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ABSTRACT. Hairy roots were induced by inoculation.of sterile plantlets 
of Datura innoxia with Agrobacterium rhizogenes. The hairy roots 
were separated and maintained on hormone-free liquid MS medium. 
They proli ferated 30 fold , based on the initi al fresh weight , after 4 
weeks of subculturing . Some seg ments of the hairy roots proliferated 
into undifferentiated callus (transgenic callus), which in turn 
differentiated into transgenic shoots, upon transfer to the light on the 
same basal MS medium. The shoots were rooted by subculturing on 
either hormone-free medium or on MS medium supplemented with 0.3 
mg/I JAA to yield transgenic plantlets. Geneti c transformation into 
hairy roots, transgenic callus and plantlets was confirmed by 
chromatographic detection of opines in these tissues. The hairy roots 
gave the highest total alkaloids and hyoscyamine contents and was 
second to the normal plant in scopolamine production. The alkaloid 
content of the normal plant was hi gher than th at of the tested 
transgenic plants, transgenic callus and normal callus. 

Hairy roots (HR) have been successfully induced from a number of solanaceous 
species known to produce the pharmacologically valuable compounds hyoscyamine 
and scopolamine and were shown to synthesize such alkaloids (Flores et af. 1987, 
Saito et af. 1992, Hashimoto et af. 1993, Verpoorte et af. 1993 and O'Keefe and 
Beecher 1994). These HR could be grown in small fermenters as potential systems 
for commercial production of SLich tropane alkaloids (Hashimoto et af. 1993). Over 
fifteen Datura species have been sLiccessfully transformed with various strains of 
Agrobacterium rhizogenes (Saito ef af. 1992). 

455 

http:inoculation.of


456 Transgenic Plants from Ri-Transformed Callus of ... 

Since scopolamine is more valuable than hyoscyamine, as it produces less 
undesirable eNS effects, extensive studies are being made to improve the 
commercial production of scopolamine. Hairy roots ot scopolamine-producing 
plants may be appropriate systems for such a purpose. 

Transgenic plants have been reported from HR of certain Atropa and Nicofiana 

species (Saito ef af. 1992). However, nothing is reported regarding such transgenic 
plants from HR of Datura species. 

The purpose of the present investigation was to induce HR from D. inn oxia, and 
LO uevelop transgenic callus and plants thereof. The ability of such tissues to 
accu Illul ate the tropane al kaloids hyoscyami ne and scopolami ne was in vestigated , in 
compar ison LO normal plants and ca llus. 

Experimental 

Initiation of hairy roots. Hairy roots were initiated on sterile axenic plantlets of 
D. {II /l oxia (10 cm long and 21 days old) by infection with AgrobacteriuJn 
rhi?oK(!n(!S strain # 15834, maintained on YMB agar medium (Ooms ef af. 1985). 
Hairy roots uevelopeu on the infected plantlets (leaves and stem s) within 3-4 weeks; 
these were separated and cultured on hormone-free solid MS medium, containing 
0.75 gil cefufOxime (Glaxo, England) for two success ive subcultures. The bacteria­
free HR were maintained by continuous subculture onto fresh hormone-free MS 
medium every 4 weeks in the dark at 23°e. For liquid cultures, I g of HR was 
inOclilateu into 100 Illi medium/SOO ml-flask and kept on a rotary shaker at 100 rpm 
in the li ght (16 hr photoperiod, 22 .5 !J.mol s- i m-2 from cool-white fluorescent lamps). 

Production of transgenic callus and plantlets. Hairy roots grown on solid MS 
meuium in the dark, spontaneously produced callus which continued to grow while 
also producing HR. This transgenic callus was maintained by continuous subculture 
every 4 weeks in the dark at 23°e. Upon tran sfer of this callus to the light, some 
clumps turned green and differentiated into shoots. Such shoots were rooted on MS 
meuillm supplemented with 0.3 mg/l IAA or on 1/2 MS medium . Rooted plantlets 
were transferred to soil in the greenhouse (transgenic plants). 

The established HR, transgenic callus and regenerated transgenic plants were 
subjected to an alysis of opines and alkaloids in comparison to the normal callus and 
plants. 

Detection of opines. Fresh transformed ti ssues, HR, transformed callus and 
leaves of transformed plants, 0.5 gm each, were separately triturated with I ml 
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water, centrifuged and the aqueous solution was examined by paper chromatography 
on Whatmann #l/n-BuOH-AcOH-H20 (4:1 :5); 3 runs ; detection was done with 
alkaline AgNO) spray, followed by heating at 110°C for 10 min. (Kamada et at. 
1986). Reference agropine and mannopine as well as aqueous extracts of normal 
plants and callus were also spotted for comparison. 

Isolation of the alkaloidal fractions. The freeze-dried plant material, 1 gm 
each, was extracted (cold maceration) with CHClrCH)OH-NlLt0H (15:5:1), three 
times with 50, 25 and finally 25 ml. The alkaloidal fraction, in each case, was 
isolated from the obtained extract by acid-base purification (Anonymous 1985). The 
final alkaloidal CHCI) extract of each was adjusted to 50 ml in a volumetric flask. 
Appropriate volumes of the extracts, accurately measured , were used for the 
titrimetric determination of the contained alkaloids, as well as TLC and GLC 
analysis. 

Determination of the total alkaloids. Quantification of the total alkaloids was 
done according to the B.P. non-aqueous titrimetric method (Anonymous 1980). A 
volume of 20 ml of the alkaloidal CHCI) extract of each sample was used for such 
determination. 

