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Plants, as sessile organisms, are continuously affected by abiotic 
stresses such as drought, high salinity, heavy metal, UV light or 
pollution, which can cause damage to lipids, proteins and DNA, 
reducing plant genome stability, growth and productivity.1,2 Plant 
adaptation to high stress habitats involves a combination of phe-
notypic plasticity and genetic adaptation. All plants perceive and 
transmit signals in response to different abiotic stresses, but few 
species are able to survive in high stress environments. Although 
there are numerous reports on the genetic, molecular and physi-
ological bases of how plants respond to stress, the nature of plant 
adaptation to stress remains poorly understood.3

Among the major field-grown crops, rice (Oryza sativa L.) is 
one of the most important food crops in the world, since it feeds 
more than two billion people. However, rice plants are most sen-
sitive to excess levels of salt, reduced or excess water supply and 
suboptimal temperature regimes.4 Rice also represents a model 
cereal system since it has a relatively small genome size as com-
pared with other cereals, a vast germplasm collection, wide array 
of molecular genetic resources, and an efficient transformation 
system.5 Within this context, the study of new genes responsive 
to stress conditions is still required.

The DEAD-box RNA helicase family comprise enzymes that 
participate in every aspect of RNA metabolism. Although RNA 
helicases are associated with a diverse range of cellular functions, 
there have been relatively few reports of RNA helicases involve-
ment in cellular response to abiotic stress. In the present study, 
we report on the identification of a new DEAD-box helicase 
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ATP-binding protein, hereby entitled OsABP, responsive to abi-
otic stress, in rice plants.

The DEAD-box RNA helicase family has been defined by 
Linder et al.6 and named according to the highly conserved 
Asp-Glu-Ala-Asp (DEAD) residues present in motif II. RNA 
helicases are highly conserved enzymes that use ATP to bind or 
remodel RNA or ribonucleoprotein complexes (RNPs). They 
represent one of the largest protein classes in RNA metabo-
lism and are found in all kingdoms of life.7 Despite their shared 
biochemical function (e.g., RNA unwinding) the DEAD-box 
helicases are involved in different molecular mechanisms such 
as RNA splicing, ribosome assembly, transcription initiation or 
nuclear export.8 They are also important cellular factors for regu-
latory events, in particular during organ maturation and cellu-
lar growth and differentiation.9 It has been suggested that RNA 
helicases can regulate gene silencing at nearly every level of the 
RNA interference (RNAi) pathways. For example, the Xeroderma 
pigmentosum group B (XPB) and group D (XPD) are DEAH box 
helicases which play specific and distinct roles in nucleotide exci-
sion repair (NER) pathway.10 Helicases are involved in almost 
every aspect of DNA and RNA metabolisms, which makes them 
very important molecules and thereby have several implications 
of general interest. The RNA helicases are divided mainly into 
two superfamilies: SF1 and SF2. The majority of RNA helicases 
belong to the superfamily 2 (SF2) and they are characterized by 
sequence homology within the helicase domain consisting of 
eight or nine conserved amino acid motifs.11
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ShORT COMMuNICATION

a 93 and 58% similarities with RNA 
helicase 31 from rice and Arabidopsis 
thaliana (Table 1). Other significant 
hits revealed a 62% and 64% sequence 
similarity with the RNA helicase 25, and 
63% and 51% similarity with RNA heli-
case 26 form rice and A. thaliana. The 
RNA helicases 25, 26 and 31 are mem-
bers of the DEAD-box family, and they 
possess ATP-dependent helicase activity 
and RNA-binding property.12 Although 
a large number of DEAD box proteins 
have been bioinformatically identified 

as putative predicted helicases, only for few of them the ATP-
dependent RNA helicase activity has been demonstrated. The 
helicase activity of the OsABP has not been yet demonstrated.

