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Abstract Transformation of Vitis amurensis callus culture
by the plant oncogene rolB of Agrobacterium rhizogenes
results in high (up to 3.15% dry wt.) levels of resveratrol in
the transformed culture. The present study deals with the
effect of rolB on phenylalanine ammonia-lyase (PAL) and
stilbene synthase (STS) gene expression in two rolB
transgenic V. amurensis callus cultures with different levels
of rolB expression and resveratrol production. The total
expression of PALs and STSs in rolB transgenic cultures
increased 1.3–3.8 times compared with the control culture.
In the rolB transgenic cultures expression of VaPAL1,
VaPAL2, and six STS genes was increased, while expression
of VaPAL3 and VaSTS6 was not significantly changed.
These results suggest that rolB increases resveratrol
production via selective enhancement of expression of
individual genes from PAL and STS gene families. We
propose that increase of VaPAL3, VaSTS1, and VaSTS6
transcript levels is not strongly required for high resveratrol
production by rolB transgenic cell cultures.
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Introduction

Resveratrol is known to have antioxidant, anti-inflammatory,
antibacterial, antiviral, and antifungal activity. It is also a
strong antitumoral agent effective against many types of
cancer (Aggarwal et al. 2004). Grapevine is the main source
of resveratrol (Tassoni et al. 2005). Cell cultures of a variety
of plant species contain low resveratrol levels (up to 0.01%
dry wt.), and the use of inductors of secondary metabolism
and elicitors does not result in a considerable increase in
resveratrol production (Ku et al. 2005; Tassoni et al. 2005;
Zamboni et al. 2006; Kiselev et al. 2007). Integration of
individual rol genes of Agrobacterium rhizogenes into the
plant genome and transformation with wild strains of
Agrobacterium may enhance biosynthesis of certain groups
of secondary metabolites (Palazón et al. 1998; Bonhomme
et al. 2000). Recently, we have shown that rolB from A.
rhizogenes enhances resveratrol production in cell cultures of
V. amurensis Rupr (Kiselev et al. 2007). High level of rolB
expression resulted in more than a 100-fold increase in
resveratrol production in the transformed culture compared
to the control culture and to the resveratrol levels registered
in other studies performed on plant cell cultures (Ku et al.
2005; Tassoni et al. 2005; Zamboni et al. 2006).

Stilbenes, including resveratrol, are synthesized via the
phenylpropanoid pathway (Langcake and Pryce 1977).
Phenylalanine ammonia-lyase (PAL, EC 4.3.1.5), the first
enzyme in this pathway, catalyzes monooxidative deami-
nation of phenylalanine to produce cynnamate (Fig. 1).
Stilbene synthase (STS, EC 2.3.1.95) condenses three
molecules of malonyl-CoA and one molecule of cumaryl-
CoA to form resveratrol (Rupprich et al. 1980). Resveratrol
may be metabolized to form such stilbenes as ɛ-viniferin
(dimerization), pterostilbene (methylation), and piceid (gly-
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cosylation), but for example glucoside piceid has a much
lower bioavailability (Wang et al. 2007).

PAL and STS exist as multigene families. In V. vinifera,
closely related to V. amurensis, approximately 15–20 PAL
genes and 25 STS genes per haploid genome were predicted
(Sparvoli et al. 1994; Richter et al. 2005). The large number
of PAL and STS genes has aroused considerable interest.
Recent studies showed that the functional peculiarities of
the proteins coded by these genes and the diversity of
factors that induce their expression can account for the
quantity of PAL and STS genes (Sparvoli et al. 1994; Kao
et al. 2002; Chaman et al. 2003; Raes et al. 2003; Cochrane
et al. 2004). Thus, it was shown that in addition to its
involvement in biosynthesis of secondary metabolites, PAL
participates in lignification (Kao et al. 2002; Raes et al.
2003) and biosynthesis of stress-hormones (Chaman et al.
2003). In Arabidopsis thaliana, the molecular activity of
phenylalanine deaminization by AtPAL3 is one tenth that of
phenylalanine deaminization by AtPAL1, AtPAL2, and
AtPAL4 (Cochrane et al. 2004).

