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donated by Ming-Bo Wang, CSIRO PI,
Canberra) was isolated using two specitic
primers (RB19_35S_F: 5 ACGAAGCTT-
CGTCAACATGGTGGAGCA 3’ and
RB19_35S_R: 5° GACGGATCCGTC-
CTCTCCAAATGAAAT 3) designed to
contain sites for HindIll and BamHI
PCR product of 429 bp and pRR21 were
cut with HindIll + BamHI and ligated, and
the product was transferred to Escherichia
coli DH5 x to get pRR20 (Figure 1 b).
Recombinant promoter-probe vector
(pPRR20) containing CaMV 35S when
restricted with HindIIl + BamHI gave a
fragment of 429 bp, indicating the pres-
ence of complete expression cassette
(CaMV 35S promoter + SgfpS65T + Nos-
ter). pRR21 and pRR20 were transferred
to Agrobacterium tumefaciens for to-
bacco leaf disc transformation by follow-
ing the standard protocol'®. Co-cultivated
leaf discs, calli and plants regenerated on
hygromycin selection medium were ob-
served for SgfpS65T expression under
stereo-microscope (Olympus, SZX-16) at
the National Centre for Biological Sci-
ences. Images of SgfpS65T-expressing tis-
sues were captured. Of the 30 leaf discs
co-cultivated with pRR20, 19 showed
SgfpS65T expression (Figure 2 a). How-
ever, leaf discs co-cultivated with pRR21
failed to show green fluorescence (Figure
2b). In addition, calli formed from all
SgfpS65T-positive  leaf discs  also
showed fluorescence. Putative transgenic
plants (for pRR20) which survived hygro-

mycin selection were confirmed by
SgfpS65T-specific PCR. Eleven plants
produced an amplicon of expected size
upon SgfpS65T-specific PCR (data not
shown) and all 11 transgenic plants
showed SgfpS65T expression.

Though GUS reporter was used for vali-
dating the pathogen-inducible synthetic
promoters'', the GFP has advantages
such as (i) it is a non-destructive method,
(ii) permits both qualitative and quantita-
tive assays'®'® and (iii) does not need
any substrate or cofactors. In the present
study, an improved version (SgfpS657)
resulting from chromophore mutation,
S65T in the wild gfp was used, which is
known to result in 35-fold increased
fluorescence'* compared to wild-type
when excited at 488 nm. The SgfpS65T
gene has been successtully used as a vis-
val marker for idc in pKU352NA for use
in rice functional genomics'®. Because
pRR21 is a binary vector with pCAM-
BIA1305.1 background, it is expected to
work in many plant systems for probing
novel promoters.
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Calcium deprivation markedly enhances guggulsterone accumulation
in cell cultures of Commiphora wightii

Guggulsterone (Gs; two isomers -E and -Z,
GsE and GsZ) is an effective anti-
hyperlipidemic agent obtained from the
gum resin of guggul tree, Commiphora
wightii (Arnott.) Bhandari (syn. C. mu-
kul)'. The recent reports explain the
mechanism of its lipid lowering proper-
ties” and its potential role in cancer ther-
apy, making it an attractive molecule for
production through biotechnological
methods using this species.

Production of metabolites in cell cul-
tures and development of scale-up tech-
nology require standardization of various
growth parameters for optimal yield®. To
overcome the low secondary metabolites
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production in cell cultures, some strate-
gies have been proposed to increase the
productivity. Manipulation of culture
medium constituents and culture condi-
tions is the first step to increase the pro-
duction of secondary metabolites®®. There
is sufficient evidence that Ca’" serves as
a secondary messenger in many growth
and metabolic activities such as cell divi-
sion and differentiation®, cell polarity,
cell elongation, photomorphogenesis,
and biotic and abiotic stress responses’.
Ca®" influx is necessary for alkaloid
accumulation in suspension cultures of
Catharanthus roseus in response to the
addition of cytokinin and cytokinin-

enhanced alkaloid accumulation relies on
the calcium—calmodulin-dependent proc-
ess®. Ca’’ increases the accumulation of
different sets of secondary metabolites,
such as benzophenanthridine alkaloids in
cell suspension of Sanguinaria canaden-
sis’, while Ca®' deprivation enhances
the alkaloid release in the medium in C.
roseus cell cultures'®. Earlier, we
reported Gs accumulation in cell cultures
grown in the growth medium'' and pro-
duction medium®. In our efforts to im-
prove the production system, this report
describes the marked influence of Ca®"
deprivation on the production of Gs in
cell cultures of C. wightii.
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Figure 1.

Effect of calcium chloride on growth and guggulsterone (Gs) production in cell cul-

tures of Commiphora wightii grown in 250 ml flasks containing 100 ml MS medium. The cul-
tures were harvested at 15 days. Bars represent standard deviation.
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Figure 2.

Effect of EGTA on growth and Gs production in cell cultures of C. wightii grown in

250 ml flasks containing 100 ml MS medium. The cultures were harvested at 15 days.