RNA helicases constantly interact with other proteins since 
they work as larger multi-component complexes. An increasing 
number of studies have focused on the identification of interact-
ing proteins and the elucidation of their effects on RNA helicase 
activities.15 In the present study, the STRING computer service 
(http://string-db.org/) was used to determine the predicted 
protein-protein interaction for OsABP helicase. The results are 
graphically represented in Figure 2. The OsABP protein was 
predicted to interact with ten different proteins: a DEAD-box 
ATP-dependent RNA helicase, two tRNA synthetases form class 
I and II, the OsFBX234 which is an F-box domain containing 
protein, the RPA1 subunit of RNA polymerase I, the β subunit 
of importin, a midasin-related protein, the chloroplast precursor 
of the 50S ribosomal protein L21, an acidic leucine-rich nuclear 
phosphoprotein and the glycine-rich RNA-binding protein 
7(GRRBP). The tRNA synthetases are enzymes that catalyze 
the esterification of a specific amino acid or its precursor to its 
compatible tRNAs to form aminoacyl-tRNA. The synthetase 
first binds ATP and the corresponding amino acid or its precur-
sor to form an aminoacyl-adenylate and release inorganicpyro-
phosphate (PP

i
). The adenylate-aaRS complex then binds the 

appropriate tRNA molecule, and the amino acid is transferred 
from the aa-AMP to either the 2'- or the 3'-OH of the last tRNA 
nucleotide at the 3'-end. Some synthetases also mediate a proof-
reading reaction to ensure high fidelity of tRNA charging.16 The 
F-box proteins are characterized by the presence of the conserved 
F-box motif of approximately 40 amino acids and they represent 
one of the largest protein families, with about 700 members in 
Arabidopsis and rice. In plants, only a small portion of F-box pro-
teins have been studied and they have been shown to play impor-
tant roles in the regulation of various developmental processes 
and stress responses by integrating almost all phytohormone sig-
naling pathways.17 In rice, two F-box proteins have been charac-
terized: the gibberellin-insensitive dwarf2, which acts as a positive 
regulator of gibberellic acid signaling, and dwarf3 which controls 
tiller bud activity.18 It has been reported that some F-box contain-
ing genes are induced by abiotic stress and represents potential 
targets for microRNAs.19 Among the OsABP putative interact-
ing partners, RNA polymerase I (Pol I) is an essential enzyme 
involved in transcription regulation and is the key convergence 

The genomic sequence of the OsABP helicase (LOC_Os06 
g33520) was obtained from the Rice Genome Annotation Project 
funded by NSF (http://rice.plantbiology.msu.edu/). It contains 
an open reading frame (ORF) of 2772 nt, encoding for a protein 
of 923 aa. The present protein has a theoretical pI of the 8.7 and 
the molecular weight of 101.1 kDa. The protein domain search, 
performed in the NCBI Conserved Domain Database (NCBI-
CDD; http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) 
revealed the presence of the DEAD and helicase C-terminal 
domains (Fig. 1A). The DEAD domain contains several ATP-
binding sites and it is involved in ATP-dependent RNA unwind-
ing. The helicase superfamily C-terminal domain, associated 
with DEXD-, DEAD- and DEAH-box proteins, is found in 
a wide variety of helicases and helicase related proteins and it 
is characterized by the presence of a P-loop containing nucleo-
side triphosphate hydrolases. Members of the P-loop NTPase 
domain superfamily are defined by the conserved nucleotide 
phosphate-binding motif which binds the β-γ phosphate moiety 
of the bound nucleotides and the Mg2+ cation. These domains 
play functional roles in the regulation of protein activity and also 
confer structural and functional advantages.12 As all DEAD-box 
helicases, the OsABP protein is characterized by the presence of 
the nine conserved motifs: Q-motif (GPPLPGLLQ; aa 26–35), 
motif I (AKTGTGKT; aa 500–508), motif Ia (PTRELA; aa 
541–547), motif Ib (TPGR; aa 593–597), motif II (DEAD; aa 
611–615), motif III (SAT; aa 642–645), motif IV (IVFCTTAK; 
aa 711–719), motif V (SDVSARGVD; aa 754–763) and motif 
VI (HRLGRTGR; aa 801–809) (Fig. 1B). The Q motif is part 
of a cap-like structure on the classical RecA-like domain 1. It is 
essential for efficient binding of ssRNA as well as for the confor-
mational changes that are driven by nucleotide binding and ATP 
hydrolysis. It was proposed that the Q motif could act as a sensor 
for the state of the bound nucleotide through the interactions 
with motif I and is important for both ATP and RNA binding.13

