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Abstract Chemically synthesized 2-hydroxyethyl jasmo-
nate (HEJA) was for the first time employed to induce the
ginsenoside biosynthesis and to manipulate the product
heterogeneity in plant cell cultures. The dose response and
timing of HEJA elicitation were investigated in cell sus-
pension cultures of Panax notoginseng. The optimal con-
centration and timing of HEJA addition for both cell
growth and ginsenoside accumulation was identified to
be 200 μM added on day 4. It was interestingly found
that HEJA could stimulate ginsenosides biosynthesis and
change their heterogeneity more efficiently than methyl
jasmonate (MJA), i.e., the total ginsenoside content and
the Rb/Rg ratio increased about 60 and 30% with HEJA
elicitation than that by MJA, respectively. The activity of
Rb1 biosynthetic enzyme, i.e., UDPG-ginsenoside Rd glu-
cosyltransferase (UGRdGT), was also higher in the former
case. A maximal production titer of ginsenoside Rg1, Re,
Rb1, and Rd was 47.4±4.8, 52.3±4.4, 190±18, and 12.1±
2.5 mg/l with HEJA elicitation, which was about 1.3-, 1.3-,
1.7-, and 2.1-fold than that using MJA, respectively. Early
signal events in plant defense response, including oxidative
burst and jasmonic acid (JA) biosynthesis, were also exam-

ined. Levels of H2O2 and NO in medium and L-phenyl-
alanine ammonia lyase activity in cells were not affected
by addition of MJA and HEJA. On the other hand, the JA
content in cells was increased with external jasmonates
elicitation, and it was inhibited with the addition of JA
biosynthesis inhibitors. The results suggest that oxidative
burst might not be involved in the jasmonates-elicited sig-
nal transduction pathway, and MJA and HEJA may induce
the ginsenoside biosynthesis via induction of endoge-
nous JA biosynthesis and key enzymes (such as UGRdGT)
in the ginsenoside biosynthetic pathway of P. notogin-
seng cells. The information is useful for hyperproduction
of plant-specific heterogeneous products.

Introduction

Plant cell culture is an alternative to whole plant extraction
for obtaining valuable secondary metabolites. Molecular
diversity is a widely existing phenomenon in plant sec-
ondary metabolites (Sticher 1998), and intentional manip-
ulation of the heterogeneity of secondary metabolites in
cell cultures is a very important issue (Wang and Zhong
2002). Exogenously appliedmethyl jasmonate (MJA) could
enhance production of secondary metabolites by a variety
of plant species (Dong and Zhong 2001; Yu et al. 2002;
Tabata 2004). Changes of the molecular diversity of gin-
senosides in ginseng cell and root cultures were also ob-
served (Wang et al. 2005; Yu et al. 2005). Recently, Qian
et al. (2004a,b) reported that the hydroxylation of MJA at
its C-1 position resulted in a higher stimulatory activity on
taxane biosynthesis in cell cultures of Taxuschinensis.
However, it remains unknown whether the newly synthe-
sized jasmonates (Qian et al. 2004a,b) could change the
heterogeneity of secondary metabolites as much as, or
even more than, MJA.

Elicitation could induce the formation of defense com-
pounds in plant cell cultures. This induced synthesis re-
quires a series of signal molecules transmitting the message
between the elicitor plant cell wall receptor and gene ac-
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tivation. The octadecanoid pathway leading to the synthe-
sis of jasmonic acid (JA) has been identified as an integral
part of the signaling cascades triggered by elicitation
(Creelman and Mullet 1997). The oxidative burst, which
corresponds to a rapid and transient production of active
oxygen species (AOS) such as H2O2, is a typical early
event in plant defense responses (e.g., Chen et al. 1993; Hu
et al. 2003b; Zhao and Sakai 2003). It was reported that
pathogens or elicitors could induce a rapid production of
H2O2 and finally act on gene expression that caused pro-
grammed cell death and the activation of L-phenylalanine
ammonia lyase (PAL) (Desikan et al. 1998). The rapid
production of H2O2 could induce jasmonate signals and
finally act on the biosynthesis of various secondary me-
tabolites including ginsenosides (Hu et al. 2003a; Zhao
et al. 2005). In other cases, JA induced by wounding could
act on early signaling genes and the rapid production of
H2O2, and H2O2 then induced the expression of late de-
fense genes, but NO in this signal cascade inhibited the
defense genes expression by inhibiting H2O2 accumulation
(Orozco-Cárdenas and Ryan 2002). Qian et al. (2004a)
investigated the response of H2O2 to 2,3-dihydroxypropyl
jasmonate, a chemically synthesized elicitor, in cell cul-
tures of T. chinensis. However, no detailed information is
available about the studies on signal cascade for such syn-
thetic elicitors, not to mention for the case of cell cultures
of ginseng species.

Panax notoginseng (Sanchi-ginseng) is one of the most
valuable traditional Chinese medicinal herbs. Cell culture
of P. notoginseng is a promising technology to obtain gin-
senoside, one of its major bioactive secondary metabolites
(Woragidbumrunge et al. 2001; Zhang and Zhong 2004).
Because different ginsenosides have different or even op-
posite pharmacological activities, engineering approach
for manipulation of ginsenoside heterogeneity in cell cul-
tures has a significant impact on practical application (Wang
and Zhong 2002). We have demonstrated that an addition
of 200 μM MJA could increase the content of individual
ginsenosides and change their heterogeneity in cell cul-
tures of P. notoginseng for both shake flask and bioreactor
cultivations (Wang and Zhong 2002; Wang et al. 2005).

