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BACKGROUND: Expansins are non-enzymatic proteins involved in the softening of cell walls, the mechanism of action of
which is associated with the weakening and breaking of hydrogen bonds between xyloglucans and cellulose microfibrils and
is aimed at ensuring cell expansion.

THE AIM of our work was to obtain hairy roots of tobacco with constitutive expression of the NtEXPA5 expansin gene, their
morphometric analysis and assessment of the state of their antioxidant system in response to stress factors.

MATERIALS AND METHODS: The hairy roots were obtained from transgenic tobacco plants expressing the NtEXPA5 gene
under the control of the 35S promoter.

RESULTS: Constitutive expression of the NtEXPA5 gene promoted an increase in the length and dry weight of hairy roots
both under normal conditions and under the action of salinity, copper sulfate, cadmium acetate, and mannitol. Both under
normal conditions and under the action of stress factors in transgenic hairy roots, an increase in the activity of superoxide
dismutase and the total antioxidate activity was recorded.

CONCLUSION: Expansins exert their positive effect on the productivity and stress tolerance of plants not only through
their influence on cell expansion, but also through the effect on the antioxidant system.

Keywords: expansins; hairy roots; salinity; copper; cadmium; mannitol; superoxide dismutase; catalase; peroxidase;
total antioxidant capacity.

To cite this article:
Kuluev BR, Musin KG, Yakupova AB. The expansin gene NtEXPA5 increases stress tolerance of tobacco hairy roots through an effect on the antioxidant
system. Ecological genetics. 2021;19(1):5-12. DOI: https://doi.org/10.17816/ecogens4618

Received: 20.09.2020 Accepted: 30.12.2020 Published: 23.03.2021
&
ECO®VECTOR The article can be used under the CC BY-NC-ND 4.0 license

© Eco-Vector, 2021


https://crossmark.crossref.org/dialog/?doi=10.17816/ecogen44618&domain=PDF&date_stamp=2021-03-15

[EHETMHECKIE OCHOBBI 3HOMOMVYECKAA FeHETUKa
IBOMMOUMA 3KOCMCTEM Tom 19N 1, 2021 Ecological genetics

DOI: https://doi.org/10.17816/ecogens4618

'eH 3akcnancuHa NtEXPAS nosbiwaer
CTPECcCoyCTOMYMBOCTb BOJIOCOBUAHLIX KOPHel TabaKa
yepe3 BAUAHME Ha AaHTUOKCUAAHTHYIO CUCTEMY

© b.P. Kynyes*':2, X.I'. Mycun', A.b. Akynosa' 2

! MHCTUTYT 6MOXMMMM M FeHETUKM — 060C06/IeHHOE CTPYKTYpHOE NoapasaeneHre MefepanbHoro rocyAapcTBEHHOM0 BIOAMKETHOrO Hay4HOTO
yupeskaeHua YouUMcKoro defepanbHoro UCCiefoBaTebeKoro LieHTpa Poccuiickoi akageMun Hayk, Yoa;

2 (DepepasibHoe rocynapcTBeHHoe 6I0IMKeTHOe 06pa30BaTe/lbHOE YUPEMKEHE BhICLLIEro 06pa3oBaHns

«BalLKMPCKNIA roCy[apCTBEHHbIA YHUBEPCUTET», Yba

BgedeHue. IKcnaHCMHbI — 3T0 HeepMeHTaTMBHbIE GeKK, y4acTByloOLLME B Pa3MArYEHUN KNETOYHbIX CTEHOK, Mexa-
HW3M [eNCTBUA KOTOPbIX CBA3aH C 0cnabneHneM W paspbiBOM BOAOPOAHBIX CBA3EN MEXAY KCUMOrIoKaHaMM U MUKpPOdU-
bpunnamu Lennono3el U HampasieH Ha 0becrneyeHre pocTa KIETOK PaCTAKEHWEM.

Llenvio pabotbl 6biNo MonyyeHWe BONOCOBMAHBIX (bopofaTblx) KOPHeM Tabaka C KOHCTUTYTMBHOM 3KCMpeccuen
reHa skcnancuHa NtEXPAS, nx MopdoMeTpuUeckui aHanus 1 oLeHKa COCTOAHUA UX aHTMOKCUZAHTHON CUCTEMBI NPU Aen-
CTBMM CTPECCOBbIX PAKTOPOB.