The hydrolysis of ATP through the A and B Walker motifs is 
necessary for the helicase nucleic acid unwinding activity. The 
motifs I and II are characteristic of NTP hydrolyzing proteins, 
while motif III is involved in coupling of ATP hydrolysis and 
unwinding. The motifs IV and V are involved in RNA binding, 
while motif VI is essential for the nucleic acid-dependent NTP 
hydrolysis.14

The comparison of amino acid sequences, performed by using 
the UniProt BlastP Service (www.uniprot.org/blast/), showed 

Figure 1. Schematic representation of the OsABP (LOC_Os06 g33520) domain organization (A) and 
the presence of the nine conserved motifs in the DEAD-box helicase family (B). The numbers within 
brackets represent the amino acids present between the motifs.
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that RNA helicase expression could be regulated in response to 
changes in specific environmental conditions, such as tempera-
ture, light, oxygen or osmolarity.28 Environmental regulation of 
RNA helicase gene expression is controlled through sensing and 
response pathways that are activated by stress. In consequence, 
RNA helicases play key roles in the regulation of gene expression. 
Their own expression can be environmentally regulated resulting 
in the induction of RNA helicase biochemical activity which pro-
vides the ability to regulate either the expression or the activity of 
downstream target mRNAs or functional RNAs.29

In the present study, the expression profiles of OsABP gene, 
performed by using the qRT-PCR technique, were analyzed in 
rice plants grown in greenhouse under normal conditions and 
submitted to a variety of stress conditions. Total RNA was 
extracted from rice cultivar IR64 wild type and stress challenged 
plants. For abiotic stress treatments, two weeks-old rice seedlings 
were transferred to salt solutions (200 mM NaCl) or abscisic acid 
(100 mM ABA) and kept at room temperature for 12 h. For cold 
and heat treatment, the plantlets were kept in incubators at 4°C 
and 42°C, respectively. Seedlings were kept on blotting paper for 
12 h to mimic drought conditions. The light stress was induced 
by using red light (680 nm and 100 μM/m2/s2 intensity), blue 
light (430 nm and 30 μM/m2/s2 intensity) and white light. The 
pH stress was evaluated after exposure to simple solutions with 
low (pH 3.5) and high (pH 10.5) pH for 12 h. Plantlets grown 
at room temperature were taken as a control. The resulted data 
are graphically represented in Figure 3. The exposure to 200 
mM NaCl resulted into 12.8-fold increase in the OsABP tran-
script level, while dehydration induced a 42-fold upregulation 
of the gene transcript. ABA treatments resulted into a 10-fold 
accumulation in the OsABP mRNA level (Fig. 3A). In the case 
of the light stress, OsABP gene was significantly upregulated in 
response to blue (37-fold compared with control) and red (22-
fold compared with control) light, while downregulation (5.5-
fold compared with control) was observed when the white light 
was used. Downregulation of OsABP transcript was evident also 
in response to cold and heat stresses. A 0.5-fold decrease in the 
amount of OsABP was showed under cold treatment, while the 
heat stress resulted into a 6.2-fold decrease in the transcript level 
(Fig. 3B). On the other hand, when low and high pH values were 
used, no significant differences between control and treatments 
were observed (Fig. 3A).

