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Abstract

Objective: OsWRKY71, a WRKY protein from rice, is
reported to function during biotic stresses. It is requi-
site to further enquire the efficiency and mechanism of
OsWRKY71 under various environmental stresses. Stress
indicators such as salt, cold, heat, and drought were
studied by overexpressing the OsWRKY71 in E. coli.
Materials and methods: DNA binding domain containing
region of OsWRKY71 was cloned and expressed in E. coli
followed by exposure to stress conditions. OSWRKY71 was
also assessed for its role in abiotic stresses in rice by
qPCR.

Results: Recombinant E. coli expressing OsWRKY71 was
more tolerant to stresses such as heat, salt and drought
in spot assay. The tolerance was further confirmed by
monitoring the bacterial growth in liquid culture assay
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demonstrating that it encourages the E. coli growth under
salt, drought, and heat stresses. This tolerance may be
the consequence of OsWRKY71 interaction with the pro-
moter of stress related genes or with other proteins in
bacteria. The RT-qPCR analysis revealed the up-regula-
tion of OsWRKY71 gene in rice upon interaction to cold,
salt, drought and wounding with maximum up-regula-
tion against salinity.

Conclusion: Thus, the defensive role of OsWRKY71 may
accord to the development and survival of plants during
different environmental stresses.

Keywords: Abiotic stresses; Recombinant; Overexpres-
sion; E. coli; Oryza sativa.

Oz

Amag: Pirincten elde edilen bir WRKY proteini olan
OsWRKY77’in biyotik stresler sirasinda islev gordiigii
bildirilmektedir. OsWRKY71’in verimliliginin ve meka-
nizmasinin cesitli cevresel stresler altinda daha da sor-
gulanmas1 gerekmektedir. Tuz, soguk, sicak ve kuraklik
gibi stres gostergeleri, OSWRKY71’in E. coli’ de asir ifade
edilmesiyle calisilmistir.

Gere¢ ve Yontem: OsWRKY71'in DNA baglama bolge-
sini iceren domeni klonland1 ve E. coli’ de ifade edildi,
ardindan stres sartlarina maruz birakildi. OsWRKY71
ayrica, pirincteki abiyotik streslerdeki rolii icin qPCR ile
degerlendirildi.

Bulgular: OsWRKY71’i eksprese eden rekombinant E. coli,
sicaklik, tuz ve kuraklik gibi kuraklik gibi streslere karsi
daha toleransliydi. Tolerans ayrica, E. coli’ nin tuz, kurak-
lik ve sicaklik stresleri altinda biiyiimesinin tesvik edil-
digini gOsteren sivi kiiltiir testinde bakteri {iremesinin
izlenmesi ile kanitlandi. Bu tolerans, OsWRKY71’in stresle


https://doi.org/10.1515/tjb-2018-0483﻿
mailto:farah.9003@wum.edu.pk
mailto:farahdiba31@gmail.com
https://orcid.org/0000-0003-3833-9483﻿
mailto:tasawarsultana@gmail.com
mailto:nadiamajeed93@gmail.com
mailto:saqlan@uaar.edu.pk

132 — Farah Deeba et al.: Heterologous expression of a plant WRKY protein confers multiple stress tolerance

iligkili genlerin promotoru veya bakterilerdeki diger pro-
teinlerle etkilesiminin sonucu olabilir. RT-qPCR analizi,
soguk, tuz, kuraklik ve yaralama ile etkilesimin ardindan
pirincte OsWRKY71 geninin yukar regiilasyonunu ortaya
koydu; maksimum yukar regiilasyon tuzluluga karsi
goriildii.

Sonug: Bu nedenle, OsWRKY71’in savunma rolii, farkl
cevresel stresler sirasinda bitkilerin gelismesi ve hayatta
kalmasi ile bagdasabilir.

Anahtar Sozciikler: abiyotik stres; rekombinant; asir1
ifade; E. coli; Oryza sativa.