The present study deals with the mechanism of enhance-
ment of resveratrol production by rolB in rolB transgenic V.
amurensis cell cultures. In the majority of cases, the
enhancement of expression of genes involved in resveratrol
biosynthesis due to genetic transformation or elicitor treat-
ments leads to an increase in resveratrol production in plant
cells (Jeandet et al. 2002; Zhao et al. 2005). It was therefore
reasonable to hypothesize that rolB affects resveratrol
production in V. amurensis cell cultures by increasing the
expression of the PAL and STS gene families. Therefore, we
decided to study the total expression of the PAL and STS
gene families and to determine the ratio of expression of
individual genes of these families, which correlates with the

superproduction of resveratrol in V. amurensis cells. rolB
transgenic V. amurensis cell cultures with different levels of
rolB expression and resveratrol production were used as
model systems (Kiselev et al. 2007).

The mechanism of action of the rol oncogenes that
initiate neoplastic transformation of plant cells is still
obscure. It was proposed earlier that these genes affect
physiological processes in plant cells by changing their
hormonal balance. rolB was considered to encode an
enzyme decomposing indoleacetate glycosides (Estruch et
al. 1991). However, it was subsequently shown that the
level of free and bound forms of indoleacetate does not
change in rolB expressing plants (Delbarre et al. 1994).
RolB was shown to have tyrosine phosphatase activity
(Filippini et al. 1996). An important recent finding is that
RolB can interact with protein 14-3-3 and modulate its
activity (Moriuchi et al. 2004). These authors reported
nuclear localization of RolB, which increases the probability
that this protein can act as a transcription coactivator/
mediator. The present study shows that the transformation of
V. amurensis cell cultures with rolB enhances the expression
of VaPAL1, VaPAL2, and six STS genes, whereas VaPAL3 and
VaSTS6 transcript levels were not significantly changed.

Materials and methods

Grape cell cultures

The VB2 and VB1 callus cultures of wild-growing grape V.
amurensis Rupr. (Vitaceae) were obtained by transformation
of the V2 callus culture with pPCV002-CaMVB/pMP90RK
(Spena et al. 1987) as described previously (Kiselev et al.
2007). The vector VV culture was obtained by transformation
of the V2 callus culture with pPCV002 (Kiselev et al. 2007).
In all cultures, the rolB gene was expressed under the control
of the cauliflower mosaic virus 35S promoter. V. amurensis
callus cultures were cultivated in 100-ml Erlenmeyer flasks
using Murashige and Skoog (MS) modified medium
(Kiselev et al. 2007). MS medium was modified by
decreasing NH4NO3 to 400 mg/l. This medium was
supplemented with the following components (mg/l): thia-
mine HCl (0.2), nicotinic acid (0.5), pyridoxine HCl (0.5),
meso-inositol (100), peptone (100), sucrose (25,000) and
agar (6,000; denoted as W0 medium). W0 medium supple-
mented with 0.5 mg/l 6-benzylaminopurine and 2.0 mg/l
α-naphthalene acetic acid was designated as WB/A. The calli
were grown for 35–40 days in the dark at 24–25°C.

RT-PCR

Total RNA isolation and semiquantitative RT-PCR analysis
of rolB transcripts were performed as described previously

