalling pathway acting during several stages
of normal plant development.

University of California
Davis, CA 95616

25. Cellulose Binding Proteins of Clostridium cellulovorans Cellulase
R.H. Doi, Department of Biochemistry and Biophysics
$212,000 (FY 92 Funds/2 years)

The overall goal of this project is to determine the structure and function of the multi-subunit C.
cellulovorans cellulase which is capable of degrading crystalline cellulose. The enzyme complex
(cellulosome) is comprised of at least 10 different enzymatic and non-enzymatic subunits. As part of
this specific proposal we have cloned and sequenced a major non-enzymatic subunit that has been
designated as cellulose binding protein A (CbpA). CbpA is essential for the degradation of crystalline
cellulose and is a large 190 kDa protein. From its amino acid sequence homology to other cellulases,
a putative cellulose binding domain (CBD) was recognized. By subcloning and expression of this part
of the cbpA gene, a polypeptide of about 20,000 daltons was obtained that was capable of binding to
crystalline, but not soluble forms of cellulose. Furthermore an investigation of one of the 8 hydrophic
repeats of CbpA revealed that the hydrophic repeat polypeptide was capable of binding
endoglucanases. We have designated this as the endoglucanase binding domain (EBD). These
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results indicate that the entire CbpA molecule is not required for the analysis of its functions. Current
studies are determining the specific amino acid residues responsible for the function of the CBD and

EBD domains.

University of California
Davis, CA 95616

26. Modifying K*/Na* Discrimination in Salt-Stressed Wheat Containing Chromosomes of a
Salt-Tolerant Lophopyrum
E. Epstein and J. Dvorak, Departments of Land, Air and Water Resources, and Agronomy and
Range Science $188,000 (FY 92 Funds/2 years)

In the urbanized societies, hydroelectric power plants, urban populations and agriculture often compete
for high-quality water. Therefore, a technology facilitating the use of low-quality water or reuse of
water reduces dependence on this limited resource. Since low-quality water or reused agricultural
water is usually enriched in toxic elements and salts, increased tolerance of toxic elements and salts
is an important breeding objective for crops. The aim of this project is to tap into the salt-tolerance
competence possessed by many wild plants, first to understand the genetic and physiological
mechanisms that make for salt tolerance, and second to use that knowledge to incorporate that
competence into crops. The focus of this phase of the project is on genetic and physiological
characterization of salt tolerance in halophytic Lophopyrum elongatum. The entire genome and each
of the seven chromosomes of this species have been incorporated into wheat. The entire genome
dramatically enhances the salt tolerance of wheat. While each of the seven chromosomes was shown
to be involved in this enhancement, chromosome 3E was shown to play a major role. The same
chromosome was shown to play a major role in the exclusion of toxic Na* and the accumulation of
compatible K*, resulting in high K*/Na* ratios in leaves under salt stress. Other L. elongatum
chromosomes controlling the K'/Na* ratio and the accumulation of CI', Ca?*, and Mg®* were identified
and it was shown that K'/Na* accumulation highly correlates with grain yield under salt stress in wheat
and L. elongatum.

University of California
Davis, CA 95616

27. Protein Translocation and Assembly in Chloroplasts
S.M. Theg, Section of Plant Biology $182,000 (2 years)

The objective of this project is to investigate a number of aspects relating to the biogenesis and
operation of the oxygen-evolving complex (OEC) in chloroplasts. This enzyme complex, which is
responsible for most of the oxygen in the atmosphere, is extrinsically associated with the inner surface
of the chloroplast thylakoid membrane, and is formed from three nuclear-encoded subunits. These
subunits must be translocated across the two chloroplast envelopes and the thylakoid membrane
before they can be assembled into the enzyme complex. The experiments undertaken during this
project will (i) create site-directed mutations in each of the three extrinsic subunits, and evaluate their
effects on the ability of the subunits to assemble correctly into the OEC; (ii) use those mutated
subunits that retain the ability to assemble as site-directed probes of OEC function; and (iii) determine
the absolute energy requirements for the translocation of OEC subunits across the envelope and
thylakoid membranes. These experiments will lead to identification of the amino acid residues
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responsible for the binding of the subunits to one another in the complex, and perhaps for binding the
required cofactors Mn, Ca®* and CI. In addition, this study will provide the first estimate of the true
energy costs to eukaryotic cells of their considerable protein trafficking activities.

