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W-1
Perfusion of Organs. S. BAICU. Cell and TissueSystems Inc., Charleston,
SC 29403. Email: sbaicu@celltissuesystems.com

To balance the organ supply-demand and successfully select and use good
quality organs from expanded criteria and non-heart-beating donors, ef-
ficient preservation and viability assessment methods are needed. Ma-
chine perfusion has been efficiently used for hypothermic perfusion of
kidneys. Flow rate, vascular resistance, and biopsy histopathology have
been the only accepted indicators of kidney viability prior to transplan-
tation. Perfusion solution chemical composition plays a critical role in
the organ transplantation outcome, and has a strong effect on renal bio-
chemistry and pH dynamics. Solutions characterized by high buffering
strength provide tighter pH control during ex-vivo kidney preservation.
Kidneys with similar pump characteristics (i.e., flow rate and vascular
resistance) exhibit different metabolic activity (perfusate concentration
dynamics of electrolytes and metabolites) when perfused with solutions
of various chemical formulations. Monitoring renal biochemistry directly
at the cellular sites of metabolic and synthetic activity, at the interstitial
level not through the biochemical analysis of renal effluent can provide
accurate information regarding the ex-vivo functional status of kidneys.

W-2
Towards the Development of a Pancreatic Tissue Substitute: Preservation of
Encapsulated Cell Systems. A. SAMBANIS1,2,3, N. Mukherjee1,2, Z. Chen4,
and Y. Song4. 1School of Chemical & Biomolecular Engineering, Georgia
Institute of Technology, Atlanta, GA 30332; 2Georgia Tech/Emory Center for
the Engineering of Living Tissues, Georgia Institute of Technology, Atlanta,
GA 30332; 3Georgia Tech/Emory Department of Biomedical Engineering,
Georgia Institute of Technology, Atlanta, GA 30332; and 4Organ Recovery
Systems, Inc., Charleston, SC 29403. Email: Athanassios.Sambanis@chbe.
gatech.edu

Cell-based therapies involving implantation of glucose-responsive, insulin-se-
creting cells offer significant promise in providing a more physiologic, less
invasive, and potentially less costly treatment for insulin-dependent diabetes
than daily insulin injections. With allo- or xenogeneic cells, cells are com-
monly encapsulated in semi-permeable membranes for partial protection from
the immune system of the host. The membrane pores allow passage of low
molecular weight nutrients and metabolites, including insulin, but exclude
antibodies and cytotoxic cells of the host. With autologous cells, such as non-
pancreatic cells retrieved as a biopsy and engineered for insulin secretion,
encapsulation may still be needed to better sustain cell function, localize the
implanted cells, and make the implant retrievable. In both cases, long-term
preservation of cells and/or constructs is essential for off-the-shelf product
availability. One possible route to address this is through cryopreservation.
With encapsulated cell system, all three components of the capsule, namely
cells, matrix and semi-permeable membrane, need to maintain their function-
ality post-preservation for a procedure to be successful. This presentation
describes the critical issues in cell-based therapies and encapsulated cell sys-
tems for treatment of insulin-dependent diabetes; challenges in cell and con-
struct preservation; and results with mouse insulinoma cells encapsulated in
calcium alginate/ poly-L-lysine/ alginate beads and subjected to either con-
ventional freezing or ice-free cryopreservation (vitrification). The importance
of considering construct preservation early in the design of tissue substitutes
and encapsulated systems in particular will be discussed.

W-3
In Vitro Models of Liver Steatosis and Ischemia/Reperfusion. KENNETH
D. CHAVIN. Department of Surgery, Division of Transplantation, Medical
University of South Carolina, Charleston, SC 29425. Email: chavinkd@
musc.edu

The quality and quantity of livers available for transplantation continues
to decline with the rise in obesity, which is associated with fatty liver
(steatosis). The degree of liver graft steatosis directly correlates with in-
jury and failure following transplantation. Steatosis is a primary deter-
minant for the use of a graft for transplantation. Many animals models
exist which are used to determine the mechanisms associated with liver
graft function. However, sophisticated in vitro models are necessary for
understanding the predisposition of steatotic livers/hepatocytes to ische-
mia/reperfusion (I/R) injury. To investigate these conditions, our lab has
developed two in vitro models using Hep 6-16 cells and isolated steatotic
hepatocytes. Using Hep 6-16 cells, we have successfully simulated an
ischemic state through inhibition of oxidative phosphorylation with
FCCP, and have mimicked the steatotic phenotype through forced ex-
pression of uncoupling protein-2 (UCP2). We previously reported that
UCP2 expression in steatotic livers is increased, which is associated with
depleted hepatic ATP stores and renders steatotic hepatocytes vulnerable
to ischemic damage. Using our models, we have determined the function
of UCP2 and its contribution to the development of I/R injury. Further-
more, they have allowed us to explore the differences in mitochondrial
energy state between lean and steatotic hepatocytes and how this con-
tributes to proliferation, regeneration and resistance to I/R injury. Ulti-
mately, by better understanding the biochemistry of fatty livers and he-
patocytes, we plan to design therapies which will make steatotic livers
more usable in he human transplant setting.

