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Abstract

Mungbean (Vigna radiata R. Wilczek) is a major tropical food grain legume that is widely cultivated in
tropical part of the world. Mungbean like other plants, tolerate and survive limited water situation owing to
expression of stress associated proteins that offers membrane stability and cell protection. Late Embryogenesis
Abundant (LEA) proteins are among the group of low molecular weight proteins, that play diverse roles in
stress protection in several species of plants and animals. A LEA protein coding gene V'7LEA2 was isolated from
mungbean and its role in stress tolerance has been demonstrated using a bacterial expression system. Vr»LEA2
gene isolated was of size 893 bp and characterized as a group 1 LEA protein based on the sequence signature
motif with presence of hydrophilic domain and a characteristic 20-mer conserved amino acids motif. V»LEA2
gene was cloned into a bacterial expression vector, pET 28a (+), transformed into the E.co/i BL21 (DE3) cells
for recombinant protein expression and subsequently subjected to antibiotic selection with kanamycin.
Functional validation of the F'#»LEA2 for salt stress tolerance with varied concentration of NaCl (0 mM to 600
mM) showed alteration in colony morphology and reduction in the number of colonies in control compared
to the transformed cells demonstrating the improved survival rate of cells expressing VILEA2 protein. These
findings indicate the best use of bacterial expression system for functional validation of plant proteins under
stressed environments.
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Introduction

Plants, throughout their life cycle are exposed to vagaries of climate changes and stress situations. In
order to alleviate the stress and survive under these unfavorable conditions, they have developed different
responses. Plants are exposed to different biotic and abiotic stresses and are major limiting factors for their
growth and development (Suzuki ez 4., 2014). Drought, high temperature, freezing and salinity are some of
the abiotic stress from which the normal growth and development of plant is affected. In order to withstand
these unfavorable conditions, plants adapted different strategies to prevent the damage and/or to protect
themselves after the damage (Nawaz ez 4., 2023). Mungbean, a member of fabaceae is a commonly consumed
traditional food grain legume for its high protein content (20-25%) and cultivated for more than 3500 years
(Ganesan and Xu, 2018). Like other plants, the plant can withstand multiple stresses; however there is
considerable yield penalty due to major abiotic stresses (Nair ez 4/., 2019).

Several types of proteins occur in seeds and some start accumulating very early following fertilization
while others start accumulating in the later stages, close to the desiccation of the mature seed. Late
embryogenesis abundant (LEA) proteins or Early-methionine labeled proteins (Em proteins) are accumulated
during late stages of seed maturation or embryogenesis (Gaubier ¢z a/., 1993). These LEA proteins are said to
occur universally (Dure ez 4/., 1989) and translatable form of their mRNAs stored in embryo of dry seed (Raynal
et al., 1990). The function of many genes induced during dehydration are predicted from their deduced amino
acid sequences and are found in a wide range of plant species; still the precise function of some gene remains
unknown. Due to lack of complete understanding of molecular basis for plant tolerance to water stress, next
step is to characterize the function of dehydration induced genes in order to address the plants’ molecular
mechanism responding to water stress.

Late embryogenesis abundant proteins have been studied in detail at molecular level in many crop plants
and other organisms including wheat (Litts ez al., 1987; Zan et al., 2020), cotton (Baker ez al., 1988), radish
(Raynal ez al., 1990), carrot (Ulrich ez 4., 1990), maize (Williams and Tsang, 1991), rice (Litts ez al., 1992),
sunflower (Almoguera and Jordano, 1992), barley (Espelund e al, 1992; Xu et al, 1996), field bean
(Colmenero-Flores ez al., 1997), mulberry (Ukaji ez al., 2001), Capsicum annum (Kim et al., 2005, Wang ez
al., 2020), Medicago sativa (Boudet et al., 2006; Luo et al., 2023), Pinus tabuliformis (Gao and Lan, 2016),
watermelon (Altunoglu ez al.,2017), Craterostigma plantagineum (Juszczak and Bartels, 2017), Gastrodia elata
(Zeng et al., 2018), grapes (Ibrahime e al., 2019), Pyrus communis (Shibuya ez al., 2020), Salvia miltiorrhiza
(Chen ez al., 2021) Peanut (Huang ez a/, 2022), Persian walnut (Ma ez al., 2023) and strawberry (Lin ¢ 4l.,
2024).

