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Abstract Production of camptothecin (CPT) from callus cultures of Camptotheca acuminata
Decne was affected by light and culture conditions. Among the culture media tested, modified
B5 medium containing 3% (w/v) sucrose, 2 mg/L 2,4-D, 2 times of MS medium vitamins, 500
mg/L casein hydrolysate, 250 mg/L myo-inositol, 0.05% (w/v) activated charcoal, and 0.15%
(w/v) gelite was used for callus induction. The highest cell growth and CPT production were ob-
tained in dark and green light condition, respectively. Photoperiod has no effect on cell growth
and CPT production. Both cell growth and CPT production were also influenced by combination
ratio of red and blue light. Cell growth and CPT production were the highest in the ratio of red

and blue light, 90:10.
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INTRODUCTION

The strong cytotoxic quinoline atkaloid, CPT was first
isolated by Wall et al. [1]. Investigation into the mode of
anti-tumor action identified CPT as a strong inhibitor of
both DNA and RNA synthesis and as an inducer of
DNA strand breaks in mammarian cells [2].

Recent advance in plant cell culture system allowed us
to establish callus and suspension cultures of useful
plants. The differentiated cells in suspension cultures
could produce useful secondary metabolites. Plant cell
cultures have been used as a source for a number of
anti-tumor compounds, e.g. vinblastine, vincristine, trip-
diolides and podophyllotoxines [3]. However, concentra-
tions of the secondary metabolites are 1% to 5% which
are significantly lower than those of intact plants [4].

In order to overcome the low production yield, studies
in plant cell culture have been focused on the selection
of cell lines with suitable genetic biochemical and
physiological characteristics, and the optimization of
culture environments [5].

Among the culture condition, light illumination affects
accumulation of useful secondary metabolites [6]. How-
ever, little is known about the effect of light illumination
on production of secondary metabolites. Although there
are some reports of light illumination effect on produc-
tion of flavonoids such as anthocyanin [7] and terpenoid
[8]. The illumination effect on production of other com-
pounds including alkaloids has not been reported. In
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this study, effect of light sources and intensity on CPT
production from the cell cultures of C. acuminata was
studied.

MATERIALS AND METHODS
Plant Materials

Camptotheca trees growing at Chun Li Po arboretum
in Korea were collected, dried and used for analysis of
comptothecin content. High CPT containing trees were
selected through the analysis and used as source for cal-
lus cultures.

Induction and Proliferation of Callus Cultures

Stem explants of C. acumunata were collected during
actively growing period of May to June. Surface steril-
ized stems were cut into small pieces with a scalpel and
cambials tissues, and then cultured onto the medium
horizontally. The medium for callus induction was
modified B5 [9] medium containing 3% (w/v) sucrose,
2 mg/L 2,4-D, 2 times of MS medium vitamins, 500
mg/L casein hydrolysate, 250 mg/L myo-inositol,
0.05% (w/v) activated charcoal, and 0.15% (w/v) gelite.
The medium pH was adjusted to 5.8 prior to autoclav-
ing. All cultures were maintained in a culture room of
complete dark condition at 25+ 1°C. It was subcultured
every four weeks on the modified B5 medium. Various
culture media such as mB5, MS [10], GD [11], SH
[12], White [13] and WPM [14] were tested to optimize
nutritional requirement for callus proliferation and
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maintenance. To find out effective cytokinin types and
concentrations, callus tissues cultured on mB5 medium
supplemented with 0.01 to 5.0 mg/L of concentration of
2,4-D, NAA (naphthalenecetic acid), BA (benzyia-
denine), and 2iP (N6-iso-pentyl amino purine).

Ilumination on Callus Cultures

For elucidation of light sources effect on CPT pro-
duction and cell growth, callus was maintained in LED
incubator (Jeiotech, Korea) which illumination condition
could be controllable. One gram fresh callus was cul-
tured under blue, red, green, and fluorescent light, re-
spectively. Photoperiod varying from 4 h to 24 h were
associated. Cultures for investigation of the light effect
were carried out in culture room at 25 * 1°C with
16/8 hr light/dark cycle condition. Light intensities
from various colored lamps were 2,500 to 3,500 lux.
Light intensity was measured by using Lux meter (SU10,
Jeiotech) just under the light source. Dry weight in cul-
tured cells was determined after 4 weeks of cultures.
Cell growth was represented with growth index which
was calculated by following equation.

Growth index = (final dry cell weight - initial dry cell
weight)/ initial dry cell weight

Each numerical value represents the mean and stan-
dard error from 6 replications. Means followed by dif-
ferent letters are significantly different at o = 0.05 fol-
lowing Duncan’s multiple range test.

Extraction and Analysis of CPT

Dried cells (50 mg each) were extracted with 10 mL
of hexane, and then 10 mL chloroform. When mixtures
were difficult to separate by partitioning, the chloroform
layer was centrifuged and dried in vacuo at 40°C. The
chloroform extracts were dissolved in 100 ppm concen-
tration of acetonitrile. All extracts were filtered through
a 0.2 um FH-type Millipore filter, and the resulting
solution analyzed.