W-4
Challenges and Solutions for Biopreservation of Cells, Tissues, and Or-
gans. A. J. MATHEW1, J. M. Baust2, K. K. Snyder2, R. G. Van Buskirk2,
and J. G. Baust1. 1BioLife Solutions and 2Cell Preservation Services, Ow-
ego, NY 13827. Email: amathew@biolifesolutions.com

With the recent explosion in the development of complex biologics for
utilization in reparative/ regenerative medicine (cell therapy, tissue en-
gineering), the need for biopreservation has become critical. Due to the
diversity of post-preservation responses of individual systems, traditional
methodologies have resulted in a ‘‘bottleneck’’ in application to new ther-
apeutic technologies thereby limiting banking and distribution. In an ef-
fort to overcome this, we have begun investigation of the molecular re-
sponses of biologics to the preservation process (hypothermic storage and
cryopreservation) in order to understand the mechanisms of traditional
preservation failure or limitation. These efforts have identified diverse
molecular-based responses to preservation and facilitated the develop-
ment of new technologies for the improvement of both viability and func-
tion post-storage. These new technologies also provide increased produc-
tivity, improved time management, and enhanced distribution capabilities
for cell, tissue and organ systems. This seminar will provide a discussion
of the fundamentals and recent advances in biopreservation which are
proving critical for the processing of biotherapeutic cells and tissues, as
well as systems being banked and utilized in pharmaceutical, drug dis-
covery, and basic sciences arenas. Regulatory issues and challenges, such
as identifying the appropriate solution and inclusion of preservation so-
lutions into IND’s, will also be addressed.
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W-5
The In Vitro Collecting Kit. V. C. PENCE. Center for Conservation and
Research of Endangered Wildlife (CREW), Cincinnati Zoo & Botanical
Garden, 3400 Vine Street, Cincinnati, OH 45220. Email: valerie.
pence@cincinnatizoo.org

The In Vitro Collecting (IVC) Kit was developed at CREW to provide
teachers and students with a hands-on activity involving plant tissue cul-
ture and information on plant conservation. IVC is the process of initi-
ating plant tissue cultures in the field and is a technique that has been a
focus of research at CREW, where it is used to collect tissues from en-
dangered plants for propagation. Because IVC is done outside of the
laboratory without the benefit of a laminar flow hood, it is well suited
for classroom activities. The kit’s manual describes four experiments that
illustrate the challenges of contamination and the effects of media on
plant tissue cultures. Students collect small pieces of plant tissues, surface
sterilize them, and place them into small vials of media containing dif-
ferent antimicrobial agents and different hormones. The kit contains all
of the media, tools, and supplies needed for the experiments, except the
plant. Students learn about sterile technique, surface and internal contam-
inants, and the effects of auxins and cytokinins in plant growth in culture.
In addition, there is background information on plant conservation and
endangered species preservation. The kits are part of a developing col-
lection of Junior Plant Scientist modules that are designed to provide
science-based activities related to plant conservation to older elementary,
junior high, and high school students. They can be used in the classroom
or individually, e.g., as science fair projects. The kits are assembled by
CREW staff and volunteers, and the proceeds from their sales support
the Endangered Plant Propagation Program at CREW.

W-6
Tissue Culture Kits from PhytoTechnology Laboratories. G. R. SECK-
INGER and K. C. Torres. PhytoTechnology Laboratories, 14335 West
97th Terrace, Lenexa, KS 66215. Email: info@phytotechlab.com

PhytoTechnology Labs has introduced several kits for both hobby and
classroom applications. They include: four kits for the multiplication of
African violets, Boston ferns, Hostas, or Lilies; two kits for the sowing
of epiphytic or terrestrial orchid seeds; and an orchid stem (e.g., Pha-
laenopsis) propagation kit. These kits are designed to provide the basic
media and supplies necessary to demonstrate micropropagation stages I-
III while being flexible to permit additional experimentation. Certain kits
also include established cultures which can be subcultured for rapid stage
II demonstration. Each kit includes instructions to prepare and dispense
media, surface sterilize plant tissue, initiate and maintain cultures, and
establish plants ex vitro. The instructions also provide a list of kit com-
ponents, media formulations, and a list of items needed but not included
with the kit, e.g., beakers, distilled water, alcohol, bleach. The scope of
the kit or number of users can be expanded as additional kit components
may be purchased separately.

