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(" Abstract- Camptothecin derivatives are clinically used as anti-tumor indole alkaloids that are currently obtained by extraction from intact plants. In the present study, we
developed a method for transient expression of Catharanthus roseus strictosidine synthase (CrSTR) gene by Agro infiltration method in Ophiorrhiza mungos plant with
Agrobacterium tumefaciens. Our results indicated that the construct in the LBA 4404 strain imparted a higher transient expression as evident by a higher accumulation
of the end product, CPT (0.022 %) compared to the untransformed as well as the mock treatments. These results point at the possibility that overexpression of
Strictosidine synthase could in principle lead to the overproduction of strictosidine which then can lead to the higher produ ction of terpenoid indole alkaloids, such as
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Introduction

Plant secondary metabolites have been used in pharmaceutical industry since
ancient times as powerful drugs against various chronic diseases. Camptothecin
(CPT) is a high-value quinolone alkaloid with the anticancer property. The
potentiality of CPT to inhibit the nucleic acid synthesis in mammalian cells makes
it an active medicament against ovarian and colorectal cancer. The compound
was isolated for the first time by Wall et al. [1] while working with the extract of
Camptotheca acuminata a Chinese tree. Later on, the presence of CPT has been
identified in many other plant species irrespective of the family and order.
Nothapodytes foetida [2], Chonemorpha grandiflora [3], Ervatamia hyneaya [4],
Merrilliodendron megacarpum [5], Pyrenacantha klaineana [6], and many species
of Ophiorrhiza [7, 8] are other major sources of CPT. Its reported that, in tree
species, the CPT concentration increases as its ages and after a particular point it
becomes proportionate to the thickness of bark [9]. The whole plant CPT content
of Camptotheca ranges from 0.2 to 5.0 mg/g DW depending on the tissue
analyzed [10]. While that of Nothapodytes is reported to be 0.3 mg/g DW [11]. The
tree needs 8-10 years to reach the mature stage from seedling and start
flowering. It needs 1000-1500 tons of wood chip every year to meet the market
demand of CPT [12]. Taking into consideration, that growing and harvesting of
herbaceous plants are easier and reliable than tree species, genus Ophiorrhiza
became more dependable for CPT production. Comparative study on the CPT
content in different species of Ophiorrhiza genus recorded the highest amount of
CPT in species munogs in a range of 0.17-0.5 mg CPT/g DW [13], followed by O.
mungos var. angustifolia with 0.17-0.47 mg CPT/g DW. Due to the presence of
high amount of CPT in the roots, the bulk uprooting of the genus was observed in
the recent past which along with the low rate of seed viability and an insufficient
number of propagules for vegetative propagation approaches resulted in the
destruction of the natural population. In addition to this, the seed progenies are not
true to type breed due to its heterozygous nature. These altogether necessitated a
sustainable alternative for the production of CPT as well as conserving the plant.

Plant cell tissue and organ culture have been used as an efficient method for
commercial production of high-value plant secondary metabolites when natural
resources are limited [14,15]. Many studies on in vitro regeneration of different
species of Ophiorrhiza have been reported by the earlier workers. Cell and tissue
cultures of several CPT-producing plants have been investigated as alternative
sources. [16] reported the first establishment of cell suspension cultures of C.
acuminata, although the CPT productivity was practically insufficient [2.5 ugg-* dry
weight (DW)]. Callus cultures of C. acuminate established by [17] produced
comparatively adequate amounts of CPT (2 ugg-1 DW). Calli of N. foetida were
found to accumulate small amounts of CPT [18, 19]. The first feasible in vitro CPT-
production system was developed by transformed hairy roots of Ophiorrhiza
pumila (Rubiaceae) with Agrobacterium rhizogenes [20]. This hairy root culture
produced a high level of CPT (1ugg* DW) and excreted CPT into the culture
medium in a relatively large quantity sustained in a scaled-up 3 L bioreactor [21].
Similarly, hairy roots of C. acuminata, producing an equal level of CPT, were
recently reported [22]. For better production of CPT and further potential genetic
engineering, a regeneration protocol of transformed plants of those CPT-
producing species is needed. Here, we have developed a method for transient
expression of Catharanthus roseus strictosidine synthase (CrSTR) gene by Agro
infiltration method in Ophiorrhiza mungos plant with Agrobacterium tumefaciens.

