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Abstract. Trans - 3, 4 ′, 5-3 hydroxy 2 styrene (resveratrol) is a kind of naturally occurring polyphenols 
phytoalexin. Resveratrol has significant anti-cancer activity, mainly exists in grapes, berries, and peanuts, has 
anti-aging, protect the heart, antioxidant, anti- proliferation, promote apoptosis and immune regulation. 
Resveratrol has been widely concerned in the treatment of cancer and autoimmune diseases resveratrol. 
Resveratrol synthase (RS) is a key enzyme in the synthesis of resveratrol synthase. In this study, RS containing 
genes were placed under the control of fruit-specific promoter RJ39 to transform tomatoes by transgenic 
method. The extraction of fruits containing RS genes showed an obvious absorption peak on the HPLC 
chromatographic map, and it also had an obvious inhibitory effect on the growth of Hela cells. 

1 Introduction 

Resveratrol (RES) was first extracted from the root of 
Veratrum puberulum Loes. Up to now, Resveratrol has 
been obtained from more than 70 kinds of plants, such as 
grape, peanut and Polygonum cuspate. In recent years, 
studies have shown that resveratrol has a variety of 
biological activities, including anti-oxidation[1], anti-
aging[2], anti-inflammatory[3], anti-cancer[4], 
cardiovascular protection[5], neuroprotection[6], immune 
regulation[7], treatment of obesity, diabetes, osteoporosis 
[8], antiviral[9]and as a therapeutic drug for viral 
infection[10].Resveratrol  can regulate the proliferation of 
human prostate cancer cells in vitro. Resveratrol can 
inhibit the proliferation of PC-3 cells, block pc-3 cells in 
G0/G1 phase, increase the expression of Bax protein and 
decrease the expression of Survivin protein, and directly 
activate Caspase-3 and inhibit the proliferation of PC-3 
cells[11]. Resveratrol also plays an important role in PCa 
cell proliferation and migration. An E3 ligase, namely 
TNF - receptor-related factor 6 (TRAF6), is a key 
mediator for resveratrol to inhibit PCa cell growth and 
proliferation, and resveratrol can be used as a target for 
lysosomal degradation to inhibit PCa cell proliferation and 
migration [12] .RES can slow down the growth of PC3 cells 
by interfering with glucose fermentation and promoting 
respiration, and effectively inhibit the growth of PC3 cells 
under hypoxic conditions, thus avoiding dependence on 
oxidative phosphorylation[13].The ability of RSV to 
directly target PD-L1 interferes with its stability and 
transport, and ultimately prevents it from targeting the 
plasma membrane of cancer cells [14].Resveratrol has the 
ability to down regulate viral oncogene E6, and can be 
used as a potential anti-HPV E6+ tumor drug for cervical 
cancer and ovarian cancer caused by human 

papillomavirus (HPV)[15、16]. RES regulates the level of 
Galectin-3 (GAL-3), which is an anti-apoptotic lectin that 
is highly overexpressed in ovarian cancer cells. RES 
induces cell death in a dose dependent manner, inhibits 
cell migration and invasion, and down-regulates bcl-2 
levels, increasing the degradation of lysed Caspase-3 and 
Gal-3 proteins (but not mRNA)[17].Simultaneous 
administration of calcitonin and curcumin or resveratrol 
has a synergistic promoting effect on anticancer effect of 
human breast tumor cells in vitro and in vivo and inhibits 
the formation of tumor neovascularization[18].Res is not 
only a kind of plant antitoxin, but also has an obvious 
health care effect on human body[19]. However, resveratrol 
content in nature is relatively low, so the use of transgenic 
technology to improve the content of resveratrol in edible 
plants has become a new research hotspot. In this study, 
the transformation of resveratrol synthase RS gene into 
tomatoes was expected to improve the nutritional quality 
of tomatoes and to increase the content of resveratrol in 
tomato fruits.  

