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Abstract: Successful and stable protocol for Datura metel transformation via Agrobacterium was

established. The transformation system was carried out using Agrobacterium tumefaciens strain LBA 4404

containing GUS gene.  Three types of explants (leaf, stem, and root) were used to test the effect of

explant type on the transformation efficiency. Leaf explants produced the highest transformation rate

11.7% followed by stem and root explants 5.6% and 3.8%, respectively. Transformed calli and regenerated

shoots were obtained using MS-medium supplemented with 1 mg/l of NAA and BA.  The histochemical

localization of â-Glucuronidase in either transformed calli or regenerated cultures were performed. Total

tropane alkaloids, scopolamine and hyoscyamine produced by transgenic and non-transgenic cultures were

evaluated using HPLC technique.  
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INTRODUCTION

Solanaceous plants are able to synthesize a wide

range of alkaloids with interesting pharmaceutical
activities  . Datura is one the important medicinal[25]

plants belong to the solanaceae family that is known as
a source of tropane alkaloids. Tropane alkaloids,

mainly hyoscyamine, and scopolamine (hyoscine) are
widely used in medicine due to their anticholinergic

activity. Scopolamine has a higher demand being the
more valuable alkaloid due to its fewer side effects and

higher physiological activity. Anisodamine (6â-
hydroxyhyoscyamine) is the intermediate in the

conversion of hyoscyamine into scopolamine . Datura[1]

total alkaloid yield has been estimated to be between

0.06 and 0.50%. The young leaves contain mainly
scopolamine, whereas hyoscyamine is the major

constituent of the mature leaves. Hyoscine and
Hyoscyamine have anticholinergic, antiasthmatic and

antispasmolitic effects.  Atropine is the racemic form
of (–) – hyoscyamine which effects the nervous system.

Atropine is used in eye drops preparation. It is also
used to treat nerve gas poisoning, Parkinson’s disease,

peptic ulcers, diarrhea and bronchial asthma. In
addition to these alkaloids, the plant contains other

minor tropane derivatives, as well as chlorogenic acid
and lectins. Furthermore the seeds of Datura metel

contain up to 30% fixed oil and about 0.2%
alkaloids .[9]

Technologies for introducing foreign genes into

cells are critical for both basic studied of gene function

and production of transgenic organisms that have

commercial value. A diverse set of techniques have

been developed for gene transfer to microbial, plant

and animal cells. Some systems utilize biological

vectors such as reteroviruses or Agrobacterium  to

accomplish gene transfer. Others rely on chemicals

(e.g. calcium phosphate precipitation, polyethylene

glycol or lipozymes) or physical means (i.e.

microinjection or electroporation) to facilitate DNA

transfer across cell membranes . The transfer of DNA[15]

from the soil bacterium Agrobacterium tumefaciens into 

plant cells is an efficient process utilizing both

bacterial and host machineries. Detection of phenolic 

compounds released from wounded plant tissues leads 

to adhesion and induction of the bacterial virulence 

(vir)  machinery . Agrobac ter iu m -  m ed ia ted[ 1 0 ]

transformation method is commonly used to transfer

foreign genes to plants. It is used successfully to

transform some medicinal plants such Datura

innoxia . Datura candida . Atropa belladonna and[19] [2 1 ]

Hyoscyamus niger .[14]

In this paper, we describe the development of an

efficient transformation protocol for D. metel using A.

tumefaciens strain LBA4404 carrying â-glucuronidase

(GUS) gene.
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In this respect Cusido et al.  obtained a[8]

transformed cell line from sterile leaf sections of

Datura metel L. using Agrobacterium tumefaciens

strain C58C1 (pRiA4,pBMI) carrying the pmt gene.