Introduction

Contrasting to animals, plants are unable to move away
from extreme environmental stresses for instance cold,
drought, salinity, and heat. These abiotic stresses create
a severe risk to crop plants growth and productivity and
ultimately affect the crop yield in a negative way. Plants
have developed different adaptive strategies to lessen the
unfavorable consequences by changing their molecular
and cellular functions, for example altering the gene
expression and consequent action of their gene products
[1]. Of particular interest are the transcription factors
intricated in inducing the plant reaction to environmen-
tal pressures by activating or repressing the target genes
transcription by associating with cis-acting components
in their promoter regions [2]. One class of transcription
factors exclusively present in plants and is implicated in
responding to a stress condition, is the WRKY group of
proteins that interact with the conserved DNA sequence
motif (TTGACT/C) [3]. The most noticeable characteristic
of WRKY transcription factors is the presence of WRKY
domain, composed of 60 amino acids, which contains sig-
nature motif WRKYGQK at the N-terminus, and a unique
C-C-H-H/C type zinc-finger domain at the C-terminus.
WRKY transcription factors are distributed into three sets
on the basis of type of zinc finger domain and copies of
WRKY domains [4]. Many WRKY encoding genes have
been known to various plants, for instance, 125 WRKY
genes are identified in rice and 74 WRKY genes in Arabi-
dopsis [5, 6].

So far, numerous WRKY transcription factors were
observed to be concerned in a plant with emphasis on
providing resistance to pathogen infection. For example,
AtWRKY18, AtWRKY40, and AtWRKY60 negatively
control the resistance against Pseudomonas syringae
and the barley WRKY proteins HvWRKY1 and HvWRKY2
negatively regulate the basal reaction against Blumeria
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graminis [7, 8]. OsWRKY45 increases the tolerance against
Xanthomonas oryzae pathovar oryzae (Xoo) and Magna-
porthe oryzae in rice [9], and OsWRKY28 improves the rice
vulnerability to M. oryzae [10]. Decrease in the expression
of these rice WRKYs improves the tolerance against Xoo
and M. oryzae [11].

Remarkably, many WRKY genes are responsible
for coordinating various biological processes such as
AtWRKY33 is found to respond to pathogen attack,
salinity and high temperature [12], and a pepper WRKY,
CaWRKY40, is involved in providing tolerance against
heat stress and Ralstonia solanacearum [13]. The indicated
results proposed that WRKY proteins can connect several
physiological processes by serving as knots although the
functions of several members are still poorly understood.

Up-regulation of OsWRKY71 is observed against
numerous signaling molecules involved in defense
processes including salicylic acid, methyl jasmonate,
and biotic elicitors. Consequently, over-expression of
OsWRKY71 expands protection from Xoo and wounding
in rice [10, 14]. Conversely, OsWRKY71 is also involved in
transcriptional repression of genes responsive to gibber-
ellin [15]. In the present study, a preliminary study was
conducted to decipher the role of OsWRKY71 in abiotic
stresses. To date, the role of OsWRKY71 in abiotic stresses
is not fully elaborated. The current study was an endeavor
to explore the role of OsWRKY71 transcription factor in
abiotic stresses including cold, salt, heat and drought.
Cloning of OsWRKY71 DNA binding domain containing
region was performed followed by its functional char-
acterization in E. coli against abiotic stresses. The data
suggest that OsWRKY71 may be exploited as yet another
target for making plants resistant to abiotic stresses.

Materials and methods

In silico analysis

The OsWRKY71 gene sequence was used as a query
in BLAST with NCBI database for homology search.
CLUSTALW (http://www.genome.jp/tools/clustalw/)
online tool was used to align the protein sequences
showing similarity with OsWRKY71 [16].

Plant materials

A stress tolerant variety of rice (Oryza sativa L. ssp.
Indica) KS282 was used in present study, derived from
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Basmati370/CM70 [17]. The rice seeds were received
from National Agricultural Research Centre (NARC)
Islamabad. KS282 is derived from Basmati370/CM70, salt
tolerant variety. Seeds were grown on MS medium (half-
strength) and placed at 25°C in plant growth room for
10 days.