TLC Analysis. An aliquot of the alkaloidal fraction of each sample was 
concentrated and chromatographed, against authentic tropanes (Table 1), using silica 
gel 60 F 254 plates/CH)OH-NH40H (100: 1.5). 

Table 1. TLC and GC Identification of alkaloids of the investigated tissues and semiquantitative 
estimation of amounts present 

Spot TLC GC* 
Investigated tissues 

Identification
No. Rf Rt/min 

1 2 3 4 5 

I 0.88 - + + ++ + + unknown 
2 0.81 18.45 ++ + ++ +++ + scopolamine 
3 0.67 - - - ++ + - unknown 
4 0.57 16.70 ± ± +++ ++ + hyoscyamine 

5 0.41 - - - ++ - - unknown 

6 0.37 2.44 - - + - - tropine 
7 0.29 4.13 - - + - - scopine 

"Silylnted derivatives. 3 Hairy roots. 

I Normal ca llus. 4 Normal plant. 

2 Transgenic callus. 5 Transgenic plant. 




458 	 Transgen ic Plants from Ri-Transformed Callus of ... 

Table 2. 	Alkaloid production in D. illltoxia hairy roots and normal (N) and transgenic (T) ca llus 
and plants* 

Total alkaloids** Hyoscyamine**;,' Scopolamine*"'* 
Sample mglg mg/g mg/g 

N. cal lus 1.24 0 .1 1 1 03 

T. ca llus 1.71 0. 11 0 .61 

H. roots 7.49 130 103 

N. plant 5.76 1.01 2.03 
T. pl ant 3.53 040 087 

" Expressed as mg/g dry weight. 
' * Total alkaloids determination by titrimetric method . 

"" '* HyoscY,l mine and scopo lamine de termination by GC method. 

GLC Analysis. A volume of 5 ml of the alkaloidal CHCJ3 extract, was 
evaporated to dryness (40°C). The residue was silylated with Tri-SiIlBSA (Pierce 
Chem. Co. , USA) at R.T. for 5 min ., and the final volume was adjusted to 5 ml and 
subjected to GC analysis (Varian 3700 GC with FlO): GLC column (2 m x 2mm): 
3% OV-17 on Chromosorb W (80-100 mesh) ; carrier gas N2; flow rate : 50 mllmin; 
temperature program: 130-280°C at a rate of 8°C/min, then isothermal at 280°C for 
4 minutes; volume injected: I !J.L. The contents of both scopolamine and 
hyoscyamine were determined from the appropriate stand ard curve (Table 2). 

Results and Discussion 

Hairy roots of D. innoxia were deve loped using a virulent strain of 
Agrobacteriwn rhizogenes (strain 15834), harboring Ri plasmid (PRj 15834). Such 
HR grew well in liquid hormone-free MS medium, giving 30 times its weight in four 
weeks and tested positive for opines. When grown on hormone-free so lid MS 
medium in the dark, some of the HR spontaneously developed undifferentiated 
callus. Thi s ca llus continued to grow, whil e also producing occasional HR. Such 
mutual production of HR and callus continued for several subcultures. The 
transgenic nature of thi s callus was confirmed by the detection of opines. 

When grown on solid hormone-free MS medium, in the light, the transgenic 
callus developed green clumps or aggregates which eventually formed shoots. Such 
shoots were rooted either on MS so lid medium containing 0.3 mgll IAA or on 1/2 
MS medium; occasionally, they developed further shoots or formed callus at their 
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bases. The rooted plantlets were finally transferred to the greenhouse and their 
transgenic nature was confirmed by the detection of opi nes in the fresh tissues. Both 
agropine and mannopine were detected in the H.R., transgenic callus and transgenic 
plants. 

Concerning alkaloid production (Table 2), the hairy roots gave the highest 
content of the both total alkaloids (7.49 mg/g) and hyoscyamine (1.30 mg/g). These 
results are in general agreement with the earlier studies on Datura species and other 
solanaceous plants (Kamada et al. 1986, Payne et al. 1987, Jaziri et al. 1988 and 
Shimomura et al. 1991). Transgenic plants were lower in their total alkaloids, 
hyoscyamine and scopolamine production than the normal plants. This could be 
explained through an altered control of the biosynethetic pathways brought about by 
the introduced foreign genes of the A. rhizogenes (O'Keefe and Beecher 1994); or 
that the enzyme(s) coded by such genes, may catalyse the conversion of the needed 
intermediate metabolites into other secondary constituents. Normal callus was 
lowest in the total alkaloidal content, although it produced much higher scopolamine 
than hyoscyamine. Transgenic callus gave lower scopolamine than normal callus. 
This transgenic callus, however, when grown in the light (solid medium), showed 
higher total alkaloids and scopolamine content than when grown in the dark (1.95 
mg and 0.90 mg/g dry weight, respectively). Light thus induced higher conversion of 
hyoscyamine into scopolamine as well as increased total alkaloid synthesis. 
However, such system would not be suitable for commercial exploitation, since this 
was done in solid (callus) culture. It thus appears that the best system for production 
of both hyoscyamine and scopolamine using D. innoxia, is the hairy root culture or 
the normal plants. Because of the fast growth rate of the HR and the suitability of 
growing them in industrial scale fermenters (Hashimoto et al. 1993), the hairy roots, 
among D. innoxia tissues tested , appears to be the most suitable system for 
commercial production of hyoscyamine and scopolamine. 
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