Materials and methods

To standardize the transient expression of CrSTR (Strictosidine synthase), 3
months old O. mungos plants were used. The candidate gene strictosidine
synthase (STR) has been cloned in many alkaloid producing plants to enhance
the production of indole alkaloids. For this study, STR gene constructs prepared
from C. roseus were obtained from J Memelink [23]. pMOG22-GUSint-TDC-STR
[23] and control pMOG22-GUSint [24] procured from Prof. J. Memelink was used
as the construct.
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Agrobacterium strain and plasmid vector

Agrobacterium strains (LBA 4404 and EHA 105) harboring the vector pMOG22-
STR and TDC Gusint was used to induce transient expression in 0. mungos. The
vector contained the hygromycin phosphotransferase (hpt) gene which allows for
the hygromycin selection. strictosidine synthase (STR) gene was cloned from C.
roseus. Agrobacterium tumifaciens strains LBA 4404 and EHA 105 was
transformed by electroporation and cultured under appropriate growth conditions.

Preparation of competent cells of Agrobacterium tumefaciens

A single colony of A. tumefaciens (LBA 4404 and EHA 105) was inoculated in 3 ml
of YEM medium, incubated at 28°C for 16 hours at 200 rpm and the culture was
harvested by centrifugation at 5000 rpm at 4°C. The culture was washed in ice
cold water for five to seven times and resuspended in glycerol (60%) and shock
frozen in liquid nitrogen and stored at -80°C as competent cells.

Plasmid DNA isolation from Escherichia coli

The plasmid DNA was isolated by Sigma Aldrich GenElute Miniprep kit method.
The bacterial colony (Escherichia coli) harboring the vector pMOG22-STR and
TDC Guslnt inoculated into 3 ml LB medium with appropriate antibiotics and
allowed to grow for 16 hours at 37°C at 200 rpm. Isolated plasmid was confirmed
by PCR.

Transformation of plasmid into Agrobacterium through electroporation

A. tumefaciens competent cells were thawed on ice and a 40yl aliquot was
transferred to a precooled 2 mm electroporation cuvette. About 1-2ul of plasmid
DNA was added to the competent cells and mixed in a electro competent cuvette
and electric shock of 1440 volts was applied for 5 second using a gene
electroporator (Eppendorf, Germany). After that 800-900pl of YEM media was
added to the transferred cells and incubated in an eppendorf tube in a shaker at
200 rpm at 28°C for 4 hours and pelleted down and 850 pl was removed from total
1 ml of YEM media. About 150 pl of Agrobacterium cells were plated on YEM
medium containing kanamycin (100 mg/l) and rifampicin (10 mg/l) and incubated
at 28°C and allowed to grow for 48 hours. Presence of transformed gene in
Agrobacterium was confirmed by PCR.

Culturing of Agrobacterium strains LBA 4404 and EHA 105 harbouring
PMOG22 Gusint-STR and TDC.

The Agrobacterium strains LBA 4404 and EHA 105 harbouring pMOG22 Gusint-
STR and TDC were cultured on YEM media. About 100 pl of Agrobacterium
culture were taken from glycerol stock and transferred into 1 ml of YEM media
taken in a culture tube containing kanamycin and rifampicin and incubated in the
incubator at 28°C for 24 hours. After 24 hours, 1 ml culture was transferred to 2 ml
of YEM media containing kanamycin (100 mg/l) and rifampicin(10 mg/l) and
incubated in an incubator at 28°C for 24 hours; later these was transferred to 50
ml of YEM media incubated at 28°C for 16 hours.

Agrobacterium infiltration media

The Agrobacterium harbouring candidate genes grown in YEM media was
pelleted by spinning the culture in a centrifuge at 10000 rpm at 4°C for 10 minutes
and resuspended in 20 ml of infiltration media (10 mM MgCI2, 10mM MES, 2%
sucrose, 1% glucose and 100 UM acetosyringone). The culture was diluted to
0D600 =1 and incubated for 3-4 hours in room temperature. This media was used
for transient assay by ago-infiltration method.

Transient expression of CrSTR gene in Ophiorrhiza mungos

Three-month-old O. mungos seedlings were used for transient assay. The
infiltration media was taken in a sterile 5 ml needless syringe, injected into the
under surface of the leaf of the plants. A control and mock were also maintained.
The transient expression of CrSTR genes was confirmed by GUS assay and
HPLC analysis.