Expression profile investigation demonstrated that TaLE.A4 was profoundly initiated by drought, high
and low temperatures (Min ez al., 2012). Henceforth, the outflow of LEA proteins helps in expanding the
endurance limit of plants under different abiotic stress conditions. Over articulation of MeLEAS and 6 genes
enhanced tolerance to drought, ABA, H,O,, cold, osmotic stress conditions (Wu ez al., 2018). Pepper
CaDHNS showed evidence in salt and osmotic stresses (Luo e al., 2019). Arabidopsis plants overexpressing
AdADHNI increased resistance against freezing and drought stresses through scavenging of ROS (Mota ez al.,
2019). Genetically engineered tobacco plants over-expressing MfLEA3 have increased resistance to cold and
dry condition (Shi ez al., 2020). A dehydrin from Chenopodium quinoa (CqDHN4) was found to have
increased gene expression in the seedlings under salt stress conditions (Melgar ez al., 2024).

Soybean PM30 and mangrove CCTa provided evidence for its role in salt conditions (Yamada ez al.,
2002). Salt tolerance of tomato LE25, a group 4 protein in transgenic yeast cells was observed in 1.2 M NaCl
media. E.coli expressing recombinant PM2, from soybean (group 4) showed tolerance to salt at 0.5M NaCl or
KCl and also cells expressing modified recombinant PM2 provides enhanced salt tolerance than cells with
single repeat region which indicate it as an functional domain of that LEA protein (Liu and Zheng, 2005). In
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yeast, tolerance to oxidative stress was provided by 4¢2ZEAS under H,O; stress condition and tolerance to UV
radiation provided by LEA gene from Tamarix (Mowla ez 4l., 2006). Resistance to salt and heat stresses was
observed in PgLEA overexpressed in E.coli cells (Reddy er al, 2012).The enhanced resistance to low
temperature was observed in E.coli transformed with GeLEA (Zeng et al., 2018). Yeast showed increased cell
growth in high salt media due to accumulation of tomato LEA25, which recommends its protective role under
dehydration, salinity and chilling stresses condition (Imai ez al., 1996). Transgenic yeast overexpressing
TaLEA2 and TaLEA3 gene from wheat provided enhanced tolerance to hyper osmotic, salt and cold stress
conditions (Yu ez al., 2005). Chlorella vulgaris HIC6 and HIC12, group 3 class of proteins have reduced the
damage caused during cold stresses (Wise and Tunnacliffe, 2004). The recombinant E. coli cells expressing
short peptide of group 3 protein increased cell viability under UV stress (Huwaidi ez al, 2018). E. coli
expressing group 4 BnLEA4-1protein from Brassica napus showed heat and salt tolerance (Dalal ez 4/., 2009).
Zmo0994, a LEA protein from Zymomonas mobilis when screened in the tolerance assay in E. coli was found
to be overexpressing the LEA protein under multiple stress conditions (Yang ez al., 2020). In the present study,
a LEA protein coding gene from mungbean was isolated and transformed into the E. co/i cells for bacterial
expression of the protein and the functional validation studies for salt stress tolerance was carried out with
different concentrations of Sodium chloride (NaCl) to demonstrate the role of this gene in imparting stress

tolerance.

Materials and Methods

Plant material and genomic DNA isolation

The seeds of popular mungbean cultivar TNAU-Co(GG) 8 was obtained from the Centre for Plant
Breeding and Genetics, TNAU, Coimbatore and sown in the soil filled pots and plants were raised and
maintained under the greenhouse conditions of Centre for Plant Molecular Biology and Biotechnology. Plant
genomic DNA was isolated from the young leaves of three week old plants using modified CTAB method
(Doyle and Doyle, 1990). The samples were ground using preheated CTAB buffer without the use of liquid
nitrogen. The increased concentrations of CTAB (2.5%), PVP (2%), B-mercaptocthanol (2%) along with the
RNAse treatment was performed to isolate quality genomic DNA. The DNA quality was ascertained by the
observation of intact bands of genomic DNA separated on a 0.8% Agarose gel. The sample was quantified and
the DNA purity of the samples were determined using Biophotometer (Eppendorf, Germany).

