
 

                

The 1st International Electronic Conference on Plant Science, 1–15 December 2020 

Conference Proceedings Paper 

Participation of Glutathione in The Formation of the 
Associative Symbiosis of Trancsgenic Tomato Plants 
with R. leguminosarum 

Dilara Maslennikova *, Olga Chubukova and Zilya Vershinina 

Institute of Biochemistry and Genetics—Subdivision of the Ufa Federal Research Centre of the Russian 

Academy of Sciences, 450054 Ufa, Russia 

* Correspondence: dishaoil@mail.ru; Tel.: +7-(347)235-60-88 

Published: 30 November 2020 

Abstract: Rhizobia can serve as beneficial associative bacteria for many crops, including tomato. There are a 

number of studies to improve this associative interaction by transforming plants with various genes, in 

particular, the genes of plant lectins and bacterial agglutinins. It is known that glutathione (GSH) plays an 

important role in the formation of associative symbiosis between plants and bacteria. The aim of this work 

was to study the redox state of glutathione in various artificial symbiotic systems on the roots of tomato 

plants, transformed with the lectin gene psl and the bacterial agglutinin gene rapA1 after treatment of 

rhizobia. Evaluation of the glutathione content in the roots of transgenic plants with psl gene showed a 

significant increase in the GSH content and the GSH/GSSG ratio was 4.6, while the adsorption of bacteria on 

the roots of these plants increased 9 times. In the transgenic roots with the rapA1 gene bacteria were sorbed 

three times more in comparison with the control plants, and the GSH/GSSG ratio was 4.1. The results 

obtained demonstrate the promise of studying the redox state of glutathione for assessing the effectiveness of 

artificial symbiotic systems. 
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1. Introduction 

Rhizobia, known as legume endosymbionts, can serve as associative bacteria for many non-

leguminous crops, including tomatoes. There are a number of studies to improve these associations 

by transforming plants with various genes, the products of which are involved in the interaction with 

microsymbionts. For example, tomatoes were obtained that produce N-acyl-homoserine lactone, 

which is a regulator of the expression of quorum sensing genes [1]. We also obtained tomato plants 

transformed with the lectin gene psl, which improved the colonization of these plants with growth-

stimulating bacteria R. leguminosarum [2,3]. Bacterial agglutinins, in particular the RapA1 protein, 

isolated from some rhizobia strains, can also serve as a component that improves associative 

interactions [4]. This protein is not strictly specific and also can contribute to the agglutination of non 

rhizobia strains on plant roots [5,6]. The studies of the last decade showed that glutathione (GSH) 

plays an important role in the formation of associative symbiosis between plants and bacteria [7]. It 

is known that GSH is the most important antioxidant, which is involved in maintaining the redox 

homeostsis in plants [8]. GSH is also involved in regulation of expression of symbiotic genes and 

processes of cell division during symbiotic interactions [9]. However, changes in the redox status of 

glutathione during the formation of associative interactions are not well defined. 

The aim of this work was to study the redox status of glutathione in various artificial symbiotic 

systems on the roots of tomato plants transformed with the lectin gene psl and the bacterial agglutinin 

gene rapA1 after the inoculation of the R. leguminosarum Vsy12. 



The 1st International Electronic Conference on Plant Science, 1–15 December 2020 

2 
 

2. Experiments 

2.1. Transgenic Plants and Bacteria 

Tomato plants of the cultivar Gruntovy Gribovsky 1180 transformed with the psl and rapA1 

genes were used as macrosymbionts [3,6]. For the experiments, the seeds were superficially sterilized 

for 1 min in 70% ethanol and then 20 min in 1% sodium hypochlorite solution with the addition of a 

few drops of Tween-20. After rinsing five times with sterile water, the seeds were cultured in MS 

medium [10] for 3 weeks at 25 °C and 16 h of light in a KBW 400 climatic chamber (Binder). As a 

microsymbiont, we used the Rhizobium leguminosarum VSy12 strain, isolated from Pisum sativum L. 

nodules and possessing growth-stimulating activity. To visualize symbiotic interactions, rhizobia 

were labeled with the fluorescent protein TurboGFP [11]. To inoculate plants, bacteria were grown at 

28 °C on a shaker (150 rpm) for two days in TY medium (bacto-tryptone 0.3%, yeast extract 0.2%, 

CaCl2 0.1%) to a concentration of 108 CFU/mL. The bacterial suspension was diluted to 105 CFU/mL, 

and the roots were inoculated in it for 2 min, and the seedlings were transferred to a solid MS medium 

for co-cultivation for 2 days. After that, 3 root fragments, 1 cm long, were taken from each plant, 

washed three times with sterile water for 5 min on a microshaker and homogenized in 50 μL of LB 

medium. The resulting volume was diluted 1000-fold and 50 μL of this suspension was plated onto 

TY agar medium with gentamicin (50 mg/mL) and grown in a thermostat at 28 °C for two days. The 

number of adhered bacteria was determined by the number of grown colonies. Visual observation of 

labeled bacteria on roots was performed using an Axio Imager M1 fluorescence microscope (Carl 

Zeiss, Germany). 

