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2:00 PM Introduction
2:05 PM Metabolic Engineering of the Indole Pathway in Catharanthus roseus Hairy Roots

Abstract: Catharanthus roseus produces a wide variety of indole alkaloids
including the anti-cancer drugs vincristine and vinblastine. Due to the commercial
value of these compounds, several studies have focused on the characterization
of enzymes and cloning of genes necessary for the production of indole alkaloids.
The current literature indicates a complicated network involving numerous cellular
compartments, several differentiated cell types, and developmentally controlled
expression levels. In our laboratories, we are interested in the metabolic
engineering of the indole pathway and its subsequent effect on indole alkaloid
biosynthesis in C. roseus hairy roots. Hairy roots have a number of advantages
over cell cultures including increased genetic stability and substantially higher
alkaloid content. Previous feeding studies in our laboratories have suggested that
the indole pathway is limiting for alkaloid production during late exponential
growth of hairy roots. Based on these observations, our current metabolic
engineering efforts focus on two vital genes within this pathway: an Arabidopsis
feedback resistant anthranilate synthase alpha subunit (ASa) and C. roseus
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tryptophan decarboxylase (TDC). It is believed that, by controlling the level and
timing of the expression of these genes, alkaloid flux can be increased without the
observed negative growth effects when tryptophan pools are depleted or the early
growth defects in the presence of elevated tryptophan levels. In our laboratory, we
have shown that we can generate transgenic hairy roots expressing GFP driven
by a glucocorticoid inducible promoter. Furthermore, the promoter exhibits the
desirable characteristics of low basal expression, high inducibility, and a dosage
dependent expression. It also should provide an improved negative control for
data analysis by eliminating the problem of clonal variation. This inducible
promoter, which allows controlled overexpression of ASa and TDC, will enable the
study of metabolic effects specific to developmental stage. The current study
focuses on metabolic engineering of the indole pathway in C. roseus hairy roots.
In addition to a negative control line, lines with inducible expression of ASa, TDC,
and ASa+TDC have been generated, adapted to liquid, and confirmed by
Northern blot. The metabolic characterization of the various lines and the effects
of induction on secondary metabolism will be discussed.

Development of a Stoichiometric Model for Metabolic Flux Analysis of
Catharanthus Roseus Hairy Roots

Abstract: Metabolic flux analysis (MFA), or the quantification of all steady state
intracellular metabolic fluxes in a biochemical reaction network, is a valuable tool
in metabolic engineering. A relatively low-cost technique of implementing MFA is
by using a stoichiometric model coupled with extracellular metabolite
measurements. In this work, we report the development and application of a such
a model for Catharanthus roseus hairy roots, as well as experimental work toward
obtaining the biomass composition of the hairy roots, which is a vital component
of the model. Such a comprehensive mathematical treatment of cellular
metabolism for plant cell culture is rarely reported in the literature. The model
developed includes all key biochemical reactions in primary and intermediate
metabolism - glycolysis, pentose phosphate pathway, tricarboxylic acid cycle,
anaplerotic pathways and the shikimate pathway. In metabolic flux analysis,
underdetermined systems (such as the one under consideration) that have lesser
available measurements than the number of fluxes to be determined also require
an objective function, which needs to be maximized to obtain the flux distribution.
In this work, we used maximization of plant biomass as the objective function, for
21-day old C. roseus hairy roots undergoing balanced growth. We also report
experimental work on obtaining the biomass composition of C. roseus hairy roots,
which is crucial to the model because of the above objective function. Preliminary
results indicate that the protein, lipid and starch percentages are 3.9%, 2.6% and
3.1% of the dry weight respectively. In addition, the individual composition of the
proteinogenic amino acids as well as of indole alkaloids, glucose polymers,
nucleotides, and other biomass components such as lignins, suberins, etc. will be
reported. We will also report a metabolic flux map for central carbon metabolism
in C. roseus hairy roots, based on the stoichiometric model developed,
extracellular metabolite measurements, and the biomass composition obtained.

Factors Affecting the Stability of Taxus Suspension Culture for Production of
Secondary Metabolites

Abstract: Methyl jasmonate is known to be a potent elicitor of Taxol production in
Taxus cultures. In this study, 5 different Taxus cell lines were treated with methyl
jasmonate on day 7, and their growth and productivity of Taxol were compared
with non-elicited cultures. Derivative subcultures from these treatments,
transferred from 14-day old cultures, were also evaluated for growth and Taxol
production. Fresh cell density of non-elicited culture was typically 2 times higher
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than that of elicited culture, while Taxol productivity was usually enhanced by 3
fold when Taxus cell lines were elicited. Subcultures derived from elicited cultures
were less viable, but there was no enhancement of production of Taxol. High-
producing cultures grew slower and died faster than low-producing counterparts.
The elicited mother culture retained production of high amounts of Taxol, while the
elicited daughter culture lost that ability upon subculture. We tested whether
signal materials, which might be generated during culture, could be involved in the
production of Taxol, and be diluted upon subculture by preparing 8 replicate flasks
by mixing all inoculum prior to every subculture, and another 8 replicate flasks
were obtained by single lineage subculture. The average cell densities and the
variations from both replicate sets of flasks were statistically identical. The
average Taxol production from the replicate flasks with mixing was 2 times higher
than that from the replicate flasks without mixing, but the variations were
statistically identical. Although mixing enhanced the production of Taxol, it did not
reduce the variation among replicate flasks. After one additional single lineage
subculture, the average Taxol production from the single lineage ones was a little
bit higher. In conclusion, there appears to be inherent variability within the cell
populations that is the major contributor to variation in secondary metabolite
production.