Mungbean LEA gene isolation
The mungbean LEA gene (designated as /'7LEA2) was isolated through amplification of the genes using
specific primers designed based on the draft genome of mungbean from our previous studies.
Primers were designed using Batchprimer3 software (You ez 4l., 2008). Primers were designed to have the
recognition site for the restriction enzymes, BamHI (GGATCC) and SacI (GAGCTC) for case in cloning.
Polymerase chain reaction was performed in a reaction volume of 25 ul consists of 2.0 ul of
SO0 ng/ul mungbean genomic DNA template, 125 ul of 025mM forward primer (5°
TAAGCAGGATCCACATTCCATTACCTTCGTCAAC 3°), 1.25 pl of 0.25mM reverse primer (5’
TGCTTAGAGCTCTTAACGATAGAATCGCGTAGTG 3’) and 12.5 pl of 2X Master-mix (smART
Prime®) and 3.0l sterile water with 35 cycles of denaturation at 94 °C for 1 min, annealingat 61 ° C for 1 min
30 sec. and extension at 72 °C for 1 min 30 secs followed by final extension at 72 °C for 8 mins. The amplified
products were visualized on 1% agarose gel and documented.
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Molecular cloning and sequencing of mungbean LEA genes

The amplified gene product was cluted from the agarose gel, purified and sequenced at the Eurofins
Genomics Private Limited, Bangalore for confirmation. A portion of the eluted product was used for cloning
and was subjected to restriction enzyme digestion using Baz HI and Sac I restriction enzymes (New England
Biolabs®) in appropriate buffer by incubating at 37 °C for 1 hr. The amplicon after comfirmation through
sequencing was cloned into a pET 28 a (+) bacterial expression vector. The vector was isolated from the E.coli
DHS5a strain host cells following modified Alkaline-Lysis method (Bimboim and Doly, 1979). The vector was
also digested with same pair of restriction enzymes as that of insert. Cloning was performed by ligating the
digested gene and vector using T4 DNA ligase by incubating the ligation mixture at 16 °C for 1 hr, followed
by incubation at 65 *C. Competent cells of expression host E. co/i BL21 (DE3) was prepared according to
Dagert and Ehrlich (1979), using CaCl, method and the bacterial cells were and stored in aliquots at -80 “C
until further use. The ligated pET28-VrLEA2 product was transformed to the competent cells of E. co/i BL21
(DE3) by heat shock method by incubating at 42 *C for 90 secs followed by incubation at 37 °C for 1 hr. The
transformed colonies were propagated by plating them on LB media containing Kan 50 (1 ul/ml) and
incubated overnight at 37 °C.

Confirmation of bacterial transformants

Colony PCR was performed for confirmation of transformants harboring the pET28a-VrLEA?2 using
the gene specific primers. The overnight grown bacterial colonies were lifted using the sterile toothpick and
mixed in 50 pl of sterile double distilled water. This was used as the DNA template for PCR. PCR was
performed as described before to check for the desired size of amplicon. Plasmid DNA was isolated and
restriction digestion analysis of transformed vector was carried out to confirm the presence of V'7LEA2 gene

insert in the clones.

Protein expression and screening for salt stress tolerance

Salt stress tolerance ability of mungbean LEA protein was screened using bacterial expression system as
described by (Gao and Lan, 2016). E. coli cells harboring ViILEA2 gene in a pET28a expression vector was used.
A preculture was initiated using the transformed colonies of E co/i BL21 (DE3) and inoculated in LB broth
containing 1 pl/ml of Kanamycin 50 and incubated overnight at 37°C under shaking condition. To this
overnight grown culture, 5 pl of IM IPTG was added and again incubated in the shaker at 37 °C for 3-4 hrs to
induce the bacterial expression of the cloned V7LEA2 gene. After induction of recombinant protein expression,
10 pl of the culture was plated on the LB medium containing six different concentrations of sodium chloride
viz., 100, 200, 300, 400, 500 and 600 mM along with the untreated control. The plates were then incubated

overnight at 37 °C and screened for salt tolerance by observations of colony growth.