Fig. 1 The resveratrol biosynthesis pathway in grape (Jeandet et al. 2002),
PAL phenylalanine ammonia-lyase, C4H cinnamate-4-hydroxylase, 4CL
CoA ligase, STS stilbene synthase
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(Bulgakov et al. 2005; Kiselev et al. 2007), from the 35-day
old calli (linear phase of growth and the highest resveratrol
content). To amplify sequences corresponding to STS
genes, the degenerate primers 5′GARATYATYACHG
CHGA and 5′TTDGGRATRAADGTYTG were designed
according to GenBank amino acid sequences of STS in V.
vinifera, V. sp. cv. Optima, V. sp. cv. ‘Norton’, V. riparia, V.
labrusca, Cissus rhombifolia, Parthenocissus henryana,
Parthenocissus quinquefolia (AB046375, P51070, P51071,
X76892, S53314, S16206, AAB32488, S63221, AF418566,
AF418567, AY059639, AF274281, DQ366301, DQ366302,
AB046373, AF128861, AB046374, AY094616, AY094615,
AY094617). These primers were used for amplification of a
461 bp STS transcript, Ta=46°С, elongation time=27 s.
Primers were designed to encompass the central part of STS,
which contains сatalytic residues, a cis-peptide turn, and
residues of the active site cavity that are structural, control
polyketide size, and determine substrate specificity (Jez et al.
2000). Stilbene synthase is closely related to chalcone
synthase (CHS, EC 2.3.1.74), the key enzyme in flavonoid-
type compound biosynthesis. STS shares a very high degree
of sequence homology with CHS. Figure 2 demonstrates that
the primers were specific for STSs only, not for CHSs. STS
sequences of V. amurensis share a high degree of amino acid
sequence homology with STSs from other Vitaceae species
(Fig. 2).

To amplify sequences corresponding to PAL genes, the
degenerate primers 5′GARGCYGCYGCYATYATGGA and
5′GGRGTGCCYTGRAARTT were designed according to
GenBank amino acid sequences of PAL in A. thaliana,
Lactuca sativa, Rubus idaeus, Lithospermum erythrorhizon,
Glycine max, Pisum sativum, Cicer arietinum, Phaseolus

vulgaris (NM_129260, NM_115186, AF411134, AF299330,
AF237955, X52953, Q01861, Q04593, Q9SMK9, P19143).
These primers were used for amplification of a 266 bp PAL
transcript, Ta=55°С, elongation time=16 s. Primers were de-
signed to flank the PAL core domain (Ritter and Schulz 2004).

In semiquantitative RT-PCR reactions, PCR products
were collected after 25, 30, 35, 40, and 45 cycles, and
the linearity of the PCR was determined using an Agilent
2100 Bioanalyzer (Agilent Technologies, Germany). The
linearity of the PCR was determined to be between 30 and
35 cycles for the PAL genes, and between 40 and 45 cycles
for the STS genes. The identity of all RT-PCR products was
confirmed by DNA sequencing. Quantitative analysis of
mRNAs was performed using a microchip technology with
a DNA 1000 LabChip® kit and the Agilent 2100
Bioanalyzer following the manufacturer’s protocol and
recommendations. The data are presented as relative fluores-
cent units normalized to expression of the corresponding
V. amurensis actin 1 gene (Kiselev et al. 2007).

Real-time PCR

Quantitative real-time PCR was performed according to
Giulietti et al. (2001). The gene-specific primer pairs and
probes are presented in Table 1. The suitability of the
primers’ sequences in terms of efficiency of annealing was
evaluated using the Primer Premier 5.0 program. For real-
time quantitative PCR, cDNAs were amplified by using a
Real-time PCR Kit (Syntol, Russia) with an iQ5 thermal
cycler (Bio-Rad Laboratories, Inc., USA) supplied with
Optical system software v.2.0. Normalized expression (actin),
scaling options: highest.

Fig. 2 Comparison of the amino acid sequences of VaSTSs with STSs and CHSs from other Vitaceae species. Gray letters indicate differences in
amino acid sequence. Primer 1 and primer 2: annealing places of the used degenerate primers
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Sequence analysis

RT-PCR products were sequenced as described (Kiselev et
al. 2006) at the Instrumental Centre of Biotechnology and
Gene Engineering of IBSS FEBRAS using an ABI 310
Genetic Analyzer (Applied Biosystems, Foster City, USA).
Sequencing of each gene was performed at least three
times. The BLAST search program was used for sequence
analysis. Multiple sequence alignments were performed
using the BioEdit 7.0.8 program (http://www.mbio.ncsu.
edu/BioEdit/bioedit.html).