W-7
Kits from Carolina Biological, Ward’s Scientific, and Kitchen Culture
Kits. C. M. STIFF. Kitchen Culture Kits, Inc., 905 Champions, Lufkin,
TX 75901. Email: kck@turbonet.com

Several commercial plant tissue culture kits have been developed over
the years for use in the classroom by Carolina Biological and Ward’s
Scientific among other companies. Another kit has been developed pri-
marily for hobbyists by Kitchen Culture Kits. These have all been de-
veloped without need for a laminar flow hood thus making them afford-
able for use in the classroom. We will discuss the various kits: the ad-
vantages and disadvantages of each for the classroom, experiments that
provide hands-on experience for the students, and how they can be uti-
lized for classroom and individual projects.

W-8
Jamaican ‘Do-it-yourself’ Tissue Culture Kit. SYLVIA MITCHELL,
Kimberly Wray, and M. H. Ahmad. Biotechnology Center, University of
the West Indies, Kingston, JAMAICA. Email: sylvia.mitchell@
uwimona.edu.jm

Tissue culture was introduced into Jamaica in the 1960s and quickly
became used commercially for the propagation of orchids. By 2004, many
years later, orchids still remain the only crop micropropagated by the
private sector in Jamaica although there are a few public labs that mul-
tiply small numbers of elite plants by tissue culture. To encourage in-
novation and to get tissue culture more integrated into the educational,
and agricultural and horticultural propagation sector, low-cost tissue kits
are being devised. Kits have been produced where costs were reduced in
four main areas without compromising the quantity or quality of the
plantlets: the type of aseptic transfer area used, nutrient media, culture
incubation and sterilization equipment. A Mobile Micropropagation Unit
(MMU) was created as a laminar flow substitute: 83% of leaf of life
cultures, Bryophyllum pinnatum, remained clean after initiation compared
to 88% of those transferred under the conventional laminar flow cabinet.
Hormone supplemented MS (1962) media produced shoots, roots or cal-
lus from leaf explants within three weeks. This plant, MMU and media
have successfully been used to teach tissue culture in both undergraduate
and postgraduate biotechnology courses at the University of the West
Indies, Jamaica. A nutrient media of local origin (using liquid fertilizer
[Peter’s 20-20-20] and rain water without any phytohormones or micro-
nutrients) gave average shoot and root numbers of 4.1 and 16.6 four
weeks after initiation respectively. A local gelling agent has also been
successfully used. It is planned to test these kits in primary, high schools
and teacher’s colleges to further refine these kits before releasing them
to the market.
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W-9
Global RNAi Phenotype Analysis for Cancer Drug Target Identification. David Azorsa,
David Evans, Jeff Kiefer, Qiang Que, Tom McCarty, Hong Wang, Haiyong Han, Sukru
Tuzmen, Michael Bittner, Olli Kallioniemi, Jeffrey Trent, Daniel Von Hoff, and SPYRO
MOUSSES. Cancer Drug Development Laboratory, Translational Genomics Research In-
stitute (TGen), Gaithersburg, MD 20878. Headquarters: Phoenix AZ. Email: smousses@
tgen.org

