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Abstract

Strategies for enhancing GGOH production in Croton stellatopilosus callus culture included additions of precursors
(sodium acetate-NA, sodium pyruvate-NP, mevalonic acid lactone-MVA) and elicitors (methyl jasmonate-MJ, acetylsalicylic
acid-ASA, yeast extract-YE). Treated cells were evaluated for their GGOH contents by GC-FID and compared with the non-
treated cells as controls. Additions of NA (25 mg/L), NP (50 mg/L) and MVA (100 mg/L) resulted in an enhancement of GGOH
productivity to 0.61 mg/g DW, 0.52 mg/g DW and 0.70 mg/g DW, respectively, compared to the control culture (0.29 mg/g
DW). Callus cultures elicited with MJ at 30 mg/L for 24 h stimulated GGOH production to 0.35 mg/g DW compared to the
control culture (0.07 mg/g DW). Cells also responded to ASA (20 mg/L, 2 days) and YE (0.25 g/L, 4 days) and produced
GGOH contents of 0.46 mg/g DW and 1.37 mg/g DW, respectively. This study has shown that isoprenoid precursors and
conventional elicitors enhanced GGOH production in the C. stellatopilosus callus culture.
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1. Introduction

Croton stellatopilosus Ohba (plaunoi) belongs to the
Euphorbiaceae family and is widely distributed in the South-
east Asian region (Esser and Chayamarit, 2001). Some
promising pharmacological activities of plaunotol have
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emerged to make this plant of interest to medical research.
Plaunotol has been used as a gastro-protective agent since it
inhibited the growth of Helicobacter pylori and accelerated
an ulcer healing effect (Ogiso et al., 1985; Koga et al., 1996).
Plaunotol is a hydroxylated product of geranylgeraniol
(GGOH), which is produced from geranylgeranyl diphosphate
(GGPP)-a general precursor for the biosynthesis of diterpenes
(Tansakul and De-Eknamkul, 1998; Sitthithaworn et al., 2001).

Two decades ago, attempts to produce plaunotol and
related substances via a biotechnological approach were
made, but unfortunately, only GGOH has been reported to
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accumulate in plant cell cultures. Several studies have been
reported using leaf explants, growing with Murashige and
Skoog (MS) medium that did produce plaunotol. They also
suggested the type of culture has effect on plaunotol produc-
tion (Morimoto and Murai, 1989). A callus culture was shown
to be more suitable for plaunotol production than a cell
suspension culture (Kongduang et al., 2014). However, the
production yield still did not meet requirements and the cell
line was unstable. Previously, we have reported that a C.
stellatopilosus suspension culture, grown in MS medium
supplemented with 2 mg/L 2,4-dichlorophenoxyacetic acid
(2,4-D) and 2 mg/L benzyladenine (BA) produced GGOH
(1.14 mg/g fresh weight), phytosterols and fatty acids (Wung-
sintaweekul et al., 2007).

Based on the hypothesis that the plant cell culture
may lack precursors in the metabolic pool and that therefore,
the cells were unable to produce plaunotol, increasing the
GGOH production may flux into the reaction product of
diterpene biosynthesis. In the present study, we aimed to
enhance the production of GGOH using precursor addition
and elicitation. In this study, we chose to add sodium acetate,
sodium pyruvate and mevalonic acid lactone. For elicitation,
common elicitors such as methyl jasmonate, acetylsalicylic
acid and yeast extract were added.

2. Materials and Methods
2.1 Callus culture

Young plaunoi leaves were soaked in 70% (v/v)
ethanol for 3 min, followed by sterilization in 0.5% (w/v)
sodium hypochlorite for 5 min and thoroughly washed with
sterile distilled water. The sterile leaves were excised and
placed on Murashige and Skoog (MS) (Murashige and Skoog,
1962) agar medium containing 2 mg/L 2,4-D, 1 mg/L kinetin
and 3% (w/v) sucrose solidified with 0.8% (w/v) plant agar.
The cultures were maintained under a 16-h photoperiod
(2000 lux) at 25+£2°C. After 4 weeks, the calli formed were
maintained by subculture every 3 weeks on MS agar medium
containing 2 mg/L BA and 2 mg/L NAA, 1% (w/v) sucrose
and 0.2% (w/v) gellan gum. The homogenous callus culture
was used as the plant material for the various treatments.