Screening of cDNA (PAL, STS) clones

The cDNAs obtained after reverse transcription of mRNA
in RT-PCR reactions were subcloned into a pTZ57R/T
plasmid using the InsT/Aclone PCR Product Cloning Kit
(FERMENTAS, Vilnius, Lithuania). The clones were
amplified with M13 primers and sequenced.

The amino acid sequences of the grape enzyme frag-
ments of PAL and STS were deduced from the nucleotide
sequences with the Gene runner 3.05 program and
compared with the known PAL and STS sequences of
other organisms, using the BioEdit 7.0.8 and BLAST
software programs. For each cell culture 36–97 clones of
PAL and STS were sequenced. All sequences were
numbered in the order of sequencing. These results and
data on the total PAL and STS expression assayed with the
degenerate primers were used to estimate the expression
level (in relative units) for each of the PAL and STS genes.
The relative expression was estimated as the total expression

normalized to the expression of the actin gene×% clones of
each gene/100 (Kiselev et al. 2008).

High-performance liquid chromatography and resveratrol
identification

The dried and powdered callus culture sample was
extracted as described (Kiselev et al. 2007). The analytical
HPLC was carried out using an Agilent Technologies 1100
Series HPLC system equipped with VWD detector as
described (Kiselev et al. 2007). The data were analyzed with
the ChemStation® program var. 09 (Agilent Technologies,
Germany). Resveratrol was identified by 1H and 13C NMR
using a Bruker NMR Avance DPX-500 instrument as
described earlier (Kiselev et al. 2007).

Statistical analysis

Statistical analysis employed the Statistica 8.0 program.
The results were represented as mean±standard error and
were tested by paired Student’s t-test. The 0.05 level was
selected as the point of minimal statistical significance in all
analyses.

Results

rolB transgenic cell cultures of V. amurensis

Resveratrol production in V. amurensis cell cultures was
enhanced by transformation with the rolB gene from A.

Table 1 Primers and TaqMan probes used in real-time PCR for the V. amurensis VaPAL, VaSTS, and Va-actin1 genes

Gene Primers, 5′–3′ TaqMan-probes, 5′–3′

VaPAL1 CAGGACTTCACCTCAATGG CGAGCATCAACTAAATCCATCGAACGGGA
GGGTTATCATTAACGGAGTTGA

VaPAL2 AAGGACTTCCCCTCAATGG AAGTGATCCGAGCATCAACTAAATCCATTG
GGGTTATCGTTCACTGAGTTTA

VaPAL3 TCCGAACATCTCCCCAGT CCCAGATTGAAGTGATCCGAGCAGCAA
ATCAAGGGATTGTCGTTTACC

VaSTS1 CCAACCAAAGTCCAAGATCA ACAACCTCCGGTGTAGAAATGCCCGGT
CCTTCTAACCGATGTTTCAAGA

VaSTS2 CGGTGCGGATTACAAACTC ACCCTTCTAACTGATGTTTCAAGGCCTAAGAGATT
CACCCTTGATGGTACAACAT

VaSTS3 GTCAGCCTAAATCGAAGATCAC CCTCAGGTGTAGAAATGCCTGGTGCAG
TCTTCTAACAGATGGTTCGAGG

VaSTS5 CCTCGAACCATCTGTTAGAAGA TGCATAGCACCCTTGATGGTACAACATTA
TCTCCGCAAGATCCTTAGC

VaSTS6 CCTCAGGTGTAGAAATGCC AGATTATAAACTCGCTAATCTTTTAGGCCTCG
CATCACTCTTCTAACAGATGG

Va-actin1 GTATTGTGCTGGATTCTGGTGAT TCACACTGTGCCAATTTATGAAGGTTATGCCCT
AGCAAGGTCAAGACGAAGGATAG
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rhizogenes. Two rolB transgenic V. amurensis cultures
(VB1 and VB2) were established to differ in the level of
rolB expression and resveratrol production (Kiselev et al.
2007). The HPLC determinations revealed low resveratrol
values in the VB1 calli (Kiselev et al. 2007). In contrast, the
VB2 calli produced high amounts of resveratrol, up to
3.15% dry wt. or 0.2% fresh wt. As in the case of the
normal calli, the transgenic calli produced trans-resveratrol
and only trace amounts of other phenolic substances
(Kiselev et al. 2007).

