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ABSTRACT
A strain of Agrobacterium tumefaciens, isolated from the trunk of infected V. vinifera L. cv. Rkatsiteli was studied microscopically and its
pathogenesis was established. The goal of the research was to study the role of stilbenoids on the bacterial growth. The bacterium strain
was inoculated in two ways: a) the surface of the growth medium was covered by a watery suspension of stilbenoids; b) Stilbenoids was
added to the growth medium before sterilization. In both experimental protocols the concentrations of the stilbenoids were: 1 mg/100 ml, 2
mg/100 ml, 3 mg/100 ml, 4 mg/100 ml, 5mg/100ml, 10 mg /100 ml, 15mg/100ml, 20 mg /100 ml and 30 mg /100 ml. The control
version was the same medium without stilbenoids. The incubation period was 14-15 days at 270C and all the treatments completely
(100%) inhibited Agrobacterium tumefaciens growth over the control. A second experiment was therefore set up in order to study the
bacterial growth inhibition under stilbenoid concentrations lower than 1 mg/100 ml (ranging from 0.1 mg/100 ml to 0.9 mg/100 ml): the
bacterial growth inhibition increased from 0.0 % to 88.0% by increasing the stilbenoid concentrations.
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Vine and grape stilbenoids are one of the groups of a wide class of phenol compounds, which incorporates
cis- and trans-isomers of resveratrol and their derivatives, as dimers, trimers, tetramers and glycosides
[1-9]. Stilbenoids have diversified high biological activity and these compounds are very important for
plants as phytoalexins. Stilbenoids act against different vine diseases caused by biotic factors. The
following stilbenoids were identified in the extract of vine (Vitis vinifera L.) trunk, roots and canes:
Ampelopsin A, (E)-piceatannol, Pallidol, E-resveratrol, hopeaphenol, isohopeaphenol, (E)-ε-viniferin, (E)miyabenol C, (E) –w-viniferin, r- and r2-viniferin. It was established that the extract inhibits the growth of
sporulation of fungus Plasmopara viticola by 50%, while the most active inhibitor of it turned out to be r2viniferin [10]. Biotransformation of resveratrol, pterostilbene and a mixture of both occurred by the protein
secretome of Botrytis cinerea; 21 analogous were obtained [11]. The reaction with pterostilbene afforded
5 new compounds while the reaction with a mixture of pterostilbene and resveratrol afforded 7 unusual
stilbene dimers. The anti-fungal effect of these stilbenoids was evaluated against Plasmopara viticola
[11]. At three stages of fruit development of Vitis vinifera L. cv. Huxelrebe and the hybrid Castor, the
berries were in vitro infected by Botrytis cinerea, resulting in the synthesis of pterostilbene, (E)-ε-viniferin
and trans-resveratrol, being (E)-ε-viniferin the most produced stilbenoid [12]. Berries of Vitis vinifera L. cv.
Barbera were in vitro infected with conidial suspension of Aspergillus japonicus, A. ochraceus, A.
fumigatus and A. carbonarius and the levels of ochratoxin A and stilbenoids were detected. All fungi except
for A. fumigatus significantly increased the concentration of trans-resveratrol and at the same time transpiceid was unaffected; only A. ochraceus was able to significantly increase the piceatannol concentration.
Stilbenoids showed antifungal activity against A. carbonarius since trans-resveratrol (300 μg/g) and
piceatannol (20 μg/g) totally inhibited the fungal growth [13]. Besides the above-mentioned biological
activity stilbenoids have many other functional roles and they are affected by many viticultural factors [1426]. The vine varieties of Georgia are rich in biologically active stilbenoids; trans-resveratrol, trans- εviniferin, 2 tetrameric stilbenes, including hopeaphenol, were isolated and identified from shoots of
Rkatsiteli variety. These stilbenoids were identified in the Georgian red-grape wine varieties and their
wines [26-29]. The study of stilbenoids in Georgian wine varieties in terms of qualitative and quantitative
analyses, and their impact on bacterial and fungal disease is an urgent need. As a consequence, the goal
of the paper is to test the role of stilbenoids on the activity of the crown gall agent Agrobacterium
tumefaciens.