Mamepuanel u Memodel. BonocoBuaHble KopHU TabaKa Gbin NOyYeHbl U3 TPAHCTEHHBIX PACcTEHUI C MOBBILLEHHON
JKCMpeccuen reHa akcnaHcuHa NtEXPAS.

Pe3ynomamel. KoHcTUTyTMBHAA 3aKcnpeccua reHa NtEXPAS cnocobcTBoBana yBeNMYeHWIo OAMHBI U CYXOro Beca
BONIOCOBUHbIX KOPHEW KaK NMpW HOpPManbHbIX YCIOBUAX, TaK U NpU OeWCTBUM 3acofieHns, cynbdaTta Meau, auertara
KagMua U MaHHUTONA. Kak npy HopManbHbIX YCIOBUAX, TaK U NpU AENCTBUU CTPECCOBLIX (aKTOPOB B TPAHCTEHHbIX
BOJI0OCOBUHbIX KOPHAX 6bIN0 3aPMKCMPOBAHO YBEAMYEHWE AaKTUBHOCTW CYNepoOKCMOANCMYTa3bl U 06LUEN aHTUOKCK-
BaHTHOW aKTUBHOCTM.

Bbigodel. TMonyyeHHble pe3ynbTaTbl CBUAETENLCTBYIOT, YTO 3KCMAHCUHBI OKa3blBalOT CBOM NMO3UTMBHBINA 3ddeKT Ha npo-
BYKTUBHOCTb M CTPECCOYCTOMYMBOCTb PACTEHUI He TOBKO Yepe3 BAUAHME Ha POCT KNETOK PacTAKEHUEM, HO U Yepe3 BO3-
LENCTBUE Ha aHTUOKCUAAHTHYIO CUCTEMY.
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INTRODUCTION

Expansins are non-enzymatic proteins involved in the cell
wall softening. Their mechanism of action is associated with
the weakening and breaking of hydrogen bonds between xy-
loglucans and cellulose microfibrils [1]. An increased ex-
pression of expansins assists in improving root growth by
stimulating cell expansion [2, 3]. There are numerous data
evidencing the participation of expansins in stress resistance
reactions [4-6]. Previously, we created transgenic plants of
Nicotiana tabacum with the constitutive expression of the
NtEXPA5 expansin gene [7]. The resulting plants were char-
acterized by an increase in leaf and stem sizes. However,
we also revealed a high-level expression of this gene in the
roots of wild type (WT) tobacco [6]; moreover, transgenic
plants overexpressing the NtEXPA5 gene were characterized
by an improved root growth under both normal conditions
and the influence of stress factors [3]. The obtained data
suggest that expansins can also promote growth in hairy
roots (HRs) cultures, which are a promising biotechnological
system for producing valuable secondary metabolites and
recombinant proteins. Changes in the environment composi-
tion, temperature, and similar aspects can adversely affect
the cultures of HRs in biotechnological production; therefore,
the creation of both highly productive and stress-resistant
HRs is very relevant and crucial. Earlier, a higher-level ex-
pression of the NtEXPA5 gene was revealed in the HRs of
tobacco, compared to ordinary roots [8], further indicating
the importance of its protein product for growing HRs.

In view of this observation, the objective of this study is
to obtain the HRs of tobacco with the constitutive expression
of the NtEXPA5 gene, as well as conduct their morphometric
analysis and assessment of their antioxidant system condi-
tion under the influence of stress factors. It was assumed
that the NtEXPA5 transgene will enhance the productivity and
stress resistance of the HRs, which may be accompanied by
changes in the components of the antioxidant system.

