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Abstract

and regulation.

Background: Saikosaponin-d (55d) is an important active component of Bupleurum scorzonerifolium Willd., a
traditional Chinese medicinal herb. Thus far, the biosynthetic pathway and biosynthetic site of saikosaponins in
Bupleurum are largely unknown. The cellular localization of SSd will help in understanding saikosaponin biosynthesis

Results: In this study, we characterize for the first time the localization of SSd in B. scorzonerifolium tissues and cells
using histochemistry and immunoelectron microscopy. The results show that the saikosaponin distribution in
different plant organs changes as they mature. The number of SSd gold particles distinctly differed among the
roots, stems, and leaves, with the particles mainly concentrated in the roots. The gold particles were mainly
observed in vacuoles, with a few particles in the protoplasm; hence, SSd is mainly stored in vacuoles.

Conclusions: We speculate that saikosaponins are mainly synthesized via the mevalonate pathway in the
protoplasm in young organs, and then transported to the central vacuole by the endoplasmic reticulum (ER) or the
fusion of vacuoles, to protect plants from self-poisoning with the accumulation of more saikosaponins.
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Background

Bupleurum scorzonerifolium Willd of family Umbelliferae
is also called Shannon Chaihu, soft Miller Chaihu, south
Chaihu. It has been a well-known traditional herbal medi-
cine in China for more than a thousand years. The Chinese
Pharmacopoeia lists B. scorzonerifolium root as the crude
drug of Radix Bupleuri (Pharmacopoeia Commission of
People’ s Republic of China 2010 edition). Saikosaponins, a
group of triterpene saponins, are the major active constitu-
ents of B. scorzonerifolium and its related pharmacological
effects (Bao et al. 2004; Xie et al. 2007; Jia and Zhang
1989). Up to 90 saponin compounds have been isolated
from Radix Bupleuri (Xie et al. 2007), with saikosaponins
a, ¢, and d constituting the highest contents. Pharmacologic
experiments have shown that saikoponin a and saikoponin
d have obvious pharmacologic activity, and their contents
have become the standards for the quality control of
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medicinal samples (Bao et al. 2004). Saikosaponin d (SSd) is
a triterpenoid saponin monomer that has anti-inflammatory
and endocrine-regulating properties (Xie et al. 2007). SSd
also inhibits Na-ATPase activity and it has a potential anti-
tumor effect because of its glucocorticoid-like steroid ring
structure (Jia and Zhang 1989).

Most studies on Bupleurum have mainly focused on
component analysis, pharmacology, chemical structure,
and clinical applications (Tan et al. 2008; Kanazawa et al.
1990; Guo et al. 1996; Ebata et al. 1996; Park et al.
2000). Consequently, the saikosaponin biosynthetic path-
way and site in Bupleurum are unknown, although some
studies have reported the cloning of critical gene frag-
ments and gene regulation in the triterpene biosynthetic
pathway of Bupleurum (Kim et al. 2006; Kim et al. 2011;
Dong et al. 2011; Sui et al. 2010).

We previously determined the accumulative and dis-
tributive patterns of saikosaponins in B. scorzonerifolium
root using lead acetate precipitation and transmission
electron microscopy (Cai et al. 2009). However, we were
unable to determine the cellular localization of SSd, which
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is crucial for further studies on the biosynthesis and regu-
lation of saikosaponins.

Faulk and Taylor (1971) were the first to use colloidal
gold—labeled antibodies and they achieved satisfactory
results. Since then, gold-labeling technology has been
used widely in studies on the distribution of polypep-
tides, acids, and auxins in plants. In this study, we first
used the histochemical method to localize saikosaponins
in vegetative organs and then adopted colloidal gold
immunoelectron microscopy to localize SSd at the ultra-
structural level to provide a basis for further studies on
saikosaponin biosynthesis and transport in plant cells.

Methods

Materials

Bupleurum scorzonerifolium Willd. samples were col-
lected from healthy plants grown in the field at the
Botanical Garden of Northwest University in Shaanxi
Province (Shaanxi, PR. China).