In plants, other DEAD-box-related helicases were proven to 
be responsive to different stress conditions. For example, the 
PDH47 (Pea DNA Helicase 47) and PDH45 were demonstrated 

point that collects and integrates a vast array of information from 
cellular signaling cascades to regulate ribosome production that 
guides cell growth and proliferation. The DNA-dependent RNA 
polymerases catalyze the transcription of DNA into RNA using 
ribonucleoside triphosphates as substrates. The largest catalytic 
core component of RNA polymerase I, which synthesizes rRNA 
precursors, is the RPA1 subunit. It forms the polymerase active 
center together with the second largest subunit RPA2, and it 
promotes the translocation of Pol I by acting as a ratchet that 
moves the RNA-DNA hybrid through the active site.20 The 
importin is a specific protein involved in nuclear import-export. 
It transports other protein molecules into the nucleus by binding 
to their nuclear localization signals (NLS). It has two subunits 
denominated α and β. Members of the importin β family can 
bind and transport molecules in the nucleus, or can form het-
erodimers with importin α. As part of a heterodimer, importin 
β mediates interactions with the pore complex, while importin 
α acts as an adaptor protein to bind to NLS.21 Another putative 
interacting partner of OsABP, a member of the midasin-related 
proteins, is basically involved in the export of 60S ribosome sub-
units from the nucleus.22 As for the chloroplast ribosomal protein 
L21, recent studies showed that it is essentially required for chlo-
roplast development and embryogenesis in plants.23 Members 
of the acidic leucine-rich nuclear phosphoprotein 32 family are 
implicated in intracellular signal transduction, transcription 
regulation, nucleocytoplasmic transport and mRNA metabolic 
processes.24 Finally, GRRBPs have been reported to be regulated 
by a number of external stimuli including cold, water stress, high 
salinity, wounding, and viral infection, demonstrating that these 
proteins might be involved in the responses of plants to chang-
ing environmental conditions.25 Recently, the pea GRRBP has 
been reported to be one of the interacting partner of pea Gβ 
subunit of heterotrimeric G-protein which is involved in stress 
signaling.26 Besides this, OsABP also interacts with a putative 
DEAD-box RNA helicase, belonging to the DDX helicase fam-
ily with important roles in ribosome biogenesis.27 So, the bioin-
formatic predictions showed that OsABP protein interacts with 
several essential proteins involved in a wide variety of processes, 
especially RNA or DNA metabolism, nuclear transport, signal 
transduction and stress response. The experimental validation of 
these interactions is currently in progress.

All cells experience a range of stress conditions, either abiotic 
or biotic, that tend to decrease cellular fitness. RNA helicase 
activity may be required for cellular adaptation to the altered 
environmental conditions. Several reports have recently indicated 

Table 1. Percentage of similarity between OsABP and related RNA helicases form Arabidopsis thaliana and Oryza sativa.

UniProt Acc. No. Protein name Organism Length (aa) Identity %

Q0DBU5 DEAD-box ATP-dependent RNA helicase 31 Oryza sativa subsp japonica 574 93

Q9FNM7 DEAD-box ATP-dependent RNA helicase 26 Arabidopsis thaliana 850 51

Q0JL73 DEAD-box ATP-dependent RNA helicase 26 Oryza sativa subsp japonica 536 63

B9SBJ5 Dead box ATP-dependent RNA helicase Ricinuscommunis 751 59

Q9FFQ1 DEAD-box ATP-dependent RNA helicase 31 Arabidopsis thaliana 761 58

Q94C75 DEAD-box ATP-dependent RNA helicase 25 Arabidopsis thaliana 563 62

Q5ZBH5 DEAD-box ATP-dependent RNA helicase 25 Oryza sativa subsp japonica 594 64
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and At1g59990) were downregulated in response to cold, salt and 
osmotic stress.28 In sorghum, a salt-responsive transcript HVD1 
(Hordeum vulgare DEAD-box protein), encoding a putative 
ATP-dependent DEAD-box RNA helicase, was found to be 
induced under salt and cold stress.41 Liu et al. (2008)42 reported 
on a novel type of salt-responsive gene (AvDH1) from the halo-
phyte dogbane plant that encodes a protein with high homol-
ogy to DEAD-box helicases and is expressed in a salt-dependent 
manner. The AvDH1 gene was also strongly upregulated by low 
temperature, while no changes were observed in response to 
PEG-induced stress or ABA treatments, suggesting that AvDH1 
follows in ABA-independent salt stress signaling networks. ABA 
plays crucial roles in growth regulation, seed dormancy and ger-
mination, stomatal movement, vegetative growth, and responses 
to biotic and abiotic stress. A recent study by He et al. (2012)43 
reported on the identification of a DEXH box RNA helicase 
(ABO6), localized in mitochondria and required for gene splic-
ing. The authors showed that in abo6 mutants, ROS accumu-
lated more in mitochondria and the ABA signaling was impaired. 
Similar studies underline the importance of RNA helicases in 
chloroplasts. For example, in Arabidopsis plants it was dem-
onstrated that RH3 helicase is directly involved in chloroplast 
intron splicing and in 50S ribosome biogenesis, while a knock-
down of RH22 expression resulted in defective accumulation of 
chloroplast rRNA.44,45