Moreover, Narula et al.  introduced the genes (adc[19]

and odc) for arginine decarboxylase and ornithine

decarboxylase  which invo lved  in  po lyamine

biosynthesis into anther derived calli of Datura innoxia

through A. tumefaciens. Also, . studied and optimized[12]

the factors affecting the efficiency of Agrobacterium

mediated transformation of Lycium barbarum , including

pre-culture period, leaf explant source, use of

acetosyringone, strains and density of Agrobacterium ,

and temperature of co-cultivation.

MATERIALS AND METHODS

In vitro plant culture: Seeds of D. metel were washed

with tap water and transferred to a clean and sterile

flask. In a clean laminar flow hood, seeds were surface

sterilized with 70% ethanol for 5min, then treated with

50% commercial bleach Clorox (5.25 CL) containing

drops of Tween 20 for 10 min. Finally, seeds rinsed

five times with sterile distilled water then, they were

germinated on basal MS . medium supplemented with[18]

3% sucrose, pH 5.7, solidified by 7g/l agar for 4 weeks

at 25°C, 16 hrs light and 8 hrs dark at 3000 Lux of

white cooling fluorescent lamps. One month old

seedlings were used as a source of explants used for

transformation.

Preparation of Agrobacterium : A. tumefaciens strain

LBA4404 containing GUS gene was kindly provided

by Prof. Dr. R.B. Meagher, Genetics Department,

University of Georgia, Athens, USA. The Ti- plasmid

c a r r i e d  th e  s e l e c t a b l e  m a r k e r  n e o m y c in -

phosphotransferase II (NPTII) coding for kanamycin

resistance and the reporter gene GUS flanked by

cauliflower mosaic virus (CaMV) 35S promoter and

NOS terminator. Bacteria from glycerol stock cultures

streaked on YEP medium plates (peptone13.2g , yeast

4 2extract 1g , sucrose 5g, MgSo .7H o 0.2g, agar 15g/l )

contain 50 mg/l kanamycin  and incubated for 48 hrs

at 28°C in the dark. Two days before transformation,

single colony of Agrobacterium  was used to inoculate

5ml of YEP broth and grow overnight at 28°C with

shaking. One day before transformation, 1ml of

overnight grown Agrobacterium culture was used to

inoculate 15 ml of YEP broth and cells were incubated

6 0 0at 28°C with shaking until the culture OD  was > 2.0.

In the transformation day, the Agrobacterium  cells were

harvested by centrifugation at 4200 rpm for 15-20 min.

The supernatant was discarded and Agrobacterium  cells

pellet was re-suspended in 25 ml of basal MS liquid

media.

Transformation procedure: Three types of explants

(leaf, stem, and root) were used to determine the best

explant type for datura transformation.  The explants

were separately wounded and co-cultivated with

Agrobacterium  cells in MS medium. The Agro/ MS

solution removed after 3-5 min, then explants blot-dried

with sterile filter paper and transferred onto MS plates.

The cultures were incubated in the darkness at room

temperature. After 3 days, Explants were transferred to

fresh MS selection plates (Table 1) to induce callus

and shoots formation. Cultures were incubated at 25°C

in a plant growth chamber for 3-4 weeks. Shoots were

transferred to fresh MS jars containing the same

antibiotic, without growth regulators and incubated for

another 4 weeks for root induction.

Table 1: The composition of selection media used for callus and/or

shoot induction.

Compound Quantity/L

M S Salts 4.4 g

Sucrose 30 g

M yo-Inositol 0.1 g

Agar 7.0 g

BA 1 mg

NAA 1 mg

Kanamycin 100 mg

Carbenicillin 500 mg

Kanamycin resistance test: Transformed and non-

transformed (NT) explants were separately cultured on

MS medium containing 0-400 mg/l kanamycin in order

to determine the minimum inhibitory concentration that

will prevent the growth of NT explants. Kanamycin

was filter sterilized before adding into the culture

medium. The evaluation was made after 10 days of

culture.