GUS Assay
GUS Assay was done 5th and 6th days after agro infiltration. 100 mL of X-Gluc

solution was prepared by dissolving 0.052 g of X-Gluc (5-bromo-4-choloro-3-
indolyl) in 50 ml of sterile distilled water, Add 5 ml of 1 M sodium phosphate stock
solution and 0.1 ml of the detergent Trition X-100. Mixed well and the volume was
made up to 100 ml with distilled water. The pH 7 was maintained and the solution
was stored in the refrigerator. Agro in filtered leaves were harvested and infected
leaf parts were taken and incubated overnight in 2ml Eppendorf containing X-Gluc
solution. X-Gluc solution was removed and 70 % ethanol was added to the
eppendorf and allowed for 3-4 hours [25].

Estimation of CPT from transient assay

Leaves in which transient expression was performed were harvested and dried in
hot air oven at 55°C for 3 days. The dried tissue was ground to fine powder and
weighed. 2 ml of 61 % ethanol was added to 100 mg of tissue powder, then
sonicated for 15 min and kept on a water bath (60°C) for six hours [26].The
samples were kept overnight in a freezer at 4°C and samples were centrifuged at
10000 rpm at 4°C for 10 minutes. The supernatant was collected; filtered and 400
ul of samples was used for HPLC analysis of CPT.

HPLC analysis

Camptothecin was analyzed by reverse phase HPLC (Supelco 516, LC-10AS, and
Shimadzu, Japan) on a C18 column (250x4.6mm, 5um). The HPLC conditions
were: 254 nm for CPT as the detector wavelength, 1.5mL/min flow rate and 20L
sample loop. The mobile phase was adjusted as follows: 25% acetonitrile and
70% water + 0.1% Trifluro-acetic acid (TFA) in an isocratic mode [27]). A CPT
(Sigma, 95% HPLC purified) standard sample was procured from Sigma
Chemicals. The standard was prepared using DMSO and methanol in 1:3 (v/v)
ratios respectively. The total analysis run time was min 30; retention time of CPT
is at 11.2 min. The presence of CPT in the samples was detected by comparing
with the retention time of the standard sample. The area of the standard was
compared with area of the sample and the amount of CPT in the extracts was
calculated and expressed as percent dry weight of tissue.

Statistical Analyses

All experiments were replicated at least thrice and performed complying to a
completely randomized design (CRD). One way analysis of variance (ANOVA)
was performed using Microsoft Excel to evaluate the effect of the transient
expression of CrSTR on CPT production. Significant difference between means
were assessed by Duncan's Multiple Range Test (DMRT) (P = 0.05) [28].

Results

The transformation of Agrobacterium was done by electric shock method. The
plasmid constructs having pMOG22-GUSint-TDC-STR gene was mobilized into
the Agrobacterium strains EHA105 and LBA 4404. The presence of strictosidine
synthase gene was confirmed by colony PCR in Escherichia coli [Fig-1] and
Agrobacterium strains LBA 4404 and EHA 105 ([Fig-2] were selected for further
transient expression studies. To standardize the transient expression protocol in
0. mungos, 3 months old acclimatized plants grown in green house conditions
were selected. The plasmid constructs having pMOG22-GUSint-TDC-STR gene
were procured from Prof J. Memelink harboring the CrSTR gene from
Catharanthus roseus. Transient expression was done by agro infiltration method
[Fig-3]. Agrobacterium carrying a binary plasmid having pMOG22-GUSint-TDC-
STR was infiltrated into leaves of O. mungos. Suspensions of particular strains of
A. tumefaciens carrying plasmid having pMOG22- GUSInt-TDC-STR were
infiltrated separately. Agro in filtered leaves were harvested on fifth and six day.
The GUS assay was done to examine the integration of introduced gene in the
agro in filtered leaves. The GUS assay results shows that Agrobacterium
LBA4404 harboring pMOG22-GUSint-TDC-STR and EHA105 harboring pMOG22-
GUSint-TDC-STR induces expression of STR gene in the agro in filtered leaves of
the plants [Fig-3]. The leaves were collected after fifth and sixth days after agro
infiltration treatment. The leaf extracts were subjected to HPLC analysis for
camptothecin estimation. CPT was detected in all treatments (control, mock and
infiltrated plants). Agro infiltrated leaves with Agrobacterium LBA4404 and
EHA105 harboring pMOG22-GUSint-TDC-STR  strains showed increase in
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Table-1 CPT estimation from Agro-infiltrated leaves of O. mungos leaves

CPT % (5t day) (Mean + Sd) | CPT % (6™ day) (Mean + Sd

Control 0.0072 £ 0.0019 0.0072 +0.0019
Mock 0.012> £+ 0.0037 0.0092 +0.0043
EHA105STR | 0.019° +0.036 0.0142+ 0.0016
LBA4404 STR | 0.020% +0.036 0.022° + 0.0043

One way ANOVA; CD = 0.009; means followed by dissimilar superscript are significant at p < 0.01.
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Fig-1 Ethidium bromide stained agarose gel showing STR gene amplification from
the colonies of E. coli
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Fig-2 Confirmation of STR gene from colonies of Agrobacterium strains EHA105
and LBA 4404 by PCR.