RESEARCH METHODS

Previously obtained seeds of transgenic tobacco plants
35S::NtEXPAS, Petit Havana cultivar, line SR1, generation T,
with a single copy of the transgene were sterilized in 75%
ethanol (~30 s) and 2.5% sodium hypochlorite (~5 min). Then,
they were washed with sterile distilled water five times and
planted in Petri dishes with selective (200 mg/L of hygro-
mycin), solid (7 g/L of agar) Murashige and Skoog (MS)
nutrient medium (0.5 MS salt, 14 g/L of sucrose, 60 mg/L of
inositol, 2 mg/L of glycine, 1 mg/L of thiamine, and 1 mg/L
of nicotinic acid). After 20 days, the seedlings of equal size,
free from morphological anomalies, were planted in a mix-
ture of soil and vermiculite (3:1, respectively). The plants
were grown in 500-ml vegetative pots at an air temperature
of 24 + 1°C, an illumination of 120 pmol/m?s, and a photo-
period of 16 h.
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HR cultures were created from the leaf explants of two-
month-old plants using the A4 strain Agrobacterium rhizo-
genes. Agrobacteria were preliminarily grown in the liquid
selective LB medium (100 mg/L of rifampicin). The explants
of tobacco leaves were sterilized using 75% ethanol solu-
tion (~1 min) and 2% sodium hypochlorite solution (~8 min).
The leaf explants and agrobacteria were co-cultivated on
the solid (7 g/L agar) MS medium (1 MS of salt, 28 g/L of
sucrose, 120 mg/L of inositol, 2 mg/L of glycine, 1 mg/L
of thiamine, and 1 mg/l of nicotinic acid) for three days at
a temperature of +26°C. Thereafter, the leaf explants were
transferred into a solid MS medium comprising an antibiotic
(100 mg/l of cefotaxime). All HRs formed on explants in the
fragments of 1.5-2-cm long were placed in separate Petri
dishes with the MS medium and kept at an air temperature
of 24 + 1°C in the dark. Pre-selection was performed to se-
lect the most actively and steadily growing roots. After two
months of cultivation on the selective MS medium, fragments
of HRs together with the apical meristem (~1.2 cm long)
were transplanted onto the fresh MS medium. The lines of
HRs created from non-transgenic N. tabacum plants, cv.
Petit Havana, line SR1, were used as a control line. These
lines were used to draw conclusions about the transgene
effects.

DNA from HRs was isolated by a standard method
using cetyltrimethylammonium bromide [9]. To con-
firm the transgenicity of the created HRs, the classi-
cal method of polymerase chain reaction (PCR) was
used with the primers CGTATGTTATTGCCGGGAAAAGTG
and CAGAACATTACATTGACGCAGGTGAT matched to the
uidA (GUS) reporter gene.

The total RNA from HRs was isolated using trizole,
and the first strand of cDNA was synthesized using an
oligo (dT)-primer and M-MuLV reverse transcriptase (RT)
(NEB, USA). The primers TGGTGCAATCCCCCTCTC and
GACATTGTTTGCCATCCAGTATTA were used for RT-PCR
of the NtEXPA5 gene. The EF-Ta gene from N. tabacum
(AF120093.1) was used as a reference gene, and primers
GAATTGGTACTGTCCCTGTT and TTGCCAATCTGTCCTGAAT were
used for its amplification. Semi-quantitative RT-PCR for both
genes was performed at the temperature of 94°C for 1 min,
then at 94°C for 30 s, 53°C for 30 s, 72°C for 1 min for
30 cycles, and the final elongation was done at 72°C for
5 mins. For each experiment, three control and experimental
plants were used (n = 3).

The HRs of tobacco were subjected to the stress ef-
fects with 150 mM of NaCl, 100 yM of CuSQ,, 100 pM of
Cd (CH,C00),, and 75 mM of mannitol in the agar medium
MS in vitro. The intensity of stress conditions was selected
during preliminary studies with respect to the HRs of to-
bacco without the NtEXPA5 transgene in such a way that it
slowed growth significantly (up to 20 times), but caused the
death of no more than 10% of root samples. The morpho-
metric analysis included the measurement of the average
gain in the length of the HRs on the day 30 of cultivation.
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The average gain was calculated as the ratio of the sum of
elongation of all HRs to the number of roots. The dry weight
gain of the roots was also analyzed for assessing productivity.
Because the initial dry weight of the root fragments was very
low (no more than 1 mg), it was decided to neglect the same.
To measure the dry weight, HRs were dried in a dry heat oven
at 105°C for 16 h. All tests were performed in 64 biological
replicates (n = 64). The significance of differences was tested
with respect to the control variant of HRs without the NtEXPAS
transgene according to Duncan’s test [10].