Gene regulatory networks that control growth and survival of cancer cells are affected by
many intrinsic and extrinsic factors. The molecular and genetic context of a cell defines a
particular state of a cell and also determines the relative dependency on certain genes that
are essential for growth and survival. To better understand the onco-selective dependencies
that arise during the neoplastic process, we have developed and applied global RNAi pro-
filing to discover context dependent vulnerabilities in cancer cells. Specifically, we have
used high throughput transfection of 10,000 siRNA, (individually targeting 5000 druggable
gene targets) to systematically knock down 5000 genes in parallel, and analyzed the effects
on growth and survival in human cancer cells. Multidimensional analysis of various cancer
cell line models enabled the identification of genes which were selectively and differentially
required for growth. When comparing global RNAi profiles across multiple cell lines with
very different genetic backgrounds, we were able to identify gene knockdowns that were
very selective and cell line specific in their phenotype. To understand the source of selec-
tivity, we began by integrating the RNAi phenotype data with gene expression and gene
copy number data from microarray analysis. This revealed that some of these contextual
vulnerabilities were associated with DNA amplification, suggesting that they may be etio-
logically relevant dependencies, but others appeared to be simply dependent on cell type.
To gain a deeper understanding on how specific cancer associated perturbations can alter
the relative dependency on specific genes and pathways for survival, we created isogenic
cell lines that vary only in the expression of a single tumor suppressor gene. Using these
model cell lines, we were able to identify synthetic lethal RNAi targeting events that selec-
tively killed cancer specific genetic defect. Many of these contextually vulnerable targets
are currently being advanced towards traditional drug discovery to develop novel anticancer
agents for patients with defined genetic alterations in their tumors. Finally, we exposed
cancer cell lines to various anticancer drugs to model the cellular context of drug response,
and screened for RNAi targeting events that appeared to enhance or suppress drug response.
Using a functional pharmacogenomic screen for genes that affect cancer chemotherapy
response, we were able to identify functionally relevant genes that could give us a better
understanding of mechanism of drug action, functionally relevant candidate markers for
predicting drug response, and candidate drug targets for combination therapy to enhance
the response to common cancer drugs.

W-10
From Basics to Practice—Methodologies and Applications of Highly Ef-
fective and Specific RNAi. K. E. LOWRIE, P. Welch, M. Bunting,
K.Wiederholt, and S. Hough. Invitrogen Corporation, Carlsbad, CA
92008. Email kerry.lowrie@invitrogen.com

RNA interference (RNAi) is an evolutionarily conserved cellular process
that has become a powerful new research tool to mediate sequence-spe-
cific gene silencing in a wide variety of mammalian cell types and whole
organisms. In this pathway, a short dsRNA duplex is believed to assemble
with a series of proteins, referred to as the RNA-induced silencing com-
plex (RISC), that guides hybridization of the duplex antisense strand to
its complementary target sequence and initiates cleavage of the target
mRNA. RNAi has now replaced more time consuming and less robust
technologies such as antisense, ribozymes, and homologous recombina-
tion as the principle approach for loss of function studies. However, de-
spite the effectiveness of RNAi to inhibit the expression of select genes,
it is important to be aware of the limitations and potential for undesired
effects that can lead to the erroneous interpretation of RNAi experiments.
To achieve the highest quality RNAi results requires selection of the most
appropriate RNAi reagents and controls, combined with robust cellular
delivery and high specificity of target knockdown. The first part of this
presentation will review the history and mechanism of RNAi and discuss
experimental considerations and controls that are important to successful
experiments. Gene silencing can be achieved through the introduction of
short interfering dsRNA (siRNA), chemically modified duplexes such as
Stealthy RNAi, or short hairpin RNA (shRNA) expression vectors. The
second half will describe tools for design and selection of the most ap-
propriate RNAi reagents based on the experimental approach, and will
describe RNAi applications to functionally dissect cellular pathways and
stimulate cell differentiation.

W-11
Practical and Regulatory Considerations in the Development of Mam-
malian Cell-based Biopharmaceuticals. W. ALAN MOORE. Althea Tech-
nologies, Inc., 3550 General Atomics Court, Building 2, San Diego, CA
92121. Email: amoore@altheatech.com

This session will explore the use of mammalian cells in the discovery
and development of biopharmaceutical products for therapeutic use as
regulated products of drugs, biologics, including biological devices and
cellular therapies, or medical devices with biological components. Atten-
tion will be focused on pragmatic solutions for the early screening and
advancement of candidates, recognition of significant regulatory consid-
erations at the earliest stages of development and practical considerations
in the early-stage manufacture of product for pre-clinical and clinical trial
evaluation.

W-12
Nucleofectiont: A Novel Non-viral transfection Method for Primary
Cells and Hard-to-transfect Cell Lines. T. KRETZSCHMAR. amaxa
GmbH, Köln, GERMANY. Email: titus.kretzschmar@amaxa.com

amaxa is dedicated to developing high-quality tools for the non-viral gene
transfer. Nucleofection is an easy-to-perform transfection method partic-
ularly well suited for engineering of primary cells as well as other so-
called ‘‘hard-to-transfect’’ cell types. The technology is based on unique
combinations of specific electric pulses and cell solutions that have been
optimized for a great variety of cell types. Applying nucleofection, ge-
netic material is not only delivered to the cytosol but also directly to the
cell nucleus. Hence, even non- or slowly proliferating cells are transfected
at high numbers with the benefit of short time intervals between nucleo-
fection and subsequent analyses. Latest news of the nucleofection of a
very large diversity of cells relevant for research, development, as well
as therapeutic purposes will be presented including data on efficiencies,
viabilities, and functionalities.
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W-13
Considerations When Using Lipid Based Transfection Reagents. LINDA
B JACOBSEN1, and Manfred Watzele2. 1Roche Applied Science, Indi-
anapolis, IN 46256 and 2Penzberg, GERMANY. Email: Linda.
Jacobsen@roche.com