Histochemical method

Fresh roots, stems, and leaves of B. scorzomerifolium
were cut into 30 pm to 40 pm sections on a Leica CM
1850 cryostat microtome and stained with 5% vanillin—
glacial acetic acid—perchloric acid solution. The sections
were observed under a Leica DMLB microscope. The con-
trol materials were fixed in formalin-acetic acid-alcohol
(FAA) for one month to remove the saikosaponins. After
washing, the sections were stained and were examined
using the same method.

SSd-BSA complete antigen preparation
SSd was conjugated with bovine serum albumin (BSA)
to confer rabbits with immunity against SSd. Then, the
carbodiimide (EDC) method was used.

Rabbit polyclonal antiserum against SSd preparation

The SSd-BSA was diluted to 600 pg/ml with PBS (0.1 M,
pH 7.4). The solution was homogenized and heated in a
60°C water bath to improve solubility. Then, the solution
was mixed with an equal volume of Freund’s complete ad-
juvant (Sigma), and thoroughly emulsified. The SSd—BSA
adjuvant mixture (300 pg/each) was injected subcutane-
ously into the backs and the soles of three New Zealand
white rabbits. Booster injections were given every two
weeks. Blood samples were collected from the rabbits
at 3 days after the fourth injection. The serum speci-
mens were evaluated for the presence of anti-SSd
antibodies using a competitive enzyme-linked immuno-
sorbent assay (ELISA). The relative absorbance was calcu-
lated using the following formula:

Relative absorbance = B/B,
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where By is the absorbance of the serum without SSd and
B is the absorbance of the serum with SSd. The corre-
sponding standard curves (Figure 1) were constructed by
plotting the average relative absorbance against the SSd
concentration, with three replicates per concentration,
using the Origin Program 6.0 software package. Figure 1
clearly shows the presence of SSd antibodies in the rabbit
sera.

Purification of SSd rabbit polyclonal antibodies

The serum was mixed 1:1 (v/v) with PBS (0.1 M, pH
7.4). The serum mixture was brought to 20% saturation
with ammonium sulfate solution under continuous stir-
ring at 4°C for 30 min. The mixture was centrifuged at
3000 x g for 20 min, and the pellet was discarded. Add-
itional ammonium sulfate solution was added to the
resulting supernatant to 50% saturation, and the suspen-
sion was stirred for 30 min at 4°C. The resulting precipi-
tate was collected by centrifugation and dissolved in PBS
(0.1 M, pH 7.4). Ammonium sulfate solution was added
to the resulting supernatant to until 33% saturation. The
suspension was stirred for 30 min at 4°C and centrifuged
at 3000 x g for 20 min. This process was repeated 2—3
times. The resulting precipitate was resuspended in nor-
mal saline, and the mixture was dialyzed three times
against PBS (0.1 M, pH 7.4) for 4 h each at 4°C. The dia-
lyzed polyclonal antibodies were subjected to affinity
chromatography on a Staphylococcus protein A Sephar-
ose (SPA) column and a BSA affinity column.

Preparation of colloidal gold-labeled SSd rabbit
polyclonal antibodies

The purified SSd rabbit polyclonal antibodies were
centrifuged at 100 000 x g for 60 min at 4°C, and the
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Figure 1 Competitive ELISA curve of rabbit sera at different
concentrations. Coating antigen: SSd-BSA; blocked with 1% BSA;
assay solution of 0.05 M carbonate buffer solution (pH 9.6); Color
reagent: TMB.
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protein concentration of supernate was adjusted to
1 mg/ml. The pH of the colloidal gold solution was
adjusted to 7.6. The protein solution was mixed
with the colloidal gold solution and the mixture was
brought to 0.05% saturation with 3% polyethylene
glycol (PEG 20 000) under electromagnetic stirring.
The mixture was centrifuged at 12 000 x g and the
resulting pellet was resuspended in stabilizer solution.
The gold-conjugated probe was stored at —20°C.

Ultra-thin sectioning

Young and mature plant materials were divided into
small pieces (0.5 mm x 0.5 mm x 0.5 mm) and fixed 2 h
to 4 h in medium containing 2% paraformaldehyde and
0.5% glutaraldehyde at 4°C. After washing three times in
PBS for 30 min, the materials were postfixed for 2 h in
1% osmium tetroxide in 0.1 M PBS (pH 7.4) at 4°C, and
rinsed four times with distilled water (pH 7.0). The seg-
ments were dehydrated in a graded ethanol series and
then embedded in Epon812.