For the biochemical analysis of stress-mediated chang-
es in the antioxidant system, HR cultures were grown for
30 days under stress conditions. The activity of enzymatic
systems was expressed in mg of total soluble protein.
The total antioxidant activity (TAA) was calculated per 1 g of
fresh weight of HRs. All biochemical studies for determining
the antioxidant system activity were performed in 15 biologi-
cal replicates (n = 15). The significance of differences was
calculated with respect to HRs without the NtEXPA5 trans-
gene (control variant) in accordance with Duncan’s test [10].

To determine the activity of superoxide dismutase (SOD),
we used a method based on the ability of SOD to com-
pete with nitroblue tetrazolium for superoxide anions [11].
The peroxidase activity was determined by the ability of
guaiacol to polymerize to tetraguaiacol [12]. The catalase ac-
tivity was determined by the rate of degradation of hydrogen
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peroxide molecules [13]. The TAA was evaluated on metha-
nol (80%) extracts by the reduction of Mo(VI) to Mo(V) at an
acidic pH [14]. The total soluble protein content was deter-
mined by the Bradford protein assay [15].

STUDY RESULTS

Part 1 of the work was focused on selecting a small
number of HR lines with an increased expression of the
NtEXPA5 gene. For morphometric analysis, 6 from 24 lines
of HRs were selected, which we designated as E1-Eé.
All these six lines showed the highest level of transcriptional
activity of the NtEXPA5 transgene. Under normal conditions,
the transgenic HRs grew in length faster by 38% on an av-
erage for all lines than the control variants (WT). Under the
action of sodium chloride, the transgenic HRs also showed
a better growth than the WT by 28% on average for all the
lines (Fig. 1, a). Only the E1 line HRs grew in length more
slowly than the control. Under conditions of environmen-
tal pollution caused by copper sulfate, transgenic HRs also
showed a better growth than the WT by 36% on an average
for all the lines (Fig. 1, @). On the medium with cadmium
acetate, all lines of transgenic HRs were longer than in the
control on an average by 39%. Under the action of 75 mM
of mannitol, the transgenic HRs were also longer than the
control variants by an average of 39% (Fig. 1, a).

 *
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Fig 1. Morphometric analysis of hairy roots with the constitutive expression of the NtEXPA5 gene: a — root gain in length over 30 days of
cultivation; b — dry weight of roots after 30 days of cultivation. WT — wild type (control), E1-Eé — HRs lines. Asterisks indicate significant
differences from the control according to the Duncan’s test (p < 0.05)
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Fig. 2. Analysis of the antioxidant system of hairy root cultures with the constitutive expression of the NtEXPA5 gene: a — superoxide
dismutase activity; b — catalase activity; ¢ — peroxidase activity; d — total antioxidant activity. Asterisks indicate significant differences

from the control according to the Duncan’s test (p < 0.05)

Thus, the HRs of tobacco, overexpressing the NtEXPAS
gene, grow in length faster than the WT both under nor-
mal conditions and under stress. However, the productivity
of the HR lines, which may not correlate with their growth
in length, is the most interesting feature. Their dry weight
most fully reveals the production of biomass of HRs. Under
normal conditions, all transgenic lines, except for E3, accu-
mulated greater dry weight than the WT (Fig. 1, b). On aver-
age, the difference with control was 33% for all lines. Under
the conditions of salinity with sodium chloride, all lines of
transgenic HRs gained 50% more dry weight on an average
for all lines. Under the action of CuSQ,, the dry weight of the
transgenic HRs was higher than the control variants by an
average of 49%. Under conditions of cadmium contamina-
tion, the HRs of 355::NtEXPA5 grew better than the WT by
296% on an average for all the lines. Under the action of
mannitol, the dry weight of the transgenic HRs was even
higher and exceeded the control values by 390% on an aver-
age for all lines (Fig. 1, b).