Although many lipid based transfection reagents are easy to use, there
are still several procedural steps that scientists can modify to optimize
their results. These include: optimization of the reagent:DNA ratio, op-
timization of the total amount of complex added, passage level of cells,
plating density of cells, diluent for complex formation, incubation time
of complex ,and time of exposure of complex to cells. Varying these
parameters can maximize protein expression, and minimize cytotoxic ef-
fects. Additionally, it is important to understand that transfection may
affect many other genes in the cells. Different methods for evaluation of
expression can produce conflicting results. These methods include % cells
transfected, average intensity of expression per cell, total amount of pro-
tein per well, amount of expressed protein per total protein, Western blots,
ELISA’s, and mRNA expression. Preparation of the nucleic acid for trans-
fection is critical in several applications, e.g., correct preparation of
siRNA can accomplished more easily by using a kit such as X-treme-
GENE siRNA Dicer Kit. Examples of the above will be given for DO-
TAP, DOSPER, X-tremeGENE Q2, X-tremeGENE siRNA and/or Fu-
GENE 6 Transfection Reagent. - X-tremeGENE is a trademark of a mem-
ber of the Roche Group. - FuGENE is a trademark of Fugent, L.L.C.,
USA.

W-14
Higher Content Fluorescent Assays. JURGEN F. M. VANHAUWE. In-
vitrogen Corporation, Chicago, IL 60640. Email: jurgen.vanhauwe@
invitrogen.com

Fluorescence has been around for quite some time now and multiple
applications and detection methods have been devised to answer ques-
tions around structure and function of proteins as well as cell function.
This workshop session will review some strategies to gain more infor-
mation from fluorescent-based applications and its utility for biomarker
discovery. Multiplexing of fluorescent assays has enabled researchers to
analyze multiple samples or gain more confidence in the data and their
resulting conclusions. Specific examples will be reviewed that address
how multiple proteins can be analyzed at once and how kinetic measure-
ments can be combined with end-point determinations. Additional data
will be provided for using fluorescent polarization and time-resolved fluo-
rometry in biomarker analysis. Lastly, analysis of serum samples for bio-
markers discovery using fluorescent detection will be addressed for spe-
cific disease models.

W-15
Fluorescent Proteins for Transgenic Plants. C. NEAL STEWART, JR.
Department of Plant Sciences, University of Tennessee, Knoxville, TN
37996. Email: nealstewart@utk.edu

The cloning and subsequent expression of Aequoria victoria GFP
(AvGFP) in transgenic organisms set off the fluorescent protein revolu-
tion. Up until about four years ago, the color palette and donor organism
was largely limited to green, and a jellyfish, respectfully. Still, AvGFP
had immense power in enabling the labeling of organelles, cells, organs,
or even whole intact organisms. Recent years have brought about an
explosion in the number of FP colors and organisms of origin. While
there is much diversity in peptide sequences, the beta can structure is
fairly conserved, but is variable in size and composition. Just as AvGFP
was subject to repeated mutations to shift excitation and emission spectra
and other characteristics, so have newer FPs. Thus, the pragmatic problem
for the plant biologist has switched in recent years from a simple mono-
chromatic limitation of AvGFP, to a glut of colors, variants, and sources;
monomers, dimers, and tetramers; and corporate and university sources.
Multi-labeling, FRET, and other choices are now available in many forms
and combinations, but which FPs are most appropriate? The workshop
session will review the FPs from corals and those named from fruits (e.g.,
tdTomato and mOrange), among others, as well as terminology, so that
the end user can appropriately choose a new FP for the intended purpose
at hand. In addition, tools for macroscopic detection will be described.