For TLC analysis, the chloroform extracts were ana-
lyzed by using aluminium-backed silicagel plates of 250
um layer, UV 254 (Whatman Lts, Maidstone, Kent,
UK) with co-chromatography. The plates were devel-
oped with chloroform:methanol (24:1 v/v) and detec-
tion under UV light.

The HPLC (Dionex BioLC) system was used with a
Curosil B column (3.2 x 250 mm, 5 um, Phenomenex)
with a C18 guard column and UV detector at 245 nm. A
mobile phase mixture of acetonitrile : water (25 : 75) at
a flow rate of 0.6 mL/min was used. Using the condi-
tions described above, linear standard curves were ob-
tained 10 to 1,500 pg of CPT. The samples were ana-
lyzed three time independently to measure the deviation
among analysis.

MS Analysis of CPT

After separation by HPLC, the proposed CPT peaks
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Fig. 1. Effects of various culture media on callus growth of C.
acuminata Decne. Growth index was calculated by the follow-
ing equation : (final dry cell weight — initial dry cell weight)/
initial dry cell weight. Each numerical value represents the
mean and standard error from 6 replications after 4 weeks of
cultures. Means followed by different letters are significantly
different at a =0.05, following Duncan's multiple range test.

were collected, and then analyzed by EI mass spec-
trometry (JMS-AX505, WA, USA).

RESULTS AND DISCUSSION

Significant variation of CPT content was observed
depending on individual trees. It suggests that the ge-
netic diversity of the tree and various environmental fac-
tor affect CPT synthesis. CPT content of stem tissue
was higher than those of bark, leaf and root (data not
shown). Callus from cambial tissues of C. acuminata
trees contains high amount of CPT. Callus originated
from the side of the cambium and callus induction time
took 7 and 21 days. Induced callus showed gray color
from light to dark with no evidence of differentiation.

Various culture media such as mB5, MS, GD, SH,
White and WPM were tested to optimize nutritional re-
quirement for callus proliferation (Fig. 1). Among the
media tested, mB5, WPM and SH media gave better
result and their growth index represented 2.007, 1.923
and 1.885, respectively.

To find out effective growth regulators and its con-
centrations, various auxins such as 2,4-D, NAA (naph-
thalenecetic acid) were preliminarily examined. Among
the auxins tested, 2,4-D gave vigorous callus growth.
When the two type of auxins at different level were asso-
ciated in culture media, IBA revealed as slightly more
effective than 2,4-D in their growth index. The best re-
sult was obtained using 0.01 mg/L 2,4-D treatment and
their growth index represented 1.692 (Table 1).

Hegel et al. [4] reported that 0.4 mg/L 2,4-D and 4
mg/LNAA containing 0.5 mg/L kinetin were better than
single dose of auxin for C. acuminata. Sakato and Mi-
sawa [15] also reported that 0.1 mg/L NAA and 1.0
mg/L 2,4-D containing 0.1 mg/L kinetin were better
than single dose of auxin. These results seem to be partly
due to the physiological and/or genetical difference in the
explant source or culture stages of the callus tested.
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Table 1. Effect of exogenous auxins and cytokinins on callus
proliferation and camptothecin (CPT) from cambium culture
of C. acuminata Decne
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Table 2. Effect of various light source on callus proliferation
and CPT production from callus culture of C. acuminata
Decne

Auxins  Dry cell weight Growth CPT
(mg/L) (mg) index  (ug/g dry wt)
0.01 70 1.692%2 >10°
0.10 64 1.462P >10
2.4-D 1.00 59 1.269° >10
3.00 52 1.000° >10
5.00 51 0.962¢ >10
0.01 61 1.346° -
0.10 69 1.654° -
NAA 1.00 66 1.538% >10
3.00 63 1.423b >10
5.00 61 1.346° >10
0.01 571 1.192%2 -
0.10 58 1.2312 >10
BAP 1.00 54 1.077% >10
3.00 52 1.000¢ -
5.00 49 0.885¢ 26.3
0.01 55 1.115° >10
0.10 56 1.154° 20.6
2ip 1.00 55 1.115* 43.0
3.00 58 1.231° 29.4
5.00 49 0.885° -

! Each numerical value represents the mean from 6 replications
after 4 week of culture.

? Means followed by different letters are signficantly different at
0=0.05, following Duncan’s multiple range test.

* T represents trace.

Among the cytokinins incorporated to this experiment,
zeatin gave vigrous callus growth (Table 2). When vari-
ous types of cytokinin at different level were associated
in culture media, zeatin was more effective than any
other cytokinins tested. The best result was obtained
with 1.0 mg/L zeatin treatment and growth index repre-
sented 1.577. For this experiments, callus of 1 g fresh
weight (initial inoculation dry cell weight 26 mg) was
inoculated on each plastic Petri dish.

The comparison of CPT content and growth of callus
were made under various auxins and/or cytokinins in
static cultures using visually selected callus. The results
are summarized in table 1 and table 2. Callus growth
with either of 0.01 mg/L 2,4-D and 1.0 mg/L IBA with
0.1 mg/L BA was quit good, but CPT contents revealed
just a trace.