The present work investigates the effects of self-syn-
thesized hydroxyl-containing jasmonate elicitor, 2-hy-
droxyethyl jasmonate (HEJA), on the biosynthesis and
heterogeneity of ginsenosides in cell cultures of P. noto-
ginseng. To understand the signal transduction from jas-
monate elicitation to ginsenoside biosynthesis, early signal
events in plant defense response (including oxidative burst
and JA biosynthesis) were also studied together with the
investigation on the activity of UDPG-ginsenoside Rd glu-
cosyltransferase (UGRdGT), a new and important enzyme
in the ginsenoside biosynthetic pathway (Yue and Zhong
2005a,b). In all experiments, MJA was also used for com-
parison and discussion.

Materials and methods

Chemicals

MJA was purchased from Tokyo Kasei Co. Ltd. (Tokyo,
Japan). Silica gel (200–400 mesh, 60 Å, for column chro-
matography) was obtained from Aldrich. Organic solvents
were obtained from commercial suppliers and were of the
highest purity available; they were dried over 3Å molecular
sieves for at least 48 h prior to use. Reagents for synthesis
of HEJA were purchased from Sigma and used without
further purification.

Chemical synthesis of HEJA

HEJA was synthesized and purified as described earlier
(Qian et al. 2004b), and both MJA and HEJA contain the
same ratio of stereoisomers (Qian et al. 2004b).

Cell subcultures

Suspension cells of P. notoginseng were grown in
Murashige and Skoog (MS) medium and subcultured
every 2 weeks. The details were described elsewhere
(Woragidbumrunge et al. 2001; Wang and Zhong 2002).

Cultivation conditions

P. notoginseng cells (2 g of fresh weight) were incubated
in a 250-ml Erlenmeyer flask containing 50-ml medium
with the same culture conditions as in subcultures. MJA,
HEJA, or JA biosynthesis inhibitors was dissolved in eth-
anol and sterilized by filtering through 0.22 μm polyvinyl-
idenedifluoride (PVDF) syringe filters (Millipore) before
adding to the cell cultures. The final ethanol concentration
in cultures was 1 ml/l. Equal volumes of ethanol were
added to all flask cultures. For all cultures, multiple flasks
were run under each condition, and the cultivation data
represent the mean values with the standard deviations
from three independent samples.

Measurement of cell weight and ginsenoside content

For sampling, three identical shake flasks were used for
each data point. The samples from flasks were filtered
under vacuum and washed with several volumes of dis-
tilled water to remove residual medium. The analytical
procedures for cell dry weight (DW) and ginsenoside
content were the same as described previously (Zhang and
Zhong 2004; Wang et al. 2005).
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Enzyme extraction and assay of UGRdGT activity

UGRdGT, which catalyzes the formation of Rb1 from Rd
in P. notoginseng cells (Yue and Zhong 2005a,b), was
detected as described in Wang et al. (2005).

Analysis of H2O2

H2O2 produced by the cells and released into the medium
was determined by the scopoletin fluorescence oxidative
quenching method (excitation wavelength, 350 nm; emis-
sion, 460 nm) according to Cazalé et al. (1998). To measure
the H2O2 concentration, samples were taken at various in-
tervals after the elicitation. Aliquots of 3 ml cell-free broth
were mixed with 90 μl 1 mM stock solution of scopoletin
(Fluka) in DMSO (Sigma) and 90 μl 1 mg/ml stock so-
lution of peroxidase (Sino-American Biotechnology Co.,
Shanghai, China), respectively. Scopoletin was oxidized,
and the concentration of H2O2 was calculated from the
fluorescence decrease monitored by a spectrofluorimeter
(Varian Cary Eclipse, CA, USA) using a calibration curve
established in the presence of H2O2. A standard curve by
adding scopoletin to the solutions at different H2O2 con-
centrations was prepared by using cell-free medium.

The effects of MJA and HEJA on peroxidase-dependent
assay for H2O2 determination were tested. Various chem-
icals were added to cell-free medium to obtain final con-
centrations of 50, 100, or 200 μM, respectively. In usual
conditions of assay (see above), the addition of jasmonates
had no obvious effect on the decrease of scopoletin fluo-
rescence due to the addition of H2O2.

Assay of NO

NO in the medium was quantified by spectrophotometric
measurement of the conversion of oxyhemoglobin (HbO2)
to methemoglobin (metHb) (Murphy and Noack 1994;
Delledonne et al. 2001). HbO2 was prepared according to
Murphy and Noack (1994). Twenty-five milligrams of
hemoglobin (Hb) (Sigma) was dissolved in 1 ml of phos-
phate buffer (50 mM, pH 7.4), and 1–2 mg of sodium
hydrosulfite powder was added to the solution. Then, a
light stream of O2 was continuously blown to the solu-
tion for about 15 min, and Hb was converted into HbO2

by reacting with O2. The resulting HbO2 solution is de-
salted and purified by passing it through a Sephadex G-25
(Pharmacia) column. HbO2 should be prepared fresh each
day and stored on ice in dim light. NO concentration in
the medium was analyzed as describe by Delledonne
et al. (2001). Briefly, cell suspensions were filtrated, and
HbO2 was added to the medium to a final concentration of
10 μM. After 2 min, the changes in absorbance of the
medium at 421 nm and 401 nm were measured, and the
NO levels were calculated by using an extinction coef-
ficient of 77 mM−1 cm−1 [A401 (metHb)–A421 (HbO2)].

