J. Microbiol. Biotechnol. (1998), 8(6), 631638

J 0O U R N A L 0 F

MICROBIOLOGY AND
BIOTECHNOLOGY

© Korean Society for Applied Microbiology

Characterization of Cell Growth and Camptothecin Production in Cell

Cultures of Camptotheca acuminata

SONG, SEUNG HOON AND SANG YO BYUN*

School of Chemical Engineering and Biotechnology, Ajou University, Suwon, Kyungki-do 442-749, Korea

Received: August 10, 1998

Abstract Studies were made to elucidate the cell growth
and the production of camptothecin and its derivatives in
cell cultures of Camptotheca acuminata. High resolution
HPLC chromatograms to analyze camptothecin and 10-
hydroxycamptothecin in lactone and carboxylate forms
were obtained with a fluorescence detector. Calli inductions
were optimized with the young stem of explant on Schenk
and Hildebrandt (SH) medium supplemented with 5 mg/l
o-naphthaleneacetic acid (NAA), 0.2 mg/l 6-benzylamino
purine (BAP), 2.0% sucrose, and 0.5% agar. The hybrid
medium, a mixture of SH and Murashige and Skoog (MS)
salts, was developed for homogeneous suspension cultures
without large cell aggregates. The optimum phytochormone
concentrations for successful suspension cultures were 1.0
mg/l of 2,4-D and 0.5 mg/l of kinetin. The highest growth
in suspension cultures was observed when 49.7% (w/w) of
the cells was composed of small aggregates which were
below 0.1 mm in diameter. Time course changes of cell
growth and camptothecin production showed that camptothecin
accumulation was started at the end of the growth phase and
the maximum content was obtained 10 days after inoculation.
Yeast extract elicitor increased camptothecin accumulation
4 times. Methyl jasmonate and jasmonic acid also increased
camptothecin production 6 and 11 times, respectively.
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Camptothecin is an antitumor alkaloid first isolated from
Camptotheca acuminata, a native tree of China. In China,
camptothecin has been widely used in the treatment of
cancer. In 1958, Monroe Wall and Jonathan Hartwell
discovered the antitumor activity of extracts from this
plant in the course of a screening project for a natural
source of steroids to make cortisone. In 1966, Dr. Wall
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and Mansukh Wani successfully isolated the active
ingredient, camptothecin, from bark extracts [1]. Clinical
trials began in the early 1970s, but the drug proved tco
toxic for clinical use. Following these discouraging results,
camptothecin research continued slowly and efforts focused
on discovering how the drug killed cells. Camptothecin is a
strong inhibitor of both DNA and RNA synthesis. It was
found that camptothecin strongly inhibited topoisomerase [
[2, 3, 4]. Topoisomerase I exists in both normal and tumor
cells and appears to take advantage of the growth rate
difference between them. There are two possible explanations
for the mechanism of action. Topoisomerase I is most
vulnerable in cells at a stage of the cell cycle known as
the 'S’ phase. In this phase, cells copy their DNA while
preparing to divide. Therefore, the target enzyme is present
more frequently and at a higher concentration. Since
rapidly-proliferating tumors have a greater percentage of
cells in the 'S" phase compared to normal, slow-growing
cells, tumors are more susceptible to the action of topotecan.
Another explanation might be that rapid metabolic processes
of tumor cells enable a greater influx of the drug.

