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Production of Gericudranins by Hairy Root Culture
of Cudrania tricuspidata
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Production of new flavanol derivatives with cytotoxic activity, gericudranin A and B, was studied by using
hairy root cultures of Cudrania tricuspidata. Schenk and Hildebrandt (SH) medium was chosen for root
growth and gericudranin production. After 35 days culture in a half-strength liquid SH medium containing 30
g#</| hairy root growth reached 138 g™/l and gericudranin A and B were produced at concentrations of 27
mg/l and 21 mg/l, respectively. It was also observed that the contents of gericudranin A and B in hairy root
were eight and six times higher than those of cudraniae radix, respectively.

Cudrania tricuspidata, which belongs to the family
Moraceae, has long been used in Korea as a medi-
cinal herb for its anti-inflammatory, anti-hepatotoxic,
anti-hypertensive, and anti-diabetic activities. It con-
tains many flavonoids and xanthones such as
morusin, kuwanone derivatives, cyclomulberrin, cy-
clocarpin, cudraflavone derivatives, kaemferol deri-
vatives, 5-O-methyl-genistein, cyclocarpesin, and cu-
draxanthone derivatives etc. (2, 3, 5,9, 13). These fla-
vonoids have been considered as the major com-
ponents for biological activities.

We have isolated new flavanol derivatives, geri-
cudranin A and B from the plant, which have cy-
totoxic activities against various cancer cell lines (7).
To improve their productivity, a hairy root culture sys-
tem of Cudrania tricuspidata was developed and the
result is herein reported.

MATERIALS AND METHODS

Induction of Hairy Root

Seeds of C. tricuspidata were aseptically germinated
in a growth chamber at 25°C and a photoperiod of 12
h at 2400 lux. Aseptically grown 4 week-old plantlets
were used for hairy root induction. Hairy roots were
induced from the cut end of the stem segments in-
fected with Agrobaterium rhizogenes A4, and by sub-
sequent treatment with carbenicillin to eliminate Agro-
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bacterium contamination.

Culture Media and Hairy Root Culture

Three-fold diluted basal salt media of Murashige
and Skoog (MS) (8), Schenk and Hildebrandt (SH)
{11), Gamborg's B5 (B5) (4), and White's (12) were
tested for hairy root growth. All media contained 5
mg/l of vitamin B,, 5 mg/l of niacin, 0.5 mg/l of vi-
tamin B, 1 g/l of myo-inositol, and 30 g/l of sucrose.
The pH was adjusted to 5.8 with 0.1N-NaOH before
autoclaving. Hairy roots were cultivated in a gyratory
shaking incubator at 25°C and 80 rpm in the dark.
Root clones were subcultured every 4 weeks with an
inocolum of 0.2 g cell fresh weight of root tips (2-3
cm long) in 250 ml Erlenmayer flasks containing 50
ml culture medium.

Analytical Methods

After separating the hairy roots from the culture
broth, cell fresh weight (FW) was first measured, and
then cell dry weight (DW) was determined by drying
the samples in an oven at 80°C to constant weight.
Conductivity of the culture broth was measured with
a conductance meter (YSI-35).

Methanol extract of fresh root was hydrolysed with
2N-HCl at 100°C for 30 min and then an aliquot was
subjected to HPLC (Toso UV 8010 with an UV de-
tector) equipped with a stainless steel column (ODS,
4.6X150 mm). The mobile phase was 28% of
acetonitrile. The flow rate was 1 ml/min, and the de-
tection wavelength was 254 nm. The peak area was
measured using a computing integrator (YOUNG-IN
D520A). Calibration curves for gericudranin A and B
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were established from the peak areas, respectively.
Standard gericudranin A and B were isolated from cu-
draniae radix by the reported method (7).

Glucose concentration was determined by dini-
trosalicylic acid method (1). Opine analysis was per-
formed by the method of paper electrophoresis as des-
cribed by Petit et al. (10). All experiments were du-
plicated and averaged.

RESULTS AND DISCUSSION

Establishment of Hairy Root Clone

Hairy roots of C. tricuspidata were successfully in-
duced by infection with Agrobacter rhizogenes A4.
Incubation for 15 days under the experimental con-
dition in Materials and Methods resulted in a for-
mation of tumorous tissues on the cut end of the stem
explant, and adventitious roots were formed from the

Fig. 1. Photography of hairy root induction (A) and root
growth (B and C) in hormone-free Schenk and Hildebrandt
medium (bar size: 1 cm).

Table 1. Effects of culture medium on hairy root growth
and gericudranin derivatives production.