Cloning and over-expression of OSWRKY71 in
E. coli

Ten-day old rice seedlings were used to extract whole RNA
using the RNeasy mini kit from QIAGEN according to the
instructions provided by the manufacturer. Then cDNA
was synthesized using RevertAid Premium Reverse Tran-
scriptase (Thermo Scientific, Waltham, USA) using com-
mercially synthesized Oligo (dT) 18 primer. DNA binding
domain containing region of OsWRKY71 was PCR ampli-
fied from cDNA using specific primers [Forward 5-CGCG-
GATCCATGCGCATCCGCGAGGAG-3*  (BamHI), reverse
5’-CCGCTCGAGTCAGGCGCTCTTGCCGGA-3* (Xhol)]. The
specific sequence for restriction enzyme is underlined in
the primer sequence. The amplified PCR product was gel
purified, subjected to restriction digestion with BamH1
and Xhol followed by ligation in between BamHI and
Xhol sites of the pGEX4T-1 vector (Amersham Pharma-
cia Biotech, Little Chalfont, UK). The pGEX4T-1 vector is
designed for bacterial expression under the control of the
tac promoter. The vector contains laclq gene, the product
of which interacts with the operator region and avoids its
expression until its expression is induced by IPTG, hence
upholding firm regulation on expression of the sequence
inserted into vector. The wanted recombinant plasmids
(pGEX4T-OsWKRY71) were recognized by restriction
digestion, PCR amplification, and commercial sequenc-
ing. The recombinant plasmid (pGEX4T-OsWRKY71) and
vector alone (pGEX4T-1) were subjected to transforma-
tion in the BL21 cells [18]. The BL21 cells transformed with
PGEX4T-1 vector were used as a control. The expression
of the recombinant product was encouraged using 1.0 mM
IPTG in culture media for 6 h at 37°C and examined by
SDS-PAGE.

Functional study of recombinant bacterial
cells against multiple abiotic stresses

Spot assay and liquid culture assay were carried out to
study the behavior of bacterial cells under different abiotic
stresses as described by Yadav et al. [18] with certain alter-
ations as described below.
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Spot assay

The influence of NaCl, mannitol, low and high tempera-
tures was examined on the growth of E. coli cells harbor-
ing recombinant (pGEX4T-OsWRKY71) and control vector
(pGEX4T-1). Escherichia coli cells were allowed to grow at
37°C in the LB medium until OD,; extended 0.6. Subse-
quently expression of recombinant protein was encour-
aged by adding 1 mM IPTG and culturing was continued
for another 4 h. The OD,  of the culture was then adjusted
to 1, followed by 50-, 100- and 200-fold dilution. Each
dilution (10 uL) was speckled on simple LB plates, and LB
plates containing NaCl (400 mM, 500 mM and 600 mM)
and mannitol (500 mM, 800 mM and 1 M). For cold and
heat analysis, bacterial cultures were kept at 4°C and 50°C
respectively, and samples were collected after 2, 4, 6 and
8 hiin case of cold stress and after 1, 2 and 3 h of heat treat-
ment. The samples were diluted by 50-, 100- and 200-fold,
and 10 uL of each sample were speckled on LB agar plates
supplemented with IPTG. All these plates were left at 37°C
overnight and photographs were taken in the morning.
The experiment was performed three times.

Liquid culture assay

Recombinant E. coli cells were allowed to grow in the
same way as for spot assay followed by dilution of cultures
toOD, , 0.6. Then, 1 mM IPTG was added in 10 mL medium
containing 400 puL bacterial cultures, 500 mM NacCl,
800 mM mannitol and incubated at 37°C. The sample
was taken after every 2 h until 12 h followed for measure-
ment of bacterial growth at OD, . For cold and heat stress,
cells were grown at 4°C and 50°C respectively followed by
harvesting after every 2 h until 12 h and then OD_, was
estimated. The experiment was performed thrice, and
Microsoft Excel was used to calculate the mean, standard
deviation, and standard error. Changes in OD of liquid
bacterial cultures were examined for significant change
after each time duration by one-way analysis of variance
(ANQVA).

Stress treatments and real time PCR

To study the expression of the OsWRKY71 gene, 10-day
old seedlings were exposed to different abiotic stresses.
Six seedlings were used in each stress treatment and the
experiment was repeated twice. Untreated seedlings were
taken as the experimental control. The following stress
treatments were applied on 10-day old seedlings: (1)
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Drought stress; seedlings were placed on aluminum foil
till visible leaf rolling appeared in the plants [19]. (2) Cold
stress; the seedlings were transferred to 4°C for 48 h,
moved to the control environment, and harvested after
24 h [20]. (3) Salt treatment; the seedlings were immersed
in a beaker containing 200 mM NaCl for 3 h at 28 +1°C [19].
(4) Heat treatment; the seedlings were subjected to 42°C
for 6 h [21]. (5) Wounding stress; the seedlings were cut
into pieces and left in water at room temperature [21]. The
samples were collected separately and stored at —80°C
until analysis.