Efforts have been made to reduce the toxicity of
camptothecin for clinical use. 10-Hydroxycamptothecin,
having less toxicity, is so far one of the promising
derivatives of camptothecin. Topotecan is an analogue
of 10-hydroxycamptothecin [5]. SmithKline Beecham
Pharmaceuticals discovered topotecan and markets it as
Hycamtin (R). It has been approved by the FDA for
refractory ovarian cancer. Daiichi Pharmaceutical Co.
Lid. discovered CPT-11 (irinotecan) [6], another analogue
of 10-hydroxycamptothecin, which is approved in Japan
for refractory ovarian cancer. In a series of clinical trials,
topotecan showed activity against a variety of solid
tumors including ovarian cancer, small-cell lung cancer,
and others. In later Phase III trials, examining topotecan
as a second-line therapy against cancers, response rates
were 10 to 15% among patients who had not previously
responded to standard treatment and 25 to 30% among
patients who had responded to first-line therapy. In one
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study, comparing topotecan and taxol for the treatment
of advanced, recurrent ovarian cancer, topotecan showed
a 20% response rate, whereas taxol had a 12% response
rate [7]. Topotecan is as significant as taxol in terms of a
unique mechanism of action and novelty of approach [8].

Camptothecin and its derivatives can be isolated from
C. acuminata. Production in nature, however, can be
limited by several factors of instability in the regions
where the plants are grown. Therefore, the biotechnological
production by plant cell culture can be an attractive
alternative. Sakato et al. [9, 10] induced callus from the
stem of C. acuminata on MS medium containing 0.2 mg/
1 2,4-D and 1 mg/l kinetin. Giberellin, L-tryptophan and
conditioned medium stimulated the cell growth. After
15 days of suspension culture, the concentration of
camptothecin in the cells was 0.0025% on dry weight
basis, which was about 1/20 of the level in the intact
plant. Hengel ef al. [11] also established the suspension
culture system of C. acuminata. The highest level of
camptothecin accumulated in the cells harvested in MS
medium containing 4 mg/l NAA. In previous studies,
however, the cell growth rates were much lower than in
normal plant suspension cultures and their suspension
cells were very heterogeneous with cell aggregates.
Stable suspension cultures with fine cells were required
to increase the cell growth and camptothecin production.
In this paper, culture methods and growth conditions for
stable callus and suspension culture are described. Also,
production of camptothecin and 10-hydroxycamptothecin
in cultured cells of C. acuminata is identified and
manipulated.

MATERIALS AND METHODS

Cell Cultures

Seeds of C. acuminata were obtained from the Cheolipo
Botanical Garden in Taean, Korea and propagated.
Various parts of C. acuminata were surface sterilized by
immersing them for 5 min in a sodium hyperchlorite
solution (20% v/v) containing 0.1% of Tween 20. The
plant material in the solution was sonicated for 30 sec
and sterilized 10 more min. Then, the plant material was
rinsed five times with sterilized distilled water. For
callus induction, various parts of the plant were cut and
placed on agar plates with different media. Basic media
were hybrids of MS (Murashige and Skoog) and BS
(Gamborg) salt medium (1:1) supplemented with 2,4-D
(5 uM), kinetin (0.5 pM), and 25 g/l of sucrose as a
carbon source. 0.5% (w/v) of agar was added to prepare
the solid medium for callus maintenance. The pH was
adjusted to 5.8 with 1 N KOH. For the maintenance of
the suspension culture, 16 g of cells (fresh cell weight)
was transferred into 200 ml medium in a 500-ml

Erlenmeyer flask every 8 days. Callus subculturing was
carried out every 40 days by transferring a spoonful
of healthy callus on 40 ml of solid medium. 125-ml
Erlenmeyer flasks containing 50 ml of growth medium
were used for experimental batch cultures on a gyrotory
shaker at 180 rpm. The temperature of the culture room
was 26°C.

Chemicals

Camptothecin and 10-hydroxycamptothecin were supplied
from Sigma Chemical Co. (St. Louis, U.S.A.). Solvents
used for HPLC such as acetonitrile, chloroform, methanol,
and water were bought from Fisher Scientific Co.
(Rochester, U.S.A.). Tetrabutylammonium phosphate as
an ion-pairing agent and all the medium salts were
supplied from Sigma Chemical Co. All other chemicals
used in this study were of reagent grade.