Glutathione Determination 

The content of reduced (GSH) and oxidized (GSSG) forms of glutathione from one plant sample 

was determined using the spectrofluoromeric method based on obtaining a fluorescent product of O-

phthalaldehyde (OPT) (Sigma, Australia) depending on the pH of the medium were recorded at pH 

8.0 and 12.0, respectively [12]. 0.5 g fresh roots were ground with 4ml of a mixture consisting of 0.1 

M potassium phosphate buffer (pH 8.0) and a 25% metaphosphoric acid solution in a ratio of 3.75: 1 

(by volume) as recommended by Hissin and Hilf [1976], then centrifuged at 12 000× g for 20 min at 4 

°C. For the measurement of GSH, 0.5 mL of the supernatant was mixed with 4.5 mL of 0.1 M 

phosphate buffer (pH 8.0, including 5 mM EDTA), then take about 0.1 mL from this mixture and 1.8 

mL of 0.1 M phosphate buffer (pH 8.0) and 0.1 mL of OPT stock (1 mg mL−1 in ethanol) added. For 

GSSG, 0.5 mL of supernatant was initially mixed with 200 μL of 0.04 M N-ethylmaleimide for 20–30 

min and subsequently added to 4.3 mL of 0.1 M NaOH then take about 0.1 mL from this mixture and 

1.8 mL of 0.1 M NaOH and 0.1 mL of OPT stock (1 mg mL−1 in ethanol) added, fluorescencewas read 

at an excitation and emission wavelength of 350 and 420 nm using a Perkin Elmer LS 55 Luminescence 

Spectrometr Cell (USA). 
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3. Results and Discussion 

3.1. Subsection 

3.1.1. Amount of Bacteria Adhered to the Surface of the Roots 

To assess the amount of bacteria adhered to the surface of the roots, plants were inoculated with 

the R. leguminosarum VSy12 (GFP) strain for 2 days, after which they were microscoped. It was 

shown that after treatment on the roots of transgenic plants, an increase in the number of adsorbed 

bacterial cells and an increase in the formation of biofilms are observed in comparison with the roots 

of control nontransformed plants. Plants transformed with the rapA1 gene showed lower results in 

bacterial adhesion than in the case of psl gene, the product of which is able to recognize and 

selectively bind polysaccharides on the cell walls of strictly defined rhizobia strains. Thus, three times 

more R. leguminosarum bacteria were sorbed on the roots transgenic for the rapA1 gene as compared 

to control plants, and in the case of psl gene, 9 times more (Figure 1). 

However, the transformation of plants with the rapA1, the product of which is directly involved 

in the biofilm formation of rhizobia, promoted the effective formation of biofilms on plant roots, 

which may in the future increase the competitiveness of nodule bacteria in the rhizosphere. This fact 

fully agrees with the data obtained earlier [3,6] and confirms the interaction of rhizobia with lectin 

PSL and RapA1 agglutinin on the surface of transgenic roots. 

 

Figure 1. The number of adherent bacteria on the root surface. Y-axis—number of bacterial colonies 

per root weight. Control—non-transgenic plants; rapA1—transgenic plants with rapA1 gene; psl—

transgenic plants with psl gene. Different letters indicate a significant difference between the means 

at the probability level of p < 0.05. 

3.1.2. The Redox State of Glutathione in the Roots of Tomato 

It was found that in the roots of wild-type tomato, treatment with the bacteria caused the 

accumulation of GSH, without affecting its oxidized form-GSSG and the indicator of the GSH/GSSG 

ratio was 3.2. Evaluation of the glutathione content in the roots of transgenic plants with psl gene 

showed a significant increase in the GSH content and the GSH/GSSG ratio was 4.6, while the 

adsorption of bacteria on the roots of these plants increased 9 times (Figure 2). 
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Figure 2. Effect of R. leguminosarum VSy12 on ratio GSH/GSSG in roots of tomato plants. Control—

non-transgenic plants; rapA1—transgenic plants with rapA1 gene; psl—transgenic plants with psl 

gene. Different letters indicate a significant difference between the means at the probability level of p 

< 0.05. 

In the transgenic roots with the rapA1 gene bacteria were sorbed three times more in comparison 

with the control plants, and the GSH/GSSG ratio was 4.1. It should be noted that in both variants of 

the studied transgenic plants, bacteria did not affect the GSSG content and its value remained at the 

level of untreated plants, which indicates the absence of a negative effect of rhizobia on tomatoes. 

4. Conclusions 

Previously, the role of glutathione in interactions between plants and microbes was best studied 

in legume-rhizobial and mycorrhizal symbioses. Undoubtedly, this substance plays an important role 

both in the initial stages of symbiosis and in the formation of new structures, in particular nodules. 

The results obtained demonstrate the promise of studying the redox state of glutathione for assessing 

the effectiveness of artificial symbiotic systems. 