Semithin sections (1 um to 2 pum) were cut on a
Reichert—Jung ultramicrotome and stained with methy-
lene blue. The sections were examined under a Leica
DMLB light microscope. Ultrathin sections (60 nm to
90 nm) were cut on an LKB-8000 II ultramicrotome, and
collected on 200 mesh nickel grids with 0.3% Formvar.

Immunostaining procedure

All subsequent steps were conducted at room temperature.
The sections were first blocked for 20 min in TBS (pH 7.6)
containing 1% rabbit serum, 0.05 M Tris—HCl and 0.1 M
NaCl) to remove non-specific binding sites. The sections
were incubated with the gold-conjugated probe for 20 min
to 30 min, washed thoroughly with TBS, and rinsed with
distilled water. Finally, they were stained with uranyl acet-
ate and lead citrate.

The specificity of the gold-conjugated probe was assessed
using the following control tests: (a) removing the SSd in
the plant materials before preparing them for electron
microscopy; (b) incubating the sections with the col-
loidal gold—labeled SSd antibodies containing excess
SSd; and (c) incubating the sections without the col-
loidal gold—labeled SSd antibodies.

Quantitative analysis of the density of gold particles

The density of gold particles in the selected area was
measured as follows: photographic negatives at 20 000 x
magnification were scanned and saved as figures. The
areas on the figure that correspond to the protoplasm
and vacuole were measured using Image-Pro Plus 6.0
software (Media Cybernetics, USA), and the number of
gold particles in each cell region was counted. The label-
ing density is presented as the number of gold particles
per um?. In addition, a one-way ANOVA and a Duncan’s
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multiple range test were performed to investigate the
differences in gold particle density between the proto-
plasm and the vacuole in cells from the same tissue at
0.05 probability levels using STATISTICA 6.0 software
(Statsoft Inc., Tulsa, Oklahoma, USA).

Results

Histochemical localization of saikosaponin in vegetative
organs

Saikosaponins react with certain chemical reagents to pro-
duce macromolecular complexes with characteristic colors;
thus, increasing saikosaponin content shows characteristic
colors from light red to purple red in 5% vanillin—glacial
acetic acid—perchloric acid solution, which could be used
to determine their distribution in the vegetative organs of
B. scorzonerifolium.

The pericycle and primary phloem of 1-year-old roots
were stained red (Figure 2A), whereas in the perennial
root, phloem, and vascular cambium were stained purple
red (Figure 2B). All tissues in the shoot apex were
stained light red (Figure 2C). The cortex of the primary
and mature stems were stained dark purple red and the

Figure 2 The distribution of saikosaponins in vegetative organs
of Bupleurum scorzonerifolium Willd. (A) The pericycle (arrow) and
primary phloem (arrowhead) of a 1-year-old root was stained red.
(B) The phloem (arrowhead) and vascular cambium of the perennial
root was stained purple red, whereas the pericycle (arrow) was
stained light red. (C) The tissues of the shoot apex were stained
light red. (D-F) showing the young stem, the cortex (arrow) showed
dark purple red and the phloem (arrowhead) showed purple red.
(G) In the mature stem, the phloem (arrowhead) was stained dark
purple red. (H-1) The isobilateral leaf. (H) Structure of the blade: the
palisade tissue (arrows) was stained purple red and the sponge
tissue (arrowhead) showed light red. (1) The vein (arrowhead) in the
blade remain unstained. (J) The control section of the root with the
unstained phloem (arrowhead). Scale bars: A, B, F =167 um; C,
=154 um; D, E=143 um; G, H, J =333 um.
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phloem was stained purple red (Figures 2D—G). The pal-
isade tissues in mature leaves were stained dark purple
red, the sponge tissues were stained light red, but the
veins remained unstained (Figures 2H and I).

In the control experiment, the sections treated with
FAA (formalin—acetic acid—70% alcohol) remained un-
stained (Figure 2J).

Localization of SSd gold particles in the roots

The primary meristem cells in the B. scorzonerifolium
root tip were compactly arranged, with thin walls, dense
cytoplasm, and large nuclei. The protoderm cells
contained a small number of gold particles, but only in
the vacuoles (Figure 3A; Table 1). The ground meristem
cells contained more gold particles than the protoderm
cells, concentrated in very small vacuoles, with some
particles in the protoplasm (Table 1). The procambium
cells were faintly labeled in the vacuoles (Figure 3B) and
protoplasm (Figure 3C, Table 1).