Results

Plants are often exposed to vagaries of climate changes and infestation by the biotic stress factors.
Overtime plants have evolved mechanisms to overcome these stresses and has improved ability to cope with
unfavorable conditions through eliciting array of responses at cellular and physiological levels. Mungbean like
other grain legumes tolerate desiccation through expression of stress associated proteins. Among them, Late
Embryogenesis Abundant (LEA) proteins are low molecular weight proteins which posses multi-various roles
for stress tolerance. In vivo expression analysis of mungbean LEA proteins and its implications for saline stress

conditions has been demonstrated in a bacterial expression system.
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LEA gene isolation and characterization

Mungbean LEA gene was isolated from genomic DNA by PCR amplification using gene specific

primers. The amplified products resolved on 1% agarose gel showed an amplicon of size ~900 bp (Figure 1).

Sequencing of the amplicon showed a size of 839 bases. The sequences received were assembled by using CAP3

contig assembly tool and analysis of the sequence revealed it as group 1 LEA protein with signature motif

pertaining  to

hydrophilic domain ‘GETVVPGGT and a 20-mer consensus ‘GGQTRKQQ

LGSEGYHEMGRK’ unique for Group1 Class of LEA proteins (Figure 2). The gene was designated V7LEA2.

M 1 23 456

~300bp

Figure 1. Profile of PCR amplified mungbean V»LEA2 gene
Lane M: 100 bb ladder; Lane 1-6: PCR amplified /'7LEA2 gene

® cpsf M cosi A cDsl CDSo ¥ PolA TSS
10 A . |
111 150 200 250 300 350 400 450 500 550 600 650 700 750 802
1 - POlA 111 1.88
1 = 1 CDsl 260 - 441 13.42 260 - 439 180
1 - 2 CDsf 685 - 802 22.98 686 - 802 117
Predicted protein(s):
>FGENESH: [mRNA] 1 2 exon (s) 260 - 802 300 bp, chain -

ATGGCAAGTCGTCAGCAGRACAAACARAGAGCTTGATGAGAGAGCAAGGCAGGGAGAGACT
GTTGTTCCCGGTGGTACTGGAGGCAAGAGCGTTGAGGCTCAGCAACACCTTGCTGAAGGA
AGGAGCAAGGGAGGGCAAACAAGGAAGGAACAACTAGGGACAGAAGGGTACAARAGARATG
GGACGRAARAGGGTGGGTTGAGCACCATGGATARATCAGGAGAAGAACGTGCTAGAGAGGAA
GGCATTGAAATTGATGAATCCAAGTTCAGGACTTCTGCCAATAAGGACARCGACATGTAA
>FGENESH: 1 2 exon (s) 260 - 802 99 aa, chain -
MASRQONKQELDERARQGETVVPGGTGGKSVEAQQHLAEGRSKGGQTRKEQLGTEGYKEM
GRKGGLSTMDKSGEERAREEGIEIDESKFRTSANKDNDM

Figure 2. identified of VrLEA2 using FGENESH

Underlined sequence represents an octameric hydrophilic signature motif and a 20-mer conserved
amino acid motif typical to Group 1 LEA protein

Gene from  sequences tool

Molecular cloning of VrLEA2 gene
For the expression studies, the /'7LEA2 gene was inserted into pET 28a (+) vector and mobilized into

competent cells of E.coli DH5a strain. The transformants harboring the insert was confirmed by colony PCR
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and restriction digestion analysis with BazzHI and Sacl restriction enzymes. PCR amplification using specific

primers confirmed the presence of insert of size ~900 bp in the clones (Figure 3). Similarly the insert presence
of same size was verified in the restriction digested products (Figure 4).

~900bp

Figure 3. Colony PCR analysis for confirmation of bacterial transformants
Lane L: 100 bp DNA ladder; Lane W- water control; Lane N - pET28a (+) as negative control; Lane P- V»LEA2
product as Positive control; Lane 1 to 10- Transformed bacterial colonies with /'»LEA2 gene

Figure 4. Restriction digested products of pET28a-V»LEA2 resolved on 1% agarose gel
Lane Li: 1kb ladder; Lane Lz — 100 bp ladder; Lane 1to 3 - Recombinants digested with BazH]1 and Sac; Lane 4-
Undigested pET28 a (+) vector; Lane 5- ViILEA2 PCR product

Salinity tolerance assays of E. coli transformants

Functional validation of the mungbean V»LEA2 gene was carried out by screening the E.coli BL21
(DE3) bacterial cells harboring LEA gene through culturing of cells in medium supplemented with different
concentration of sodium chloride. Among that, survival of both transformants and non-transformants
bacterial cells upto 300 mM concentration of NaCl was observed but the transformed pET28a (+)-V7LEA2

colonies showed more survival rate than the non transformants (Figure 5).
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Untransformed control