to be induced by salinity, cold, heat and ABA treatments.30-33

PDH47 expression is differentially express in a tissue specific 
manner with induction by cold and salinity stress in shoots and 
roots and heat and ABA treatment in roots.29 PDH45 is a unique 
member of the RNA helicases DEAD-box family which tran-
script accumulates in response to general osmotic stress caused 
by salinity or desiccation.32,33 The single subunit of minichromo-
some maintenance 6 (MCM6) gene from pea was also recently 
reported to function as helicase and the overexpression of MCM6 
promotes salinity stress tolerance without affecting yield.34-37

The Arabidopsis LOS4 RNA helicase was recently showed to be 
a temperature-regulated gene linked with other developmental 
processes such as flowering or vernalization.38,39 The study los4–1 
and los4–2/ cryophyte mutants reveal that LOS4 is an early regu-
lator of CBF transcription factor expression in response to plant 
chilling.38,39 The inactivation of LOS4 also affected the response 
to plant stress hormones. Germination studies indicated that 
LOS4 is required for the formation of a germination inhibitor, 
suggesting that helicase activity is necessary for the formation of 
a protein that inhibits the signal transduction pathways involved 
in germination.39 Genome-wide transcript analysis has identified 
other RNA helicases in Arabidopsis whose expression patterns 
are stress regulated. For example, the drh1 gene was showed to 
be moderately induced by cold stress.40 Similar analysis indicated 
that two putative Arabidopsis RNA helicase genes (At5g08610 

Figure 2. Schematic representation of the putative interaction of OsABP with other proteins. STRING program (http://string-db.org/) was used for the 
bioinformatic prediction of protein-protein interaction.
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In conclusion, the present results report on the identifica-
tion of a new DEAD-box ATP-binding helicase responsive 
to abiotic stress conditions. The in silico analysis of putative 
interaction with other proteins showed that the OsABP inter-
acts with essential proteins involved in tRNA and mRNA 
synthesis, transcription regulation, nuclear transport, phyto-
hormone signaling pathways, signal transduction pathways or 
stress responsive proteins. The gene transcript is upregulated 
in response to salt, dehydration, ABA, blue and red light and 
downregulated under white light, cold and heat treatments. 
These results imply that OsABP might perform crucial func-
tions directly involved in cellular response to specific abiotic 
stress, suggesting that it is a component of a general stress 
response mechanism. Nevertheless, further characteriza-
tion of the protein functions is still needed and currently in 
progress. Although a relatively small percentage of the RNA 
helicase-related sequences in public databases have been iden-
tified as being stress-regulated, it is expected that abiotic-stress 
induced RNA helicase expression will be observed more fre-
quently in the future as this scenario has the potential to open 
new perspectives related to the response to stress conditions.
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Figure 3. qRT-PCR analysis showing the expression levels of OsABP in two 
weeks-old rice plants grown in greenhouse and challenged with different 
abiotic stresses; (A) 200 mM NaCl, dehydration, 100 μM ABA, blue and red 
light, ph 3.5 and 10.5; (B) cold (4°C), heat (42°C) and while light; NT, non-treat-
ed. The relative expression is presented as fold change to control. Values are 
expressed as means ± SD of three independent replicated plants.
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