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ABSTRACT

Tropane alkaloids present a great economic value in particular for pharmaceutical industry. The culture
of Datura sp hairy roots obtained by inoculation with A4 Agrobacterium rhizogenes offers promising prospects
for alkaloids in-vitro production. The objective of our study is to try optimizing hyoscyamine production
exploiting the composition of mineral fraction of the culture media. On the whole of obtained hairy roots lines,
those selected are DT10, DS18, DI3 and DF11 resulting respectively from the genetic transformation of Datura
tatula, D. stramonium, D. innoxia and D.  ferox. The most effective line is DT10. The obtained results show
that the complete MS and B5 media give the best biomass; thus, the diluted media (½MS, ¾MS, ½B5 and
¾B5) are more interesting for hyoscyamine production
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Introduction

Alkaloids are natural and organic substances
coming essentially from plants [14]. They form a
great heterogeneous family of secondary metabolites
which are several interests because of their
pharmacological properties and their medicine
applications [9]. Alkaloids production by culture in
the open field which depends on the climatic factors,
the complexity on their synthesis by chemical voice
often too expensive, makes that their production via
biotechnology process constitutes an interesting
alternative. Indeed, in-vitro culture offers the
advantage to control the environmental conditions,
and thus, a regularity of the production [21,23]. The
production of tropan alkaloids requires a specialized
tissue like hairy roots induced by Agrobacterium
rhizogenes according to their fast growth, their
genetic and biosynthetic stability [1,2,8,11]. 

For its pharmaceutical needs, Algeria imports

these alkaloids in spite of the presence in
spontaneous conditions of many genetic resources of
Datura which can be valorized [10].  Thus, for their
valorization, this study related the induction of hairy
roots (HR) by A4 Agrobacterium rhizogenes at
Datura stramonium, D. tatula, D. innoxia and D.
ferox, and the effect of media's mineral fraction on
the production of hyoscyamine (HS).  

Materials and methods 

1. Establishment of Hairy Root Culture:
Vitro-seedlings' Obtaining: 

Datura sp seeds' collected in Mitidja (North of
Algeria) are scarified and disinfected according to the
methods recommended by Khelifi-Slaoui et al. [12].
They, in continuation, are sown in test tubes
containing 20 ml of MS [15] medium.
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Hairy Roots Obtaining: 

Agrobacterium rhizogenes A4 strain used is from
California (USA). It is an agropine strain [13]. After
having activated the bacteria, they are put in
suspension in the YEM [24] liquid culture medium
during 72 hours (approximately 106 germs/ml). The
inoculation is done by simple deposit using a syringe
on the level of the basal section of the hypocotyls
fragments, from 0.5 to 1 cm, taken on the Datura sp
vitro-seedling two months old. The culture of
hypocotyls is operated on MS medium containing
250 mg/l cefotaxime [2]. Only emergent roots from
the inoculation site are retained. In order to evaluate
the HS production capability of HR, 4 species are
used: Datura stramonium, D. tatula, D. innoxia and
D. ferox.

Isolation of the Transformed Roots and Their
Multiplication: 

The transformed roots which appear on
inoculated sections of explants are excised when they
reach approximately 2 cm length. Multiplication
cycles on media containing antibiotic are necessary.

2. Selection of the Effective Hairy Root Lines:

The roots which present a high growth are
retained, whereas those which present a weak growth
or which formed callus are systematically eliminated. 
The HR lines are selected according to the mean
speed of growth (cm/day); the total average length
(cm) after 12 days of culture and importance of their
ramifications.

3. Optimisation of Media's Mineral Fraction:

The selected lines are cultivated in flasks
containing 20 ml liquid medium. In order to optimize
the culture medium, several combinations are studied:
- Complete MS (Murashige and Skoog, 1962 [15])

mineral fraction and diluted MS mineral fraction:
¾ MS and ½ MS.

-Complete B5 [7] mineral fraction and diluted B5
mineral fraction:  ¾ B5 and ½ B5. 
In addition, effects of nitrogen and calcium

concentrations on HS production are studied: 
. Nitrogen concentration: 100 mM, 75  mM, 50

mM and 25 mM (control);  
. Calcium concentration: 15 mM, 10 mM,  5 mM

and 1 mM (control).