Total RNA was extracted from control and stress
treated rice seedlings using the RNeasy Plant Mini Kit
(Qiagen, Hilden, Germany). Brilliant II SYBR Green
QRT-PCR Master Mix Kit (Agilent Technologies, CA, USA)
was employed in RT-qPCR reactions. RT-gPCR reac-
tion was prepared using OsWRKY71 (F-5'TGGATTAGCA
CCCAGCCTTC3’, R-5’AGGCTGCTGGTGAAAGAAGT3') and
actin gene primers (F-5"GAAGATCACTGCCTTGCTCC3’
and R-5"CGATAACAGCTCCTCTTGGC3’) on extracted RNA
templates. Primer designing and their properties were
checked using different bioinformatics tools i.e. Integrated
DNA technology oligoanalyzer (www.idtdna.com) and/
or Primer BLAST (www.ncbi.nlm.nih.gov/primerBLAST).
Sequences spanning the two exons junction were chosen
to enhance specificity. PCR conditions used were: one
cycle at 50°C for reverse transcription followed by poly-
merase stimulation at 95°C for 3 min and 40 cycles of PCR
at 95°C for 30 s, 53°C for 1 min and 72°C for 30 s. The rela-
tive change in transcript level was calculated using 2-24¢T
method [22] with actin as an internal standard to deter-
mine relative expression levels [23]. RT-qPCR assays were
performed twice (biological replicates), and each sample
had three replicates (technical replicates). Student’s t-test
was used to detect difference between stress treatments
and respective controls.
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Results

Cloning and sequence analysis of OSWRKY71

A 327 bp fragment of OsWRKY71 DNA binding domain
was amplified from rice cDNA (Figure 1A), purified from
gel and ligated with BamHI and Xhol digested pGEX4T-1
vector. Colony PCR was performed on selected 10 colonies
and presence of 327 bp band confirmed the positive clones
(Figure 1B). Cloned gene was also confirmed by restriction
digestion and commercial sequencing. Plasmids extracted
from overnight grown cultures of positive colonies were
digested with BamHI and Xhol and checked on 1% agarose
gel. Presence of 327 bp band demonstrated the successful
ligation and transformation (Figure 1C). The upper ~4.5 kb
fragment in lane 1 was of linearized pGEX-4T 1. The trans-
lated protein sequence of OSWRKY71 gene was subjected to
BLAST search for finding homology with already available
sequences in NCBI databases. The OsWRKY71 ortholog
sequences were retrieved and multiple sequence alignment
was carried out using CLUSTALW tool (Figure 2). It was
observed that the DNA binding domain sequence is highly
conserved in all WRKY proteins. Secondary structure was
predicted by using PSIPRED and revealed that the DNA
binding domain of OsWRKY71 is made up of ~60 amino
acid residues extending from Valine191 to Proline252 and
comprises of four B-sheets. It includes a single, highly con-
served WRKY domain at the N terminus and zinc finger like
structure at its C terminus (C-XS-C-XB-H-Xl-H) which means
that it belongs to group IIA [4] (Figure 2).

Expression of OsWRKY71 by SDS PAGE

OsWRKY71 was expressed in fusion with GST protein at
the N-terminus having a size of 39 kDa. The expression of

A wm 1 B M123456738 91011 C ~m 1 2
L
3 4945bp 5272bp
. 327bp
L 327bp
327b

Figure 1: Cloning of OsWRKY71 DNA binding domain.

(A) PCR optimization of OsWRKY71 at 66°C. (B) Colony PCR (Lane M: 1 kb DNA ladder, Lane 1-10: Colonies 1-10, Lane 11: -ve control).
(C) Restriction digestion of pGEX-OsWRKY71 (Lane 1: Restricted plasmid, Lane 2: Uncut plasmid).


