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Hairy root cultures were established after inoculation of Genista tinctoria in vitro shoots
with Agrobacterium rhizogenes, strain ATCC 15834. In transformed roots of G. tinctoria
grown in Schenk-Hildebrandt medium without growth regulators the biosynthesis of isoflavo-
nes, derivatives of genistein and daidzein, and flavones, derivatives of luteolin and apigenin,
characteristic for the intact plant, was completely inhibited. The only compound synthesized
in G. tinctoria hairy roots was isoliquiritigenin (2.3 g/100 g DW), a daidzein precursor absent
in the intact plant. This compound was stored entirely within cells and it was not until abscisic
acid was added (37.8 µm supplement on day 42) that approx. 80% of it was released into the
experimental medium. The paper discusses the effect of abscisic acid on the growth of G.
tinctoria hairy root cultures, the biosynthesis of isoliquiritigenin and the way it is stored. A
prototype basket-bubble bioreactor was designed and built to upgrade the scale of the G.
tinctoria hairy root cultures. With immobilized roots and a new aeration system, large
amounts of biomass were obtained (FWmax 914.5 g lÐ1) which produced high contents of
isoliquiritigenin (2.9 g/100 g DW). The abscisic acid-induced release of the metabolite from
the tissue into the growth medium greatly facilitated subsequent extraction and purification
of isoliquiritigenin.
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Introduction

For many years, in vitro plant cultures have been
seen as an alternative source of biologically active
compounds (Verpoorte et al., 1998; Bourgaud et
al., 2001). However, despite numerous experi-
ments, only a few led to the successful develop-
ment of in vitro plant systems capable of produc-
ing significant amounts of secondary metabolites
(e.g. shikonin, berberin). The reason for the fre-
quent failure rate is that plant cell cultures are ge-
netically unstable and very often produce low
yields of secondary metabolites (Ramachandra
Rao and Ravishankar, 2002). A lot of potential,
on the other hand, is seen in transformed root cul-
tures. Hairy roots obtained by infecting plants with
Agrobacterium rhizogenes are unique in their ge-
netic and biosynthetic stability. They are not only
able to anergise growth regulators but are also
characterized by fast growth, which seems to make
them appropriate for the production of valuable

Abbreviations: ABA, abscisic acid; DW, dry weight;
FW, fresh weight; SH, Schenk-Hildebrandt medium
(Schenk and Hildebrandt, 1972); SH0, Schenk-Hilde-
brandt medium without growth regulators.
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secondary metabolites (Shen et al., 1988; Wysokiń-
ska and Chmiel, 1997; Giri and Narasu, 2000).

One of the many groups of natural compounds
of plant origin which have valuable pharmacologi-
cal properties are isoflavones (Dixon and Steele,
1999; Qiang et al., 2001). Thanks to their affinity
to estrogen receptors � they exhibit both estro-
genic and anti-estrogenic effects. Therefore, plant
extracts of isoflavones are successfully used to
treat menopause-related conditions (Dixon and
Steele, 1999; Qiang et al., 2001; Radzikowski et al.,
2004). Moreover, pharmacological investigations
of genistein, daidzein and their derivatives proved
that these compounds can inhibit formation and
growth of cancers which are directly related to the
estrogenic balance within the body (Radzikowski
et al., 2004).

Biotechnological research previously carried out
by the authors of this paper showed that in vitro
cultures of Genista tinctoria L. accumulate some of
the highest concentrations of phytoestrogens ever
produced in vitro (Łuczkiewicz and Głód, 2003).
They exceed in this respect not only the intact
plant, but also soy bean products, which have tra-
ditionally been considered to be the main source
of isoflavones (Federici et al., 2003). The phyto-