- BN i % - i o i
Figure 3 Gold-labeling in the root. Arrows indicated the gold
particles: (A) Magnified view of a vacuole in a protoderm cell
showing the gold-labeling; (B) Magnified view of a vacuole in a
procambium cell showing the gold-labeling; (C) Magnified view of
the protoplasm of a procambium cell showing the gold-labeling;
(D) Magnified view of a vacuole in a cortical cell showing a large
number of gold particles; (E) Vacuole in a primary phloem cell;

(F) Many gold particles detected in the vacuole of a primary
pericycle cell; (G) Large number of gold particles were labeled in the
vacuole of a secondary phloem parenchyma cell. (H) Vacuole in a
cambium cell. Scale bars: A=F =50 nm; G =200 nm; H= 100 nm.
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The primary structure of root consists of the epidermis,
cortex, and stele. The vacuoles of the epidermal cells
contained a few gold particles; whereas the vacuoles of
cortex cells contained a large number of scattered gold
particles (Figure 3D). In the stele, the gold particles in the
phloem cells exceeded those in the xylem cells, and they
were mainly detected in vacuoles (Figure 3E and Table 2).

The secondary structures of B. scorzonerifolium roots
consist of the periderm, pericycle ring and secondary
vascular tissue. The pericycle parenchymal cells had
intercellular spaces and secretory canals composed of 3—
4 epithelial cells. The pericycle cells and epithelial cells
were rich in starch grains and osmiophilic droplets. The
vacuole of pericycle parenchyma cells were labeled with
numerous gold particles (Figure 3F and Table 2).

The secondary vascular tissue consists of secondary
phloem, vascular cambium, and secondary xylem. Many
gold particles were seen in vacuoles of the parenchymal
cells in the secondary phloem (Figure 3G and Table 2), and
a very few gold particles were detected in the intercellular
space. The vascular cambium was formed by 3-5 closely
arranged cell layers (Figure 3H), and numerous gold parti-
cles were observed in the vacuoles (Figure 3H and Table 2).
The secondary xylem consisted of many parenchymal cells
with scattered large vessels. A few gold particles were
detected in the vacuoles of the parenchyma cells (Table 2).

Localization of SSd gold particles in the stems

The growing point of the stem was conical. The
promeristem was composed of tunica cells and corpus
cells compactly arranged with large nuclei and many
small vacuoles. The primary meristem of the stem is
formed through the division of derivative cells below the
promeristem, which are composed of protoderm, pro-
cambium, and ground meristem cells. A few gold particles
were observed in the vacuoles of the ground meristem
cells (Figure 4A and Table 1). Then, the protoderm differ-
entiates into the epidermis, the procambium into the vas-
cular tissues, and the ground meristem into the cortex
and pith, which form the primary structure. Under TEM,
we found that the primary structure of stem had low
saikosaponin levels. In the secondary structure, some gold
particles were seen in the vacuoles (Figure 4B) and the
protoplasm (Figure 4C) of the cortex cells (Table 2). A few
gold particles were also detected in the protoplasm of
companion cells (Figure 4D), in the vacuoles of epithelial
cells of the secretory canal (Figure 4E), in the vacuoles of
cambium cells (Figure 4F), and in the protoplasm of xylem
parenchymal cells (Figures 4G and H and Table 2).

Localization of SSd gold particles in leaves

In young leaves, the vacuoles in epidermal cells (Figure 5A),
the protoplasm (Figure 5B) and the vacuoles in ground
meristem cells were labelled with some gold particles
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Table 1 Differences in immunogold distribution among protoderm, procambium and ground meristem cells of root

apex and shoot apex

Protoderm (n=3)

Procambium (n=3) Ground meristem (n=3)

Root apex Protoplasm -
Vacuole 824+ 1.65

Stem apex Protoplasm -
Vacuole -

1.26 +0.46b 3.04+022b
3.22+045a 1021 +0.83a
- 2.05+0.36b
- 3.17+058a

1. Values are expressed as the mean number of gold particles per um? + SE; 2. n = number of observations. 3. Different letters indicate significant differences in
the density of gold particles between the protoplasm and the vacuole at the 0.05 significance level based on the Duncan’s Multiple Range Test.