Cell Growth Measurements

Suspension cells were filtered through Whatman No. 1
filter on a Buchner funnel under slight vacuum. The cells
were washed with distilled water and the water was
removed by draining fully under vacoum until no water
drops appeared. Fresh cell weight (FCW) was determined
by measuring washed cells on a balance as quickly as
possible. After measuring fresh cell weight, the cells on
a preweighed aluminum tray were dried in an oven at
60°C to evaluate dry cell weight.

Analysis of Camptothecin and 10-Hydroxycamptothecin

Cells were harvested by vacuum filtration and the filtrate
was collected for the analysis of extracellular alkaloids
in the medium. For the measurement of intracellular
camptothecin and 10-hydroxycamptothecin concentration,
5.0 g of cells (FCW) was extracted with 30 m! methanol
and the suspension was sonicated at 125 W for 10 min.
40 ml water and 70 ml chloroform were added and then
mixed vigorously. After centrifugation for 10 min at 3,000
rpm, the chloroform phase was recovered and evaporated
to dryness. The remaining residue was dissolved in
methanol and filtered through 0.45 um membrane filters
for HPLC analysis. For extracellular alkaloids analysis,
10 ml medium filtrate was added to 10 ml chloroform
and mixed vigorously. After centrifugation for 10 min at
3000 rpm, the chloroform phase was recovered and
evaporated to dryness. The remaining residue was dissolved
in methanol and filtered for analysis. The HPLC analysis
was made with an HPLC system (Spectra System,
Thermo Separation Products, Co., U.S.A.) with a reversed
phase column (Vydac C-18, 250 X 4.6 mm, 10 um, 90 A)
and a fluorescence detector (FL2000, Thermo Separation
Products, Co., U.S.A.). The flow rate was 1.2 ml/min.
The gradient variable mobile phase composition was
used for better resolution. For the first 15 min, the ratio



of buffer solution (0.075 M ammonium acetate with 1 mM
tetrabutylammonium phosphate, pH 6.4) to acetonitrile
was maintained constant as 78:22 (v/v). Then, the ratio
was increased from 78:22 to 50:50 in 5 min in a linear
gradient mode. For the last 10 min the ratio was maintained
constant at 50:50. The excitation wavelength of the
fluorescence detector was 350 nm and the emission
wavelength was optimized.

Sugar Analysis

The HPLC system was also used for the simultaneous
analysis of sucrose and its hydrolyzed products, glucose
and fructose. An amino column (Supelcosil LC-NH,,
250X 4.6 mm, Supelco Inc.) was used with a refractive
index (RI) detector (Perkin-Elmer Corp., Wilton, U.S.A.).
The mobile phase was 75% acetonitrile and 25% water
and the flow rate was 2 ml/min with constant flow mode
at the ambient temperature.

RESULTS AND DISCUSSION

Analysis of Camptothecin and 10-Hydroxycamptothecin
For the detection of camptothecin and 10-hydroxycamptothecin
which were separated in the HPLC system with a C-18
column, the fluorescence detector was more sensitive
and specific than the UV detector. Figure 1 shows that
the fluorescence detector was not only more sensitive
than the UV detector but specific to detect camptothecin
and its derivatives. The wavelength of excitation was
364 nm [12]. The emission wavelength was optimized
as 450 nm for camptothecin and 550 nm for 10-
hydroxycamptothecin.

Most of the natural camptothecin is in the lactone
form. It can also exist in the carboxylate form, an
opening lactone ring structure {13]. The carboxylate
form shows less antitumor activity than the lactone form
but it has 200 times higher affinity to human serum
albumin. The carboxylate form can be converted to the
lactone form. The standard lactone form of camptothecin
was made in a mixture of methanol and 0.01 M citric
acid (pH 3.0) (50:50, v/v). The standard carboxylate form
was prepared with a solution of methanol and 0.01 M
sodium tetraborate (pH 9.0) (50:50, v/v). Neither lactone
nor carboxylate forms of camptothecin were well
separated by C-18 column because of similar polarities.
Tetrabutylammonium phosphate was added into the
mobile phase buffer as an ion pairing agent and its
concentration was optimized as 1 mM. The mobile phase
composition with ion paired 0.075 M ammonium acetate
buffer (pH 6.4) and acetonitrile was optimized to yield
high resolution chromatograms of camptothecin and 10-
hydroxycamptothecin in lactone and carboxylate forms

(Fig. 2).
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Fig. 1. Chromatogram of methanol extract of C. acuminata
biomaterials measured with UV/Vis detector and fluorescence
detector.

