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Abstract. Helicases catalyse the unwinding of energetically stable duplex DNA (DNA helicase) or
inter - and intra molecular base -paired duplex RNA (RNA helicase) structures by disrupting the
hydrogen bonds between the two strands and thereby plays an important role in all DNA/RNA
metabolisms. Many DNA and RNA helicases share a core region of highly conserved sequence
motifs, and belong to the rapidly growing DEAD-box protein family that contains the same eight
conserved helicase motifs. Using 1.93 kb cDNA fragment of P68 DEAH box protein from
Arabidopsis thailiana as probe for screening pea cDNA library, we identified a full length cDNA
of p68 DEAH box protein that has 2058 bps with poly[A'] tail of 28 nucleotides at the 3' end. It
contains coding region of 1869 bps, 5'-end untranslated region of 53 bps and 3'-end untranslated
region of 136 bps. The deduced amino acids sequence revealed a protein consisting of 623 amino
acid residues with a predicted molecular mass of about 68 kDa (p68). All 8 helicase conserved
domains have been observed in amino acid sequence of the protein. The nucleotide sequence
alignment of Pea P68 DEAH box and homolog p68 DEAH box from different species shows that
Pea P68 DEAH box has striking homology with soybean, castorbean and tomato. The deduced
amino acid sequence of P68 was used for searching similar sequences with other two pea DEAH
box proteins (pdh45 and p72) by using FASTA computer program reveals a common core-region
around 300 amino acids that contains all the known conserved helicase domains and localizes in
the middle of the genes. At molecular level, the DEAD-box RNA helicases function in process
such as transcriptional regulation, regulation of RNA stability, ribosome biogenesis and post-
translational regulation.
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amino acid motifs.
subfamilies, termed DEAD, DEAH

SF2 consists of three

The majority of RNA helicases belong to
the superfamily 2 (SF2) subclass of helicases
characterized by sequence homology within a
helicase domain consisting of eight conserved
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DExH/D, based on variations within a common
DEAD (Asp-Glu-Ala-Asp) motif. Amino acid
sequences outside this ‘core’ helicase domain
are not conserved and are believed to provide
helicase specificity for target RNAs or protein-
protein interactions [1]. DEAD box protein has
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been defined by Linder et al. [2] and originated
from a wide range of organisms ranging from
prokaryotes, including viruses, to lower and
higher eukaryotes. They are involved in variety
of RNA metabolic processes, such as RNA
maturation functioning in ribosome biogenesis,
RNA splicing, transport, and turnover,
transcription, translation initiation, RNAi, RNA
editing, and development [3]. Recently, it is
becoming increasingly evident that RNA
helicases are associated with a diverse range of
biotic cellular functions and there have been
relatively a lot reports of RNA helicase
involvement in cellular response to abiotic
stress [4].

P68 is one of the prototypic members of the
DEAD-box family of ARN helicases, which
includes a large number of proteins that
participate in virtually all processes involving
RNA metabolism [5]. Several reports have
demonstrated that P68 expression is growth and
development regulated [6], while P68 knockout
in mice results in embryonic lethality at
approximately embryonic day 11.5 (~ E11.5),
underscoring the importance of this protein.
Additionally, P68 1is aberrantly expressed
and/or post-translationally modified in a range
of cancers, suggesting that changes in P68
levels and/or function may be important in
cancer development [7]. As a transcriptional co-
regulator, P68 has been found to coactivate
several transcription factors that are themselves
highly regulated [8], the tumor suppressor p53
[9].

In higher plant, a number of RNA helicase
genes whose expression and polyadenylation
patterns are tissue specific. However, detailed
characterization of plant RNA helicases are less
common. Two DEAD-box — related helicases,
termed pea DNA helicase 47 (PDH47) and 45
(PDH45) are induced by a variety of abiotic

stresses, suggesting that they are components of
a general stress response mechanism.PDH47
expression is differentially induced in a tissue
specific manner with induction by cold and
salinity stress in shoots and roots and head and
ABA treatment in roots [10]; while PDH45
transcript is induced in pea seedlings in
response to a range of abiotic stresses including
salt, dehydration, wounding and low
temperature, leading to the suggestion that
pdh45 transcript accumulates in response to
general water stress caused by desiccation. The
physiological importance and conservation of
PDH45 function in the salt-stress response was
demonstrated by the
constitutive expression of PDH45 conveys salt
tolerance in tobacco [11].

observation that

2. Materials and Methods
Plant Material and Growth Conditions

Seeds of Pisum sativum were grown at
25°C+ 2°C for 7-10 days in light /dark
conditions in trays containing moist vermiculite
in the greenhouse. The harvested material was
frozen in liquid nitrogen until use.