Enzyme extraction and assay of PAL activity

Fresh cells from the suspension culture were extracted for
the assay of PAL as described by Qian et al. (2004b). Fresh
cells of 1 g were frozen in liquid nitrogen and grounded
with mortar and pestle. Enzyme in frozen powder was ex-
tracted by adding 50 mg polyvinylpolypyrroridone, 2-ml
prechilled buffer of pH 7.2 (0.1 M phosphate buffer, 2 mM
ethylenediaminetetraacetic acid, 4 mM dithiothreitol), and
then homogenized at 4°C. The mixture was centrifuged at
10,000×g for 30 min at 4°C. The supernatant was used
directly for PAL assay, using a method slightly modified
from the one described by Heide et al. (1989). The enzyme
extracts (200 μl) were incubated with 120 μl 0.1M L-phe-
nylalanine (dissolved in 0.1 M borate buffer of pH 8.8)
and 280 μl 0.1 M borate buffer of pH 8.8 at 30°C for
60 min. The reaction was stopped by adding 50 μl 5 N
trichloroacetic acid. After centrifugation at 10,000×g for
3 min, 20 μl supernatant was analyzed by HPLC, using a
Shimadzu LC-10ATVP HPLC apparatus equipped with a
variable wavelength UV detector (Shimadzu, SPD-10AVP).
A Shimadzu VP-ODS column (250×4.0 mm2; 5 μm) was
used at 25°C. The mobile phase consisted of water, meth-
anol, and acetic acid at a ratio of 40:60:1 (v/v/v). The flow
rate was kept constant at 1 ml/min. Trans-cinnamic acid
was monitored at 275 nm identified by comparison with its
authentic sample (Sigma). One unit (U) of enzyme activity
is defined as the amount of enzyme forming 1 pmol of
trans-cinnamic acid from the substrate L-phenylalanine per
minute. Protein was quantified with Bradford method.

Detection of JA

The cell suspensions were filtrated, and 10 g cells by fresh
weight (FW) were extracted for the assay of JA using a
method slightly modified from that of Gundlach et al.
(1992). For the assay of JA, 10 g FW cells were shock-
frozen in liquid N2, thawed in 20 ml of ethanol, and to
which 9,10-dihydrojasmonic acid was added as internal
standard. Samples were grinded, and the mixture was
separated and extracted a second time with 20 ml ethanol.
The ethanolic extracts were evaporated at 40°C to dryness,
and the residue was dissolved in 40 ml water. The solution
was acidified with 2.4 ml of 12 M HCl and was extracted
with 40 ml CHCl3 for three times. The organic phase was
dried over Na2SO4 and evaporated. The residue was dis-
solved in 1 ml of n-hexane and was applied to a silica solid-
phase extraction column (Supelclean LC-Si SPE Tubes,
500 mg, 3 ml, Supelco, USA). The column was washed
with 5 ml of n-hexane and eluted with 7 ml of n-hexane/
diethyl ether, 2:1 (vol/vol). The sample was taken to dry-
ness, dissolved in 100 μl methanol for analysis. JA was
analyzed by gas chromatography/mass spectrometry (GC/
MS) on a Micromass GCT unit (England), with an HP-5
fused silica capillary column of 30 m×0.32 mm ID and
0.25-μm film thickness. The column temperature was ini-
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tially held at 80°C for 0.5 min, then shifted to 200°C at
4°C/min, and then increased to 280°C at 30°C/min, and
the injector and detector temperature was set at 270 and
280°C, respectively. Hydrogen was used as the mobile
phase at a flow rate of 1 ml/min.

Statistical analyses

Experiments were done in a completely randomized layout.
Each experiment was carried out in triplicate, and three
different sets of experiments reproduced the same result.
Data were analyzed by one-way analysis of variance
(ANOVA). Means of an experiment were analyzed using
Tukey’s Honestly Significant Difference multiple-compar-
ison test with a family error rate of 0.05. All differences are
significant unless otherwise indicated.

Results

Optimization of HEJA elicitation conditions

Exposure time and dosage of an elicitor are two main
factors that affect cell growth and product yield for a
specific culture system and elicitor (Wang and Zhong
2002; Ketchum et al. 1999; Tabata 2004). Thus, experi-
ments on the timing of HEJA addition and dose response
were carried out at first.

For the investigation of elicitation time, 100 μM HEJA
was added to the cultures of P. notoginseng cells at
different growth stages, i.e., at day 0 (lag phase), day 4
(beginning of log phase), day 7 (middle of log phase), and
day 10 (end of log phase). Maximum DW and ginsenoside
content on day 13 are shown in Table 1. DWon day 13 for
the elicited cultures exposed at different log phases (day 4,
7, and 10) was almost the same as that of the control
(without addition of elicitors). Whereas, cell growth was
highly inhibited when HEJA was added just after inocu-
lation, and there appeared to be about 20% decrease in DW
on day 13 compared with the control. HEJA could increase
each individual ginsenoside biosynthesis after its addition
to the cell cultures at various growth stages. On the other

hand, the cells showed different stimulatory responses of
ginsenoside biosynthesis to elicitation at different growth
stages. As shown in Table 1, relatively higher individual
ginsenoside content was obtained with the cells exposed
to the elicitor at early stage of cultivation (day 0 and 4).
On the contrary, when HEJA was added on day 7 and 10,
the stimulating effect on ginsenoside content was a little
lower compared with the elicitation on day 0 and 4. With
HEJA elicitation, the ginsenoside content of Rb group
increased much more than Rg group compared to the
control. In particular, Rb1 content increased much more
than Rg1 and Re, whereas Rd was also detected in this case.
Similar to MJA (Wang and Zhong 2002), HEJA could
manipulate the ginsenoside heterogeneity in cell cultures
of P. notoginseng.

For the study on elicitation dosage, 4-day-old cell sus-
pension cultures of P. notoginseng were elicited with dif-
ferent levels (100–500 μM) of HEJA. Maximum DW and
ginsenoside content on day 13 are shown in Table 2. A
lower HEJA concentration seemed to have no obvious
effect on DW. The respective DW for 100 and 200 μM of
HEJA on day 13 was 8.88±0.20 and 8.71±0.21 g/l, nearly
the same as the control (9.11±0.18 g/l). Whereas, a higher
HEJA concentration (i.e., 500 μM) resulted in a decreased
DW (7.62±0.25 g/l) compared with the control. An in-
crease of HEJA concentration from 100 to 200 μM could
enhance the content of individual ginsenosides, for ex-
ample, Rb1 content was increased from 1.86±0.05 to 2.31±
0.05 mg/100 mg DW. However, an even higher HEJA
concentration (i.e., 500 μM) showed a slight inhibition on
ginsenoside content, and the optimum HEJA elicitation
condition was identified to be 200 μM added on day 4.