CPT: camptothecin.
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Fig. 2. Chromatogram of camptothecin (0.0625 ppm lactone
form, carboxylate form) and 10-hydroxycamptothecin (2.5 ppm
lactone form, carboxylate form). Fluorescence detection wave
lengths were set at 364 nm (excitation) and 450 nm (emission).

CPT: camptothecin, HCPT: 10-hydroxycamptothecin, L: lactone form,
C: carboxylate form.

Callus Induction and Cell Line

Various parts of C. acuminata were used to induce calli.
The induction medium was Schenk and Hildebrandt (SH)
medium supplemented with S mg/l o-naphthaleneacetic acid
(NAA), 0.2 mg/l 6-benzylamino purine (BAP), and 2.0%
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Table 1. Callus initiation from various plant parts.

Plant Cell Time (day)
Part Line 7 8 9 10 11 12 13 14 15 16
Leaf 1 + o+ o+ 4+ 4+
2 + o+t A A A
3 S T s =
4 + o+ o+ o+ 4+ o+t
Stem 1 + + 4+ o+
2 L S G n i s =
3 + + o+ A
4 + 4+ A AR
Leaf 1 + + o+ o+ o+ 4+
with 2 T = T T S e
Stem 3 + o+ o+ 4t
4 + o+ 4+ o+ A
Shoot 1 + 4+ 4+ o+ o+ 4+
2+ o+ 4+ o+ 4+
3 + + 4+ A
4 + + A

Degree of caliusing: +, limited, usually at the cut surface; ++, localized;
+++, abundant.

sucrose as a carbon source. Surface sterlized explants
from four different parts of the plant were placed on the
solid medium containing 0.5% agar. After 7 days from
initiation, the calli formations were observed in petri
dishes containing stem, leaf with stem, and shoots of
the plant. Throughout the callus initiation period, the
stem was the best part of the plant for callus induction
and subsequent growth (Table 1). Morphological changes
of callus cells were observed after several weeks from
induction. When the callus was induced first, its color
was ivory and its surface was soft. Afterwards, the
color became white and the surface of the callus became
hard.

Three different types of solid media were used to find
out the most suitable medium for callus initiation. Surface
sterilized young stems cut into 1-cm lengths were placed
on three different salt media of SH, B5, and MS
supplemented with 5 mg/l NAA, 0.2 mg/l BAP, 2.0%
sucrose, and 0.5% agar. The culture condition for callus
induction was 25°C and some of them were grown under
a day/night regime (14/10 h). The first calli formations
were observed after 7 days from initiation on SH
medium (Table 2). On B5 medium, the first callus was
seen after 8 days from initiation, whereas it took 11 days
from initiation for MS medium. Among culture media
tested, the SH medium was the most suitable, not only
for callus initiation but for callus growth. It was true for
different culture conditions tested with or without light
illumination. Few calli were induced and grown under
light conditions on B5 and MS medium. On SH medium,
however, the calli induction and growth were not
affected by light illumination. In spite of the high chance

Table 2. Callus initiation on different media and light
condition.