Construction of Pea cDNA Library

Total RNA was isolated from top four
leaves of 7-day old pea (Pisum sativum)
seedling using guanidinium isothiocyanate
method (Tuteja and Farber, 1988). Poly(A)
RNA was purified from total RNA by
fractionation on an oligo (dT)-cellulose type 7
column (Pharmacia, Uppsala, Sweden). A
cDNA library was constructed from 5 pug of
poly (A) RNA in Uni-Zap XR vector using
Zap-cDNA synthesis kit (Stratagene, La Jolla,
CA) following the manufacturer’s protocol.
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The cDNA was cloned between the EcoRI and
Xhol sites of the vector followed by packaging
with  Gigapack 1II  gold
amplification according to the manufacturer’s
instructions (Stratagene). The resulting phage
library contained 1 x 10° plaque forming units
per ml.

extracts and

Preparation of Probe for Screening of Pea
cDNA Library

Gene encoding P68 RNA helicase (1.9 kb)
from Arabidopsis thaliana was obtained by
EcoRI digestion. DNA fragment was cut out
from agarose gel and purified by
phenol/chloroform method. Nick translation
reaction was carried out in a 50 ul reaction
mixture containing 50-100 ng DNA template, 5
ul dNTPs without dCTP, 5 ul «<*PdCTP, and 5
ul of DNA Polymerase I/DNase I mixture for 1
hour at 16 °C. Reaction was stopped by adding
5 ul of stop reaction buffer. Reaction mixture
was purified through Sephadex G-25 column
and purified probe was used for screening of
pea cDNA library.

Screening of Pea cDNA Library

About 2 ul of pea cDNA library suspension
containing 20,000 plaque-forming
bacteriophage was infected into 200 pl of XLI-
Blue MRF cells at an OD of 0.5 in falcon 2059
polypropylene tubes and incubated for 15 min
at 37 °C with gentle shaking. Infected cells
were mixed well with 3 ml of melted NZY Top
agar at 48 °C and spread onto NZY agar plates
(100 x 15 mm) at 42 °C and incubated at 42 °C
for 6 - 8 hours. Hybond filters (Amersham)
were placed on the surface of the chilled plates
without trapping air bubbles and a needle was
used to prick through the NZY and nylon
membrane for orientation. The filters were

removed carefully with the help of Millipore
forceps and placed inverted plaques side up
onto 3 MM Whatman sheets moistened with
denaturing solution (1.5 M NaCl, 0.5 M NaOH)
for 3 min. The filters were transferred to a
Whatman sheet soaked in neutralizing solution
(1.5 M NaCl, 0.5 M Tris-HCI, pH 8) for 5 min.
and then rinsed on a Whatman sheet soaked in
neutralizing solution (0.2 M Tris — HCI, pH 7.5,
2X SSC) for 5-10 min. The DNA on the filter
was dried and fixed by crosslinking (12,000
pjoules of UV energy) for 30 sec. The filters
were put in a hybridization bag and rinsed
thoroughly with 5X SSC buffer and then all the
SSC was removed. The prehybridization
solution containing 6X SSC, 20 mM NaH,PO,,
0.4 % w/v SDS, 5X Denhardt's reagent, and 100
pg/ml denatured salmon sperm DNA was added
and prehybridization was carried out for 4-6
hours at 45 °C. After that, the purified probe
was added and hybridized at 45 °C for 15-20
hours. The filters were washed with 2X SSC,
0.1 % SDS for 15 min at room temperature and
then the temperature was increased stepwise to
37, 40, and 42 0C, simultaneously decreasing
concentration of SSC to 1, 0.5 and 0.25 X
respectively while checking radioactivity counts
every 15 minutes until background became
negligible. The filters were then exposed for
autoradiography. The positive clones obtained
from first screening were oriented on the agar
plates using the numbers and "dots" where the
needle poked through, which had been marked
on the membranes. One ml pipette tips were cut
out to obtain a square centimetre "window" for
transferring the positive plaque into 1ml of SM
buffer and 20 ul chloroform. Stock solution was
titered before each screening to get a ratio of
around 200 plaques/plate. Screening is
continued until positive clones getting pure.
PCR amplification and Southern hybridization
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were used during screening to confirm and
determine the purity and the size of each
positive clone.