(Figure 5C). The mature leaves of B. scorzonerifolium are
typically isobilateral and they consist of the blade and the
stipe. The blade consists of the epidermis, the mesophyll,
and veins. The epidermal cells and vascular bundle cells of
mature leaves were free of gold particles, and only a few
gold particles were detected in the vacuoles and the proto-
plasm of palisade cells (Figure 5D and E) and spongy par-
enchymal cells (Figure 5F and Table 2).

Gold particles were rarely observed in the control sec-
tions wherein the SSd was removed (Figure 5G) and in
the sections incubated without the colloidal gold—labeled
SSd antibodies (Figure 5H).

Discussion

The SSd in the roots, stems, and leaves of B.
scorzonerifolium were examined through histochemistry
and ultrastructural immunogold localization. The results
show that saikosaponins distribution in the roots, stems,
and leaves varied during different developmental stages.
Tables 1 and 2 show the density of gold particles in

selected areas of these organs. The level of saikosaponin
labeling was higher in the vacuoles except the cambium
and xylem cells in the stem. In addition, the density of
gold particles differed significantly between the vacuoles
and the protoplasm at the 0.05 significance level based on
the Duncan’s Multiple Range Test. Consequently, the
saikosaponins in the roots were mainly distributed in vac-
uoles of phloem cells. Shon et al. (1997) reported that the
saikosaponins in B. falcatum are predominantly produced
in phloem tissues regardless of cultivation year. Tan et al.
(2008) reported that the saikosaponins in B. chinense are
mainly distributed in the pericycle and primary phloem in
young roots, but distributed in the vascular cambium and
secondary phloem in mature roots. In mature stems,
saikosaponins were mainly detected in the vacuoles of cor-
tex cells. In mature leaves, saikosaponins were mainly
found in vacuoles of palisade parenchyma cells. The re-
sults also indicate that saikosaponins mainly accumulate
in the roots. Pan et al. (1984) found that saikosaponins are
mainly distributed in phloem and ray cells, as well as in

Table 2 Differences in immunogold distribution among the roots, stems, and leaves

Young roots (n=4)

Mature roots (n =6)

Mature stems (n=3) Mature leaves (n=4)

Cortex Protoplasm 6.86 + 1.00b
Vacuole 1831+ 1.44a
Pericycle Protoplasm 5.02+13%
Vacuole 21.06+1.34a
Phloem Protoplasm 435+093b
Vacuole 23.0+2.17a
Cambium Protoplasm -
Vacuole -
Xylem Protoplasm -
Vacuole 8.12+122
Pith Protoplasm -
Vacuole -
Palisade tissue Protoplasm -
Vacuole -
Spongy tissue Protoplasm -
Vacuole -

- 3.01+0.60b -
- 512+0.77a -
5.85+097b - -
1791 +2.00a - -
1250+ 1.34b 1.39+0.79b -
34.15+203a 4.38+034a -
246+122b 090+047a -
1947 £1.50a 1.22 +0.6%a -
- 1.60 £ 0.60a -
13.75+£1.63 1.83 +£0.56a -
- 137+£0.62 -

- - 1.74 +0.90b

- - 6.10+1.28a

- - 139£061b

- - 441+0.73a

1. Values are expressed as the mean number of gold particles per pm? + SE; 2. n = number of observations

3. Different letters indicate significant differences in the density of gold particles between the protoplasm and the vacuole at the 0.05 significance level based on

the Duncan’s Multiple Range Test.
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Figure 4 Gold-labeling in the stems. Arrows indicate the gold
particles. (A) Gold particles were detected in the vacuoles of ground
meristem cells in the shoot apex. (B) Magnified view of a vacuole in
a cortex cell showing the gold-labeling. (C) Magnified view of the
protoplasm of a cortex cell showing some gold particles. (D) Gold
particles in the protoplasm of a phloem companion cell. (E) Gold
particles in the vacuole of a secretory epithelial cell in the cortex.
(F) Immunogold localization in the vacuole of a cambium cell.

(G) Immunogold localization in the ER of a xylem parenchymal cell.
Bar=200 nm. (H) Magnified view of G. Scale bars: A-D, F, H=50
nm; E=100 nm; G=200 nm.

the xylem in the roots of eight medicinal Bupleurum
species.