Transformed cells

0 mM NaCl 100 mM NaCl 200 mM NaCl 300 mM NaCl 400 mM NaCl 500 mM NaCl 600 mM NaCl

Figure 5. Screening for salt stress tolerance of E.coli BL21 (DE3) cells harboring VILEA2 gene

Discussion

VrLEA?2 gene isolation

Plant DNA isolation free from impurities like polyphenols, polysaccharides is a prerequisite for
downstream processing. DNA extraction was performed by modification of the CTAB method described by
Doyle and Doyle, 1990 with increased concentration of CTAB, f-mercaptoethanol and PVP resulting in
improved quality of the isolated genomic DNA and solved the problem of reproducibility of amplicon.
VrLEA2 gene was isolated from the leaves of mungbean using gene specific primers and the amplicon was
sequenced with a size of 839 bases and subsequently subjected to iz silico characterization. Several LEA genes
reported earlier from various crop species are found to be low molecular weight proteins with their average gene
sizes around 600bp to 1 Kb with their proteins ranging from 10 to 30 kDa (He and Fu, 1996; Zeng ez 4l.,
2018).

Classification of ViLEA2 and prediction of functions

Generally most plant LEA gene families possess group specific domains or conserved sequences and they
are classified based on their structural properties. Likewise, Group 1 class of LEA proteins are hydrophilic in
nature and are mostly random coiled with few a-helical and beta sheets as observed from their secondary
structure. The presence of glycine rich hydrophilic repeat at N-terminus is related to small hydrophilic plant
seed protein of Pfam00477 super family. This hydrophilic nature of /7LEA2 protein might help in biological
activity during water stress. Even though the role of hydrophilins remains unclear, some evidence supports their
involvement in adaptive stress tolerance like heterologous expression of LEA proteins in some plants and yeast
that confers tolerance to water deficient conditions (Swire-Clark and Marcotte, 1999; Zhang ez 4/., 2000) and
chilling stress conditions (Rinne ez al., 1999). Some LEA proteins play cell protective role by improving
membrane stability and DNA binding activity like a molecular chaperones (Rajesh and Manickam, 2006).
Earlier studies from our lab have identified, isolated few genes coding for these LEA proteins from embryonal
axes of mungbean. Subsequent bioinformatics studies on genome wide identification of these LEA genes in the
draft genome of mungbean led to identification of 307 such LEA genes in Vigna radiata. These genes are
designated as V'7LEA genes and are mapped on to mungbean chromosome using mapping tool (Likhith ez 4/,
2021).

Further the deletion of RMF hydrophilins reduced osmotic tolerance in E. coli (Garay-Arroyo et al.,
2000). The signature motif and multiple sequence alignment of protein sequences help to validate the
phylogenetic relationship with closely related species. The deduced amino acid sequences of the ViLEA2
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protein was found to be closely related to the tune of 70% sequence similarity with that of reported Vigna
radiata Em protein and multiple sequence alignment revealed all such protein shares the common 20-mer
motif regions predominantly confirming their classification into Group 1 LEA proteins. The hydrophilic
signature motif ‘GETVVPGGT’ present within the deduced /7LEA2 protein sequences has shown that it
flanks typical glycine residues which are conserved with 20 amino acid residues and has a pattern that provides
structural flexibility to the protein. The number of such repeating motif suggests that this protein may have a
higher water-binding capacity and this observation agrees with the reports of B19 LEA protein from Hordeum
vulgare (Espelund ez 4l., 1992) and also posses thermal stability as reported by Hong-Bo ez al. (2005). Presence
of this repeat element has been reported upto 8 times in the crustaceous species Artemia franciscana (Taxopeus
et al., 2014). These repeats have presumed to have functional significance to these class of LEA proteins for

desiccation tolerance.

Function assignments based on stress tolerance assays

Use of heterologous protein expression systems for screening of the cells against stress tolerance has been
well documented. The results of these studies suggest possible existence of mechanism for protection of cells
against stresses; interestingly these mechanisms are shared commonly by the prokaryotes and eukaryotes alike.
Recently, use of E. coli as expression system for recombinant protein production with potential use in
biochemical, agricultural and pharma applications has been comprehensively reviewed. This system utilized the
strategies to manipulate the heat shock proteins for increased expression and improved solubility of
recombinant proteins (Ahn and Jung, 2023).