The biomass (fresh and dry weight) of HR and
their contents in HS are defined after 12 days of
culture. Drying is carried out with 60°C during 48
hours.  

4. Extraction and Determination of Hs Content:

The extraction is carried out on 30 mg of dry
matter according to Amdoun et al. [3] protocol.
Proportioning and identification are made by gas
chromatography (GC).

5. Statistical Analysis:

Statistical analysis is based on ANOVA and
LSD (less significant difference) methods at the 5%
threshold.  SPSS software is used to treat results.  

Results and discussion 

1. Obtaining the Hairy Roots:

The reactivity is 100 % for the four species, all
explants form callus on the infection site. In the
same way, all the controls explants show the callus
(fig. 1). The statistical analysis reveals two
homogeneous groups (A:  Datura tatula and D.
stramonium, B: D. ferox and D.  innoxia). The
average time of appearance of the first root is 26.3
days for Datura stramonium, 18 days for D. tatula,
17.5 days for D. innoxia and 11.7 days for D. ferox.

The average number of roots per explant is 1.1
roots/explant for Datura stramonium, 1.5 roots/explant
for D. tatula, 0.4 roots/explant for  D. innoxia and
1.4 roots/explant for D. ferox.

2. Selection of the Effective Lines:

Generally, the transformed roots present a good
growth. However a part of them are characterized by
a weak growth and/or formation of callus which are
systematically eliminated. Of the whole of the
obtained HR, four lines DS18, DT10, DI03 and
DF11 are selected according to their good biomass
growth and their high ramification level (table 1). 

3. Effects of MS and B5 Culture Media on Biomass
and Hs Production:

After 12 days of culture under rotary shaking of
the four selected HR lines in MS medium with
various concentrations (1, ¾ and ½ MS), the most
significant dry weights are obtained with whole
media. The line DT10 gives the most interesting dry
weight for the three concentrations of MS medium
(fig. 2). 

Indeed, analysis of the variance reveals a very
highly significant effect of the MS medium
concentrations and the HR lines.

Sight the weak biomass obtained with the
various concentrations of MS medium for the line
DF11, the determination of the HS is not carried out. 
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The most significant content of HS (fig. 2) is
obtained with the line DS18 (homogeneous group
A/a) in ¾ MS medium.

The result of the influence of B5 mineral
fraction (1, ¾ and ½ B5) on the dry weights of the
four selected lines, and on their average content of
HS shows that, at the end of 12 days of culture, the
most significant dry weights (fig. 3) are obtained
with B5 whole medium. The most interesting dry
weights for the three concentrations studied are
recorded with the DT10 hairy root line. Sight the
weak biomass obtained with the various
concentrations of the B5 medium for the line DF11,
the determination of the HS is not carried out.

According to Sauerwein and Shimomura [20],
the HR induced on growths of Hyoscyamus albus by
MAFF 03-01724 strain of Agrobacterium rhizogenes
evaluated for their growth and their alkaloid content
on ½MS, MS and B5 revealed that the medium
½MS is more interesting considering alkaloid
production, follow-up of B5 and finally on the
complete MS medium. However, the growth on the
½MS is the weakest.  

On the contrary, and according to Amdoun et al.
[2], MS medium gives the best results compared to
the B5 medium concerning growth of Datura tatula
HR lines resulting from the genetic transformation
with A4 strain of Agrobacterium rhizogenes.

The difference of the results obtained between
MS and B5 media can be explained by the difference
of their mineral fraction composition. Since the
nature of nitrogen source in MS medium is NH4NO3
and KNO3 whereas in B5 medium it is (NH4)2SO4
and KNO3 whose concentration is more significant
than in MS medium. Also the concentrations of the
acid nicotinic, pyridoxin HCl and Thiamine HCl are
more significant in B5 medium. Thus, the B5
medium was retained for the continuation of
experiments for the study of the nitrogen and calcium
effect on biomass and HS content of the selected
hairy root lines.

4. Effects of Nitrogen Concentration on Biomass and
HS Production:

B5 medium is useful for the study of the
nitrogen concentrations effects on the biomass and
the content of HS of the selected lines.  