Colloidal gold, with its high electron density, is able to
bind with a number of molecules, enabling it to become
a non-radioactive tracer often used in fluorescent, radio-
isotope, and enzyme immunolabeling. In this study, we
used immunolabeling to localize SSd for the first time.
We found that the number of gold particles and the SSd
content distinctly varied among the roots, stems, and
leaves, with the roots containing several times more gold
particles than the stems and leaves (Table 2). Therefore,
the root has a higher SSd content than the stems and
leaves, with the stems containing the lowest. This result
is consistent with our previous result using biochemistry
and phytochemistry (Tan et al. 2007). Tan et al. (2007)
found that saikosaponins accumulate first in the roots,
followed by the leaves, and finally the stems. Gan and
Chen (1982) found that the saikosaponin content in the

Figure 5 Gold-labeling in the leaves. Arrows indicate gold
particles. (A) Gold-labeling in a vacuole of an epidermal cell.

(B) Gold-labeling in the protoplasm of a meristem cell. (C) Gold
particles in the vacuole of a meristem cell. (D) Gold-labeling in the
protoplasm of a palisade parenchymal cell. (E) Magnified view of D.
(F) Gold particles in the vacuole of a spongy parenchymal cell.

(G) Control section wherein SSd was removed. (H) Control section
incubated without colloidal gold-labeled SSd antibodies. Scale bars:
A, C, D =100 nm; B, E, F =50 nm; G=500 nm; H=200 nm.

roots is 5.8-fold higher than those in the stems and in the
leaves, and that more saikosaponin groups are present in
the roots than in the stems and leaves. Wu et al. (2007)
studied the transcription of the squalene synthase (SS)
gene in the roots, stems, and rootstocks of Panax noto-
ginseng and synthesis of triterpenoids. They found the total
triterpenoids in the rootstocks are higher than in the
leaves, followed by the roots, and the stems, probably be-
cause of differences in the expression of other key enzymes
downstream of SS in the triterpenoid synthesis pathway
or/and the directional transportation and accumulation of
triterpenoids in different plant tissues and organs.
Saikosaponins are isoprenoids. They are derived from
the universal five-carbon units isopentenyl diphosphate
(IPP) and dimethylallyl diphosphate (DMAPP) through a
series of catalytic reactions (Ramos-Valdivia et al. 1997;
Sui et al. 2010). Terpenoids are biosynthesized via two
pathways: the mevalonate (MVA) pathway and the
methylerythritol phosphate (MEP) pathway. The typical
MVA pathway occurs in the cytoplasm and ER (Chappell
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1995), whereas the MEP pathway occurs in the plastids
(Lange et al. 1998). Both pathways have isopentenyl diphos-
phate (IPP) as a major intermediate product. Isopentenyl
diphosphate isomerase (IPI) is a core enzyme in isoprenoid
biosynthesis (Ramos-Valdivia et al. 1997). Ramos-Valdivia
et al. (1997) considered that IPIs are localized in various
subcellular compartments and the localization patterns
varied among different plant species. Nakamura et al.
(2001) showed that IPI1 and IPI2 in Nicotiana tabacum
are localized in the cytosol and plastids, respectively.
Okada et al. (2008) reported that IPI proteins are mainly
localized in the cytosol and mitochondria of Arabidopsis,
and they played important roles in isoprenoid production
via the MVA pathway. In most plants, IPI occurs in
two different subcellular compartments, and it is essential
for maintaining appropriate levels of IPP and DMAPP
in different subcellular compartments (Chappell 1995;
Nakamura et al. 2001; Okada et al. 2008). The present
data reveals that SSd is distributed mainly in the vacuoles
of the most parenchyma cells (Tables 1 and 2). The vacu-
ole is the main repository of nutrients to protect cells and
balance the nutrient supply (Mataunoto and Chung 1988;
Femando et al. 1992). Moreover, it is a storage space
for secondary materials that can enhance cell survival
and competitiveness. Some plant cells store specific sec-
ondary compound in vacuoles to prevent self-poisoning
(Renaudin and Guem 1988). Gold particles were also
detected in protoplasm of some cells in the roots, stems,
and leaves (Figures 4C and 5B), especially in the procam-
bium cells in the roots (Figure 3C). They were also
detected in the ER of xylem parenchyma cells (Figures 4G
and H). Nevertheless, the immunoreactivity of the mature
structures of three vegetative organs increased, especially
in the roots (Tables 1 and 2). The saikosaponin biosyn-
thesis likely occurs in the meristem, which has plenty
of precursors but not saikosaponins; consequently, the
meristem was poorly labeled with gold particles (Table 1).
Hence, saikosaponins were mainly synthesized via the
MVA pathway in the protoplasm in young organs, and
then transported into vacuole by the ER or the fusion of
vacuoles, to protect plants from self-poisoning through
the accumulation of more saikosaponins.