2 Materials and methods 

The specific promoter RJ39 was cloned from of 
strawberry. The RS gene was cloned from of Clonagalus 
citrine, 1179 bp encoding 392 amino acids. The herbicide 
resistance gene was selected as the marker gene to 
construct the plant expression vector Pcambia 3300-RJ39-
RS-T, which was preserved by the State Key Laboratory 
of Plant Genetic engineering and Protein Engineering, 
School of Life Sciences, Peking University.The 
constructed expression vector was transferred into 
agrobacterium tumefaciens LBA4404 with high 
conversion efficiency, and was used to transform tomatoes. 
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3 results 

Expression vector pCAMBIA3300-RJ39-RS-T See 
Figure 1 for the results. 

 
 

 
Fig1. Expression vector pCAMBIA3300-RJ39-RS-T 

 
The PCR and Southern blotting showed that the RS 

gene had been transformed into plant. See Figure 2 for the 
results. 

 
 
 

 

 
Fig2. Figure 2 the PCR showed that the RS gene had been transformed into plant.M:Marker;1-15 positive control; 16：negative 

control 
 

The results indicated that the transferred exogenous 
RS gene could be normally transcribed and translated into 
resveratrol synthase capable of normal function, and 
catalyzed the production of resveratrol by substrates in 

allogenic plants.The high resolution of HPLC enables 
more accurate analysis of these compounds, as shown in 
Figure 3: These compounds show different retention times 
on the HPLC. 
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Fig3. HPLC analysis of trans-resveratrol and transgenic plant extracts A: Trans-resveratrol standard B: Genetically modified plant 
extracts 

 
In order to detect the function of resveratrol extracted 

from transresveratrol synthase tomato fruit, the effect of 
resveratrol on HELA cell growth was studied.The effect 
of resveratrol extracted from transgenic tomato fruits on 
HELA cell growth was observed by preparation of 200 M 
DMSO solution (FIG. 4).Pictures were taken 24 hours 
after induction. Figure A shows the growth of HELA cells 
in DMEM medium.Figure B shows HELA cells growing 
in DMEM medium containing resveratrol extracted from 

200 M transresveratrol synthase tomato fruit.The cells 
shown in Figure A were findle-shaped and adherent to the 
wall, which indicated that the growth state of the cells was 
normal. The cells shown in figure B began to shrink and 
deform, and were suspended in the culture. This result 
preliminarily indicated that HELA cells began to shrink 
and die.It was also demonstrated that resveratrol in the 
fruit of the tomato with resveratrol synthase had the same 
function as standard products. 

 

 
A                                         B 

Fig4. Effects of resveratrol extracted from transgenic lettuce on HELA cell growth. A: DMEM medium. B: DMEM medium for 
HELA cells extracted from RS tomato fruit containing 200 M. 

 

4 Conclusion 

Resveratrol Synthase (RS) is a key enzyme in the 
synthesis of Resveratrol.Studies have reported that RS 
gene has been transformed and expressed in a variety of 
plants and microorganisms, and plays a biological role in 
plant metabolism and regulation.In this study, the RS full-
length sequence (1.179 KB) was cloned from 
Parthenocissus Henryana, a grape plant. 392 amino acids 
were encoded.Use fruit specific promoters RJ39 

construction of plant expression vector pCAMBIA3300 - 
RJ39 - RS - T.RS gene was transferred into strawberry and 
tomato by agrobacterium transformation. Fruit extract of 
strawberry and tomatoes turn RS gene HPLC 
chromatographic analysis, to demonstrate the synthesis of 
resveratrol in transgenic plants.Extraction of resveratrol in 
transgenic fruits, and the resveratrol inhibits the growth of 
the cervical cancer cell line Hela experiment, colleagues 
expressing activity of resveratrol were 
analyzed.Increasing the content of resveratrol in edible 
plants by transgenic technology has become a new 
research hotspot.The conversion of resveratrol synthase 

3

E3S Web of Conferences 218, 03002 (2020) https://doi.org/10.1051/e3sconf/202021803002
ISEESE 2020



RS gene into the fruits of allogeneic plants is expected to 
improve the nutritional quality of the fruits, and try to 
increase the content of resveratrol in the fruits, so as to 
achieve the effect of nutrition, health care and disease 
prevention. 
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