At the end of the culture, the statistical analysis
reveals a very highly significant effect of the
concentration of nitrogen used in the B5 medium on
the biomass of HR.  The most significant dry
weights (fig. 4) are obtained with the concentration
75 mM except for the line DF11 where the
concentration 100 mM appeared more effective.

The effect of nitrogen concentration appeared

also a very highly significant effect on HS contents
of the selected lines (fig. 4).

Nutritive factors as the nitrogen are significant
parameters influencing biomass and alkaloids
production [5]. The production of tropane alkaloids
and growth of belladonna (Atropa belladonna) HR
are influenced by the composition of the culture
medium [4]. According to Dupraz et al. [6], in the
transformed roots of Datura quercifolia, alkaloids
contents are decreased by highly concentrated media.
The dilution of the culture media and the reduction
of nitrogen concentrations increase the alkaloids
contents of Solanaceae HR cultures [16,17]. The
nitrogen concentration and the carbon/nitrogen ratio
of the culture medium often influence the synthesis
of the alkaloids [17,22].

5. Effects of Calcium Concentration on Biomass and
Hs Production:

The dry weights obtained with the selected lines
according to the concentrations of calcium in B5
medium (fig. 5) vary from 0,015 g at DF11 line with
5mM of calcium to 0,163 g at DT10 line with 10mM
of calcium. Indeed, the statistical analysis reveals a
very highly significant effect.  

According to Pinol et al., [18], HR cultures of
Datura stramonium established after the infection of
the stem section with A4 strain of Agrobacterium
rhizogenes are cultivated in B5 medium containing
various calcium concentrations in order to study the
relationship between Ca+2-dependent peroxidase
activity and HS accumulation. Although the 0.25mM
and 0.5mM calcium concentrations (below that
present in B5 medium: 1.0 mM) have not a
significant effect on the growth of HR, but they
reduce the HS synthesis capacities of the selected
lines. This loss of HS production was concurrent
with the loss of Putrescine: SAM N-methyltransferase
(PMT) activity. This loss of PMT activity is
supported by Northern blot analysis performed on the
total RNA fraction using cDNA corresponding to
PMT of tobacco as probe [18]. 

According to Robins et al. [19], it would seem
that the synthesis of the PMT ceases or decreases in
response to any stress which can induce a change of
polyamine metabolism.

In our study, the calcium concentrations used
(5mM, 10mM and 15mM) are higher than that
present in the B5 medium. The maximum of biomass
is obtained with the concentration of 10mM for the
four lines tested (fig. 5).  

At the selected lines, an increase in the content
of HS compared to B5 medium (1mM) is recorded.
It can be explained by an increase in PMT activity.
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Nevertheless, the most significant HS content of lines
DT10 and DS18 is obtained with 5mM of calcium in
the B5 medium. The contents decrease with the
increase in the calcium concentration. On the other 

hand, for the line DI3, the HS content increases with
calcium concentration increasing to pass from 1.16
mg/g for 5mM of calcium to 3.12 mg/g for 15mM of
calcium. This would be due to a genotypic effect.

Fig. 1: Reactivity and aspects of the induced roots on Datura sp by A4 Agrobacterium rhizogenes 1: callus
formed on control; 2: callus formed on explant by the Agrobacterium;  3: root emerging from
infection site; 4: hairy root morphology.

Small letters: MS medium homogeneous groups, capital letters: hairy root line homogeneous groups.
Fig. 2: MS medium effects on biomass and hyoscyamine content of the selected hairy root lines.
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Small letters: B5 medium homogeneous groups, capital letters: hairy root line homogeneous groups.

Fig. 3: B5 medium effects on biomass and hyoscyamine content of the selected hairy root lines.
DT10; DS18; DI3 and DF11
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Fig. 4: Nitrogen concentrations effects on biomass and hyoscyamine content of the selected hairy root lines.
DT10; DS18; DI3 and DF11

Small letters: Calcium concentration homogeneous groups, capital letters: hairy root line homogeneous groups.
Fig. 5: Calcium concentrations effects on biomass and hyoscyamine content of the selected hairy root lines.