Conclusions

The localization of SSd in B. scorzonerifolium tissues and
cells was studied using histochemistry and immunoelectron
microscopy for the first time. The results showed that
SSd was mainly stored in vacuoles. SSd were also detected
in the ER. The immunoreactivity of the mature structures
of three vegetative organs increased, especially in the
roots. As a result, it was speculated that saikosaponins are
mainly synthesized via the mevalonate pathway in the
protoplasm in young organs, and then transported to the
central vacuole by the ER or the fusion of vacuoles.

Page 7 of 8

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
XZ,LZ, JS, YM, YP and XC participated in the research and drafted the
manuscript. All authors read and approved the final manuscript.

Acknowledgements
This work was supported by the National Natural Science Foundation of
China (30770122, 31270220).

Received: 5 September 2013 Accepted: 5 September 2013
Published: 10 September 2013

References

Bao YW, Li C, Shen HW, Nan FJ (2004) Determination of saikosaponin derivatives
in Radix bupleuri and in pharmaceuticals of the chinese multiherb remedy
xiaochaihu-tang using liquid chromatographic tandem mass spectrometry.
Anal Chem 76:4208-4216

Cai X, Zheng L, Hu ZH (2009) Ultracytochemical studies on the accumulation of
saikosaponin during the root development in Bupleurum scorzonerifolium
Willd. J Chin Electr Microsc Soc 28:414-419

Chappell J (1995) Biochemistry and molecular biology of the isoprenoid
biosynthetic pathway in plants. Annu Rev Plant Physiol Plant Mol Biol
46:521-547

Dong LM, Sui C, Liu YJ, Yang Y, Wei JH, Yang YF (2011) Validation and application
of reference genes for quantitative gene expression analyses in various
tissues of Bupleurum chinense. Mol Biol Rep 38:5017-5023

Ebata N, Nakajima K, Hayashi K, Okada M, Maruno M (1996) Saponins from the
root of Bupleurum Falcatum. Phytochemistry 41:895-901

Faulk WP, Taylor GM (1971) An immunocolloid method for the electron
microscope. Immunochemistry 8:1081-1085

Femando M, Mehroke J, Glass DM (1992) De novo synthesis of plasma
membrane and tonoplanst polypeptides of barley roots during short-term K*
deprivation: in search of the high-affinity K transport system. Plant Physiol
100:1269-1276

Gan HS, Chen SW (1982) The qualitative comparison between root, stem and leaf
in Bupleurum chinense DC. Chin J Chin Mater Med 7:7-8

Guo YL, Yuan CQ, Wang JG (1996) RP-HPLC analysis of saikosaponin a, ¢, d in
Chinese Thorowax (Bupleurum L). J Plant Resour Environ 5:60-61

Jia Q, Zhang RY (1989) The advance on the research of saponins of Bupleurum.
Acta Pharm Sin 24:961-971

Kanazawa H, Nagata Y, Matsushima Y, Tomoda M, Takai N (1990) Simultaneous
determination of ginsenosides and saikosaponins by high-performance liquid
chromatography. J Chromatogr A 507:321-332

Kim YS, Cho JH, Ahn JC, Hwang B (2006) Upregulation of isoprenoid pathway
genes during enhanced saikosaponin biosynthesis in the hairy roots of
Bupleurum falcatum. Mol Cells 22:269-274

Kim YS, Cho JH, Park S, Han JY, Back K, Choi YE (2011) Gene regulation patterns
in triterpene biosynthetic pathway driven by overexpression of squalene
synthase and methyl jasmonate elicitation in Bupleurum falcatum. Planta
233:343-355