3. Results

Cloning and Sequencing of Pea p68 DEAH-box
Protein

A cDNA library constructed in A ZAP II
(Stratagene) prepared from leaves of eight—day
old light/dark grown pea seedlings was used for

- .
Ll . = b
t ..- '. L] .
'- ¥ - . c L]
[ *' W B
i .
1 . .

The inserts were excised out as pBluescript
(SK-) phagemid and amplified by PCR using
T3 and T7 primers and PCR products were
subjected to Southern hybridization. Results
show that both clones 1 and 2 yielded fragment
size of 2.3 kb (fig 2A, B). The cDNA clones
were digested with selected enzymes (Xho I;
Bam H1; Not 1; EcoR 1; Bgl II; Xba I, Sma I and

isolation of the gen encoding Pea p68 DEAH-
box Protein. The probe used for screening was
1.93 kb cDNA fragment of P68 DEAH box
protein from Arabidopsis thailiana (kindly
provided by Tetsuo Meshi of Kyoto University
of Japan). Screening of 1.5 x 10° plaques from
pea cDNA library for the purpose of isolating
the RNA helicase revealed two positive clones
(fig.1A). These positive recombinant clones
were purified independently to homogeneity
after three rounds of screening (Fig. 1A, B, C).

Figure I: Screeming of cDNA Library from
Pisum sativum. The cDNA library constructed
in Lambda Zap Il vector was screened using .
A total aof 1.3x1035 flagues was screened and
positive plagques were isolated and purified
till homogeneity. (4) primary, (B) secondary,
{C) final screening.

Hind 1II) and digested plasmids were
fractionated on 0.9% agarose gene and stained
with ethidium bromide. Restriction enzymes
digestion of these clones revealed that both
clones contain the same restriction sizes,
suggesting that both positive clones are the
same (data not shown).
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Figure 2: A. PCR reactions were done in presence of 13/1T7
primers and positive clones. M: Marker; 1: PCR reaction in
presence aof positive clone I as template; 2: PCR reaction in

500bp

Based on the restriction sites, clone 1 was
subjected for sequencing using T3, T7 primers.
Sequence analysis shows that the clone 1
encoded a full length cDNA of p68 DEAH box
protein. Pea P68 DEAH box protein has 2058
bps with poly[A*] tail of 28 nucleotides at the 3'
end. It contains coding region of 1869 bps, 5'-
end untranslated region of 53 bps and 3'-end
untranslated region of 136 bps. These sequence
data have been  submitted to the
DDBIJ/EMBL/GenBank databases under
accession number AF271892. The deduced
amino acids sequence revealed a protein
consisting of 623 amino acid residues with a
predicted molecular mass of about 68 kDa
(p68). All 8 helicase conserved domains have
been observed in amino acid sequence of the
protein (fig. 3).

The nucleotide sequence alignment of Pea
P68 DEAH box protein with other p68 DEAH
box proteins from difference species using
Blast search show that Pea P68 DEAH box
protein has maximum of 92% identity with

presence of positive clone 2 as template. B. Southern
hybridization of PCR products using 1.93 Ith e DNA
fragment of P68 DEAH box protein from Avabidopsis
thailiana as probe. M: Mavker; 1: PCR product of clone I;
2: PCR product af clone 2.

soybean (XR136957.1), 79% with castorbean
(XM 002523901.1) and 72% with tomato (BT
013308.1). The deduced amino acid sequence
of Pea P68 DEAH box protein was used for
searching similar sequences with other two new
pea DEAH box proteins (pdh45 and p78 DEAH
box protein) by using FASTA computer
program (Fig.4). Although different in size, the
alignment among three pea DEAH box proteins
reveals a common core-region around 300
amino acids that contains all the known
conserved helicase domains and localizes in the
middle of the genes. Homology search revealed
that pea p68 and p72 DEAD-box proteins have
DEAD-box, while pdh45 has a DESD-box
(domain VI); three DEAD-box proteins (p68,
p72 and pdh45) have different SAT-box
respectively as SAT, TAT and SRT-box
(domain VI). A region of rich Glycine and
Arginine (G and R) sequences with many RGG
like domains was observed at the C terminal of
the sequence was only observed in p72 DEAD
box. In the core-region of the pea DEAD box
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proteins reveal a 40 % identity of amino acid
whereas in the amino - and carboxy-terminal
parts (divergent region), high variability of
amino acid sequence as well as length of