Influence of cytokinins in growth was excellent in the
level of 1.0 mg/L zeatin with 0.01 mg/L 2,4-D, but
CPT contents was higher in 2ip than zeatin. It was ob-
served that the combination of 2ip and 2,4-D is lower in
growth index and higher in CPT content than that of
zeatin with 2,4-D.

TLC analysis of extract showed for the presence of
CPT as indicated by spots with the same Rf values as
authentic samples. These showed blue fluorescence un-

Light . ngh.t Drycell Growth CPT content
mtensity . 1
sources weight (mg) Index' (pg/g dry wt)
(Lux)
Blue 3,267 70+ 0.72  2.5®8 A
Red 2,522 65+0.8 2.3b >10
Fluorescent 3,161 73+0.4 2.7 >10
Green 2,511 63+0.8 22*  456+£3.5
Dark 0 75+3.8 2.8 -

' Growth index was calculated by the following equation : (final
dry cell weight - initial dry cell weight)/initial dry cell weight.

? Each numerical value represents the mean and standard error
from 6 replications after 4 weeks of cultures.

3 Means followed by different letters are significantly different at
a=0.05, following Duncan’s multiple range test.

*Not determined.

der UV light. The HPLC analysis equipped photo diode
array detector further confirmed their presence as this
spot had the same retention times (3.457 min) and same
UV absorption maxima as authentic sample for CPT
(254 nm). CPT isolated by HPLC was qualitatively con-
firmed by mass spectrometry. The mass spectrum of
CPT from the extracts of callus was identical to that of
an authentic sample with molecular (M+H, m/z 348)
basal ion fragments (data not shown).

CPT production was stimulated by light illumination,
but cell growth was suppressed (Table 2). Among the
light condition tested, dark condition gave the highest
value on cell dry weight and growth index, whereas the
highest result on CPT yield was obtained in green light.
CPT was not produced from callus in dark condition.
Impulse of particular wavelength of light triggers mor-
phological or biochemical differentiation process. Plant
pigments such as phytochrome and cryptochrome were
absorbed their particular corresponding wavelength of
light. There is also possibility of light activation of some
genes, which are not expressed in dark condition [16].
A key step in the terpenoid indole alkaloid (TIA) path-
way is catalysed by tryptophan decarboxylase (TDC)
and gene coding TDC is expressed during plant devel-
opment. Moreover, expression of TDC gene and gene
coding TDC is induced by external stress signal of UV
light [17]. Light illumination might be able to act as a
stress signal for enhanced production of CPT. Kurata et
al [18] also reported that expression of genes related to
purine alkaloid production was induced by light after a
lag-time of 1 day. Light illumination also changed callus
from yellowish to green-wish. llumination can be the
increased of chlorophyll content. Chlorophyll may be
carry with precursors of secondary metabolites biosyn-
thesis. When cells were cultured on dark conditions, the
energy partitioned to the synthesis of CPT was lower in
the dark than higher light illumination [19].

The photoperiod had no effect on cell growth and
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Table 3. Effect of various photoperiod of green light on callus
proliferation and CPT production of C. acuminata Decne

Photoperiod Dry cell weight CPT content

Growth index’

(h) (mg) (n g/g dry wt)
24 71 ¢ 1.1 2.6%3 >10

16 67t 1.8 2.4b >10

12 73+ 0.9 2.7° >10

8 74 £ 0.6 2.77 >10

4 67 + 0.3 2.4° >10

0 75 + 3.8 2.8 -4

! Growth index was calculated by the following equation : (final
dry cell weight - initial dry cell weight)/initial dry cell weight.

? Each numerical value represents the mean and standard error
from 6 replications after 4 weeks of cultures.

* Means followed by different letters are significantly different at
a =0.05, following Duncan’s multiple range test.

*Not determined.

CPT yield (Table 3). This may be because photoperiod
was favorable to CPT biosynthesis. Biosynthesis of CPT
will take short time. This results are in agreement with
the ones obtained by Banthorpe and Njar [20].

It was investigated to observe the effect of combina-
tion of blue and red light on CPT production and cell
growth (Table 4). The combination ratio of blue and red
light was changed from 100:0 to 0:100 supplied by red
light. Growth index and CPT content in ratio of 90:10
were 2.75 and 49 pg per g dry weight, respectively,
which were the highest among the combination ratios of
blue and red light tested.

Previous studies on the effect of light on secondary
metabolite production have been carried out with con-
stant illumination and a single light source. However,
the effect of a combination of light sources on metabo-
lite production has not yet been reported. Accordingly,
the current study investigated the effect of a combina-
tion of light sources on both the cell growth and CPT
production of callus. The CPT production with a blue
and red light ratio of 90:10 was 5 times higher than with
a single blue or red light source. It is possible that the
genes related to CPT production were highly induced
with the optimal blue and red light ratio, thereby maxi-
mizing the enzyme activities for CPT production. The
cell growth with the blue and red light ratio of 90:10
was similar to that under dark conditions, whereas the
other light conditions inhibited cell growth. Conse-
quently, the current results indicate that the production
of secondary metabolites can be stimulated and en-
hanced by optimizing the illumination conditions, such
as the light quality and intensity and combination of
light sources.
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