2.2 Growth curve

The growth of the homogenous callus culture was
evaluated by constructing a growth curve. At least 4 indepen-
dent callus cultures were prepared and collected every 10
days. Cells were harvested and immediately frozen in liquid
N, and dried by lyophilization. The dried cell mass was
weighed in gram and its growth index calculated as shown in
the equation. The growth curve was constructed by plotting
the growth index against the age of the culture.

Growth index = (weight at measured date —initial weight)

initial weight

2.3 Precursor addition

Sodium acetate (NA), sodium pyruvate (NP) and
mevalonic acid lactone (MVA), each at final concentrations of
10, 25, 50, 100 mg/L, were fed to the cells at the 10" day of
culture. Callus cultures were incubated on shelves under a 16
h/day light cycle for 2 weeks. Callus cells were harvested and
thoroughly washed with water then immediately frozen in
liquid N, and dried by lyophilization. Samples were investi-
gated in triplicate.

2.4 Elicitor treatment

Methyl jasmonate (MJ) was prepared in 0.2% ethanol
to obtain a stock solution. Acetylsalicylic acid (ASA) and
yeast extract (YE) were prepared in water. Solutions were
filter sterilized with a membrane (0.22 um). Callus cells were
elicited with MJ and ASA at final concentrations of 10, 20, 30
mg/L, and with YE at 0.1, 0.25 and 0.5 g/L. Elicitations were
added on day 15" for 1, 2 and 4 days. Callus cells were
harvested and thoroughly washed with water then
immediately frozen in liquid N, and dried by lyophilization.
Samples were investigated in triplicate.

2.5 Quantification of GGOH content

The GGOH content was determined using the GC-FID
method as described in Kongduang et al. (2012). Briefly,
lyophilized powder (50 mg) was extracted with 10 mL of
absolute ethanol and 1% (w/v) NaOH, sonicated for 5 min
followed by reflux for 1 h, and then centrifuged. The super-
natant was collected and its volume was adjusted to 14 mL to
obtain ca. 70% (v/v) ethanol. To obtain a lipophilic fraction,
the supernatant was partitioned with n-hexane (10 mL; 3
times), pooled and evaporated to dryness. Prior to GC analy-
sis, the residue was dissolved with n-hexane (0.2 mL) and
centrifuged. The GC-FID conditions for GGOH determination
were: column DB1 dimethylsiloxane (GC-Hewlett Packard,
CA,USA), 30mx0.32 mmi.d., a 0.25 um film thickness, a flow
of helium at 1.0 mL/min, a split mode (10:1) injection, a
temperature program from 220°C (hold 3 min) to 280°C (rate
10°C/min) and held for 6 min, an injector temperature of
280°C, and a detector temperature of 300°C, the sample size
was 1.0 pL. The GGOH was eluted at 6.7 min. The area under
peak was integrated and converted to a concentration by
using GGOH calibration curve. The GGOH content was
expressed as mg per g dry weight (DW).