W-16
Chloroplast Genomics and Genetic Engineering. HENRY DANIELL. Uni-
versity of Central Florida, Department of Molecular Biology & Microbiol-
ogy, Biomolecular Science Building 20, Room 336, Orlando, FL 32816-
2364. Email: daniell@mail.ucf.edu

Chloroplast genetic engineering approach offers a number of unique advan-
tages, including high-level transgene expression, multi-gene engineering in
a single transformation event, transgene containment via maternal inheri-
tance, ability to efficiently remove selectable marker genes, lack of gene
silencing, position & pleiotropic effects and undesirable foreign DNA. More
than forty transgenes have been stably integrated and expressed via the to-
bacco plastome to confer desired agronomic traits or express high levels of
vaccine antigens and biopharmaceuticals. Despite such significant progress,
this technology has not been extended to major crops. However, highly
efficient carrot and cotton plastid transformation has been recently accom-
plished via somatic embryogenesis using species-specific chloroplast vec-
tors, after bombardment of cultured cells containing non-green plastids.
Chloroplast transgenic carrot plants withstand salt concentrations that only
halophytes could tolerate. Future success will depend on the availability of
the plastid genome sequences and the ability to regenerate homoplasmic
transgenic lines in recalcitrant crops. Unfortunately, among 200 chloroplast
genomes that are currently sequenced, only six are from crop species. There-
fore, the complete chloroplast genome sequence of soybean, tomato, potato
and genome evolution among legumes or Solanaceous crops will be dis-
cussed. Similarly, complete chloroplast genome of barley and sorghum will
be presented and genome evolution among cereal crops will be discussed.
In addition to summarizing progress in genomics, this presentation will fo-
cus on engineering cytoplasmic male sterility via the chloroplast genome.
Engineered CMS phenotype was successfully reversed by continuous illu-
mination. This approach offers a new tool for transgene containment, in
addition to maternal inheritance and provides an expedient mechanism to
produce large populations of male-sterile plants for F1 hybrid seed produc-
tion.
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W-17
Efficacy and Functionality of Chloroplast-derived Anthrax Protective Antigen.
VIJAY KOYA1, Stephen H. Leppla2 , and Henry Daniell. 1Department of Mo-
lecular Biology and Microbiology, University of Central Florida, Biomolecular
Science Building 20, Room 336 Orlando, FL 32816-2364 and 2Microbial Path-
ogenesis Section, National Institute of Allergy and Infectious Diseases, NIH,
Building 30, Room 303, 30 Convent Dr., Bethesda, MD 20892-4350. Email:
daniell@mail.ucf.edu

Anthrax, a fatal bacterial infection, is caused by Bacillus anthracis. The CDC
lists anthrax as a Category A biological agent. The currently available human
vaccine is prepared from alum-adsorbed, formalin-treated culture supernatant of
a toxigenic, non-encapsulated strain of Bacillus anthracis. In additions to the
key protective antigen (PA83) component, there are traces of the lethal and
edema factors, and these may contribute to adverse side effects. In an effort to
produce anthrax vaccine in large quantities and free of contaminants, PA83 was
expressed in transgenic chloroplasts of Nicotiana tabacum var. petit Havana, by
inserting the pag (2205 bp) gene into the chloroplast genome by homologous
recombination. The pLD-VK1 vector contains pag with an N-terminal his-tag
cloned into a universal chloroplast vector, pLD-ctv, that contains the 16S rRNA
promoter, aadA gene coding for the spectinomycin selectable marker, psbA 5’
& 3’ untranslated regions to enhance translation in the light, and trnI, trnA
homologous flanking sequences for site specific integration into the chloroplast
genome. Chloroplast integration of the pag gene was confirmed by PCR and
Southern analysis. PA83 protein expression was confirmed by immunoblot anal-
ysis and quantified by ELISA. Mature leaves contained up to 14.17% PA83 in
total soluble protein when grown under continuous illumination. The PA83 was
purified by affinity chromatography. The in vitro macrophage lysis assays
showed that the crude extracts contained up to 20 micrograms/ml of functional
PA83. Subcutaneous immunization with purified chloroplast-derived PA83
yielded IgG titers up to 1:320,000, similar to that of the group immunized with
PA83 derived from Bacillus anthracis. Toxin neutralization studies and toxin
challenge of immunized animals are in progress. The high expression levels of
PA83 and strong immune response may facilitate development of a more highly
purified and therefore safer anthrax vaccine at a lower cost of production.