polypeptide is observed. Sequence Alignment
and Homology analysis among Pea DEAH-box
Proteins suggest that they have specific
function in DNA/RNA metabolism.
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1263 AAACTG OTA ACC OGOT AGD TTC CTA GAC ACA ATTTOT AGA ATC AGT CAT OTT TOT ACG TAA
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1986 agg tit g2 tgt agt aat tif tic ttt caa tit tat cattta ittt aaa aaa aaa aaa aaa aaa
2042 aaa aaa

Figure 3: Nucleotide and deduced amina acid sequence of the p68 DEAD box protein (dccession number: AF 271802). ORF
is shawn in capital letters and 3’ and 3 '- untranslated regions ave shown in small letters. Eight conserved helicase domains

are shaded. Position of the nucleotide or the amino acid resi

due in a sequence are indicated on both sites of the sequence.
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Figure 4: Multi-sequence aligyment of deduced amino acid sequence of three pea DEAD bax protein

( pdhd3, p68 andp78). Multiple aligrment was done using Macvector Clustalw progrem. The most
identical amino acids at each protein are black-boved and similar ones are shaded. The position of the
aming acid residues in oviginal sequance are indicated on both side.
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Phén 1ap va phan tich trinh t gen md xoan ARN ctia mot
ARN helicase phan nhém DEAD-box P68 tir dau Ha Lan

Pham Xuan Hoi!, Narendra Tute;j a?

Vién Di truyén Nong nghiép, sé 2 Pham Vin Dong, Ha Noi, Viét Nam

2Trung tam Ky thudt gen va Cong nghé sinh hoc Quoc té, New Delhi, An D¢

Helicaz xtc tic viéc md xoan cau tric sgi d6i ADN hoac ARN bang viéc bé gay cic cau lién két

hydrogen giita hai soi vi vdy déng vai trd quan trong trong tit ca cdc qué trinh trao ddi chét
ADN/ARN . Rét nhidu ADN va ARN helicaz c¢6 chung mdt viing trung tim gom cic kiéu trét tu bao
thi cao thudc protein ho DEAD-box chira 8 kiéu Helicaz bao thu. Sir dung mot doan cDNA 1.93 kb
ctia protein DEAD-box P68 tir cdy mé hinh Arabidopsis nhu dau do dé sang loc thu vién cDNA dau
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Ha Lan, chiing t6i da phan 1ap mot cDNA ddy di cta protein DEAD-box P68 gdm 2058 bps véi mot
dudi poly[A] 28 nucleotide & diu 3°. cDNA cua protein DEAD-box P68 gdm mot viing ma héa 1869
bps, viing khéng ma héa ddu 5° 53 bps va viing khong ma héa dau 3’ 136 bps. Trinh ty amino acid suy
dodn bdc 10 mot protein gém 623 amino acid vdi trong lugng phan tir dy doan khoang 68 kDa(p68).
Tat ca 8 ving bao thu Helicaz déu dugc quan sit trong trinh ty amino acid ciia protein. So sanh sy
twrong ddng vé trat ty nucleotide cia DEAD-box P68 dau Ha Lan véi cic DEAD-box P68 tuong dong
tir cdc ddi tuong cdy trong khac nhau da phét hién DEAD-box P68 dau Ha Lan twong ddng cao voi
dau tuong, thiu dau va ca chua. Trinh ty amino acid suy dodn ctia P68 duoc sir dung dé tim kiém céc
trat ty twong dong véi 2 protein DEAD-box tir dau Ha Lan (pdh45 va p72) bang chuong trinh phin
mém FASTA cho két qua mot viing trung tim chung gdm khoang 300 amino acid chira tit ca cdc viing
helicase bao thu dwoc biét va dinh vi & viing trung tim cta céc gene. O mirc d6 phan tir, cic helicase
ARN DEAD-box duoc chimg minh 13 ¢6 chirc ning diéu hoa phién ma, diéu hoa do on dinh cia
ARN, sinh tong hop ribosome va diéu hoa sau phién ma.