Agrobacterium tumefaciens was isolated from infected trunks of 16-year-old vines of V. vinifera L., cv
Rkatsiteli grafted on Kober 5BB, grown at a density of 2,850 vines/ha; the vineyard was located in Kakheti
(Gurjaani) region of Eastern Georgia, at 600 m asl elevation, on alluvial soil. The pathogenic strain of
Agrobacterium tumefaciens was first isolated in February 2018 and then modified in July 2018 and
January 2019. Last modified pathogenic strain of Agrobacterium tumefaciens was applied to the
experiment described in this article. The isolation was done by taking a little piece of the crown gall which
was cleaned from the other microorganisms by ethyl alcohol. A suspension was then prepared and sowed
in the culture media in petri dishes and the multiplication of bacteria colonies occurred, under standard
conditions (24 hours at 27°C) in petri dishes.
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The pathogenesis of bacterial strain was determined by the development on a carrot plant disc. The
morphological characteristics of the strain were determined by gramm method on the base of microscopic
analysis (Electronic microscope XSP-14).
The stilbenoids were extracted by acetone from air-dried vine pruning material, after grinding. The extract
was concentrated in vacuo at 40 °C and then the stilbenoid containing fraction was isolated by column
chromatography: a Sephadex G-25 gel filtration media was used, eluting with MeOH:H2O (60:40) and a
concentration in vacuo occurred. The composition of the stilbenoid extract was detected by the method
of high-performance liquid chromatography (HPLC/MS). A Varian chromatograph was utilized, equipped
with a Supelcosil PM LC18 Column, 250 x 4,6 mm; eluents: A. 0,025% trifluoroacetic acid; B. Acetonitrile:
A80/20. Gradient mode: 0-35 min, 20-50% B, 48-53min, 200% B. Flow rate of the eluent- 1 ml/min;
wavelength-306 and 285nm. Isolated stilbenoid-containing fractions were filtered using a membrane filter
(0,45µ) before the chromatographic procedure. The chromato-mass-spectral investigations were carried
out under the above-mentioned conditions; mass-spectra were detected by obtaining positive ions.
The effect of stilbenoids on the activity of the bacterial strain was tested by two experimental approaches:
A). A water suspension of the stilbenoids was used at different concentrations, as follows: 1.0-5.0 mg
/100 ml, 10 mg /100 ml, 20 mg / 100 ml and 30 mg /100 ml; POTATO DEXTROZE AGAR was used to
multiply the bacterial strain: 20 ml of steril PDA medium were placed in Petri dishes. Their surface was
covered by the water suspension of the stilbenoids and then the bacterial strain was incubated. The
incubation period was 14-15 days at 270C. Water without stilbenoids was used in some petri dishes, as a
control. B). The stilbenoids were directly added into the medium (PDA) at different concentrations, as
follows: 1.0-5.0 mg /100 ml, 10 mg /100 ml, 20 mg /100 ml and 30 mg /100 ml. PDA without
stilbenoids was used as control. The incubation conditions were the same as in approach A.
After the analysis of the results a second experiment was set up, in order to test the role of lower
stilbenoids concentrations (0.1 to 0.9 mg/100 ml) on the bacterial growth inhibition.

RESULTS
Based on morphological study, the Agrobacterium tumefaciens strain resulted gram-negative with a Stiff
form. It multiplied both as units and groups and had a flagellum giving it the ability to move [Fig. 1].

Fig. 1: Microscopic photograph of the Agrobacterium tumefaciens strain
……………………………………………………………………………………………………………………………
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The composition of the vine stilbenoids was represented by trans-resveratrol and its derivatives, as follows:
trans-resveratrol 80.1%; trans- ε –viniferin 7.1%; dimers, trimers and tetramers 12.8%. The growth of the
Agrobacterium tumefaciens strain was completely (100%) inhibited by the stilbenoids at concentration
higher than 1 mg /100 ml. According to the Table the bacterial growth inhibition increased by increasing
the stilbenoid concentrations from 0 to 0.9 mg/100 ml. Inhibition occurred at 0.2 mg/100ml, being 8%,
and increased up to 1.0 mg/100 ml, being 100%.
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Table 1: Agrobacterium tumefaciens growth inhibition and multiplication rate depending on
the stilbenoid concentration
N