W-18
Plastid Transformation in the Monocotyledonous Cereal Crop, Rice (Ory-
za sativa). MINKYUN KIM, Sa Mi Lee, Hyunsup Chung, Kyungsu
Kang, Soon Hee Yoo, Xiang Ming Xu, Seung-Bum Lee, Jong-Joo
Cheong, and Henry Daniell. 1School of Agricultural Biotechnology, Seoul
National University, San 56-1, Sillim-dong, Kwanak-gu, Seoul 151-792,
KOREA and 2Department of Molecular Biology and Microbiology, Uni-
versity of Central Florida, Orlando, FL 32816-2364. Email: mkkim3@
plaza.snu.ac.kr

Rice is the stable food crop for more than one third of global population.
Extension of plastid transformation technology to cereal crops, including
rice, offers a great promise for improved agronomic traits and production
of pharmaceutical or nutritional value added food without gene contain-
ment problem. Yet, not a single fertile transplastomic plant has been
achieved in any monocotyledonous plant species. We report here prom-
ising progress towards stable plastid transformation in rice. Plastid trans-
formation of rice was accomplished through the biolistic bombardment
of 3 week-old total calli obtained from the mature seeds of japonica
cultivar, Hwa-Chung. The produced transplastomic rice plants showed
stable integration and expression of the aadA and sgfp transgenes in plas-
tids. Moreover, the transplastomic rice plants produced viable seeds,
which transmit the transgenes to T1 progeny plants. However, a 100%
transmission of the transgenes was not achieved, probably due to the
heteroplastomic state of the T0 plastid transformants. Also, compared to
dicotyledonous plant species, rice plastid transformation is quite ineffi-
cient. Potential limiting factors in the routine application of plastid trans-
formation to rice include the use of undeveloped plastid (proplastid) as
the transformation target and the lack of highly efficient subculture sys-
tems with sustained plant regeneration capability. Strategies to overcome
the aforementioned problems will be presented.

W-19
Industrial Applications of Plastid Transformation: Purification & Pro-
cessing Strategies. S. Leelavathi1, A. Bharadwaj1, A. Ghosh2 and V. S.
REDDY1. 1International Centre for Genetic Engineering and Biotechnol-
ogy, Aruna Asaf Ali Marg, New Delhi—110 067, India and 2Institute of
Microbial Technology, Sector 39-A, Chandigarh—160 036, INDIA.
Email: vsreddy@icgeb.res.in

Transgenic plants offer several advantages over conventional methods for
large-scale production of recombinant proteins useful in human and an-
imal health. Plants can express, process and fold recombinant proteins in
a biologically active form. High-level expression and efficient recovery
of recombinant proteins are two major factors that determine the success
of this approach. Although it is difficult to compare directly the expres-
sion levels of various biopharmaceuticals expressed in the nuclear vs.
chloroplast engineered plants, the expression levels of foreign genes are
generally high in transplastomic plants due to possible amplification of
the foreign gene copy number and the existence of efficient transcription
and translation machinery within the chloroplasts. We have transformed
two genes: 1) a thermostable xylanase, useful in paper, animal feed and
bakery industry and 2) a human interferon gamma, pharmaceutically im-
portant therapeutic molecule into tobacco chloroplast genome. We have
tried a number of strategies to over express these recombinant proteins
and recover them from relatively large amounts of plant biomass. Our
results indicate that the chloroplast genetic engineering coupled with ex-
pression strategies that reduce number of steps in downstream process
hold the key for successful application of this approach. Results on the
expression of recombinant molecules as fusion proteins and their advan-
tage in the downstream process will be presented. Also use of threr-
mostable property of xylanase in the over expression and purification of
recombinant enzymes that are thermolabile will be presented.

W-20
Status of NICOSANy/HEMOXINy , an Extract of a Mixture of Plants,
for the Treatment of Sickle Cell Disease (SCD). R. C. PANDEY1, P.
Tripathi1, R. Misra1, P. N. Gillette2, and T. Asakura3. 1Xechem, Inc., New
Brunswick, NJ 08901; 2State University of NY, Brooklyn, NY 11203;
and 3Children’s Hospital of Philadelphia, Philadelphia, PA 19104. Email:
Ramesh@Xechem.com