Comparison of HEJA with MJA

A comparison of the effects of MJA and HEJA on cell
growth, ginsenoside biosynthesis, and UGRdGT activity
was done. Both MJA and HEJAwere added on day 4 to the
cell cultures at 200 μM.

Time profiles of DW (a), total ginsenoside (Rg1+Re+
Rb1+Rd) content (b), and the ratio of Rb to Rg group of
ginsenosides (c) are shown in Fig. 1. Compared with the

Table 1 Effects of HEJA addition time on DW and the content of individual ginsenosides on day 13

Cultivation conditions DW (g/l, day 13) Ginsenoside content (mg/100 mg DW) Rb:Rg2

Rg1 Re Rb1 Rd Total1

Control 8.94±0.20a 0.24±0.02a 0.25±0.02a 0.27±0.02a 0a 0.75±0.06a 0.55±0.00a

Added on day 0 7.21±0.35b 0.47±0.01b 0.44±0.02b 2.03±0.04b 0.14±0.03b 3.07±0.10b 2.39±0.02b

Added on day 4 8.68±0.14a 0.48±0.01b 0.45±0.03b 2.07±0.04b 0.14±0.03b 3.14±0.11b 2.37±0.04b

Added on day 7 9.19±0.33a 0.36±0.02c 0.37±0.02c 1.67±0.05c 0.11±0.02c 2.49±0.11c 2.46±0.05b

Added on day 10 8.99±0.21a 0.31±0.01d 0.30±0.01d 1.25±0.04d 0.09±0.02c 1.94±0.08d 2.18±0.01c

The same letters all noted in a single column are not significantly different according to Tukey’s Honestly Significant Difference multiple-
comparison test with a family error rate of 0.05
1Total content=(Rg1+Re+Rb1+Rd)
2Rb:Rg=(Rb1+Rd)/(Rg1+Re)
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control, no obvious difference on cell growth was observed
for both MJA and HEJA elicitation. The cells all reached
their maximum DW on day 13, and the respective DW for
control, MJA elicitation, and HEJA elicitation was 9.40±
0.31, 9.01±0.37, and 8.94±0.46 g/l, respectively.

From Fig. 1b, we could see that for both MJA and HEJA
elicitation, the content of total ginsenosides increased from
day 4 to about day 11 after the addition, and then a slight
fluctuation was observed. The stimulating effect of HEJA
on ginsenoside biosynthesis was at a higher level than MJA
during cultivation. Maximum ginsenoside content was
0.76±0.06 (day 11), 2.26±0.09 (day 15), and 3.54±0.23
(day 15) mg/100 mg DW for the control, MJA elicita-
tion, and HEJA elicitation, respectively. The Rb/Rg ratio
(Fig. 1c) of the control maintained at about 0.5 during
the cultivation, whereas it increased sharply with MJA or
HEJA elicitation. During the cultivation, the Rb/Rg ratio
with HEJA elicitation was about 30% higher than that with
MJA elicitation.

Time profiles of UGRdGT activity (a) and the content of
ginsenoside Rb1 (b), and Rd (c) with addition of MJA and
HEJA are shown in Fig. 2. This enzyme catalyzed the
glucosylation of ginsenoside Rd into Rb1 in P. notoginseng
cells (Yue and Zhong 2005a,b). The enzyme activity
increased sharply after the addition of the elicitors on day 4
and reached a maximal level on day 7. Although a little
decrease was seen after day 7, the enzyme activity still
remained at a relatively higher level until day 15 compared
with the control. In comparison to MJA, for HEJA, the
increase of UGRdGT activity coincided with the higher
content of ginsenoside Rb1 in its case. The maximum
production of individual ginsenosides on day 13 is shown
in Table 3. With HEJA elicitation, a maximal produc-
tion titer of ginsenoside Rg1, Re, Rb1, and Rd was 47.4±
4.8, 52.3±4.4, 190±18, and 12.1±2.5 mg/l, about 1.3-,
1.3-, 1.7-, and 2.1-fold than that with MJA elicitation,
respectively.

Effects of MJA and HEJA on oxidative burst
in P. notoginseng cell cultures

Effect of the jasmonates (MJA and HEJA) on oxidative
burst was studied by analyzing H2O2 concentration in the
medium with 200 μM of the jasmonates added to the
P. notoginseng cell cultures 4 days after inoculation. Both
NO concentration in medium and PAL activity in cells
related to oxidative burst were measured. Both MJA and
HEJA had no obvious effects on H2O2 and NO levels in

Table 2 Effects of HEJA concentration on DW and the content of individual ginsenosides on day 13

HEJA level (μM) DW (g/l, day 13) Ginsenoside content (mg/100 mg DW) Rb:Rg2

Rg1 Re Rb1 Rd Total1

0 9.11±0.18a 0.21±0.03a 0.19±0.01a 0.22±0.02a 0a 0.62±0.04a 0.54±0.03a

100 8.88±0.20a 0.47±0.02b 0.54±0.02b 1.86±0.05b 0.14±0.02b 3.00±0.13b 1.99±0.01b

200 8.71±0.21a 0.53±0.01c 0.56±0.01b 2.31±0.05c 0.15±0.03b 3.54±0.13c 2.25±0.03c

500 7.62±0.25b 0.51±0.01c 0.53±0.02b 2.12±0.06d 0.15±0.03b 3.30±0.02d 2.19±0.10c

The same letters all noted in a single column are not significantly different according to Tukey’s Honestly Significant Difference multiple-
comparison test with a family error rate of 0.05
1Total content=(Rg1+Re+Rb1+Rd)
2Rb:Rg=(Rb1+Rd)/(Rg1+Re)
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Fig. 1 Time courses of dry cell weight (a), total ginsenoside
(Rg1+Re+Rb1+Rd) content (b), and the ratio of Rb to Rg (c) of
P. notoginseng cells with 200 μM of MJA or HEJA added on
day 4. Control (dark circle), 200 μM MJA added on day 4 (open
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medium and PAL activity in cells until 24 h after elicitation
(Fig. 3a–c).