Histochemical localization of â- Glucuronidase

(GUS): Histochemical localization of GUS activity was

performed using GUS substrate 5-bromo-4-chloro-3-

indolyl glucuronide (x-Gluc) according to .[13,2]

Tropane alkaloids extraction and determination:

Extraction and determination of total tropane alkaloids,

scopolamine and hyoscyamine produced by transgenic

and control cultures were evaluated using HPLC.

Transformed and control samples were collected on a

filter paper to wipe away the agar, then dried in oven

for 3 days at 60°C and grounded with a coffee grinder.

Alkaloid extraction method was carried out as

described in .[6]

Two grams of dried and powdered Datura samples

were macerated 3 times with 100 ml of 70% methanol

and left at room temperature overnight. The extracts

were combined and filtrated. The filtrate solution was

evaporated to dryness at 50°C then, the residue was

2dissolved  in  20  ml  d-H O.  The  pH  of  residue 
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4extract was adjusted to (pH 9 - 10) with NH OH and

extracted 3 times with 40 ml chloroform. Chloroform
layer was combined and extracted 3 times with 20ml

2 4acid solution (800ml ½ N H SO , 200ml methanol).
Acid layer was combined and basified (pH 9-10) with

4NH OH and extracted 3 times with 40ml chloroform.
Chloroform layer was combined and washed with

2d.H O then, dehydrated with 20mg sodium sulphate
anhydrous and filtrated. The filtrate (alkaloid crude

extract) was evaporated to dryness at 50°C. The residue
dissolved in methanol HPLC grade and filtrated thought

0.45µM filter membrane, then kept at -20°C. Tropane
alkaloids were analyzed with Beckman HPLC

Apparatus: pump 126 solvent module, 168 Detector
photo diode array, auto sampler (507e), soft ware

(system gold). Column: Hypersil, ODS (C18), [250 x
4.6 mm] 5 micron + grade column 5cm.

Mobile phase:

2Eluent ; (acetonitrate: 30%, [1L H O + 3ml triethyl
amino TEA] 70%)

Flow rate; 1ml/ min
Injection volume; 20ìl

Run time; 25min
Wave length; 254nm

Temperature; 35°C

RESULTS AND DISCUSSION

Agrobacterium mediated transformation of Datura
metel: Agrobacterium  mediated transformation method

was used to establish a transformation protocol for D.
metel. Agrobacterium strain LBA 4404 carrying the

GUS gene construct was used to infect three types of
Datura explants. Table 2 shows the transformation

efficiency of different types of explants co-cultivated
with A. tumifaciens in MS medium. The highest

transformation rate was observed in leaf explants
(11.7% ). Root explant produced  the lowest

transformation rate (3.8%) while stem explant produced
medium transformation rate (5.6%). The infected

explants were selected on MS medium containing
kanamycin antibiotic as a selectable marker and 1mg/l

of both BA and NAA for calli and shoots regeneration.
The effect of different kanamycin concentrations (0-400

mg/l) was tested to determine the minimum inhibitory
effect that will prevent the growth of NT explants.

Result shows that 20 mg/l of kanamycin was sufficient
to inhibit the growth of NT explants. However,

transgenic explants that contain the NPTII gene would
exhibit growth in a medium containing kanamycin up

to 200 mg/l. Fig. (1a) shows that the transformed leaf
explants grew well in the presence of 100 mg/l

kanamycin, and they were green, healthy and started to
produce callus and regenerated shoots. On the other

hand, untransformed leaf discs were bleached and died

a few days after cultivation on selection media.

Samples were collected from several independent
transformed calli tissues and tested for GUS activity.