http://www.idtdna.com
http://www.ncbi.nlm.nih.gov/primerBLAST

DE GRUYTER

209
OSWRKY71 15T L T T T T.AAV
TaWRKY80 ssd]  PPMG. . ..... HHQAA.PMV
HVWRKY1 GSf] P PMGHPHHHQSQYQAP. PMIL
SbputativeWRKY 1S5S MPPLS....... LHQAPVAAVE
TaWRKY8 s s{9) PPMGHPH. ...HHQAA.PMVE
BAWRKY40 1GS(H] JAGHHH. . . .... RHQAQ.PVVE
ZmWRKY71 1SS MPPLS....... LHQAP. VAV
80 100 110
OSWRKY71 FK v ERVLPE0 1) ISANNGG. . .GGGNNQESTS
TaWRKY80 s FEAA MO G[F T D) JGAHAGGNNSHYNNQPRISAS
HVWRKY1 S/ FEIAMOG[]F T D) AGGN. .. .NNHYHNQPRISAS
SbputativeWRKY S PeAAMRS[ElYTE SAAR . Geioses TNNNPRSTS
TaWRKY8 s/ FEIA MO G[]F T D) GAHAGGNNNNYNNQPBISAS
BAWRKY40 A PsMoG[YY s D AN....... NYsuPSHAST
ZmWRKY71 sifAMrRsPuTERVARY. . . ... Ll SAS

Farah Deeba et al.: Heterologous expression of a plant WRKY protein confers multiple stress tolerance = 135

a0 60 79
WYLV E E 3] F GET IS S AR K] MGA ofsBv@AAAlgA
VIRWIANRIM . . . QLEEND VSE RIAGEMIAR E\YA
1)ARRANIIM . . . PLLEND VSE RIAGEIMIAR E\YA
VIRGIANEIL . . . PP/ E MSE RIATEANA ANYA
VIRBIANIIM . . . QLI END VSE RIAG)IAMIMAR EMA

KB{L v E E | F [ SR K K VSE RIAGEAMIAR E\A
VIRRAAANGL . . LPPLIJE MSE RUAAAAMA AV
120 130 140 150

ESLDD..S[JPPPPPPHPHAAPHH. .. .MHVMPGAAAAGYADQ
EESLG. .T|JPRPSQHQQ. ... cocu.. QHYAGGLAYAAAPDQ
EESLG. . TRIPPSHT .QQ: cccaacass QHYAAGLAYAVAPDQ
ESMDT. .AJAPPAAAQQQQ.QHGTHLHQQQHPGL. . .AAPDQ
EESNG. . TJPPSHQQQQ. .« o e vwvnn QHYAGGLAYAAAPDQ
SDSLDGHT|JSPPPP.PQ.......... 2R sissan FVPEQQ
ESADY . Al . VORLHOOQ .« sssssssusswsns H...AAADL

190
5o L s LYVEID [ e v
8o LsLYvED Q G \
o L s LyvE{D Q C| 4
FD L s L\yviD Q c \Y
ARPRPAV YK Q c v
Ho L s LgvED Q c \Y
ARPEPAA YR ) ) € \4
A
260 270 280 290
PPLQSAA.QNSDG...SGKSA...G HAQAA....... A...PPAPVVP.HRFHEPV.VENG
PSQPQQQ.NDGSG...AGKNA...G QALTA....... T...PHHPQQQH.KFEAAAAAWNYSG
PSQPQQQ.NDGSG...AGKNAG.NGESZJQAZA. . ... ... T...PHHPQQQH.KFEAAAVVYSG
PAAPSQAAHDGSAAPGATKNAAAVAIS ISP RPAAPAPAPA. . .PHRPQLOLLOEEGVAMNEEQ
PSQPQQQ.NDGSG...AGKNS. . .GI$JJQANT. .. ... .. T...PHHPQ.QH.KFSJEAAAAAYSG
PAQPQQQ.QQHDG.. .K.NGA.. . ALSJJQAIVA. ... ... AAAALHQQHQQQ.KFJEQEAAVUNG
SGS.GS....GSGA..SSKNA. . .AlSR4SPlY. . . .ttt e et et encacannn RR[®JEAAV .AM. .
340
IMELS
IBELS
IBELS

IMELS
IMELS
IRELS
IMELS

PNKIIL N
T 34D N

gyKisl. .
RYRIJIN
PRI T N
gyKisl. .
PRSI N

Figure 2: Protein sequence alignment of OSWRKY71 (XP_015627417.1) structure of DNA binding domain.