E-ell Light* Time (day)

me 10 11 12 13 14 15 16

SH 1 D S S S R S e L
2 D + + o+ o+ 4+ A A
3 D + + o+
4 D + + + o+ 4+ A A A A
5 D + 0+ o+ 4+ 4+
6 D + o+ o+ At A R A
7 D + + e A A
8 D + + o+ 4
9 D + o+ 4+ ++
10 D + o+ 4+t A
11 L/D I = I
12 LD + + + + + + ++ ++ ++ ++
13 L/D + 0+ + o+ o+ 4+
14 L/D + o+ o+ o+ 4t
15 L/D

BS5 1 D
2 D I e i & A = R S S
3 D + 0+ + + 4+ o+ 4+ +H+
4 D + + o+ 4+ o+ ++
5 D
6 D + + o+ o+ o+ o+
7 D
8 L/D
9 L/D +
10 LD

MS 1 D + + + 4+ o+
2 D
3 D + 0+ + o+ o+ e+
4 D + + + + o+
5 D
6 D
7 D
8 L/D + o+ o+
3 L/D
10 L/D

Degree of callusing: +, limited, usually at the cut surface; ++, localized;
+++, abundant.
*D, dark condition; L/D, light/dark (14/10 h) condition.

of callus induction and suitability for callus growth, the
SH medium was not perfect for calli maintenance. Calli
grown on SH medium for several months became hard
on their surface. A hybrid medium developed for suspension
culture was applied to get rid of the surface hardness and
was used for cell line maintenance.

Cell Suspension Cultures

Calli which were introduced in the liquid SH medium
formed undifferentiated cell suspension cultures. Suspension
cultures with various media were made to elucidate the
optimum suspension culture media. Basic SH, B5, MS,
White's medium supplemented with 0.5 mg/1 kinetin, 0.5
mg/l 2,4-D, and 2.0% sucrose were tested. Five grams of



fresh cells were inoculated into 50 ml of liquid media in
125-ml Erlenmeyer flasks and cultured in a shaking
incubator at 125 rpm at 25°C. Subcultures were repeated
4 times with each culture media. The cell growth was the
highest in SH medium. The doubling time was 6.5 days
in SH medium and 7.0 days in B5 medium. In SH and
BS5 medium, cell aggregates appeared and grew bigger
throughout the repeated subcultures. The doubling time
was 7.5 days for MS medium. Cell aggregates, however,
did not appear in this high salt medium. The doubling
time was the lowest in White's medium at 13 days. It
was necessary to make a hybrid medium for homogeneous
suspension cultures with high growth. The mixture of
half SH and MS salts supplemented with phytohormones
and sucrose was adequate for fast cell growth without
large cell aggregates. This hybrid medium was applied
throughout the studies.

Phytohormones are important for the cell growth of
C. acuminata. Among various phytohormones tested,
2,4-D and kinetin were the most efficient for suspension
cultures as auxin and cytokinin (data not shown). Figure 3
shows the optimum concentration of 2,4-D in suspension

Fresh cell weight (g/flask)
(I76) wbrem (190 A

2.4-D concentration (mg/L)

Fig. 3. Effect of 2,4-D on cell growth in suspension cultures
of C. acuminata.

Fresh cell weight (g/flask)
(/6) wbiam (8o fag

Kinetin concentration (mg/L)

Fig. 4. Effect of kinetin on cell growth in suspension cultures
of C. acuminata.
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cultures. The highest cell growth was observed at 1.0 mg/
1 of 2,4-D. The optimum Kkinetin concentration was 0.5
mg/1 as shown in Fig. 4.

C. acuminata cells were prone to aggregate in suspension
cultures. Packed cell volume (PCV, 10 min) showed 68%
of whole cells was aggregated cells which were 0.1 mm
or higher in diameter. When a mixture of single cells and
small aggregates (below 0.1 mm in diameter) was
inoculated in the suspension medium, cells started to
aggregate and 10% of whole cells were aggregated cells
(0.1 mm or higher) after 7 days. Repeated subcultures
increased the portion of aggregated cells and 68% of
whole cells were aggregated cells after 5 consecutive
subcultures (Fig. 5). The growth rate of suspension cells
was affected by the size composition of aggregated cells.
Effects of various cell aggregates were observed. Suspension
cells were divided into three groups according to their
size. The large group was composed of cell aggregates
distributed between 1.5~2.5 mm in diameter. The middle
group was for the cells between 0.1~1.5 mm. The small
group was for the cells of below 0.1 mm. Three different
groups of cells were inoculated into the same suspension
media with the same amout of fresh cells (5 g). Cells
were harvested after 7 days and re-inoculated into fresh
media. The same procedure was repeated two times. At
the first culture, only the cells in the small group grew
slowly. This low growth, however, was recovered at the
second culture (Fig. 6). At the third culture, the cell
growth of the small group was higher than the large and
middle groups of cells. The growth of suspension cells