Effects of MJA and HEJA on JA biosynthesis

Three JA biosynthesis inhibitors, i.e., ibuprofen (Ibu),
n-propylgallate (Pro), and phenylbutazone (Phyb) (Staswick

et al. 1991; Farmer 1994), were tested for their possible
effects on the jasmonate signaling pathway that led to
enhanced ginsenoside biosynthesis (Table 4). Each inhib-
itor (at 100 μM) was added together with 200 μM of the
jasmonates to the cell cultures of P. notoginseng on day 4,
and the cells were sampled on day 13. Here, 100 μM of
each inhibitor added alone on day 4 was proved to have no
effects on cell growth and ginsenoside content (data not
shown).

When MJA was added simultaneously with the inhibi-
tors, all three inhibitors (Ibu, Pro, and Phyb) did not affect
MJA-mediated enhancement of ginsenoside biosynthesis,
and the content of each ginsenoside was very similar to that
of MJA-elicited cells. On the other hand, they could
partially reduce the eliciting activity of HEJA on ginseno-
side biosynthesis when added together with HEJA. For
example, when Ibu was added with HEJA, total ginseno-
side content was 2.44±0.13 mg/100 mg DW. It was lower
than that of HEJA-elicited cells (2.89±0.15 mg/100 mg

Table 3 Effects of MJA and HEJA on the production of individual
ginsenosides on day 13

Cultivation
conditions

Ginsenoside production (mg/l)

Rg1 Re Rb1 Rd

Control 22.1±1.3a 23.0±1.2a 28.1±3.1a 0a

MJA 35.2±4.0b 39.2±3.5b 113±10b 5.87±0.88b

HEJA 47.4±4.8c 52.3±4.4c 190±18c 12.1±2.5c

The same letters all noted in a single column are not significantly
different according to Tukey’s Honestly Significant Difference
multiple-comparison test with a family error rate of 0.05
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Fig. 2 Dynamic changes of UGRdGT activity (a) and the content of
ginsenoside Rb1 (b) and Rd (c) of P. notoginseng cells with 200 μM
of MJA or HEJA elicited on day 4. The symbols are the same as in
Fig. 1

Fig. 3 Effect of 200 μM of MJA or HEJA on H2O2 (a) and NO
(b) concentration in medium and PAL activity in cells (c) of
P. notoginseng. The symbols are the same as in Fig. 1
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DW), but still much higher than that of control (0.61±
0.06 mg/100 mg DW).

Muller et al. (1993) reported that JA level reached the
maximum between 0.5 and 2 h after yeast cell wall elic-
itation and kept at a relatively high level until 12 h after
elicitation. Thus, in this study, the endogenous JA content
at 2 and 12 h after the elicitation was analyzed, and the
results are shown in Table 5. Both MJA and HEJA sig-
nificantly increased the endogenous JA content at 12 h after
the addition. HEJA addition could increase JA content to a
higher level than MJA addition (74.4±7.6 vs 20.8±3.9 ng/g
FW). Ibu had no effects on JA content compared with the
control, when it was added together with HEJA or MJA,
whereas it could inhibit the increase of JA content induced
by the jasmonates.

Discussion

The optimal condition for HEJA elicitation was identified
to be 200 μM added on day 4. The same phenomenon was
observed for the MJA elicitation on P. notoginseng cultures

(Wang and Zhong 2002). The inhibitory effect of high
concentrations of elicitors on metabolites biosynthesis was
also observed in JA-induced indole alkaloids biosynthesis
(Rijhwani and Shanks 1998) and in MJA-induced taxol
biosynthesis (Ketchum et al. 1999). The existence of an
optimal dose of elicitors suggests that, at elicitor doses
smaller than the optimum, the elicitor-binding sites in cells
were still not fully utilized for activating the secondary
metabolite synthesis, whereas excessive doses caused a
deleterious effect on the cells’ biosynthetic activity.

Stronger elicitation of ginsenoside biosynthesis by
HEJA than MJA was demonstrated. It was confirmed that
esterification did not change the distribution of jasmonate
stereoisomers, as compared with the starting material
(MJA) (Qian et al. 2004a,b). Therefore, it might be rea-
sonable to neglect the effect of stereo configuration and
take into account the difference in chemical structure. Com-
pared with MJA, HEJA also had a higher stimulating ac-
tivity on taxane biosynthesis in cell cultures of T.chinensis
(Qian et al. 2004a,b). These results suggest that the ester-
ification of the jasmonates at the C-1 position with glycol is
essential to their stimulating activity on secondary metab-
olite biosynthesis.

A higher Rb/Rg ratio with HEJA elicitation was ob-
served than that with MJA elicitation. The results indicate
that compared to MJA, HEJA could lead to higher amounts
of Rb group ginsenosides. This means that it can alter the
distribution of heterogeneous ginsenosides more efficiently
than MJA.