WRKY proteins from different plant members including WRKY from T. aestivum (AFW98256.1; ABC61128.1), H. vulgare (AAS48544.1),

S. bicolor (XP_002451666.1), B. distachyon (XP_003570741.1) and Z. mays (PWZ19903.1) were analyzed by TCOFFEE. Conserved residues are
shaded in different colors. Green arrows indicate the four 8 strands of DNA binding domain in the C terminus of OsSWRKY71. Arrows represent
the key residues involve in making contact with DNA major groove. Arrowheads denote residues that make contact with DNA backbone.
Asterisks represent cysteine and histidine residues of zinc finger like motifs in WRKY DNA binding domain.

recombinant protein (pGEX4T-OsWRKY71) was induced
with IPTG and was allowed the protein to express for 4 h
at 37°C (Figure 3).

Overexpression of OSWRKY71 confers abiotic
stress tolerance in E. coli

In order to assess the function of expressed OsWRKY71
protein in salt stress condition, the effect of high NaCl con-
centration was examined. BL/pGEX4T-1, BL/OsWRKY71
containing cells have same growth pattern on standard LB
plates. But when plates were supplemented with various
concentrations of NaCl and mannitol, there were visible
differences with reference to growth and natural assort-
ment (Figure 4). Likewise, OsWRKY71-expressing bacteria

were able to bear the high temperature stress in compari-
son with the control cells. Whereas, there was no clear dif-
ferences in growth of control and recombinant bacteria in
response to cold shock (Figure 5).

In high salt concentration, the survival of OsWRKY71
transformed bacterial cells was considerably superior
with improved persistence in comparison to untrans-
formed cells. Each plate supplemented with 400-600 mM
NaCl exhibited different numbers of bacterial colonies,
and survival of the recombinant cells was affectedly
better than that of non-recombinant cells. OsWRKY71-
expressing bacterial cultures diluted by 50- and 100-fold
persisted the 600 mM NaCl concentration, while there
was no growth when bacterial culture was diluted up
to 200-fold (Figure 4A). The outcome proposed that the
development of control cells was stopped in high salt
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39 kDa

Figure 3: Expression of OSWRKY71in E. coli.
Lane M: marker, Lane 1: uninduced BL21, Lane 2: induced BL21.

stress whereas this stress was better tolerated by cells
expressing OsWRKY71.

The response of OsWRKY71 protein in drought was
examined by accompanying the growth media with dif-
ferent concentrations of mannitol to create water stress
for OsWRKY71-transformed and untransformed E. coli.
The growth of recombinant cells was remarkably better as
compared to control cells in mannitol-induced dehydra-
tion (Figure 4B). This outcome suggested that the expres-
sion of the OsWRKY71 gene expression has provided
tolerance to E. coli cells against drought stress.

With the aim of identifying the outcome of OsWRKY71
overexpression on the growth of E. coli cells against
low and high-temperature, cultures induced with IPTG
were moved to 4°C and 50°C respectively. After employ-
ing the temperature stresses for different time inter-
vals, the number of cells were compared in diluted
cultures. Number of control cells was less as compared
to BL/OsWRKY71 but growth rate was stagnant for both
control and BL/OsWRKY71 cells after 2, 4, 6 and 8 h of cold
treatment (Figure 5A). Heat stress was used to evaluate
the response of OsWRKY71. Untransformed cells showed
minor growth after 1, 2 and 3 h of heat stress in 50- and
100-fold dilutions, but no sign of growth was observed in
200-fold diluted control bacterial cells. In comparison,
OsWRKY71 transformed cells indicated better survival
till 3 h successively followed by high-temperature shock
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(Figure 5B). These results suggested that the OsWRKY71
gene significantly increased the tolerance to high-temper-
ature stresses.

Bacterial growth curves were plotted by observing
the growth of bacterial cells in LB medium under salt,
drought, cold and heat stresses (Figure 6). Under high salt
stress, OSWRKY71 transformants had improved growth in
comparison to control. In water stress with mannitol treat-
ment, OsWRKY71-expressing cultures displayed better
tolerance than control. In cold stress, recombinants and
control cells continued to grow at the same rate whereas
in heat shock, recombinants grew markedly till 12 h as
compared to untransformed cells that shows growth till
4 h and recorded no additional development (Figure 6).

Bacteria harboring OsWRKY71 showed significant
tolerance in salt, drought and heat shocks as indicated
by ANOVA. The results of spot, survival rate and growth
curve assay under various stresses prove that the heterolo-
gous expression of OsWRKY71 confers tolerance to E. coli.
Thus, OsWRKY71 might play an important role in gene reg-
ulation accompanied by the exposure to stresses, enhanc-
ing the adaptation of plant cells to varying environment.