The obtained data indicate that the HRs of 35S::NtEXPAS
are characterized by both increased productivity and a great-
er stress resistance as compared to WT HRs. The mecha-
nisms of the participation of expansins in ensuring plant
growth in general are already known; however, it is not yet
entirely clear how exactly they affect stress resistance. With
an increase in stress resistance, the components of the an-
tioxidant system should undoubtedly be affected. Therefore,
the task was set to determine the activity of SOD, catalase,
peroxidase, and the TAA in the HRs under normal conditions
and the action of stress factors. HRs E1, E4, and Eé lines
were randomly selected for these experiments.

Under normal conditions, the HRs of 35S::NtEXPA5 dif-
fered from the control variants in the increased activity of SOD,

DOl https://doi.org/1017816/ecogen44618

catalases, and general antioxidant activity (Figs. 2, a, b, d).
Transgenic HRs did not differ from WT only in peroxidase
activity (Fig. 2, c). Under conditions of salinity with sodium
chloride, all lines of transgenic HRs were characterized by
an increase in the activity of SOD and catalases. An increase
in the peroxidase activity over the control was distinctive
only for E1 and E4 lines (Fig. 2, c). Under the action of 75 mM
of mannitol, an increased activity of SOD and TAA was reg-
istered in all the analyzed lines as compared with the con-
trol (Figs. 2, a, d). In this case, the catalase activity in the
transgenic lines was, on the contrary, lower than the control.

DISCUSSION

The constitutive expression of the NtEXPA5 gene promoted
an increase in the biomass of HRs under both normal condi-
tions and stress. The greatest difference with the control was
revealed under the action of cadmium and mannitol (Fig. 1, b).
The literature presents data on an increase in the resistance of
the HRs of the peanut Arachis hypogaea overexpressing the ex-
pansin gene AdEXLB8 to nematodes Meloidogyne arenaria [16].
However, apparently, to date, the effects of the constitutive ex-
pression of expansin genes on the resistance of HRs to abiotic
stress factors have not been studied. At the same time, the works
were conducted on increasing the stress resistance of HRs us-
ing a number of other transgenes. For example, N. tabacum
HRs transgenic for two peroxidase genes (tpx7 and {px2) had
an increased resistance to phenol [17]; in fact, the introduction
of the GmBINZ protein kinase gene into soybean HRs increased
their resistance to salt and water deficit [18]. These works in-
dicate the relevance of our research on the creation of stress-
resistant HRs. Thus, the expansin genes can be used to increase
the productivity of HRs and their stress resistance.
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Under normal conditions, the HRs of 35S:NtEXPAS were
characterized by an increase in the activity of SOD, catalases,
as well as an increase in the general antioxidant activity (Fig. 2).
That is, the transgenic HRs were initially ready to grow better
than the control under the influence of stress factors. Ear-
lier, using transgenic tobacco plants as an example, it was
demonstrated that the overexpression of the TaEXPB23 gene
contributes to an increase in the peroxidase activity [19].
However, in transgenic HRs of 35S::NtEXPA5, the peroxidase
activity did not increase either under normal conditions or
under stress (Fig. 2). In contrast, under the action of manni-
tol, the activity of peroxidases in the studied HRs decreased.
Another work by the same authors described transgenic
tobacco plants expressing the TaEXPB23 gene under the
control of a root-specific promoter [20]. In this case, the au-
thors have already obtained data on an increased activity of
SOD and catalases in the roots of transgenic plants, which
coincides generally with our results. This coincidence may
be attributed to the special aspects of the manifestation of
expansin transgenes in plant roots.

Upon salinization, the HRs of 355::NtEXPA5 were char-
acterized by an increase in the growth rate, dry weight, anti-
oxidant enzyme activity, and TAA. Similar data were obtained
by C. Jadamba et al. [21] on transgenic plants, which showed
that overexpression of the rice gene OsEXPA7 contributes to
an increase in salt tolerance, a decrease in the amount of
reactive oxygen species (R0OS), and an increase in the TAA.

Under the action of mannitol, the HRs of 35S::NtEXPAS
were characterized by an increase in the growth rate, dry
weight, as well as SOD and TAA activity. It is well known that
mannitol, like polyethylene glycol, causes a water deficit in
plants [20, 22]. It was previously revealed that the overex-
pression of the TaEXPAZ expansin gene promotes an increase
in resistance to water deficit in both transgenic tobacco
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