To exclude effects of Agrobacterium transformation on
the expression of genes involved in biosynthesis of
secondary metabolites, a vector culture (VV) was obtained
by transformation of a wild V. amurensis cell culture with
Agrobacterium strains containing plasmid pCV002, which
contained only the kanamycin resistance gene nptII. The
VV culture did not differ phenotypically from the wild-type
culture and was used as a control culture.

Expression of the PAL and STS genes

The expression of PAL and STS genes was examined in the
control and rolB transgenic V. amurensis cell cultures using
RT-PCR and real-time PCR. The total levels of PAL and
STS gene expression were estimated by means of semi-
quantitative RT-PCR using degenerate primers to conserved
regions of PAL and STS (Fig. 2). The results of the
electrophoresis of PAL and STS amplicons, as examined
by eye, were consistent with those of quantitative PCR of
the samples obtained using an Agilent 2100 Bioanalyzer
(Fig. 3). The total levels of PAL in VB1 and VB2 increased
2.3- and 3.8-fold, respectively, compared with the control
(Fig. 3). The total levels of STS in VB1 and VB2 were 1.3
and 1.9 times higher, respectively, than in the control
(Fig. 3).

The PCR products were cloned, and 36 to 97 PAL and
STS clones were sequenced for each of the three cultures. In
all, 50 PAL and 62 STS (for VV), 48 PAL and 36 STS (for
VB1), and 49 PAL and 97 STS (for VB2) clones were
analyzed. Comparison of the sequenced fragments allowed
us to identify three PAL genes (VaPAL1, VaPAL2, and
VaPAL3) and seven STS genes (VaSTS1, VaSTS2, VaSTS3,
VaSTS4, VaSTS5, VaSTS6, and VaSTS7). The sequenced
fragments exhibited significant homology to the PAL and
STS genes described for other grape species (amino acid
sequence identity of at least 92%; Fig. 2; Table 2),
suggesting that the degenerate primers were appropriately
designed. The expression of each gene (Fig. 4) was
estimated based on the composition of the sequenced
clones and data on the total expression.

Enhanced expression of VaPAL1 and VaPAL2 in the rolB
transgenic cultures resulted in an increase of the total PAL
expression (Figs. 3 and 4). The total level of STS gene

expression was increased (Fig. 3) due to the enhanced
expression of not only the predominant gene VaSTS1, but
also of five other VaSTS genes: VaSTS2, VaSTS3, VaSTS4,
VaSTS5, and VaSTS7 (Fig. 4). VaPAL3 and VaSTS6 gene
expression was approximately at the same level in all cell
cultures (Fig. 4). We consolidated data of VaSTS2, VaSTS4,
VaSTS5, and VaSTS7 gene expression (Fig. 4), because only
VaSTS1 and VaSTS3 show expression levels above back-
ground. We did not consolidate VaSTS6 gene expression

Fig. 3 Total expression of VaPAL and VaSTS in the VV, VB1 and
VB2 grape cell cultures. Calli were grown for 35 days before analysis
(linear phase of growth). a Electrophoretic separation of V. amurensis
RT-PCR products amplified with degenerative primers. Total RNA
was isolated from 35-day calli (linear phase of growth). Lines 1, 3, and
5 VV, VB1, and VB2 cultures, 0.5 μl of the templates diluted with H2O
1:4. Lines 2, 4, and 6 the cultures presented in the same order, 0.5 μl
of undiluted templates. Pc positive control (plasmids comprising
cDNAs for VaPAL, VaSTS and VaActin1 genes), Nc negative control
(PCR mixture without plant cDNA), M synthetic marker. Expression
of the corresponding actin gene is also presented. b Quantification of
VaPAL and VaSTS transcripts by microchip technology. The designa-
tion r.u. indicates relative fluorescence units. The data were obtained
from three independent experiments and averaged as mean±SE. See
text for comment, **P<0.01
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because we have to highlight that the VaSTS6 expression
level did not change and was similar to background.