OsWRKY71 gene expression in response to
abiotic stresses

OsWRKY71 expression was also examined in rice in
response to cold, salt, drought, heat and wounding
stresses by RT-qPCR (Figure 7). The Student’s t-test showed
significant variation with respect to control in response to
all the treatments for OsWRKY71 transcript expression.
The expression level of OsWRKY71 gene was up-regulated
by cold, salt, drought and wounding stresses. Expression
was slightly induced (2-fold) by wounding and drought.
Specifically, OsWRKY71 expression was greatly induced
(8-fold) by salt stress (500 mM NaCl) while 5-fold increase
was observed when cold stress was applied. These find-
ings strongly proposed that OsWRKY71 gene plays impor-
tant roles in providing tolerance to various abiotic stresses.

Discussion

Plant growth and yield are significantly influenced by
stresses for instance wounding, drought, salinity, cold
and pathogen infection. To minimize damage caused
by these harmful factors, plants respond by reprogram-
ming the expression level of stress related genes via
various transcription factors. In recent times, the func-
tions of a growing number of stress responsive genes and
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Figure 4: Spot assay of BL/pGEX4T-1and BL/OsWRKY71 recombinant cells.

Cultures were induced with 1 mM IPTG. OD was adjusted to OD

600

=1. Then 10 pL of 50-, 100- and 200-fold diluted bacterial suspension was

spotted on LB plates. (A) Spot assay of BL/OsWRKY71 and BL/pGEX4T-1 on the LB plates supplemented with various concentrations of NaCl
containing 400, 500 and 600 mM NaCl for salt stress. (B) Spot assay of BL/OsWRKY71 and BL/pGEX4T-1 on the LB plates supplemented with
various concentrations of mannitol containing 500, 800 mM and 1 M mannitol for desiccation.

transcription factors are being revealed. Understanding of
these mechanisms is vital for the progress of transgenic
approaches to increase the stress tolerance in crop plants.
The WRKY transcription factors are implicated in regu-
lating the stress-responsive signaling paths by forming a
complex network. Remarkably, a single WRKY transcrip-
tion factor can regulate multiple stresses via autoregu-
lation, interaction to the W-boxes of their promoters or
promoters of other genes and protein-protein interaction
as negative and positive controllers [3].

In recent times, the E. coli heterologous expression
system has been employed to examine the role of plants
genes and transcription factors for their ability in provid-
ing tolerance to stress conditions. Using bacterial expres-
sion system (E. coli) to express active eukaryotic proteins
and enzymes is the method of choice for a protein chemist

since it offers many advantages over yeast, insect or mam-
malian. For instance, S. brachiata salt responsive gene
SbSI-1 provided drought and salt resistance to E. coli cells
[18]. Escherichia coli cells became resistant to drought
stress on transformation with Tamarix hispida gene
ThPOD3 [24]. Reddy et al. [25] investigated the expres-
sion of a cytoplasmic Hsp70 in E. coli cells and observed
the defensive chaperone action against damage brought
about by heat and salt stress. Soybean LEA proteins
upgraded salinity tolerance in E. coli cells [26]. Yamada
et al. [27] also observed the salt tolerance in E. coli, yeast
and tobacco cells transformed with the mangrove allene
oxide cyclase (AOC) gene. Likewise, plant transcription
factors encoding genes, for instance, Sb DREB2A, MuNAC4
transcription factor, and JcWRKY were also studied for
their ability to provide stress tolerance by using the
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Figure 5: Spot assay of BL/pGEX4T-1and BL/OsWRKY71 recombinant cells.

Cultures were induced with 1 mM IPTG. OD was adjusted to OD

600

=1. Then 10 pL of 50-, 100- and 200-fold diluted bacterial suspension was

spotted on LB plates. (A) Spot assay of BL/OsWRKY71 and BL/pGEX4T-1 on the LB plates. Samples were spotted after 2, 4, 6 and 8 h of cold
stress. (B) Spot assay of BL/OsWRKY71 and BL/pGEX4T-1 on the LB plates. Samples were spotted after 1, 2 and 3 h of heat stress.

expression system of E. coli [28, 29]. To assess the defen-
sive role of OsWRKY71 under different abiotic stresses,
DNA binding domain containing region of OsWRKY71 was
cloned and over-expressed in E. coli (Figure 3). Both quali-
tative (spot assay, Figures 4 and 5) and quantitative (liquid
culture assay, Figure 6) assays were carried out to investi-
gate the growth of bacterial cells containing the pGEX4T-
OsWRKY71 and vector pGEX4T-1.