140

[] Fine cells

120

t. Aggregated cells
b
E

Packed cell volume (%)

1 2 3 4 5 6
Number of subcultures

Fig. 5. Composition change of cell aggregates in suspension

cultures of C. acuminata.

Table 3. The weight and size distribution of suspension cells
of C. acuminata.

Aggregated all group Weight % Size distribution (mm)
Large 17.5 1.5~2.5
Middle 32.8 0.1~1.5
Small 49.7 below 0.1
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Fig. 6. Cell growth of various cell aggregates in suspension
cultures of C. acuminata.

was affected by cell size distribution. The mixture of
single cells and aggregates resulted in better cell growth
than homogeneous cells of narrow size distribution. The
size distribution of suspension cells used to be determined
by various factors, culture medium, shear generated by
shaking, and the degree of aggregation for cell to cell
communication. The best cell size distribution for
suspension cultures was not determined, but the size
distribution of suspension cells grown with culture
conditions applied in this study is shown in Table 3.

Camptothecin Production

The basic kinetics of cell growth and camptothecin
production were observed. Five grams of fresh cells were
inoculated into 50 ml of hybrid medium supplemented with
0.5 mg/l kinetin, 0.5 mg/1 2,4-D, and 2.5% sucrose and
cultured in a shaking incubator of 125 rpm at 25°C. The
cell growth and alkaloid production were monitored for
20 days. Figure 7 shows the cell growth and camptothecin
production. The lag phase was 3 days. The exponential
growth phase was between 4 days and 9 days from
inoculation. The maximum amount of cells grown was
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Fig. 7. Time course changes of cell growth and camptothecin
production during batch suspension cultures of C. acuminata.

observed on the 10th day with 12.8 g/l of dry cell weight
(DCW). After the stationary phase, from day 9 to day 12,
the DCW continued to decrease. The specific growth
rate (1) at the exponential growth phase was 0.24 day”
and the corresponding doubling time was 2.9 days. The
camptothecin production was not observed until 7 days
from inoculation. 10-Hydroxycamptothecin production was
not observed. The maximum camptothecin was obtained
at the 10th day and the camptothecin content decreased.
After the 13th day, camptothecin production was not
observed anymore. The pattern of camptothecin production
was the typical non-growth associated. Almost at the end
of the growth phase it started to be synthesized. There
was no evidence that camptothecin was the end product
of the metabolic pathway in C. acuminata because it was
not accumulated after biosynthesis. It could be degraded
by cell lysis or it could be converted to other metabolites.
No further information is known so far. Figure 8 shows
the time course changes of sugar consumption in basic
kinetics. The sucrose supplied was hydrolyzed into fructose
and glucose in 4 days. Between fructose and glucose,
any preference for consumption by suspension cells was
not observed. At the end of the stationary phase of cell
growth, the sugar was completely consumed.

Some secondary products function as so-called post-
infection defensive substances within the plant's defensive
system against attack by microorganisms. These
phytoalexins are characteristics of certain cultures [14].
The signals triggering the formation of phytoalexins are
elicitors. In the widest sense, these are molecules inducing
a reaction in plant cells assumed to be characteristics of
its defensive response. The uniformity of the cell's response
to different elicitors and the parallel occurrence of an
elicitor effect and marked changes in concentration of
particular intracellular components may indicate an
indirect elicitor effect [15]. Such effects of external signals
via second messengers are known in culture systems. In

30

® Total sugar
2 Mg g S ... A Fructose!