To confirm the above results, the expression levels of
VaPAL1, VaPAL2, VaPAL3, VaSTS1, VaSTS2, VaSTS3,
VaSTS5, and VaSTS6 genes were also estimated by means
of real-time PCR (Table 3). The results confirmed the
significantly increased expression of VaPAL1 and VaPAL2
in rolB transgenic cell cultures of V. amurensis. The
increase of VaPAL3 expression was not so significant as
for VaPAL1 and VaPAL2 (Table 3). The level of VaSTS1
expression was significantly increased in rolB transgenic
cells compared with the control culture, but to a lesser
degree than VaSTS2, VaSTS3, and VaSTS5 gene expression
(Table 3). VaSTS2, VaSTS3, and VaSTS5 transcript levels
were dramatically increased in VB2 cell culture. Also, in
VB1 cells real-time PCR revealed increased transcript
levels of VaSTS3 and VaSTS5. VaSTS6 gene expression
was not significantly changed in both the rolB transgenic
cell cultures.

Discussion

Based on the data that revealed high resveratrol production
in rolB-transformed cells of V. amurensis, we expected thatT
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Fig. 4 Expression of VaPAL (a) and VaSTS (b) genes in the VV, VB1,
and VB2 grape cell cultures. Calli were grown for 35 days before
analysis (linear phase of growth). Calculated as total CDPK
expression×percentage of clones/100 (Kiselev et al. 2008). See text
for comment
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expression of key genes involved in resveratrol biosynthesis
must be considerably higher in rolB transgenic cultures than
in control culture. This proposal was confirmed, but not to
the degree we expected. In VB1 and VB2, the total level of
PAL gene expression was increased only 2.3–3.8-fold, and
that of STS only 1.3–1.9-fold compared with the control
(Fig. 3), while the level of resveratrol was increased more
than 100-fold in VB2 compared with the control (Kiselev
et al. 2007). VaSTS1 was the predominant STS transcript in
all cell cultures (Fig. 4). rolB does not affect the expression
of VaSTS6, moderately enhances that of VaSTS1, and to a

greater degree, enhances that of VaSTS2, VaSTS3, VaSTS4,
VaSTS5, and VaSTS7 (Fig. 4; Table 3). Thus, rolB activates
the expression of most of the expressed PAL and STS genes
in V. amurensis, but sometimes to a different extent. We
propose that an increase of VaSTS1, VaSTS6, and VaPAL3
gene expression is not strongly required for high resveratrol
production by the rolB-transformed cell cultures.

Based on the comparison of the sequenced fragments of
V. amurensis PAL and STS with their homologues in other
plants, we made several assumptions. VaPAL1 was most
similar to the PAL (X75967) of V. vinifera (100% amino

Table 3 Comparison of the VaPAL and VaSTS expression levels received by means of real-time PCR and RT-PCR with degenerate primers

 Real time PCR, r.u. VV// VB1/VB2a PCR with degenerate primers VV// 
VB1/VB2a 

VaPAL1 

0

0,5

1

VV VB1 VB2

*

0.5

*

 

850 / 3250 320 / 920 

VaPAL2 

0

0,5

1

VV VB1 VB2

*

0.5

 

300 / 5100 220 / 250 

VaPAL3 

0

0,5

1

VV VB1 VB2

0.5

 

104 / 240 400 / ~ 

VaSTS1 

0

0,5

1

VV VB1 VB2

0.5
*

**

 