A Plant Tissue Culture Based System for High Level Transient Expression of
Heterologous Proteins

Abstract: Production of heterologous proteins in plants is an inexpensive
alternative to transgenic animals and bacterial culture. However, the time involved
in generating transgenic plants to produce material for testing and
characterization can be significant. We are developing a transient gene
expression system in plant tissue culture to decrease the time required for this
process. An intron-containing GUS reporter gene is being used to optimize gene
expression. The reporter is transferred to the plant tissue during co-culture with
Agrobacterium tumefaciens. The gene of interest is transcribed transiently in the
nucleus prior to integration in the chromosome. Large variation in protein
expression has been observed between cell and root culture, which is also
species and clone dependent. To increase protein expression, transgenic plant
tissue has been developed containing an inducible viral replicase. The reporter
gene has been modified to be amplified by this viral replicase. It is anticipated that
the replicase function will augment the number of gene copies available to the
cell, resulting in increased production from the transgene. Ongoing work involves
determining if additional viral functions can increase expression. The potential for
implementing this approach in bioreactors to rapidly produce protein will be
presented.

Break

Resin Addition Strategies for Enhancing the Production and Recovery of Alkaloids
from Catharanthus Roseus Cultures

Abstract: Low volumetric productivity is a major factor impeding the
commercialization of plant cell cultures for the production of secondary
metabolites. In this paper, our goal was to manipulate in situ product adsorption
using Amberlite XAD-7 and other resins to maximize alkaloid formation and
recovery while minimizing the adsorption of nutrients and alkaloid precursors from
Catharanthus roseus suspensions. The effect of a temporary resin incubation
period, the duration of resin addition, and the resin type on the production and
recovery of ajmalicine and serpentine were investigated. The production of
ajmalicine and serpentine from C. roseus cultures using XAD-7 was successfully
enhanced by 50-300% with the resin addition treatments compared to the
controls. While production was enhanced over the controls, the overall combined
production of ajmalicine and serpentine was not significantly different between
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the resin addition treatments. The effect of a temporary incubation period was
investigated by adding XAD-7 resin to suspensions for seven days, starting on
either day 0 or day 7. After a 14-day culture period, the addition of XAD-7 to
cultures on day O yielded similar concentrations of ajmalicine and serpentine
compared to cultures with XAD-7 addition on day 7. However, the later addition of
XAD-7 favored a higher ajmalicine to serpentine ratio compared with the earlier
addition of XAD-7. The earlier addition of resin resulted in higher extracellular
recoveries for both ajmalicine and serpentine than with the later addition of XAD-
7. The duration of XAD-7 addition (continuous incubation for 8 days versus two
separate 24-hour incubation periods) resulted in comparable concentrations of
ajmalicine and serpentine. However, the continuous presence of XAD-7 resulted
in higher ajmalicine to serpentine ratios and higher total recoveries of ajmalicine
and serpentine compared to the 24-hour incubations with XAD-7. The effect of
resin type on alkaloid production and recovery was investigated using Amberlite
XAD-7, C,, C4, Cg, SI-1, and SCX resins. The highest ajmalicine accumulation
was achieved in suspensions with XAD-7, C,, and C, addition, with a two-fold
increase over that of the controls. The highest serpentine level was achieved in
the suspensions with C, and Cg addition, with a 54% increase over the control
cultures. The highest percent recovery of ajmalicine and serpentine was obtained
with C4 and XAD-7 resin.

3:55 PM Recovering a Histidine-Tagged Protein from Tobacco Extract (Absent)

4:15 PM Purification of Ricin B From Hairy Root Culture Medium by Aqueous Two-phase
Extraction

Abstract: Ricin B is the non-toxic galactose-binding subunit of ricin, which is one
of the most potent plant-derived cytotoxic proteins known to exist. Ricin B has
been tested for utility in mucosal vaccine delivery and adjuvancy. It is expressed
in tobacco hairy root culture and secreted into the culture medium. However, the
secreted ricin B product is degraded by secreted proteases in a certain period of
time. How to effectively recover the protein product in a timely fashion is thus
extremely important. Aqueous two-phase extraction (ATPE) was chosen as the
method of study because the culture medium does not need to be processed
before protein separation and the protein partition equilibrium is reached rapidly.
Two different PEG/salt/water systems, PEG/potassium phosphate and
PEG/sodium sulphate, were first studied for favorable ricin B (in water) partitioning
into the top phase. The results showed that the partition coefficients of Ricin B
were much greater in PEG/sodium sulphate systems. On the other hand, studies
on secreted native proteins (from non-transgenic hairy root culture medium)
showed that the overall partition coefficients were greater than one but much
smaller than those of ricin B under the same system conditions (PEG/sodium
sulphate systems). Statistical analysis indicated that different factors (PEG
molecular weight, concentration, sodium sulphate concentration, and NaCl
concentration) have different impact on the partitioning of ricin B and native
proteins. This provided opportunities for system optimization for the best
separation between ricin B and secreted native proteins. ATPE was shown to hold
promising future in initial recovery/purification and stabilization of ricin B from hairy
root culture.

4:35 PM Close
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