Cell suspension cultures of C. wightii
were grown in modified Murashige and
Skoog (MS)'? medium (NH,NO,, 10 mM;
KNO;, 4.7 mM, and CaCl,-2H,0, 1.5 mM)
containing  2,4,5-trichlorophenoxyacetic
acid (1 uM), kinetin (0.46 uM) and 3%
(w/v) sucrose. This medium was adopted
from results obtained with embryonic
callus cultures>. A 250 ml Erlenmeyer
flask containing 100 ml medium was
shaken at 100 rpm at 26°C in the dark.
The subculture period and inoculum size
were usually 15 days and 125 mg dry
wt/100 ml medium (20% v/v) respec-
tively. Six replicate flasks were used in
each treatment and experiments were
conducted twice. Different concentra-

tions of calcium chloride (0-10 mM),
EGTA [ethylene glycol-bis(2-aminoethyl-
ether)-N,N,N' . N'-tetraacetic acid, 0—5 mM]
and chlorpromazine (0-100 uM) were
incorporated in the medium. Calcium
chloride was incorporated before auto-
claving, while EGTA and chlorpromaz-
ine were added after autoclaving by filter
sterilization. The medium for the latter
contained 1.5 mM calcium chloride. The
cell cultures were harvested after 15 days,
and the lyophilized cells (1 g) were finely
ground and extracted overnight with
25 ml methanol. In brief, methanol was
evaporated under vacuum; the residue
was extracted with ethyl acetate, from
which a sample was injected in HPLC
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after filtration through syringe filters
(0.22 um, 4 mm nylon filter, National,
USA). Separation was accomplished on a
250 x4 mm Cpg (5um) reverse phase
column protected by a guard column of
the same material'*, using a modified
gradient at 245 nm. GsE and GsZ were
obtained from Chromadex, USA, and
Natural Remedies, Bangalore respec-
tively. All the results are the average of
at least two separate analyses.

C. wightii suspension cultures grown
in modified MS medium containing
1.5 mM Ca®', accumulated ~13 gI'" dry
biomass and 82 g I"' Gs. Reduction in the
medium Ca®* concentration to 0.5 mM
enhanced Gs yield by 66%, with slight
reduction in the growth. Increased Ca®'
concentration was inhibitory to growth
and Gs yield (Figure 1). The addition of
1 mM EGTA, a specific Ca®" chelator,
induced a drastic change of 250% in total
Gs yield. Further increase in EGTA
resulted in reduction in biomass and Gs
content (Figure 2).

Chlorpromazine, a calcium—calmodulin
antagonist, at its lower concentration (10
and 20 uM) enhanced Gs yield by 33%.
However, increasing concentration of
chlorpromazine was inhibitory to cell
growth and Gs yield (Figure 3). In
C. wightii cell cultures, GsE is usually
present in higher amounts compared to
GsZ, but in cells treated with chlorpro-
mazine, GsZ was present in relatively
higher amounts compared to GsE. The
mechanism of inter-conversion between
GsE and GsZ is not known. However,
high amount of GsZ was observed with
certain treatments of morphactin in cal-
lus cultures'* and is always high in natu-
ral oleo-gum-resin exudate of the plant*.

Marked increase in GsE, GsZ and
yield "' recorded during the present work
in C. wightii cells has not been recorded
earlier in any of the treatments of plant
growth regulators in the callus™ and cell
cultures grown in the growth medium''
and production medium’. The present
results suggest that inhibition of external
Ca®" flux induces an increase in Gs
accumulation in C. wightii cells. Addition
of verapamil induced no apparent change
in growth and Gs accumulation in cells
of C. wightii (data not shown).

Zhao et al.'> have demonstrated that
Ca®" influx plays a critical role in alka-
loid biosynthesis in normal and elicited
C. roseus cell cultures. However, EGTA
did not cause any apparent change in total
alkaloid content in C. roseus, but the
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Effect of chlorpromazine on the growth and guggulsterone production in cell cul-

tures of C. wightii grown in 250 ml flasks containing 100 ml MS medium. The cultures were

harvested at 15 days.

total alkaloid excretion to the culture
medium increased to 90% with 1 uM
EGTA'". In contrast, EGTA inhibited the
production of phytoalexins induced by an
elicitor in Allium cepa cells'® and san-
guinarine production in S. canadensis®.
Such increase in production of a secon-
dary metabolite (Gs) has not been re-
corded earlier with EGTA in cell
suspension cultures. A change in cytoso-
lic Ca** concentration represents the sig-
nal which, directly or via Ca*'-binding
proteins, regulates the activities of
respective target enzymes'’. It may be
inferred that instead of Ca®' channels,
Ca*'-dependent enzymes are affected by
Ca®" deprivation, which results in en-
hanced Gs accumulation.
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Development of first non-lodging and high-yielding rice cultures for
saline kaipad paddy tracts of Kerala, India

Explosive increase in the world popu-
lation, deterioration of arable land and
availability of quality irrigation water are
forcing crop production into more and
more marginal environments facing abiotic
stresses, thus limiting the adaptation and
productivity of staple food crops’. In fu-
ture, one cannot expect a major increase
in land area available for cropping. At the
same time, cultivated area is declining
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fast in most of the developing countries
due to various reasons. It is estimated that
half of the world’s farms have been dam-
aged by salt’. It has been estimated that
about one billion hectares of the world’s
land is affected by salt, 60% of which is
cultivated’. In the United States, it has
been estimated that 28% of the irrigated
area is salinized to a greater or lesser ex-
tent. China has salinity problems on 23%

of its land, Pakistan 21%, India 11% and
Mexico 10%. This is not a static situation
and approximately 1.5 million hectares
of irrigated land is salinized each year®.
Improving salt tolerance of major crops
is considered as the best practical ap-
proach to exploit the otherwise underutili-
zed or completely unexploited salt-
affected areas. In spite of a significant
amount of research on the effect of salinity
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