The increase of UGRdGT activity coincided with the
higher content of ginsenoside Rb1. A higher UGRdGT ac-
tivity with HEJA elicitation than that with MJA elicitation
suggests that HEJA had higher stimulating activity than
MJA on ginsenoside biosynthesis at a molecular level. In
addition, by using HEJA, the Rd content increased more
than Rb1. The fact implies that the jasmonate analogue
might also strongly activate certain site(s) from 2,3-oxi-
dosqualene to Rd in ginsenoside biosynthetic pathway
(Fig. 4) besides its effect on UGRdGT. Future progress in

Table 4 Effects of JA biosynthesis inhibitors on the eliciting activities of MJA and HEJA in ginsenosides biosynthesis (day 13)

Cultivation condition DW (g/l, day 13) Ginsenoside content (mg/100 mg DW) Rb:Rg2

Rg1 Re Rb1 Rd Total1

Control 9.02±0.11a 0.19±0.01a 0.22±0.03a 0.20±0.01a 0a 0.61±0.06a 0.49±0.02a

MJA 8.88±0.20a 0.35±0.02b 0.34±0.01b 1.29±0.05b 0.09±0.02b 2.06±0.06b 2.00±0.12b

MJA+Ibu 8.75±0.27a 0.36±0.03b 0.35±0.03b 1.24±0.06b 0.09±0.02b 2.03±0.14b 1.86±0.03b

MJA+Pro 8.61±0.21a 0.34±0.04b 0.37±0.01c 1.30±0.07b 0.11±0.03b,d 2.12±0.16b 1.99±0.02b

MJA+Phyb 8.32±0.11a 0.35±0.02b 0.34±0.03b 1.23±0.11b 0.09±0.03b 2.00±0.18b 1.92±0.06b

HEJA 8.77±0.13a 0.42±0.02c 0.44±0.03c 1.88±0.07c 0.15±0.03c 2.89±0.15c 2.37±0.12c

HEJA+Ibu 8.92±0.25a 0.35±0.02b 0.36±0.01b 1.61±0.07d 0.13±0.02d 2.44±0.13d 2.46±0.11c

HEJA+Pro 8.78±0.28a 0.37±0.01b 0.39±0.01d 1.70±0.06d 0.12±0.02b,d 2.57±0.11d 2.38±0.13c

HEJA+Phyb 8.83±0.18a 0.37±0.02b 0.37±0.02b 1.71±0.09d 0.12±0.03b,d 2.55±0.16d 2.49±0.12c

The same letters all noted in a single column are not significantly different according to Tukey’s Honestly Significant Difference multiple-
comparison test with a family error rate of 0.05
1Total content=(Rg1+Re+Rb1+Rd)
2Rb:Rg=(Rb1+Rd)/(Rg1+Re)

Table 5 JA content in the cells under different cultivation
conditions

Cultivation conditions JA content (ng/g FW)

2 h 12 h

Control 7.3±2.5a 9.2±2.4a

MJA 7.4±2.1a 20.8±3.9b

HEJA 9.2±3.3a 74.4±7.6
Ibu 7.9±2.1a 8.7±2.4a

MJA+Ibu 7.3±2.5a 14.7±2.4c

HEJA+Ibu 7.9±2.3a 23.2±2.1b

The same letters all noted in a single column are not significantly
different according to Tukey’s Honestly Significant Difference
multiple-comparison test with a family error rate of 0.05
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the elucidation of the detailed ginsenoside biosynthetic
pathway will help us to investigate and understand this
phenomenon.

Exogenously applied MJA could induce the lipoxygen-
ase and lead to endogenous JA biosynthesis as reported
(Melan et al. 1993; Zhao and Sakai 2003). In tobacco
Bright Yellow-2 cells, the exogenously applied MJA was
hydrolyzed to JA and then metabolized to its glucose and
gentiobiose esters (Swiatek et al. 2004). In this work, we
found that the jasmonates could increase the endogenous
JA level, and JA biosynthesis inhibitors could inhibit the
stimulated JA level. It is possible that the exogenously
applied jasmonates could stimulate JA biosynthesis in
P. notoginseng cells, or they may be hydrolyzed to JA. JA
biosynthesis inhibitors were found to only partially inhibit
ginsenoside biosynthesis induced by HEJA, and they had
no effects on MJA-induced ginsenoside biosynthesis. The
results imply that in P. notoginseng cells, both exogen-

ously applied jasmonates and endogenously elicited JA
could induce ginsenoside biosynthesis via the induction
of key enzymes involved in the ginsenoside biosynthetic
pathway such as UGRdGT.

In this work, no obvious effects of both HEJA and MJA
on H2O2, NO, and PAL were observed until 24 h after
elicitation, although the UGRdGT activity was already
enhanced (Fig. 3). This suggests that the AOS generation
pathway might have no relationship with the jasmonates-
induced ginsenoside biosynthesis in our P. notoginseng cell
cultures. In cell cultures of P. ginseng as reported, oli-
gosaccharide induced jasmonate signal through a rapid
production of H2O2 and finally enhanced ginsenosides
production, whereas JA itself had no effects on H2O2 (Hu
et al. 2003a). Such a signal transduction was also shown in
other systems like in β-thujaplicin production induced by a
yeast elicitor (Zhao and Sakai 2003). However, different
results have also been reported in some other cases. For
example, in root cultures of P. ginseng and P. quinquefo-
lium, the induction of antioxidant system and H2O2 accu-
mulation was observed after MJA elicitation (Ali et al.
2005). In tomato leaves, JA or systemin induced early sig-
naling genes and the rapid production of H2O2, and H2O2

then induced the expression of late defense genes, but NO
in this signal cascade inhibited the defense genes expres-
sion by inhibiting H2O2 accumulation (Orozco-Cárdenas
and Ryan 2002). Recently, Wang and Wu (2005) reported
that NO inhibitors could suppress MJA-induced taxol
accumulation, but enhance H2O2 and PAL. In suspension
cultures of T. chinensis, an increased level of H2O2 fol-
lowed by higher PAL activity and taxoid overproduction
was observed after jasmonates elicitation (Qian et al. 2004a).
Hu et al. (2003b) reported that NO mediated elicitor-in-
duced saponin synthesis in cell cultures of Panax ginseng.
All these reports including this work suggest that the sig-
nal transduction pathway from elicitation, gene activation
to secondary metabolite synthesis, is a very complicated
system. We think that even for the same elicitor, the signal
cascade may be different in different cell culture systems.
The information obtained here is considered helpful to
further understand the signal transduction network in our
case.