The results showed that GUS gene was active in some
calli cells as indicated by the presence of blue color

(Fig. 1b). The obtained calli and regenerated shoots
that showed positive results for GUS activity were

transferred to MS medium containing 1mg/l of both
NAA and BA to induce shoots formation. After 4

weeks, shoots were separated and transferred to basal
MS medium for root induction (Fig. 1c), finally, the

rooted plantlets were transferred to soil. Technologies
for introducing foreign genes into plant cells are critical

for both basic studies of gene function and the
production of transgenic organisms that have

c o m m e r c i a l  v a l u e .  A g r o b a c te r iu m -m e d ia te d
transformation method is commonly used to transfer

foreign genes to plants. It is used successfully to
transform several commercial plants species such as

tobacco, pea, peanut, rice and wheat . Reporter[16,11,20,26]

genes, such as GUS gene which encodes for the â-

glucuronidase enzyme have been used in T-DNA
vectors to identify cells expressing foreign DNA or to

optimize the transformation procedures. In the
medicinal plants field, Agrobacterium  tumifaciens

carrying GUS gene is used to establish transformation
protocols for some solanaceous medicinal plants such

as Datura innoxia . Hyoscyamus niger and Atropa[23,24]

belladonna . Our obtained results showed that, using[14]

Agrobacterium  carrying GUS gene is an easy and
reliable method to establish a transformation protocol

for Datura metel and to optimize the transformation
conditions.

HPLC analysis of total tropane alkaloids, hyoscine

and hyoscyamine: Total tropane alkaloids were
extracted from NT in vitro germinated seedlings as

well as transformed calli and regeneration samples then
subjected to analysis with HPLC. Total tropane

alkaloid, hyoscine and hyoscyamine values represented
in Table (3).  The obtained data showed that the total

tropane alkaloids for transformed shoots and calli
cultures as compared with value in control seedlings

were 46.5, 13.33 and 62.5 mg/g dry weight,
respectively. Hyoscine contents recorded 14.06, 13.39

and 15.05 mg/g dry weight. Concerning hyoscyamine
content, the recorded data obviously showed that

transformed calli and shoot samples did not produce
hyoscyamine compared with NT seedlings which

produced 3.7 mg/g dry weight. Furthermore, the
obtained data demonstrated that this protocol for

Datura metel transformation is a promising protocol for
either total tropane alkaloids or hyoscine production

from transformed calli or regenerated cultures derived
from leaf explants. The above results showed

agreement with . who reported that, tropane [17,7 ,22,14,4 ,5 ,3 ]
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Table 2: Transformation efficiency of different D. metel explants co-cultivated with A. tumifaciens strain LBA 4404 in M S media.

Explant type Sample tested No. transformed explants No. transformation%

leaf 60 7 11.7

stem 54 3 5.6

root 80 3 3.8

Fig. 1: Agrobacterium  mediated transformation of Datura metel. 
A: Calli and shoots derived from transformed leaf explants grow on selection plates contain 100 mg/l

kanamycin, white arrow in the left shows NT leaf explants bleached and died few days after culture.
B: GUS activity in some transformed calli and regenerated shoots cells indicated by the presence of blue color.

C: Root formation by regenerated shoots derived from transformed leaf explants grow on basal MS medium.

Table 3: HPLC of total tropane alkaloids, hyoscine, hyoscyamine (mg/g dry weight) in non-transform ed and transformed calli, regeneration

shoots derived from leaf explants of Datura metel.

Type of cultures Compounds (mg/g dry wt). NTseedlings (Control) Transformed calli Transformed shoots

Total tropane alkaloids 62.5 13.33 46.5

Hyoscine 15.05 13.39 14.06

Hyoscyamine 3.7 --- ---

alkaloid biosynthesis in the genus Datura occurs
mainly in the roots. The sites of synthesis and
accumulation of scopolamine differ from plant to plant
within the genus Datura. In general, scopolamine was
synthesized in the root of young plants and
accumulated in the aerial parts. Scopolamine was the
main alkaloid in the leave whereas hyoscyamine was
the main alkaloid in the roots. Alkaloid production was
affected and regulated by a wide range of nutritional,
environmental and biological factors.

ABBREVIATIONS

BA: N - Benzyladenine6

NAA: Naphtalene acetic acid
MS: Murashige and Skoog medium
HPLC: High performance liquid chromatography
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