1
2
3
4
5
6
7
8
9
10
11

Stilbenoid
s
concentrat
ion
mg/100ml
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Bacterial
growth
inhibition
%

Bacterial
multiplicati
on %

0
0
8
20
30
40
52
60
75
88
100

100
100
92
80
70
60
48
40
25
12
0

CONCLUSION
Stilbenoids from the vine trunk were effective in reducing the development of a pathogenic strain of
Agrobacterium tume faciens, at a concentration above 1 mg/100 ml. The research result is very important
for Georgian vine grape varieties for further researches on the role of stilbenoid phytoalexins on vine
disease resistance.
CONFLICT OF INTEREST

There is no conflict of interest.

ACKNOWLEDGEMENTS

This work was supported by Shota Rustaveli National Science Foundation of Georgia (SRNSFG)[grant number FR 17_486].

FINANCIAL DISCLOSURE
None.

[1]
[2]
[3]

[4]
[5]

[6]

[7]
[8]
[9]
[10]

Adrian M, Jeandet TP, et al. [2000] Stilbene content of
mature Vitis vinifera berries in response to UV-C elicitation, J
Agric Food Chem, 48:6103-6105.
Bavaresco L. [2003] Role of viticultural factors on stilbene
concentrations of grapes and wine. Drugs Exp Clin Res,
29:181-187.
Bavaresco L, Fregoni C. [2001] Physiological role and
molecular aspects of grapevine stilbenic compounds,
Molecular biology & biotechnology of the grapevine. Kluwer
Academic Publishers, The Netherlands, 500:153-182.
Bavaresco L, Fregoni M, et al. [2002] The occurrence of
the stilbene piceatannol in grapes. Vitis 41:133-136.
Bavaresco L, Petegolli D, Cantu E, Fregoni M, Chiusa G,
Trevisan M. [1997] Elicitation and accumulation of stilbene
phytoalexins in grapevine berries infected by Botrytis
cinerea. Vitis, 36: 77-83.
Bavaresco L, Pezzutto S, Fornaroli A, Ferrari F. [2003]
Grapevine iron-chlorosis occurrence and stilbene root
concentration as affected by the rootstock and arbuscular
mycorrhizal infection L Acta Hortic, 603:401-410.
Bavaresco L, Pezzutto S, Gatti M, Mattivi F. [2007] Role of
the variety and some environmental factors on grape
stilbenes. Vitis, 46:57-61.
Bavaresco L, Vezzulli S, et al. [2003] Effect of Ochratoxin AProducing Aspergilli on Stilbenic Phytoalexin Synthesis in
Grapes. J Agric Food Chem, 51:6151-6157.
Bezhuashvili M. [1994] Development of theoretical basics
for vine and oak timber lignin and identification of the ways
to use the gained products. Doctoral thesis, Tbilisi, Georgia.
Bezhuashvili M, Shubladze L, Okruashvili D. [2013] TransPiceid Stilbenoid in the Juice and Skin of the red Grape
(Vitis vinifera L.) Varieties growing in Georgia, Bull Georg
Nati Acad Sci, 7:74-79.

[11]

[12]

[13]
[14]
[15]
[16]

[17]
[18]

[19]