DT10; DS18; DI3 and DF11.
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Table 1: Selected hairy roots lines after 12 days of culture on MS medium .
Total average length (cm) Mean speed of growth (cm/day) Importance of the ramifications

Datura stramonium
DS 02 11,16 ± 1,25 0,93 Ramified
DS 07 7,33 ± 1,52 0,61 Little ramified
DS 18 11,83 ± 0,76 0,98 Ramified
DS 29 7,00 ± 1,00 0,58 Little ramified

D. tatula
DT 06 5,83 ± 0,76 0,48 Little ramified
DT 10 12,83 ± 0,76 1,07 Very ramified
DT 20 8,83 ± 0,29 0,73 Little ramified
DT 34 9,53 ± 0,57 0,79 Ramified
D. innoxia
DI 02 9,83 ± 1,25 0,82 Ramified
DI 03 12,16 ± 0,29 1,01 Ramified

D. ferox
DF 11 12,66 ± 0,57 1,05 Little ramified
DF 17 7,00 ± 0,50 0,58 Little ramified
DF 40 8,66 ± 0,57 0,72 Little ramified
Selected hairy root lines are in bold.

Conclusion:

Organized cultures, and particularly the
transformed root cultures (HR cultures), can
contribute with a significant share to the production
of the secondary metabolites. 

The roots produced by Agrobacterium rhizogenes
infection are characterized by high growth rate,
genetic stability and growth in hormone free media. 

The HR cultures offer the promise to improve
the production and the productivity of the secondary
metabolites used in pharmacology [21]. 

In conclusion, and within the context of the
Algerian flora valorization, this study related to the
genetic transformation of four species of Datura by
A4 Agrobacterium rhizogenes and to the optimization
of HS production.  

It arises from the results of the effect of the
culture media mineral fraction that:  

The HR development is more intense in B5
medium than in MS medium;  

Generally, the obtained dry weights are more
significant in whole complete media cultures
than in diluted media;
The 75mM nitrogen concentration shows the
most significant HR biomass;  
The 10mM calcium concentration expresses the
most significant effect on HR biomass;
The line DT10 is most effective selected line. 
In addition, the most significant contents of HS

are obtained, generally, in the diluted media cultures. 
The highest content of HS is obtained in the medium
½ B5 with the DT10 line.

The effect of calcium concentrations on HS
content of the selected lines seems that more
significant than the nitrogen concentrations effect,
since the highest content of HS obtained with 5mM
of calcium is of 5,794±0,281 mg/g DW. 

References

1. Amdoun R., L. Khelifi, M. Khelifi-Slaoui, S.
Amroune, E.H. Benyoussef, Dao Vu Thi, C.
Assaf-Ducrocq and E. Gontier, 2009. Influence
of minerals and elicitation on Datura stramonium
L. tropane alkaloid production: Modelization of
in vitro biochemical response. Plant Science,
177: 81-87.

2. Amdoun, R., L. Khelifi, B. Zarouri, S. Amroun
and M. Khelifi-Slaoui, 2006. Production de
chevelus racinaires par transformation génétique
in vitro de deux espèces de Datura.
Biotechnologies végétales. Ed. Khelifi. Alger, 0:
83-85.

3. Amdoun, R., M. Khelifi-Slaoui, G. Hadjimi, S.
Amroune and L. Khelifi, 2007. Etude des
propriétés de croissance et du contenu en
hyoscyamine d'une culture de chevelus racinaires
et de suspensions cellulaire de Datura
stramonium L. Biotechnologies végétales. Ed.
Khelifi. Alger, 1: 15-18.

4. Aoki, T., H. Matsumoto, Y. Asako, Y.
Matsunaga and K. Shimomura, 1997. Variation
of alkaloid productivity among several clones of
hairy roots and regenerated plants of Atropa
belladonna transformed with Agrobacterium
rhizogenes 15834. Plant Cell Rep., 16: 282-286.

5. Berlin, J., H. Beier, L. Fecker, W. Noe, F.
Sasse, O. Schiel and V. Wray, 1985.
Conventional and new approaches to increase the
alkaloid production of plant cell cultures. In: V.
Neumann K.H., W. Barz, E. Reinhard (Eds.),
Primary and secondary metabolism of plant cell
cultures. Springer, Berlin, 272- 280.

6. Dupraz, J.M., P. Christen and I. Kapetanidis,
1993. Tropane alkaloids in transformed roots of
Datura quercifolia. Planta Medica, 60: 158-162.