NICOSANy/HEMOXINy (formerly NIPRISAN) is an extract of a bo-
tanical herbal mixture for treatment of sickle cell disease (SCD). Tradi-
tional health practices flourish in Africa, India (Ayurveda/Siddha) and
China. Rev. P. O. Ogunyale in Nigeria had developed a herbal recipe of
four herbs that appeared to benefit his patients who suffered from SCD.
Studies have been done since 1998 at NIPRD, Abuja, Nigeria and the
NIH Hemoglobin Reference Laboratory in Philadelphia, PA. Preclinical
animal studies demonstrated no short term toxicity on gross behavior,
response to pain, inflammation, liver, kidney, isolated rat atrium, frog
rectus abdominis, guinea pig ileum and rabbit jejunum. Profound anti-
sickling activity was identified which reduced the polymerization of de-
oxy-hemoglobin S in vitro, showed potent antisickling effects on sickle
erythrocytes obtained from patients with SCD, and prolonged survival of
transgenic sickle cell mice under hypoxic conditions under which all un-
treated mice died. A small, double-blind, placebo-controlled, randomized,
crossover clinical trial of NIPRISAN in patients with SCD in Nigeria
showed decreased frequency of painful crises. Serious toxicity was not
found although rash, gastroesophageal reflux and diarrhea were described,
and one patient had possible hemolysis. Standardization is in progress.
Xechem has planned a full-scale validation and reliability program for
both preclinical and clinical studies.
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Discovery of the Cancer Chemopreventive and Hypocholesterolemic Prop-
erties of Pterostilbene A. M. RIMANDO. U.S. Department of Agriculture,
Agricultural Research Service, Natural Products Utilization Research Unit,
P.O. Box 8048, University, MS 38677. Email: arimando@msa-oxford.ars.
usda.gov

Pterostilbene is a dimethylether analogue of resveratrol. Resveratrol has at-
tracted much research interest due to its reported cancer chemopreventive and
antioxidant properties. Its presence in grapes and wine has been associated
with low incidence of death from coronary heart disease in populations who
consume wine in moderate levels. The antioxidant and cancer chemopreven-
tive activities of pterostilbene were investigated, triggered by its structural
similarity with resveratrol, and was found to be similar to those of resveratrol.
The inhibitory effect of resveratrol and pterostilbene on cytochrome P450
(CYP) dependent enzyme 7-ethoxyresorufin O-deethylase (EROD) was also
investigated to demonstrate a possible mechanism of cancer chemopreventive
activity. Pterostilbene was a potent inhibitor of CYP1A2. It inhibited EROD
activity (Ki 5 0.39 mM) in a mixed (competitive/noncompetitive) manner
while resveratrol was only a weak inhibitor of this enzymatic marker (Ki 5
5.33 mM). The reported hypocholesterolemic property of resveratrol generated
interest to study its activation of the alpha isoform of the transcription factor
peroxisome proliferator-activated receptor (PPAR), which is predominantly
involved in fatty acid and lipid catabolism and import. Again, owing to struc-
tural similarity, the activation of PPAR alpha by pterostilbene was also in-
vestigated. In vitro studies showed that pterostilbene, but not resveratrol, ac-
tivated endogenous PPARa in H4IIEC3 (rat hepatoma cell line) cells. In vivo
studies showed 29% lower plasma low density lipoprotein cholesterol, 7%
higher plasma high density lipoprotein cholesterol, and 14% lower plasma
glucose in pterostilbene-fed hamsters given high cholesterol diet, compared
to control group. Results obtained over a number of years of research provided
evidence on health beneficial properties of pterostilbene, although it was not
the HIV-1 reserve transcriptase inhibitory compound from the plant it was
originally isolated from and studied for.

W-22
Studies on the Anti-tumor and Immuno-modulatory Mechanisms of Scu-
tellaria-derived Phytochemicals in Tissue Culture and Animal Models.
PRAHLAD PARAJULI1, Nirmal Joshee2, Agnes Rimando3, and Anand
K. Yadav2. 1Neurological Surgery, Karmanos Cancer Institute & Wayne
State University, Detroit, MI 48201; 2Agriculture Research Station, Fort
Valley State University, Fort Valley, GA 31030; and 3USDA, Natural
Products Utilization Research Unit, POB 8048, University, MS 38677.
Email: pparajuli@med.wayne.edu

At least 7,000 medicinal compounds in the Western pharmacopoeia are
derived from plant sources. Of these phytochemicals, about 75% show a
positive correlation between their modern therapeutic uses and the tra-
ditional applications of the plant species they are derived from. New
phytochemicals are being continuously introduced as dietary supple-
ments. However, as many people who use these traditional medicines and
dietary supplements do not consider them to be a part of their ‘‘medi-
cation,’’ inadvertent side-reactions and even fatality might occur as some
of the plant products react with other medications that the patient might
be taking. It is, therefore, extremely important that new plant products
be thoroughly investigated in order to characterize their active ingredi-
ents, mechanisms of action, and potential drug interactions. Our group is
studying the anti-tumor and immuno-modulatory mechanisms of phyto-
chemicals derived from Scutellaria. In this presentation, we will discuss
some of the in vitro and in vivo studies for the characterization of bio-
logical properties of novel herbal compounds illustrating examples from
our ongoing studies on Scutellaria.