Author Contributions: O.C., D.M. and Z.V. have contributed similar substantially to the work reported. All 

authors have read and agreed to the published version of the manuscript. 

Acknowledgments: This study was carried out using the equipment of the Biomika Center for Collective Use of 

the Institute of Biochemistry and Genetics (Ufa Federal Research Centre, Russian Academy of Sciences) as part 

of the government task (project No. AAAA-A16-116020350028-4). This research was supported by the RFBR (18-

34-20004 mol_a_ved). 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Barriuso, J.; Ramos Solano, B.; Fray, R.G.; Cámara, M.; Hartmann, A.; Gutiérrez Mañero, F.J. Transgenic 

tomato plants alter quorum sensing in plant growth-promoting rhizobacteria. Plant Biotechnol. J. 2008, 6, 

442–452, doi:10.1111/j.1467-7652.2008.00331.x. 

2. Vershinina, Z.R.; Baymiev, A.K.; Blagova, D.K.; Chubukova, O.V.; Baymiev, A.K.; Chemeris, A.V. Artificial 

colonization of non-symbiotic plants roots with the use of lectins. Symbiosis 2012, 56, 25–33, 

doi:10.1007/s13199-012-0156-4. 

3. Vershinina, Z.R.; Blagova, D.K.; Nigmatullina, L.R.; Lavina, A.M.; Baimiev, A.K.; Chemeris, A.V. 

Associative symbiosis of transgenic tomatoes with rhizobia increases plant resistance to Fusarium 

oxysporum f. sp. lycopersici. Biotechnology 2015, 3, 42–53. Available online: 

http://www.genetika.ru/journal/archive/70/83/567/. 

4. Mongiardini, E.J.; Ausmees, N.; Perez-Gimenez, J. The rhizobial adhesion protein RapA1 is involved 

inadsorption of rhizobia to plant roots but not in nodulation. FEMS Microbiol. Ecol. 2008, 65, 279–288, 

doi:10.1111/j.1574-6941.2008.00467.x. 



The 1st International Electronic Conference on Plant Science, 1–15 December 2020 

5 
 

5. Khakimova, L.R.; Lavina, A.M.; Vershinina, Z.R.; Baymiev, A.K. Usage of strain-producers of adhesin 

RapA1 from Rhizobium leguminosarum for the creation of binary biofertilizers. Appl. Biochem. Microbiol. 2017, 

53, 453–457, doi:10.1134/S0003683817040081. 

6. Vershinina, Z.R.; Khakimova, L.R.; Lavina, A.M.; Karimova, L.R.; Fedyaev, V.V.; Baymiev, A.K.; Baymiev, 

A.K. Interaction of tomatoes (Solanum lycopersicum L.), transformed by rapA1 gene with Pseudomonas sp. 

102 bacteria resistant to high cadmium concentrations as a basis for effective symbiotic phytoremediation 

system. Biotechnology 2019, 35, 38–48, doi:10.1111/j.1399-3054.1962.tb08052.x10.21519/0234-2758-2019-35-2-

38-48. 

7. Kuźniak, E.; Skłodowska, M. Differential Implication of Glutathione, Glutathione-Metabolizing Enzymes 

and Ascorbate in Tomato Resistance to Pseudomonas syringae. J. Phytopathol. 2004, 152, 529–536, 

doi:10.1111/j.1439-0434.2004.00884.x. 

8. Frendo, P.; Baldacci-Cresp, F.; Benyamina, S.M.; Puppo, A. Glutathione and plant response to the biotic 

environment. Free Radic. Biol. Med. 2013, 65, 724–730, doi:10.1016/j.freeradbiomed.2013.07.035. 

9. Hossain, M.A.; Mostofa, M.G.; Diaz-Vivancos, P.; Burritt, D.J.; Fujita, M.; Tran, L.S.P. (Eds.) Glutathione in 

Plant Growth, Development, and Stress Tolerance; Springer International Publishing: 2017; doi:10.1007/978-3-

319-66682-2. 

10. Murashige, T.; Skoog, F. A Revised medium for rapid growth and bioassays with tobacco tissue cultures. 

Physiol. Plant 1962, 15, 473–497, doi:10.1111/j.1399-3054.1962.tb08052.x. 

11. Baymiev, A.K., Yamidanov, R.S.; Matniyazov, R.T.; Blagova, D.K.; Baymiev, A.K.; Chemeris, A.V. 

Preparation of Fluorescent Labeled Nodule Bacteria Strains of Wild Legumes for Their Detection in vivo 

and in vitro. Mol. Biol. 2011, 45, 904–910, doi:10.1134/S0026893311060033. 

12. Maslennikova, D.R.; Plotnikov, A.A.; Shakirova, F.M. Comparative analysis of physiological action nitric 

oxide and 6- benzylaminopurine on the state of the components of the glutathione complex in the roots of 

wheat plants. Agrochemistry. 2019, 3, 37–43, doi:10.1134/S0002188119030104. 

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