2.6 Statistical analysis
All data were presented as a mean value + standard

deviation (SD). Statistical analysis was performed using the
SPSS 15.0 (Tukey HSD analysis).
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3. Results and Discussion

The green callus culture was induced from C.
stellatopilosus leaves. Figure 1 shows the steps of establish-
ment of a green callus culture according to Kongduang et al.
(2014). The callus culture was firstly induced by placing
explants on MS medium supplemented with 2 mg/L 2,4-D,
1 mg/Lkinetin and 3% (w/v) sucrose (Vongcharoensathit and
De-Eknamkul, 1998). To induce green callus culture, the
callus was subcultured to MS agar medium containing 2.0
mg/L NAA and 2.0 mg/L BA, 1% (w/v) sucrose and 0.2%
(w/v) gellan gum. Only green cells were selected and sub-
cultured to a new medium every three weeks. At this stage,
the callus culture was characteristically friable, with a slow
growth rate and greenish tissues (Figure 1). The growth curve
of the green callus culture was determined and is shown in
Figure 2. The growth index reflected the growth characteristic
of the callus culture within 30 days. Lag phase was the first
five days of culture following the linear phase, and then the
growth index was exponentially increased after 10 days of
culture. The growth declined and entered a stationary phase
after 15 days of culture. Previously, the growth and terpenoid
accumulation characteristics were described from this type of
culture (Kongduang et al., 2014). Similar pattern of growth
characteristic was found in our callus culture. Terpenoid
contents including phytol, GGOH, plaunotol and phyto-
sterols were reported but in microgram level per gram dry
weight of callus culture. Therefore, the green callus culture
was manipulated in order to improve the terpenoid produc-
tion. We chose the approaches of addition of possible pre-
cursors and elicitation for exploitation.

From growth curve, precursors were added to the
cells on days 10 and elicitors were added on days 15. To
enable the growing cultures to assimilate and utilize the fed
precursors, cells were harvested on days 25 of culture. For
the elicitation, the callus cultures were exposed to elicitors
for 1, 2 and 4 days in order to compare the effects of different
amounts of the elicitors and the time response to production
ofthe GGOH.

Because isoprene units, in higher plant, can be
supplied from the mevalonate (MVA) pathway and the
methylerythritol (MEP) phosphate pathway (Schwarz, 1994),
sodium acetate (NA) and mevalonic acid lactone (MAL) were
supplied as precursors for MVA pathway, while sodium
pyruvate (NP) was supplied as a precursor for the MEP
pathway. Nevertheless, NP could be transformed to acetyl
CoA by complex enzymes, pyruvate dehydrogenase, prior
entering to citric acid cycle (Guan et al., 1996). Based on the
hypothesis that all genes and enzymes exist in the callus
cultures, then application of precursors could enhance the
GGOH and probably plaunotol productions. The results in
Figure 3 indicate that the cells could utilize NA, MAL and
NP for the GGOH biosynthesis. NA (25 mg/L) promoted a
doubling of GGOH production (0.61+0.09 mg/g DW; P<
0.01) compared to the control but a further increase in the
amount of NA caused a reduction of GGOH production. For

NP treatment, the most GGOH production was 0.52+0.02
mg/g DW at 50 mg/L NP application (Figure 3B). Higher
amount of NP also slightly suppressed the GGOH production.
Interestingly, application of MVA, an immediate precursor
of isoprene unit, enhanced the GGOH production in a con-
centration-dependent manner. Cells treated with 100 mg/
L MVA produced and accumulated GGOH content up to 2.4
times (0.70+£0.05 mg/g DW) higher than the control culture
(Figure 3C). The results denote that all fed precursors were
utilized by the callus culture and transformed to GGOH.
Moreover, the callus cells preferred to utilize sodium acetate
and mevalonic acid lactone, precursors of the MVA pathway,
rather than sodium pyruvate, a precursor of the MEP
pathway. By our GC method, the amount of plaunotol was
under the detection limit. The absence of plaunotol may be
argued by the absence of GGOH 18-hydroxylase, an enzyme
that catalyzing GGOH to plaunotol in the cells (Tansakul and
De-Eknamkul, 1998). Moreover, plaunotol and GGOH 18-
hydroxylase were reported to localize in chloroplasts
(Tansakul and De-Eknamkul, 1998; Sitthithaworn et al., 2006).

Initiation of callus

5-day old : 1% passage

2 passage

3 passage

2-week old

Figure 1. Establishment of a green callus culture from
C. stellatopilosus leaf explants.