¢ Glucose °
= Sucrose :
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Time (day)

Fig. 8. Hydrolysis of sucrose and sugar consumption during
batch suspension cultures of C. acuminata.



plant cells, polyamines, Ca’*, CAMP, and jasmonic acid
are being discussed as intracellular reaction messengers
[16].

Several elicitors and intracellular reaction messengers
were tested to camptothecin production in suspension
cultures of C. acuminata. Yeast extract was used as a
biotic elicitor and cupric sulfate and ferulic acid were
applied as abiotic elicitors. Methyl jasmonate and jasmonic
acid were tested as intracellular reaction messengers.
Chlorocholine chloride was used as a metabolic pathway
modifier. These were applied at a concentration of 100
UM in 50 ml of suspension cultures 4 days after inoculation.
Samples were harvested 2 days after elicitation. Figure 9
shows the responses to 6 different elicitors. Yeast extract
elicitor increased camptothecin production 4 times. Methyl
jasmonate and jasmonic acid also increased camptothecin
production 6 and 11 times. The concentrations of
camptothecin elicited were less than the maximum
concentration in basic kinetics (Fig. 7). It was due to the
difference in cell mass in suspension cultures. The
maximum concentration in basic kinetics was obtained
from a cell mass of 12.8 g/l, whereas the cell mass of
elicitation experiments was 7.1 g/l. Jasmonic acid and its
methyl ester, methyl jasmonate, have been proposed as
key signal compounds in the process of elicitation leading
to the production of various secondary metabolites [17].
The jasmonates have been shown to induce anthocyanin
accumulation in Glycin max, and to control a number of
plant development processes [18, 19]. They have also
been reported to play an important role in a signal
transduction process that regulates defence genes in plants
[20, 21]. In this experiment, yeast extract played a role
in increasing camptothecin accumulation as an elicitor.
We also believe that jasmonic acid could be an integral
part of the signal transduction system regulating inducible
defence genes followed by the increase of camptothecin

3
o

w
S
I

N

Camptothecin produced ( x 10 mg/l)

Elicitors
Fig. 9. Response to various elicitors in suspension cultures of
C. acuminata.
1, Control; 2, Methyl jasmonate; 3, Jasmonic acid; 4, Yeast extract; S,
Ferulic acid; 6, Cupric sulfate; 7, Chlorocholine chloride.
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accumulation. The optimum dose concentrations of yeast
extract, methyl jasmonate, and jasmonic acid to induce
maximum accumulation of camptothecin were not
determined in this experiment. Other culture conditions
with these clicitors could affect camptothecin production
and further studies to elucidate them are required.

REFERENCES

1. Wall, M. E.,, M. C. Wani, C. E. Cook, K. H. Palmer, A. T.
McPhail, and G. A. Sim. 1966. Plant antitumor agents. L.
The isolation and structure of camptothecin, a novel
alkaloidal leukemia and tumor inhibitor from Camptotheca
acuminata. J. Am. Chem. Soc. 88: 3888-3890.

2. Hsiang, Y.-H. and L. F. Liu. 1988. Identification of
mammalian DNA topoisomerase I as an intracellular target
of the anticancer drug camptothecin. Cancer Res. 48:
1722~1726.

3. Hsiang, Y.-H,, L. F. Liu, M. E. Wall, M. C. Wani, A. W.
Nicholas, G. Manikumar, S. Kirschenbaum, S. Silver, and
M. Potmesil. 1989. DNA topoisomerase I-mediated DNA
cleavage and cytotoxicity of camptothecin analogue. Cancer
Res. 49: 4385—4398.

4, Jaxel, C., K. W. Kohn, M. C. Wani, M. E. Wall, and Y.
Pommier. 1989. Structure-activity study of the actions of
camptothecin derivatives on mammalian topoisomerase I:
Evidence for a specific receptor site and a relation to tumor
activity. Cancer Res. 49: 1465—1469.