Root growth Gericudranin (mg/l)

Medium

&N A B

SH 91 18 12
MS 153 10 0
B5 98 54 5
White's 5 1 2
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tumorous tissue (Fig. 1 A). The adventitious roots
about one centimeter long were cut and placed on
SH agar medium containing 500 mg/l of carbenicillin
{SHC) to avoid possible bacterial contamination.
After 4 to 5 transfers on fresh SHC medium, fifty root
clones without bacterial contamination were ob-
tained. Among these, root clone No. 21 (HR 21), was
selected because it showed fairly good growth and
highly branching morphology (Fig. 1 B and Q).

Hairy Root Growth and Gericudranin Production
in Various Culture Media

To find a suitable culture medium for root growth
and gericudranin production, the hairy root clone, HR
21, was cultured in three-fold diluted liquid SH, MS,
B5, and White's medium. The media which showed
good growth were SH, MS, and B5. In White's medi-
um growth of the hairy root was not observed (Table
1). The result indicated that ammonia-type nitrogen
may be necessary for the initiation of root growth. It
was also observed that SH medium resulted in the
highest titre of gericudranin. Therefore, SH medium
was chosen for the further studies for gericudranin pro-
duction.

Gericudranin A and B were well separated by re-
verse phase HPLC at retension times of 7.1 min and
11.4 min, respectively (Fig. 2). ,

Effects of salt strength of the media on hairy roo
growth and gericudranin production are shown in
Table 2. Hairy root growth was highest in non-dil-
uted SH medium, but gericudranin production was
most favorable in half-strength SH medium.
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Fig. 2. HPLC pattern of hairy root extract of C. tricuspidata.
A: gericudranin A, B: gericudranin B,

Table 2. Effect of medium salt strength on hairy root
growth and gericudranin derivatives production.

Gericudraniﬁ (mg/l)

Medium Root growth

strength ™M A B
1N 185 13.7 12.8
1/2 100 20 18

1/3 85 17 19
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Table 3. Effects of carbon sources on hairy root growth
and gericudranin derivatives production.

Carbon Root growth Gericudranin (mg/l)
source ) A B
Sucrose 103 18 15
Glucose 100 22 18
Fructose 10 1.8 16
Maltose 15 3 4

Table 4. Effect of glucose concentrations on hairy root
growth and gericudranin derivatives production.

Glucose  Root growth Gericudranin (mg/l)
&M &™) A B
10 71 14.3 10.8
20 87 20 12.4
30 99 21 13.2
40 101 15.8 11
60 59 4.8 6.8
80 12 1 23

Effect of Carbon Sources

Sucrose, glucose, fructose, and maltose were ex-
amined for hairy root growth and gericudranin pro-
duction (Table 3). Sucrose and glucose were found to
be most appropriate for hairy root growth, while fruc-
tose and maltose apparently caused cell necrosis.
Glucose was therefore selected as the most ap-
propriate carbon source for the hairy root growth and
gericudranin production.

Effects of glucose concentration on hairy root
growth and gericudranin production in flask culture
are summarized in Table 4. Hairy root growth in-
creased in glucose concentrations up to 40 g/. Pro-
duction of gericudranin was highest at glucose con-
centration of 30 g/l. Higher sugar concentrations than
40 g/l of glucose were thought to give osmotic shock
to the cells, yielding reduced production of geri-
cudranins.

Time courses of Hairy Root Growth and Gericu-
dranin Production

A typical time course of hairy root growth and geri-
cudranin production in half-sirength SH medium con-
taining 30 g/l of glucose was shown in Fig. 3. Root
fresh weight yielded 138 g/l (15 g”/l) after 35 days,
which is approximately a 34 times increase in cell
growth compared to the inoculated amount. Yields of
gericudranin A and B were 27 mg/l (0.175% dry wt)
and 21 mg/l (0.136% dry wt), respectively. The
growth of hairy roots could be well estimated in-
directly by measuring the conductivity of the culture
broth during the whole culture period. There was a
very good linearity between root growth and con-
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Fig. 3. Typical time courses of hairy root growth and geri-
cudranin derivatives production.

O cell fresh weight, ®: glucose, A : conductivity, O gericudranin
A, ®: gericudranin B.

ductivity decrease in a range of 1.84 mmho to 0.30
mmbho. With the half-strength SH medium, the con-
ductivity decrease of Tmmho corresponded to the in-
crease in hairy root biomass of 90 g™/\.

In conclusion, it was possible to achieve higher ti-
tres of gericudranin A and B, typically eight and six
times higher, respectively, using hairy root culture (as
compared to those from the donor plant). The cudra-
niae radix contains only about 0.02% of gericud-
ranins on dry weight basis (7). Further improvement is
currently being sought by optimizing the culture con-
ditions and developing hairy root lines with a higher
yield.
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