It is reported that different jasmonate elicitors in chem-
ical structure might induce different levels of plant defense
responses (Qian et al. 2004a,b; Tabata 2004; Staniszewska
et al. 2003; Miersch et al. 1999; Koda et al. 1991). Lobler
and Lee (1998) proposed that the exogenous jasmonate
is recognized by a plasma membrane receptor. In this work,
we found that the cells performed similar signal responses
to the elicitation by MJA and chemically synthesized
HEJA. The different levels of ginsenoside accumulation
by their elicitation might be due to the structure relation-
ship between the jasmonates and their receptors. How-
ever, no such receptors have been reported. Studies on
the structural requirements for the stimulating activity of
chemical elicitors may help to the illumination of the re-
ceptors and the rational design and synthesis of more
potent elicitors.Fig. 4 Proposed acting point of jasmonates on the biosynthetic

pathway of ginsenoside Rb1 in P. notoginseng cells
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Conclusions

Chemically synthesized HEJA was shown to stimulate
ginsenosides biosynthesis and manipulate their heteroge-
neity more efficiently than MJA by leading to higher
amounts of Rb group ginsenosides in cell cultures of
P. notoginseng. Studies on the signal events, including JA
biosynthesis and oxidative burst, confirmed that the cells
had similar defense response to HEJA elicitation as to MJA
elicitation. This is the first report on efficient manipulation
of the heterogeneity of plant secondary metabolites by
using chemically synthesized elicitor. The information
obtained here is useful for the large-scale manipulation of
the heterogeneity of valuable ginsenosides in plant cell
cultures.

Acknowledgements Financial support from the National Natural
Science Foundation of China (NSFC project nos. 20225619,
20236040, and 20376023), the National Key Project for Basic
Research, the Ministry of Science and Technology of China
(2003CB114400), and Shanghai Science and Technology Commis-
sion (Project no. 04QMH1410) is gratefully acknowledged.

References

Ali MB, Yu KW, Hahn EJ, Paek KY (2005) Differential responses
of anti-oxidants enzymes, lipoxygenase activity, ascorbate
content and the production of saponins in tissue cultured root
of mountain Panax ginseng CA Meyer and Panax quinquefo-
lium L. in bioreactor subjected to methyl jasmonate stress. Plant
Sci 169:83–92

Cazalé AC, Rouet-Mayer MA, Barbier-Brygoo H, Mathieu Y,
Laurière C (1998) Oxidative burst and hypoosmotic stress in
tobacco cell suspensions. Plant Physiol 116:659–669

Chen Z, Silva H, Klessig DF (1993) Active oxygen species in the
induction of plant systemic acquired resistance by salicylic
acid. Science 262:1883–1886

Creelman RA, Mullet JE (1997) Biosynthesis and action of
jasmonates in plants. Annu Rev Plant Physiol Plant Mol Biol
48:355–381

Delledonne M, Zeier J, Marocco A, Lamb C (2001) Signal
interactions between nitric oxide and reactive oxygen inter-
mediates in the plant hypersensitive disease resistance response.
Proc Natl Acad Sci U S A 98:13454–13459

Desikan R, Reynolds A, Hancock JT, Neill SJ (1998) Harpin and
hydrogen peroxide both initiate programmed cell death but
have differential effects on defence gene expression in Ara-
bidopsis suspension cultures. Biochem J 330:115–120

Dong HD, Zhong JJ (2001) Significant improvement of taxane
production in suspension cultures of Taxus chinensis by com-
bining elicitation with sucrose feed. Biochem Eng J 8:145–150

Farmer EE (1994) Fatty acid signaling in plants and their associate
microorganisms. Plant Mol Biol 26:1423–1437

Gundlach H, Muller MJ, Kutchan TM, Zenk MH (1992) Jasmonic
acid is a signal transducer in elicitor-induced plant cell cultures.
Proc Natl Acad Sci U S A 89:2389–2392

Heide L, Nishioka N, Fukuki H, Tabata M (1989) Enzymatic
regulation of shikonin biosynthesis in Lithospermum erythror-
hizon cell cultures. Phytochemistry 28:1873–1877

Hu XY, Neill S, Cai WM, Tang Z (2003a) Hydrogen peroxide and
jasmonic acid mediate oligogalacturonic acid-induced saponin
accumulation in suspension-cultured cells of Panax ginseng.
Physiol Plant 118:414–421

Hu XY, Neill S, Cai WM, Tang Z (2003b) Nitric oxide mediates
elicitor-induced saponin synthesis in cell cultures of Panax
ginseng. Funct Plant Biol 30:901–907

Ketchum REB, Gibson DM, Croteau RB, Shuler ML (1999) The
kinetics of taxoid accumulation in cell suspension cultures of
Taxus following elicitation with methyl jasmonate. Biotechnol
Bioeng 62:97–105

Koda Y, Kikuta Y, Tazaki H, Tsujino Y, Sakamura S, Yoshihara T
(1991) Potato tuber-inducing activities of jasmonic acid and
related compounds. Phytochemistry 30:1435–1438