University of California
Davis, CA 95616-8515

28. Vacuole Biogenesis in Differentiating Plant Cells
T.A. Wilkins, Department of Agronomy and Range Science
$236,000 (FY 92 Funds/2 years)

During plant cell differentiation, the complex interaction between internal cellular forces and cell wall
structure governs the direction of cell expansion and ultimately determines the shape of the cell. As
a focal point to study the crucial role of vacuoles in turgor-driven cell expansion, our efforts focus on
the regulation of vacuolar H'-ATPase (V-ATPase) gene expression in rapidly elongating cotton seed
trichomes. The expression of V-ATPase subunit A mRNAs are temporally regulated during trichome
elongation in two successive waves that accompany the onset of elongation and the developmental
switch from isotropic to anisotropic cell expansion. The sudden decrease of V-ATPase mRNAs to
basal levels of expression presages termination of trichome elongation. Subunit A mRNAs cannot be
detected in a glabrous ("fiberless") genetic mutant in developing ovules corresponding to the stage of
peak elongation in the wild-type, suggesting the possibility of a trichome-specific isoform. Two cotton
V-ATPase subunit A cDNA clones have been shown to belong to a superfamily, comprised of two
discrete muitigene families in both diploid and tetraploid cotton (Gossyplum) species. This finding
indicates an ancient origin of the families that predates polyploidization of tetraploid species and is the
first molecular evidence of secondary polyploidy in the cotton family. Efforts are continuing to
investigate the regulation of V-ATPases at the RNA and protein levels in wild-type and genetic
trichome mutants.

University of California
Irvine, CA 92717

29. Membrane Bioenergetics of Salt Tolerant Organisms
J.K. Lanyi, Department of Physiology and Biophysics $306,000 (2 years)

Chemiosmotic energy transduction is part of the strategy for dealing with high salt concentrations in
the extremely halophilic halobacteria. The proton and chloride transporting bacterial rhodopsins and
the proton transporting ATPase are described. Studies of the first two systems, bacteriorhodopsin and
halorhodopsin, respectively, are focussed on the thermodynamics of the reaction cycles, the role of
the immediate environment of the retinal Schiff base in initiating ion transfer, and on single res‘dues
that are identified as participants in the transport. Site-specific mutagenesis with gene expression in
Halobacterium halobium, and optical multichannel spectroscopy are special methods developed for
this work. Studies of the third system, the membrane ATPase of Halobacterium saccharovorum,
concentrate on describing the catalytic site, the nature and causes of non-linear hydrolytic kinetics and
its relationship to energy coupling, and the shared features with eubacterial and eukaryotic ATPases.
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University of California
La Jolla, CA 92093-0116

30. Structure, Biosynthesis and Role of Complex Protein-bound Glycans
M.J. Chrispeels, Department of Biology $91,000

Plant glycoproteins contain two types of asparagine-linked oligosaccharide sidechains (glycans). Both
types originate as high-mannose glycans in the endoplasmic reticulum when the proteins are first
synthesized. Then, as the proteins pass through the Golgi complex, some glycans are modified by
enzymes in the Golgi. We are studying the biosynthesis of these glycans, as well as the function of
specific glycoproteins that carry such glycans. We have isolated a mutant of Arabidopsis thaliana that
is blocked in the pathway of glycan modification. Glycans accumulate in the Man,GlcNAc, form, and
the mutant is deficient in GIcNAc-transferase I. Further studies on this mutant plant will include the
complementation with mammalian GicNAc transferase 1. if complementation is successful then we
will be in a good position to study the targeting of this Golgi enzyme. it would furthermore be the first
demonstration that a human enzyme can complement a plant mutant.

The glycoproteins that are being studied are in the arcelin/a-amylase inhibitor family. We have cloned
the gene for a-amylase inhibitor and introduced it into tobacco and pea. The purpose of introducing
it in pea is to determine if the gene can indeed be used for genetic engineering of legume seeds for
resistance to bruchids. We have excellent expression in pea seeds and experiments with bruchids
are underway. Our next objective will be to transform other grain legumes (mung bean, adzuki bean,
chickpea) with the a-amylase inhibitor gene to make the seeds resistant to Callosobruchus maculatus
and C. sinenis. We are also cloning arcelin genes (arcelin 4 and 5) and hope to understand how
phytohemagglutinin, arcelin and a-amylase inhibitor genes (and glycoproteins) are related and have
evolved.

University of California
Los Angeles, CA 90024-1569

31. Energy Capture and Use in Plants and Bacteria
P.D. Boyer, Molecular Biology Institute $73,537

Present research focuses on property of the F,-type ATPases from spinach chloroplasts and beef heart
mitochondria. A principal aim is to assess the hypothesis that during ATP hydrolysis three catalytic
sites function equivalently and sequentially with strong catalytic cooperativity. Evidence indicates that
with a trinitrophenol derivative of ATP (TNP-ATP) unusual preference for binding to a third catalytic
site with weak affinity for ATP may be uncovered. Other evidence indicates a previously overlooked
participat