Fig-3 Stages of Transient expression of STR by Agro infiltration method
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QI

Fig-4 GUS assay-GUS expression in agro in filtered leaves

camptothecin compared to mock and control [Table-1]. CPT content treated with
LBA4404 harboring pMOG22-GUSint-TDC-STR strain produced higher CPT on
5th (0.020 %) and 6th (0.022 %) day compared to EHA 105 5th (0.019 %) and 6th
(0.014 %) harboring pMOG22-GUSint-TDC-STR strain [Table-1].

Discussion

Transient expression of genes using Agrobacterium is a powerful tool for the
analysis of gene function in plants. A transient assay offers advantages over
stable transformation including relatively quick analysis of introduced genes and is
not generally influenced by the plant genetic constitution [29]. In fact, wherever the
development of a stable transformation system in constrained, transient
expression system could easily be used to provide the proof of principle of any
gene of interest. Using one of the candidate genes of CPT biosynthetic pathway
we standardized the protocol for transient expression in O. mungos. Construct
harboring strictosidine synthase gene from Catharanthus roseus (CrSTR) was
used in our study. CrSTR was mobilized into two different strains of Agrobacterium
(EHA105 and LBA 4404). Our results indicated that the construct in the LBA 4404
strain imparted a higher transient expression as evident by a higher accumulation
of the end product, CPT (0.022 %) compared to the untransformed as well as the
mock treatments [Table-1]. These results point at the possibility that
overexpression of strictosidine synthase could in principle lead to the
overproduction of strictosidine which then can lead to the higher production of
terpenoid indole alkaloids, such as camptothecin. Metabolic engineering involving
overexpression of selected genes for the overproduction of plant secondary
metabolites has been gaining prominence in recent years [30]. Studies have
shown that overexpression of transcription factors and a few regulator genes can
improve the production of target secondary metabolites [31]. Earlier reports in C.
roseus, showed that over expression of strictosidine synthase (STR) and
tryptophan carboxylase (TDC) transgenic lines resulted in a ten-fold higher STR
activity than wild-type cultures and transformed lines accumulated higher levels of
ajmalicine, catharanthine, serpentine, and tabersonine [23]. Hairy root cultures of
C. roseus over expressing G10H gene and ORCA3 transcription factor using
Agrobacterium  rhizogenes strain  MSU440 accumulated 6.5-fold  higher
catharanthine compared to the untransformed clones [32], reported In Rauwolfia
serpentine, overexpression of a Catharanthus tryptophan decarboxylase (CrTDC)
gene increased reserpine by 3 folds and ajmalicine by 5 folds [33]. Recent studies
in O. pumila co-overexpressing genaniol 10 hydroxylase (G10H) and STR caused
a 56% increase in the CPT yields compared to non-transgenic lines and single
gene fransgenic lines, indicating the synergetic effect of the two genes in CPT
accumulation. Hairy root lines co-overexpressing G10H and STR produced higher
levels of CPT compared to hairy roots and wild-type roots [34]. Admittedly such
novel approaches for the production of plant secondary metabolites can greatly
relieve the tremendous pressure on natural resources for the extraction of
secondary metabolites.

Conclusion

The present study has demonstrated that the study has provided a protocol for the
transient expression system for strictosidine synthase (CrSTR) in O. mungos. The
techniques and results could be of help in developing transgenics of O. mungos
and overproduction of camptothecin. Transient expression protocol in 0. mungos
has been successfully established by using strictosidine synthase (CrSTR) a key
gene involved in CPT pathway. Transiently expressed leaves showed increased
CPT production than the wild types. Though preliminary these studies pave way
for studying the expression of CrSTR in stable transformation system and its
consequence on CPT synthesis. Furthermore, the study indicates the potential of
over expression of rate limiting genes such as STR to develop high yielding
transgenic lines of 0. mungos.

Application of research: This research has made an attempt to develop a
protocol for the transient expression system for strictosidine synthase (CrSTR) in
0. mungos and this technique could be of help in developing transgenics of O.
mungos and overproduction of camptothecin.
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