Lobler M, Lee J (1998) Jasmonate signaling in barley. Trends Plant
Sci 3:8–9

Melan MA, Dong X, Endara ME, Davis KR, Ausubel FM, Peterman
TK (1993) An Arabidopsis thaliana lipoxygenase gene can be
induced by pathogens, abscisic acid, and methyl jasmonate.
Plant Physiol 101:441–450

Miersch O, Ksamell R, Parthier B, Wasternack C (1999) Structure
activity relations of substituted, deleted or stereospecifically
altered jasmonic acid in gene expression of barley leaves.
Phytochemistry 50:353–361

Muller MJ, Brodschelm W, Spannagl E, Zenk MH (1993) Signaling
in the elicitation process in mediated through the octadecanoid
pathway leading to jasmonic acid. Proc Natl Acad Sci U S A
90:7490–7494

Murphy ME, Noack E (1994) Nitric oxide assay using hemoglobin
method. Methods Enzymol 233:240–250

Orozco-Cárdenas ML, Ryan CA (2002) Nitric oxide negatively
modulates wound signaling in tomato plants. Plant Physiol 130:
487–493

Qian ZG, Zhao ZJ, Xu Y, Qian X, Zhong JJ (2004a) Novel
chemically synthesized hydroxyl-containing jasmonates as pow-
erful inducing signals for plant secondary metabolism. Biotech-
nol Bioeng 86:809–816

Qian ZG, Zhao ZJ, Tian WH, Xu Y, Zhong JJ, Qian X (2004b)
Novel synthetic jasmonates as highly efficient elicitors for
taxoid production by suspension cultures of Taxus chinensis.
Biotechnol Bioeng 86:595–599

Rijhwani S, Shanks JV (1998) Effect of elicitor dosage and expo-
sure time on biosynthesis of indole alkaloids by Catharanthus
roseus hairy root cultures. Biotechnol Prog 14:442–449

Staniszewska I, Królicka A, Maliñski E, Łojkowska E, Szafranek J
(2003) Elicitation of secondary metabolites in in vitro cultures
of Ammi majus L. Enzyme Microb Technol 33:565–568

Staswick PE, Huang JF, Rhee Y (1991) Nitrogen and methyl jas-
monate induction of soybean vegetative storage protein genes.
Plant Physiol 96:130–136

Sticher O (1998) Getting to the root of ginseng. Chemtech 28:26–32
Swiatek A, van Dongen W, Esmans EL, van Onckelen H (2004)

Metabolic fate of jasmonates in tobacco Bright Yellow-2 cells.
Plant Physiol 135:161–172

Tabata H (2004) Paclitaxel production by plant-cell-culture tech-
nology. Adv Biochem Eng Biotechnol 87:1–23

Wang JW, Wu JY (2005) Nitric oxide is involved in methyl
jasmonate-induced defense responses and secondary metabo-
lism activities of Taxus cells. Plant Cell Physiol (adv access)

Wang W, Zhong JJ (2002) Manipulation of ginsenoside hetero-
geneity in cell cultures of Panax notoginseng by addition of
jasmonates. J Biosci Bioeng 93:48–53

Wang W, Zhang ZY, Zhong JJ (2005) Enhancement of ginsenoside
biosynthesis in high density cultivation of Panax notoginseng
cells by various strategies of methyl jasmonate elicitation. Appl
Microbiol Biotechnol 67:752–758

Woragidbumrung K, Sae-Tang P, Yao H, Han J, Chauvatcharin S,
Zhong JJ (2001) Impact of conditioned medium on cell cultures
of Panax notoginseng in an air-lift bioreactor. Process Biochem
37:209–213

Yu KW, Gao WY, Hahn EJ, Paek KY (2002) Jasmonic acid im-
proving ginsenoside accumulation in adventitious root culture
of Panax ginseng CA Meyer. Biochem Eng J 11:211–215

Yu KW, Murthy HN, Hahn EJ, Paek KY (2005) Ginsenoside
production by hairy root cultures of Panax ginseng: influence
of temperature and light quality. Biochem Eng J 23:53–56

Yue CJ, Zhong JJ (2005a) Impact of external calcium and calcium
sensors on ginsenoside Rb1 biosynthesis by Panax notoginseng
cells. Biotechnol Bioeng 89:444–452

306



Yue CJ, Zhong JJ (2005b) Purification and characterization of
UDPG: ginsenoside Rd glucosyltransferase from suspended
cells of Panax notoginseng. Process Biochem (in press)

Zhang ZY, Zhong JJ (2004) Scale-up of centrifugal impeller
bioreactor for hyperproduction of ginseng saponin and poly-
saccharide by high-density cultivation of Panax notoginseng
cells. Biotechnol Prog 20:1076–1081

Zhao J, Sakai K (2003) Multiple signaling pathways mediate fungal
elicitor induced β-thujaplicin biosynthesis in Cupressus lusi-
tanica cell cultures. J Exp Bot 54:647–656

Zhao J, Davis L, Verpoorte R (2005) Elicitor signal transduction
leading to production of plant secondary metabolites. Biotech-
nol Adv 23:283–333

307


	Efficient induction of ginsenoside biosynthesis and alteration of ginsenoside heterogeneity in cell cultures of Panax notoginseng by using chemically synthesized 2-hydroxyethyl jasmonate
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Chemical synthesis of HEJA
	Cell subcultures
	Cultivation conditions
	Measurement of cell weight and ginsenoside content
	Enzyme extraction and assay of UGRdGT activity
	Analysis of H2O2
	Assay of NO
	Enzyme extraction and assay of PAL activity
	Detection of JA
	Statistical analyses

	Results
	Optimization of HEJA elicitation conditions
	Comparison of HEJA with MJA
	Effects of MJA and HEJA on oxidative burst in P. notoginseng cell cultures
	Effects of MJA and HEJA on JA biosynthesis

	Discussion
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


