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Adventures in Plant Biotechnology, T. M. KLEIN. DuPont Pio-
neer Agricultural Biotechnology, DuPont Experimental Station,
Wilmington, Delaware 19810. Email: Ted.M.Klein@Pioneer.com

The convergence of advanced engineering with the ability to
effectively store, analyze and communicate huge volumes of
biological information is leading agriculture towards a second
green revolution. Coupling the tools of bioinformatics with
new breeding approaches and transgenic traits is now an
integral part of plant biotechnology. This talk will describe
some of the early developments in plant biotechnology, how
these advances have evolved and interacted over the years,
and how new technologies are fostering new discoveries,
products, and businesses.
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The Beginning of Biotechnology. K. ITAKURA. Beckmann
Research Institute of City of Hope, Duarte, CA. Email:
kitakura@coh.org

Revolution of Molecular Biology begun in the middle of
1950s; there is no doubt that the discovery of DNA structure,
double helix, by Watson and Crick is one of the most impor-
tant scientific discoveries in the 20th century. This discovery
triggered a flow of a huge amount of the following basic
knowledge in Molecular Biology: DNA replication, genetic
code, gene expression regulation including transcription and
translation and many others. In addition, in the middle of
1970s, recombinant DNA technology introducing any foreign
genes into bacteria and synthetic DNA chemistry making up
to 20–mer oligodeoxyribonucleotides had been developed.
These knowledge and technologies were starting to be
exploited for a new venture, biotechnology. In 1976, Robert
Swanson and Herbert Boyer formed a company called
Genentech Inc. Their goal was to raise venture capital for
engineering bacteria to produce useful proteins such as human
hormones by using recombinant DNA and chemical DNA
synthesis techniques. The first contract let by Genentech was
to Riggs and Itakura for the chemical synthesis of somatostat-
in, a mammalian hormone and the expression of the gene in
bacteria. Somatostatin was chosen for the model study

because of its small size, 14 amino acids and the availability
of good radioimmunoassays for the detection. It is of interest
that Riggs and Itakura attempted to obtain grants for the
somatostatin works, but these were not funded because of
such criticism as “the project is just one intellectual exercise”.
Somatostatin is not likely to be of great clinical significance.
In retrospect, the somatostatin project was one intellectual
exercise that had very significant and rapid practical applica-
tions, leading directly to the bacterial synthesis of human
insulin. On October 29, 1982, the United States Food and
Drug Administration gave marketing approval for “Humalin”,
a human insulin made by bacteria. This approval repre-
sents an important milestone for biotechnology industry,
because human insulin became the first clinically signifi-
cant product resulting directly from recombinant DNA
technologies. In this talk, I will describe the research done
at Beckmann Research Institute of City of Hope, the
University of California at San Francisco and Genentech
Inc. and scale–up production of human insulin at the Eli
Lilly Company.
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Exploring Integrated Multi-trophic Aquaculture (IMTA)
Linkages Through Nutrient Bioextraction: The Use of Eco-
logical Methods to Integrate the Cultivation of Seaweeds to
Remediate Nutrified Coastal Waters. CHARLES YARISH1

and Jang K. Kim2. 1Department of Ecology & Evolutionary
Biology and 2Department of Marine Sciences, University of
Connecticut, 1 University Place, Stamford, CT, 06901.
Email: charles.yarish@uconn.edu
The value of cultivated seaweeds exceeds $U.S. 6.0 billion.
The most valued of the maricultured seaweeds is the red alga
Porphyra. It is a major source of food for humans throughout
the world, although it is primarily cultivated in Asia. World-
wide production has an annual value of over $U.S. 1.4 billion.
In addition to Porphyra, other edible seaweeds include
Gracilaria, Undaria and Saccharina with their collective
value exceeding $U.S. 3.5 billion. Seaweeds are also used as
industrial sources of carrageenans (Kappaphycus), alginates
(Saccharina) and agars (Gracilaria). These important poly-
saccharides are used in the food, textile, paper, biotechnolog-
ical and biomedical industries having a global value of
approximately U.S. $580 million. Seaweeds have significant
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value in agriculture as soil additives, fertilizers, seaweed
meals and feeds with their value over $U.S. 70 million. The
increasing demand for safe, healthy, and minimally processed
foods is creating an opportunity for seaweed products as
functional foods, nutraceuticals, and alternative medicinal
products. There is now interest in using seaweeds as nutrient
removal systems in integrated multi-trophic aquaculture
(IMTA) and nutrient bioextraction systems. The development
of IMTA and nutrient bioextraction systems appears increas-
ingly necessary to remedy the economic and environmental
limitations of monospecific aquaculture and nutrified urban
coastal waters. To address these pressing environmental is-
sues, the bioremediation potential of several Porphyra species
has been assessed for open water (Porphyra/salmon) and
land-based (Porphyra/flatfish) systems. The bioremediation
role of other seaweeds (e.g. Saccharina, Gracilaria, etc.),
acting as biological nutrient removal systems, and the mutual
benefits for co-cultured organisms will also be illustrated.
Properly planned IMTA and nutrient bioextraction systems
will enhance the health of coastal waters and will benefit the
aquaculture industry.
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Dinoflagellates: an Unusual Eukaryotic Cell Type. S. LIN and
H. Zhang. Department of Marine Sciences, University of
Connecticut, Groton, CT 06340. Email: senjie.lin@uconn.edu