According to our results, OsWRKY71 expressing bac-
teria were able to tolerate salt, drought and heat stress at
600 mM NaCl, 1 M mannitol and 50°C, respectively. The
improvement in growth of E. coli cells can be accredited
to its interaction with the promoter of stress-related genes
in bacteria. Despite the fact that the WRKY proteins are
thought to be available in just plants, these transcription
factors have additionally been presented to non-plant
species, for instance, unicellular green algae [3]. OsWRKY71
protein belongs to C,H, type zinc finger proteins. At the
beginning zinc finger proteins were supposed to be reserve
to the eukaryotes. However, in prokaryotes, the first CH,

type zinc finger protein was recognized in Agrobacterium
tumefaciens in 1998 [30]. Later research has proposed that
evolution of eukaryotic zinc finger domains occurred from
ROS proteins [31]. The family of WRKY transcription factors
depicts the evolution from simple unicellular to complex
multicellular frameworks. These examinations demon-
strated that there might be some similarity in the regula-
tory network of eukaryotes and prokaryotes, receiving
additional functional specificity based on requirement for
existence with the fluctuating climate. These observations
recommend that OsWRKY71 cooperates with the transcrip-
tional machinery of the prokaryotic system and control the
stress improvement process in E. coli cells.

Real time PCR results have shown increase in expres-
sion pattern of OsWRKY71 in KS282 under different abiotic
stresses. Similar reports on different WRKY transcrip-
tion factors on imparting abiotic stress tolerance have
been published. The FaWRKY1 showed accumulation in
response to elicitors and wounding in strawberry [32].
The JcWRKY expression was up-regulated by drought and
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Figure 6: The growth performance of BL/pGEX4T-OsWRKY71 and BL/pGEX4T-1 recombinants.
Transformed E. coli cells were subjected to different abiotic stresses. (A) LB medium, (B) 500 mM NacCl, (C) 800 mM mannitol, (D) cold treatment,
(E) heat treatment. OD, , was measured at a 2 h interval for 12 h and mean values are shown in graph. Error bars represents the standard error.

salinity in Jatropha curcas [29]. Marchive et al. [33] reported

10
2 i the buildup of the VWWWRKY1 transcript in transgenic
o7 tobacco in reaction to hormones, wounding, and hydro-
36 B gen peroxide. The WRKY38 showed accumulation against
E i dehydration and cold stress in barley [34]. AtWRKY25
23 c C and AtWRKY53 expression were enhanced in reaction to
f - b . heat and salt stresses in transgenic Arabidopsis plants

0 — [35, 36]. Tc(WRKY53 expression level was also increased
Cold Salt Drought Heat  Wounding by cold and salt treatments in Thlaspi caerulescens [37].

Stress treatment
ross Trealments This shows that WRKY genes are involved to be expressed

Figure 7: Relative expression analysis of OsSWRKY71 gene in abiotic under different abiotic stresses. OsWRKY71 express-
stresses by RT-qPCR. . ing bacterial cells survived under salt, drought and heat
Bars rfepresent .standard errors of the mean based on three independent stresses whereas the expression of OSWRKY71 was upreg-
experiments. Different alphabets on graph bars represents the . .

significance of result. Expression level of OsWRKY71in all types of ulated against salt, drought, wounding and cold stress.
stresses differ significantly. However, there is non-significant difference The tolerance to salt and drought stress might be due to
in expression level in response of drought and wounding stress. the presence of common protective mechanisms between
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prokaryotes and eukaryotes under stress conditions [38].
Different responses of E. coli and rice to cold and heat
stress are observed which might be due to the difference
in mode of gene expression in some cases in prokaryotes
and eukaryotes because of difference in molecular biology
of their transcription and translation [39].

To sum up, this study illustrates the role of OsWRKY71
in abiotic stresses. 0sWRKY71is responsive to salt, drought
and heat stresses. OsWRKY71 may play significant role in
plant abiotic stress resistance and could be employed in
crops genetic engineering with the purpose of enhancing
stress tolerance.
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