5. Zihou, M., H. Malak, and T. G. Burke. 1995. Reduced
albumin binding promotes the stability and activity of
topotecan in human blood. Biochemistry 34: 13722—13728.

6. Suzuki, A. and M. Kato. 1996. Chemotherapeutic agent
CPT-11 induces the new expression of the apoptosis initiator
to the cytoplasm. Exp. Cell Res. 227: 154—159.

7. McNeil, C. 1996. Topotecan: After FDA and ASCO,
what's next? J. Natl. Cancer Inst. 88: 788—789.

8. Wall, M. E. and M. C. Wani. 1995. Camptothecin and Taxol:
Discovery to clinic-Thirteenth Bruce F. Cain in Memorial
Award Lecture. Cancer Res. 55: 753—760.

9. Sakato, K., H. Tanaka, N. Mukui, and M. Misawa. 1974,
Isolation and identification of camptothecin from cells of
Camptotheca acuminata suspension cultures. Agric. Biol.
Chem. 38: 217-218.

10. Sakato, K. and M. Misawa. 1974. Effects of chemical and
physical conditions on growth of Camptotheca acuminata
cell cultures. Agric. Biol. Chem. 38: 491—497.

11. Hengel, A. J.,, M. P. Harkes, H. J. Wichers, P. G. M.
Hesselink, and R. M. Buitelaar. 1992. Characterization of
callus and camptothecin production by cell lines of
Camptotheca acuminata. Plant Cell Tiss. Org. 28: 11—18.

12. Li, Y. F. and R. Zhang. 1996. Reversed-phase high
performance liquid chromatography method for the
simultaneus quantitation of the lactone and carboxylate
forms of the novel natural product anticancer agent 10-
hydroxycamptothecin in biological fluids and tissues. J.
Chromatogr. 686: 257—265.



638

13.

14.

15.

16.

17.

SONG AND BYUN

Akimoto, K., A. Goto, and K. Ohya. 1991. Selective and
sensitive lactone and hydroxy acid forms of camptothecin
and two derivatives (CPT-11 and SN-38) by high-performance
liquid chromatography with fluorescence detection. J.
Chromatogr. 588: 165—170.

Grisebach, H. 1986. Phytoalexin accumulation, p. 355. In
H. Kleinkauf (ed.), Regulation of Secondary Metabolite
Formation. Worksh Conf, Hoechst 16, VCH, Weinheim.
Byun, S. Y., Y. W. Ryu, C. Kim, and H. Pedersen. 1992.
Elicitation of sanguinarine production in two-phase cultures
of Escholtzia californica. J. Ferment. Bioeng. 73: 380—
38s.

Etlinger, C. and L. Lehle. 1988. Auxin induces rapid
changes in phosphatidyl-inositol metabolites. Nature 331:
176.

Mikukami, H., Y. Tabira, and B. E. Ellis. 1993. Methyl
jasmonate-induced rosmarinic acid biosynthesis in

18.

19.

20.

21.

Lithospermum erythrorhizon cell suspension cultures. Plant
Cell Rep. 12: 706—709.

Staswick, P. E. 1992. Jasmonate, genes, and fragrant
signals. Plant Physiol. 99: 804—807.

Weiler, E. W., T. Albrecht, B. Groth, Z.-Q. Zia, M. Luxem,
H. Liss, L. Andert, and P. Spengler. 1993. Evidence for
the involvement of jasmonates and their octadecanoid
precursors in the tendril coiling response of Bryonia dioica.
Phytochemistry 32: 591—600.

Gundlach, H., M. Muller, T. Kutchan, and M. Zenk. 1992.
Jasmonic acid is a signal transducer in elicitor-induced
plant cell cultures. Proc. Natl. Acad. Sci. USA 89: 2389—
2393.

Kauss, H., K. Krause, and W. Jeblick. 1992. Methyl
jasmonate conditions parsley suspension cells for increased
elicitation of phenylpropanoid defense responses. Biochem.
Biophys. Res. Commun. 189: 304—308.