Lange BM, Wildung MR, McCaskill D, Croteau R (1998) A family of transketolases
that directs isoprenoid biosynthesis via amevalonate independent pathway.
Proc Natl Acad Sci USA 95:22100-2104

Mataunoto H, Chung GC (1988) Increase in proton-transport activity of tonoplast
vesicles as an adaptive response of barley roots to NaCl stress. Plant Cell
Physiol 29:1133-1140

Nakamura A, Shimada H, Masuda T, Ohta H, Takamiya K (2001) Two distinct
isopentenyl diphosphate isomerases in cytosol and plastid are differentially
induced by environmental stresses in tobacco. FEBS Lett 506:61-64

Okada K, Kasahara H, Yamaguchi S, Kawaide H, Kamiya Y, Nojiri H, Yamane H
(2008) Genetic evidence for the role of isopentenyl diphosphate isomerases
in the mevalonate pathway and plant development in Arabidopsis. Plant Cell
Physiol 49:604-616

Pan SL, Li Y, Dai KM, Luo S (1984) Studies on taxonomy and chemical
constituents of medicinal plants “Chai-Hu"(Genus Bupleurum) from Yunnan
province. Acta Acad Med Primae Shanghai 11:1-13

Park IS, Kang EM, Kim N (2000) High performance liquid chromatographic
analysis of saponin compounds in Bupleurum Falcatum. J Chromatogr Sci
38:229-233



Zhao et al. Botanical Studies 2013, 54:32
http://www.as-botanicalstudies.com/content/54/1/32

Pharmacopoeia Commission of People’s Republic of China (2010) Pharmacopoeia
of People’s Republic of China. Chemistry Industry Press, Beijing

Ramos-Valdivia AC, van der Heijden R, Verpoorte R (1997) Isopenteny!
diphosphate isomerase: a core enzyme in isoprenoid biosynthesis: a review
of its biochemistry and function. Nat Prod Rep 14:591-603

Renaudin JP, Guem J (1988) Compartmentation of ajmalicine in the vacuoles
from Catharanthus raseus. Biochem Soc Trans 16:63-64

Shon TK, Haryanto TAD, Yoshida T (1997) Variation and distribution and
saikosaponin in Bupleurum falcatum L. J Fac Agr Kyushu U 42:17-22

Sui C, Zhan QQ, Wei JH, Chen HQ, Yang CM, Zheng TT (2010) Full-length cDNA
cloning and sequence analysis of isopentenyl diphosphate isomerase
involved in saikosaponin biosynthesis pathway of Bupleurum chinense. Chin
Tradit Herbal Drugs 41:1178-1184

Tan LL, Hu ZH, Cai X, Chen Y, Shi WJ (2007) Histochemical localization and the
content compare of main components of vegetative organs in Bupleurum
chinense DC. J Mol Cell Biol 40:214-222

Tan LL, Cai X, Hu ZH, Ni XL (2008) Localization and dynamic change of
saikosaponin in the root of Bupleurum chinense DC. J Integr Plant Biol
50:951-957

Wu YS, Zhu H, Li S, Zhao RQ, Lan XW (2007) Transcription expression of squalene
synthase gene in root, stem and rootstock of Panax notoginseng and
synthesis of triterpenoids. Chin J Biochem Mol Biol 23:1000-1005

Xie DH, Cai BC, An YQ, Li X, Jia XB (2007) Review on saikosaponin chemical
constituents and pharmacological research. J Nanjing TCM U 23:63-65

doi:10.1186/1999-3110-54-32

Cite this article as: Zhao et al: Immunocytochemical localization of
saikosaponin-d in vegetative organs of Bupleurum scorzonerifolium
Willd. Botanical Studies 2013 54:32.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Materials
	Histochemical method
	SSd-BSA complete antigen preparation
	Rabbit polyclonal antiserum against SSd preparation
	Purification of SSd rabbit polyclonal antibodies
	Preparation of colloidal gold-labeled SSd rabbit polyclonal antibodies
	Ultra-thin sectioning
	Immunostaining procedure
	Quantitative analysis of the density of gold particles

	Results
	Histochemical localization of saikosaponin in vegetative organs
	Localization of SSd gold particles in the roots
	Localization of SSd gold particles in the stems
	Localization of SSd gold particles in leaves

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