280 / 620 130 / 170 

VaSTS2 

0

0,5

1

VV VB1 VB2

0.5

*

 

~ / 5100 ~ /   

VaSTS3 

0

0,5

1

VV VB1 VB2

0.5

*

 

3600 / 6100 ~ /   

VaSTS5 

0

0,5

1

VV VB1 VB2

0.5

*

**

 

1280 / 1800 ~ /   

VaSTS6 

0

0,5

1

VV VB1 VB2

0.5

 

194 / 161 ~ / ~ 

Note: VaPAL or VaSTS expression in the VB1 and VB2 cultures was higher ( ) or same (~) in 

comparison with the control VV culture; (a) – percentages from VV; r.u. – relative units; ** P < 0.01; 

* P < 0.05. 

→
→

→
→
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acid sequence identity), whose expression was increased 9–
11-fold at the beginning of the second day after MeJa
treatment (Belhadj et al. 2006). The increase in the
expression of this gene was accompanied by an increase
in the levels of stilbenes, including resveratrol. The authors
proposed that X75967 is involved in resveratrol biosynthesis.
In our study, the levels of VaPAL1 in the rolB transgenic V.
amurensis cultures increased 3.2–37.5-fold compared with
the control; therefore, in accordance with Belhadj et al., we
propose that the protein product of this gene actively
participates in resveratrol biosynthesis. However, it is
necessary to highlight that the VaPAL as well as VaSTS
expression levels do not reflect inevitably the amount of the
relative proteins. VaSTS1 is most similar to Vst1 and Ripst1
(98–99% amino acid sequence identity). The transformation
of various plants with this gene resulted in an increase in the
levels of resveratrol and its derivatives. The highest
resveratrol levels (up to 2,100 μg/g, or 0.2% fresh wt.) were
registered after the transformation of grape cultures with Vst1
under the control of the PR10 promoter (Coutos-Thévenot et
al. 2001). In this case, the levels of resveratrol were
increased after only elicitor treatment. Furthermore, high
resveratrol levels were registered in only one of 50
transgenic strains. This increase might therefore be caused
bymutations of the genes involved in resveratrol biosynthesis,
provoked by the integration of exogenous sequences. In STS
transgenic cell cultures and plants, the resveratrol and piceid
levels varied from 0.001 to 0.062% fresh wt. (Kobayashi et
al. 2000; Giorcelli et al. 2004; Husken et al. 2005; Schijlen et
al. 2006; Schwekendiek et al. 2007). The creation of STS
transgenic plants and plant cell cultures was attempted in a
number of studies (Kobayashi et al. 2000; Coutos-Thévenot
et al. 2001; Giorcelli et al. 2004; Hüsken et al. 2005; Schijlen
et al. 2006; Schwekendiek et al. 2007). However, none of the
attempts resulted in high resveratrol levels. It is possible that
the enzymes encoded by the STS genes used in these studies
do not participate in resveratrol biosynthesis actively or have
less specific activity. We did not find studies that used close
homologues of VaSTS2, VaSTS3, VaSTS4, VaSTS5, or
VaSTS7 transcripts for resveratrol engineering.

In conclusion, the received results suggest that the
changes in expression of key genes in the resveratrol
biosynthesis pathway are closely related to high resveratrol
levels in rolB transgenic culture of V. amurensis, and that rolB
increased resveratrol production via selective enhancement of
expression of individual genes from PAL and STS gene
families involved in resveratrol biosynthesis. Perhaps, resver-
atrol production was low in the control V. amurensis culture,
because the expression of the most important genes for active
resveratrol biosynthesis (VaPAL1, VaPAL2, VaSTS2, VaSTS3,
VaSTS4, VaSTS5, and VaSTS7) was blocked by transcription
factors, such as G-box binding factors (Siberil et al. 2001). It
is possible that RolB, which has tyrosine phosphatase

activity, inhibits the activity of these transcription factors,
thereby enhancing resveratrol production.
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