Expression analysis of the J7LEA2 gene in bacterial expression system in the presence of varied
concentrations of salt demonstrated the stress tolerance ability of the mungbean LEA protein. Both bacterial
cells of untransformed and transformed colonies survived the salt stress upto 300 mM NaCl concentration;
however with reference to the survival rate, transformed cells showed higher tolerability than non-transformed
cells. Also, there was significant difference in colony morphology, and there was lowering of cell population
with increase in salt concentrations. These observations suggest the cell protective role of mungbean LEA gene
to the bacterial cells under salt stress. These findings can be positively corroborated with similar reports of cell
protection against stress tolerance in prokaryotic expression system. Reddy ez 4/., 2012 reported relative growth
advantage of recombinant E.coli cells expressing PgLEA protein over the non-transformants under salt stress
situations. Similarly, SiLEA4 gene from the fox tail millet, Sezaria italica and PtaLEA protein from Pinus
tabuliformis, expressed in E.coli cells under salt stress conditions was reported to play protective role against
stresses (Wang ez al., 2014 and Gao and Lan, 2016). Despite screening for the salt stress, prokaryotic model
system has been demonstrated to be the choice for temperature stress tolerance where heterologous expression
of CsLEA7 protein in E.coli cells showed resistant role played by the bacterial cells under all stresses including
low temperature (Paul ef 4/, 2014). Similarly, functional characterization for multiple stress tolerance with
LEA4-1 from Brassica napus showed tolerance to low and high temperature stress situations (Dalal ez 4/., 2009).
Group 1 and 3 LEA protein from Artemia sinica showed tolerance to low temperature stress (Zhao ez al., 2016).
The E.coli expressing GeLEAs exhibited tolerance to cold temperature conditions (Zeng ez 4/., 2018). Differing
response was observed to the E. coli cells that overexpressed a group 4 LEA protein coding gene for improved
tolerance to heat, salt, freezing and osmotic stresses. This variation is attributed to the C-terminal region of the
LEA protein, which is structurall flexible and play protective role for multiple stresses (Zhang ez al., 2020).
Similarly, 7% vivo analysis of the soybean LOC protein has confirmed the ability of the E.coli cells expressing
this protein to show protection against osmotic stress (Tan ez a/., 2021).

Prokaryotic expression analysis of a LEA 3 subfamily hydrophilic protein, CsLEAI from Camellia
sinensis showed cold stress tolerance in E. coli and also in the yeast cells (Gao ez al., 2021). Tawzy1-2, a dehydrin

coding gene isolated from the wheat, when expressed constitutively was found to demonstrate important role
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in protecting the cells of both tobacco and E.coli to abiotic stresses. The mechanistic role of the nuclear localized
dehydrin protein preserved these cells from damage by the reactive oxygen species and could decrease the
oxidation of lipids (Wang ez a/, 2024). Studies with some LEA genes suggest necessary role of some additional
cellular regulatory factors which can trigger gene expression under varied stress conditions conferring tolerance
to the cells.

Conclusions

Crop productivity is generally affected by changing environmental conditions and poses serious
concerns for developing strategies to overcome these challenges and breed crops with improved ability to
tolerate various stresses. LEA proteins are among the choicest biomolecules that helps the plants through its
survival mechanism to implicate various stress tolerance abilities. These proteins are widely distributed and
reported in many crops and other organisms too. LEA proteins protects the cell in various ways through
binding of water molecules and other macromolecules during water deficit state, can act like chaperones, bind
to metal ion and sequester them. Functional validation of mungbean LEA, V'’7LEA2 demonstrated for salt stress
tolerance in the present study can be extrapolated for screening against similar other stresses using bacterial
expression system. The characteristic hydrophilic nature of this /7LEA2 protein may contribute to water
binding capacity of proteins and could play role as hydration buffer and as stress protectant of macromolecules
which reduce protein degradation and aggregation. Further, full length gene isolation can be attempted in
future which can be characterized in detail for deployment of these genes in crop improvement to engineer
plants that can cope with stressed environments.
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