Dinoflagellates are best known for forming harmful algal
blooms (HABs, or “Red Tides”), producing toxins, and
bioluminescence. However, they are also essential primary
producers in the marine ecosystem, indispensible endosym-
bionts to supporting the growth of coral reefs and have
proved to be an excellent model for research on circadian
rhythms. Although their photosynthesis in 50 % of the
species earns their recognition as a group of algae, geneti-
cally they are not close to any other groups of algae; rather,
their true relatives are the eukaryotic parasites Perkinsozoa
and Apicomplexa, and ciliates. Dinoflagellates are often
considered unusual eukaryotes for their closed mitosis, ex-
tranuclear mitotic spindle, very low protein to DNA ratio,
liquid crystalline state of genomic DNA, and permanently
condensed chromosomes. Their genomes are gigantic, rang-
ing about 3–250 Giga base pairs, or about 1–80 times as
large as the human haploid genome, thus preventing whole
genome sequencing with current technology. To unravel the
molecular genetic underpinning of the strong adaptive abil-
ity and the physiological capabilities described above, ge-
nomic understanding is vital. In this presentation, we will
present recent progress in transcriptomic research on these
organisms and current status of a genome initiative with
some initial data to provide insights into genome evolution,

gene regulation, and some long-hidden physiological capa-
bilities encoded in the complex and highly dynamic ge-
nomes of this important phyla of eukaryotes.
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Identifying the Mechanisms by Which Excess α-Synuclein
Causes Synaptic Defects in Parkinson’s Disease. SUSAN
BANKS1, RylieWalsh1, David Busch2, and Jennifer Morgan1.
1The Eugene Bell Center for Regenerative Biology and Tissue
Engineering, The Marine Biological Laboratory, 7 MBL
Street, Woods Hole, MA 02543 and 2The Institute for Cell
andMolecular Biology, TheUniversity of Texas at Austin, 107
W. Dean Keeton, Austin, TX 78712. Email: sbanks@mbl.edu,
jmorgan@mbl.edu

Neuron-to-neuron communication is dependent on proper
synaptic vesicle trafficking in presynaptic nerve terminals.
In neurodegenerative diseases, such as Parkinson's Disease
(PD), synaptic vesicle trafficking defects are observed. We
are interested in the synaptic defects associated with PD and
elucidating the underlying molecular mechanisms. α-
Synuclein is a protein that is normally expressed at neuronal
synapses, but PD patients often have α-synuclein gene mul-
tiplications that result in excess α-synuclein protein being
present in neurons. The excess α-synuclein protein can be
observed in large aggregates called Lewy bodies. However,
prior to Lewy body formation, excess α-synuclein accumu-
lation at synapses can lead to synaptic defects. Therefore,
synaptic dysfunction may be an early event in the pathogen-
esis of the disease. My primary goal is to evaluate the
consequences of excess α-synuclein at synapses and to de-
velop methods to prevent this from occurring. Synaptic
vesicle trafficking occurs when, upon stimulus, synaptic
vesicles fuse with the presynaptic plasma membrane and
subsequently release neurotransmitter. Then, clathrin-
dependent endocytosis replenishes the synaptic vesicle pool
by locally recycling the vesicles. Our laboratory has shown
that excess human α-synuclein causes a loss of synaptic
vesicles concomitant with an expansion of the plasma mem-
brane and an increase in clathrin-coated vesicles (CCV’s).
This phenotype indicates perturbation of endocytic process-
es. More specifically, the increase in CCV’s suggests a
failure in uncoating. Excess synuclein at the synapse could
be interfering directly or indirectly with uncoating of CCV’s.
Preliminary results show a direct interaction between
synuclein and Hsc70, a component of the uncoating machin-
ery. Here I will present mywork characterizing this interaction
and how it may explain the mechanism by which excess α-
synuclein is detrimental to synapses. These studies have im-
plications for the development and progression of Parkinson's
Disease, as well as identifying possible therapeutic targets.
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Plant-based Innovation for Therapeutic Proteins –
Bioproduction AND Delivery! CAROLE L. CRAMER1,2,3,
M. C. Dolan1,2, W. Acosta1,2, J. Xu1,2, D. Wu2, J. Ayala3,
and J. Condori1. 1AR EPSCoR Center for Plant-Powered
Production; 2Arkansas Biosciences Institute at Arkansas
State University, Jonesboro, AR; and 3BioStrategies LC,
Jonesboro, AR. Email: ccramer@astate.edu (www.
plantpoweredproduction.org)