Growth index of dry weight

0 10 20 30
Age of culture (day)

Figure 2. Growth curve of a C. stellatopilosus callus culture.
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Figure 3. GGOH content of callus culture cells after addition of
precursors. A. sodium acetate (NA); B. sodium pyruvate
(NP); C. mevalonic acid lactone (MVA). **; * indicate
P<0.01 and P<0.05, respectively.

The transmission electron micrograph (TEM) shown in
Kongduang et al. (2008) indicated that the callus culture
contained immature chloroplast. Suppression of the GGOH
production by high amounts of NA and NP could be explained
by a feedback inhibition of the rate-limiting step enzyme in
isoprenoid biosynthesis (Spurgeon and Porter, 1981). Follow-
ing the GGOH biosynthesis by a molecular biology approach
should be investigated in order to understanding the fluxing
mechanism of precursor at the cellular level.

Theoretically, genes involved in GGOH synthesis
sometimes exist in the cell culture but may not be expressed
and functioned properly. Previously, the relationship of the
occurrence of the mRNAs and type of C. stellatopilosus
cultures has been reported (Kongduang ef al., 2014). mRNAs
encoding 1-deoxy-D-xylulose 5-phosphate synthase, 2C-
methyl-D-erythritol 4-phosphate synthase and geranylgeranyl
diphosphate synthase are present only in the leaves and green
callus culture, but not in the cell suspension culture. In this
study, the green callus culture was used as plant material, in
which it is presumed the genes involved in terpenoid bio-
synthesis exist. Elevation of mRNAs of genes may enhance
the GGOH production in the cells. Thus, the conventional

elicitors such as methyl jasmonate (MJ), acetylsalicylic acid
(ASA) and yeast extract (YE) were added to the callus culture.
As shown Figure 4, the concentrations and time exposures
of each elicitor were varied during treatments. For MJ elicita-
tion, the callus cells responded to produce the GGOH content
mostly after elicitation with MJ at 30 mg/L for 24 h, up to 4.9
times higher than the control (0.35+0.09 mg/g DW) (P<0.01).
Unlike MJ, late response was found in the groups of ASA
and YE treatments. ASA at concentration of 20 mg/L treated
for 2 days significantly enhanced the GGOH production
(0.46+£0.16 mg/g DW; P<0.01); however, longer treatment
caused a repressed effect. A similar effect was seen with YE
elicitation. At 0.25 g/L YE and stimulated for 4 days has
mostly produced GGOH when compared with controls (1.37+
0.07 mg/g DW; P<0.05). Yeast extract elicited the cells to
produce secondary metabolites with unknown compositions
like microbial cell walls (Siddiqui ef al., 2013). It has been
shown to increase secondary metabolite production in many
cell cultures (for review see Namdeo, 2007). Nevertheless,
the role of yeast extract in GGOH production in Croton
stellatopilosus callus cultures is still unknown.

In conclusion, additions of isoprenoid precursors and
elicitors improve the GGOH production in C. stellatopilosus
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Figure 4. GGOH content of callus culture cells after elicitation.
A. methyl jasmonate (MJ); B. acetylsalicylic acid (ASA);
C. yeast extract (YE). **; * indicate P<0.01 and P<0.05,

respectively.
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green callus cultures. These results prove that callus cultures
are able to produce GGOH but lack precursors in the meta-
bolic pool. Elicitors including methyl jasmonate, acetylsali-
cylic acid and yeast extract increased GGOH production.
Generally, application of both precursor and elicitor may
result in tremendous increases the amounts of secondary
metabolite production (Baldi and Dixit, 2008). But high accu-
mulations of metabolites have effect on the feedback inhibi-
tion in plant biosynthesis. Besides, some metabolites such as
GGOH at high amount are toxic to the cells and cause cell
death (Yoshikawa et al., 2009). Therefore, the benefit of using
both precursors and elicitors in case of C. stellatopilosus
needs to be further investigated.
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