Bezhuashvili M, Surguladze M. [2016] The Derivatives of
Resveratrol-Viniferins from Grape Saperavi(Vitis vinifera L.).
3rd Scientific Conference on Natural and Synthetic
Biological Activity Substances, Tbilisi,Georgia, 112-113.
Gabastoni J, Khawand E, et al. [2018] Stilbenes from
grapevine root: a promising natural insecticide against
Leptinotarsa decemlineata. Journal of Pest Science,
91:897–906.
Gindro K, Schnee S, et al. [2017] Generation of Antifungal
Stilbenes Using the Enzymatic Secretome of Botrytis
cinerea. Journal of Natural products, 80:887-898.
Guebalia HA, Chira K, Richard T, Mabrouk T, Furiga A.
[2006] Hopeaphenol: the first resveratrol tetramer in wines
from North Africa. J Agric Food Chem, 54:9559-9564.
Gabaston J, Cantos VE, et al. [2017] Stilbenes from Vitis
vinifera L. Waste: A Sustainable Tool for Controlling
Plasmopara Viticola. Agric Food Chem, 65:2711–2718.
Jeandet P, Bessis R, Douillet BA, Adrian M. [2002]
Phytoalexins from the Vitaceae: Biosynthesis, Phytoalexin
Gene Expression in Transgenic Plants, Antifungal Activity,
and Metabolism. Literature Review in Journal of
Agricultural and Food Chemistry, 50:2731-41.
Langcake P, Cornford CA, Pruse RJ. [1979] Identification of
pterostilbene as a phytoalexin from vitis vinifera leaves,
Phytochemistry, 18:1025–1027.
Langcake P, Pryce RJ. [1976] The production of resveratrol
by vitis vinifera and other members of the vitaceae as a
response to infection or injury. Physiol. Plant Pathol, 9:77–
86.
Langcake P. [1981] Disease resistance of Vitis spp. and the
production of the stress metabolites resveratrol, epsilonviniferin, alpha-viniferin and pterostilbene, Physiol. Plant
Pathol, 18:213–226.

11
www.iioab.org

| Bezhuashvili et al. 2020 | IIOABJ | Vol. 11 | 1 | 9-12 |

AGRICULTURE

REFERENCES

REGULAR ISSUE
[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

AGRICULTURE

[29]

Mattivi F, Vrhovsek U, et al. [2011] Profiling of Resveratrol
Oligomers, Important Stress Metabolites, Accumulating in
the Leaves of Hybrid Vitis vinifera (Merzling × Teroldego)
Genotypes Infected with Plasmopara viticola, J Agric Food
Chem, 59:5364–5375.
Pawlus D, Waffo TP, Shaver J, Merillon JM. [2012]
Stilbenoid Chemistry from Wine and the Genus Vitis Int Sci
Vigne Vin, 46:57-111.
Reniero F, Angioni A, Rudolph M, Mattivi F. [1996]
Identification of two stilbenoids from Vitis roots. Vitis
Geilweilerhof, 35:125-127.
Riviere C, Pawlus A, Merillon JM. [2012] Natural stilbenoids:
distribution in the plant kingdom and chemotaxonomic
interest in Vitaceae. Natural Product Reports, 29:1317-33.
Niesen DB, Hessler C, Navindra SP. [2013] Beyond
resveratrol: A review of natural stilbenoids identified from
2009–2013. Journal of Berry Research, 3:181-196.
Larronde F, Richard T, et al. [2005] New stilbenoid
glucosides isolated from vitis vinifera cell suspension
cultures (cv. Cabernet sauvignon). Planta Medica, 71:888–
890.
Saeza V, Pasteneb E, Vergara C, et al. [2018]
Oligostilbenoids in Vitis vinifera L. Pinot Noir grape cane
extract: Isolation, characterization, in vitro antioxidant
capacity and anti-proliferative effect on cancer cells panel.
Food Chemistry, 265:101-110.
Surguladze M, Bezhuashvili M. [2017] New stilbenoids Miyabenols from Saperavi grapes (Vitis vinifera L.) to wine.
8 th international conference on polyphenols and health,
Quebec, Canada, 52.
Surguladze M, Bezhuashvili M. [2018] Biological activity of
some stilbenoids from grape saperavi (Vitis vinifera L.)
ICP+TC 2018 XXIX International Conference on Polyphenols
9 th Tannin Conference, Madison, USA. Gverdebi.
Vergera C, Von BD, Mardones C, et al. [2012] Stilbene
Levels in Grape Cane of Different Cultivars in Southern
Chile: Determination by HPLC-DAD-MS/MS Method. Agric
Food Chem, 60:929–933.
Waffo TP, Fauconneau B, et al. [1998] Isolation,
identification, and antioxidant activity of three stilbene
glucosides newly extracted from vitis vinifera cell cultures, J
Nat Prod. 61:655–657.

12
www.iioab.org

| Bezhuashvili et al. 2020 | IIOABJ | Vol. 11 | 1 | 9-12 |