7. Gamborg, O.L., T. Murashige, T.A. Thorpe and
I.K. Vasil, 1968. Nutrient requirements of
suspension cultures of soybean root cells. Exp.
Cell Res., 50: 151-158. 



1030Adv. Environ. Biol., 5(5): 1023-1030, 2011

8. Giri, A. and M.L. Narasu, 2000. Transgenic
hairy roots: recent trends and applications.
Biotechnology Advances, 18: 1-22.

9. Hopkins, W.G., 2003. Physiologie végétale. Ed.
De Boeck Université, Bruxelles.

10. Houmani, Z., 1999. Quelques plantes algériennes
à alcaloïdes tropaniques, effet du stress salin et
hydrique sur la production d'alcaloïdes, variation
de leurs teneurs au cours du stockage. Th.
Doctorat, INA, Alger.

11. Khelifi L., B. Zarouri, R. Amdoun, B. Harfi, A.
Morsli and M. Khelifi-Slaoui, 2011. Effects of
Elicitation and Permeabilization on Hyoscyamine
Content in Datura stramonium Hairy Roots.
Advances in Environmental Biology, 5(2):
329-334.

12. Khelifi-Slaoui, M., R. Rezine, S. Amroun, R.
Amdoun and L. Khelifi, 2005. Embryons
somatiques et bourgeons néoformés induit sur
explants issus de vitrosemis de Datura
stramonium L. d'origine algérienne. Actes du
séminaire international sur l'amélioration des
productions végétales. Alger, Ed. Khelifi, 0:
114-118.

13. Lambert, C., G. Thomas, D. Leger, N.
Pamboukdjian and D. Tepfer, 1988. Utilisation
de la transformation génétique par Agrobacterium
rhizogenes pour améliorer la rhizogenèse d'arbres
fruitiers. 8iemme colloque sur les rechèrches
fruitieres-Bordeaux Ed. INRA-CTIFL, 73-84.

14. Mauro N.M., 2006. Synthèse d'alcaloïdes
biologiquement actifs: la (+) anatoxine-a et la (±)
camptothécine. Th. Doctorat, université Joseph
Fourier - GRENOBLE 1.

15. Murashige, T. and F. Skoog, 1962. A revised
medium for rapid growth and bioassays whith
tobacco tissue culture. Plant Physiol., 15:
473-497.

16. Parr, A.J., J. Payne, J. Eagles, B.T. Chapman ,
R.J. Robins and J.C. Rhodes, 1990. Variation in
tropane alkaloid accumulation within the
Solanaceae and strategies for its exploitation.
Phytochemistry, 29: 2545-2550.

17. Payne J., J.D. Hamill, R.J. Robins and J.C.
Rhodes, 1987. Production of hyoscyamine by
'hairy root cultures' of Datura stramonium. Planta
Medica, 53: 474-478.

18. Pinol M.T., J. Palazon, R.S. Cusido and M.
Ribo ,  1999 .  In f luence  o f  ca l c ium
ion-concentration in the medium on tropane
alkaloid accumulation in Datura stramonium
hairy roots. Plant Science, 141: 41-49.

19. Robins R.J., N.J. Walton, J.D. Hamill, A.J. Parr
and M.J.C. Rhodes, 1991. Strategies for the
genetic manipulation of alkoloid-producing
pathways in plants. Planta Med., 57: 27-35.

20. Sauerwein M. and K. Shimomura, 1991. Alkaloid
production in hairy roots of hyoscyamus albus
transformed with Agrobacterium rhizogenes.
Phytochemistry, 30(10): 3277-3280.

21. Srivastava S. and A.K. Srivastava, 2007. Hairy
root culture for mass-production of high-value
secondary metabolites. Critical Reviews in
Biotechnology, 27: 29-43.

22. Sugimoto Y., Y. Sugimura, Yamada and 1988.
E f f e c t s  o f  c u l t u r e  c o n d i t i o n s  o n
bisbenzylisoquinoline alkaloid production in
cultured roots of Stephania cepharantha. Agric.
Biol. Chem., 52: 1495-1498.

23. Toivonen L., 1993. Utilization of hairy root
cultures for production of secondary metabolites.
Biotechnol. Prog., 9: 12-20.

24. Vincent J.M., 1970. Manual for the practical
study of the root nodule bacteria. Ed. IBP.