Plants have emerged as effective systems for the bioproduction
of complex high-value proteins for medical applications. The
first generation plant-made pharmaceutical proteins are now in
patients and the technologies are showing increased acceptance
by the pharmaceutical industry. Plant-based systems provide
advantages in safety, scalability and cost compared to human
proteins produced inmammalian cell cultures. Plant cell culture
systems and transient expression systems have emerged as the
platforms most compatible with pharmaceutical bioproduction.
We are working on the “next generation” of plant-made phar-
maceutical proteins – proteins that incorporate innovative strat-
egies to enhance bioproduction or therapeutic efficacy. Protein
and glycan engineering strategies are being developed 1) to
facilitate protein uptake and delivery (pharmacodynamics);
2) to selectively target key tissues, cells, or organelles
(biodistribution and efficacy); and 3) to impact protein stability
both during bioproduction and when administered as a thera-
peutic or vaccine. These strategies are exploiting unique fea-
tures of plant biology to bring novel solutions to key challenges
in protein-based drug development and efficacy.
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Vaccine Antigen Production in a Plant-based Transient Expres-
sion System. S. J. STREATFIELD. Fraunhofer USA Center
for Molecular Biotechnology, 9 Innovation Way, Newark, DE
19711. Email: sstreatfield@fraunhofer-cmb.org

The concept of expressing target antigens in plant tissues to
manufacture bulk drug substances for subunit vaccines was
proposed about two decades ago and has since received con-
siderable attention. Most published reports have focused on
demonstrating target antigen expression and immunogenicity
of plant-produced targets following administration to animals.
Extensive literature supports expression of correctly folded
antigens that can induce humoral and cell-mediated immune
responses. In several cases vaccine candidates have advanced
into efficacy studies using established animal disease models.
A handful of phase I clinical trials have also been completed

with the most advanced candidates, including parenterally and
orally administered vaccines. In addition, a few animal vac-
cine candidates have been assessed in target species trials.
Currently, a major emphasis in the field is on attaining suffi-
ciently high levels of extractable antigen expression to be
compatible with economic downstream processing and puri-
fication. Highly purity targets are required for formulation
prior to parenteral administration, whereas cruder processing
of plant tissues can suffice for mucosal administration, but
both applications require robust and consistent antigen expres-
sion. Three approaches have been applied to express high
levels of target antigens in plants: nuclear transformation,
plastid transformation, and transient methods, including inoc-
ulation with plant virus-based vectors. Transient technologies
have the added advantage of allowing for rapid responses to
emerging pandemics and novel bioterror threats. This presen-
tation will focus on the application of a plant virus-based
transient expression technology to manufacture antigens for
formulation into parenterally administered vaccines. The bio-
chemical, biophysical and immunological characterization of
purified antigen targets will be described, and the scale-up of
the expression system to produce bulk drug substances under
cGMP for clinical trials will be reported.
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A Novel Whole Plant Therapeutic for Treating Malaria and
Other Neglected Tropical Diseases. PAMELA J.WEATHERS.
Department Biology & Biotechnology, Worcester Polytechnic
Institute, 100 Institute Rd., Worcester, MA 01609. Email:
weathers@wpi.edu

Artemisia annua, which produces the sesquiterpene lactone,
artemisinin, has been used as a therapeutic tea to treat “fever”
and other ailments for millennia; this GRAS herb is thus, safe
to eat. The current best use of artemisinin therapy for malaria
combines artemisinin with an older antimalarial drug:
artemisinin combination therapy (ACT). We proposed a new
form of ACT: inexpensive, dose controlled, rapid delivery of
the drug as dried, encapsulated A. annua leaves, or pACT,
plant ACT. Delivery of the drug is edible, but dose controlled
because the dried whole plant AN (pACT) can be homoge-
nized and easily assayed for artemisinin content prior to
encapsulation with the number and size of capsules adjusted
for artemisinin content and patient weight. Data on the effica-
cy of pACTand its resilience against emergence of artemisinin
drug resistance will be presented. Together our results suggest
a new paradigm in malaria artemisinin therapy is emerging,
which should also prove useful in treating many other
artemisinin susceptible diseases.
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