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Cloning and sequencing of the cDNA encoding rice elongation factor 18’
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A cDNA clone geding for rise elongation factor 18’ (EF-15") was isolated from a rice anther cDNA library, The elone, named RB’, was 980 bp

long and eontained u single open reading frame coding for 223 amino acids; the first 31 amino acids, excepl lor the first methionine, which is absent

in the mature protein, are identical to those of the purified protein determined with a protein sequencer. The amino acid sequence of riee EF-15

shows homology 1o the C-terminal hall of Arremia saline EF-15 (59%) and human EF-15 (63%), bul might not have a phosphorylation sile for
<asein kinase IT which has been conserved in Artemia salfing EF-15 and EF-14, human EF-15 and silkworm EF-15.

¢DNA cloning; Elongation factor 1§} Rice; Translution

l. INTRODUCTION

Elongation factor 1 (EF-1) catalyzes the GTP-de-
pendent binding of aminoacyl-tRNA to the aminoacyl
site on ribosomes concomitant with the hvdrolysis of
GTP. EF-1 from various eukaryotes, such as rice,
wheat, and cauliflower [1], or silkworm and Artemic
saling [2], is composed of four non-identical subunits;
o, B, f# and y. EF-1¢e and EF-185"y correspond in func-
tion to prokaryotic EF-Tu and EF-Ts, respectively, in
that EF-l2 reacts with GTP and aminoacyl-tRNA to
form a ternary complex, while the EF-158"y catalyzes
the exchange of GDP bound to EF-1¢ with exogenous
GTP and stimulates the EF-la-dependent aminoacyl-
tRNA binding to ribosomes.

Recently, van Damme et al. demonstrated that Ar-
temiaq salina EF-1 is composed of four subunits, 2, ), 8
and g [3], which correspond 10 «, r, # and £, respec-
tively, from their order by molecular weight.

It was also demonstrated that phosphorylation of a
serine residue at position 8% in Artemia safina EF-18 by
endogenous casein kinase IT affects the GDP/GTP ex-
change rate on EF-12 [4]. The consensus sequences for
the phosphorylation of Artemia salina EF-18 are con-
served in all of the eukaryotic EF-1s examined so far,
e.g. human EF-18 [3], Artemia salina EF-16 [6] and
silkworm EF-18’ (unpublished results). We found that
wheat EF-18, but not EF-18’, was phosphorylated in
vitro [7]. To determine the difference in structure, espe-
cially the phosphorylation sites, between EF-18" and
EF-15 in plants, we have cloned the cDNA of EF- 15’

Carrespondence wddress: S, Malsumolo, Instituie for Cell Biology und
Genetics, Facully of Agriculiure, Iwate University, Ueda 3-18.8, Mo-
ricka 020, Japan. Fax: (81) (196) 24-5084,

46

from rice. We show here the first plant cDNA sequence
encoding an EF-14" which does not have the conserved
phosphorylation site.

2. MATERIALS AND METHODS

Rice EF-14’ subunit was isolaled from rice embryo according lo the
methed of Ejiri [1], and the N-lerminal amino aeid sequence was
determined with a gas-phase prolein sequencer (ABI Corp., Model
473A). For PCR analysis, four sets of mixed oligonucleotides, 5’-
CTSAARGCNCTNGARCARCA-Y (RN-1), 5-CTSWSNGGNA-
ARACNTAYGT-3 (RN-2), 5-TTCATRTCNGTYTCRTCRTC-
CCA-3" (M-1), and 5-TGGCCCCANGTTARNCCYTCCA-3 (M-
NN = A/GICIT; R = AG; S = C/Gy W = AT, Y = C/T), were
synthesized with a DNA synthesizer (ABl Corp., Model 381 A), RN-1
and RN-2 are complementary o the amino acid sequences of rice
EF-18 from residues 14-20 (LKALEQH) and 21-27 (LSGKTYV),
respectively (Fig. 1), M-l and M-2 correspend to the wheat EF-14°
peptide sequences, WDDETDMEK and MEGLTWGH, respectively,
which were determined with the protein sequencer. Both sequences are
well conserved among Aerernin saling EF-18, human EF-1§ and
silkworm EF-14°. 50 41 of a Agt10 rice cDNA library provided by Dr.
K. Toriyuma [8] was healed to 920°C for 10 min, and 2 ul, which
contained 7.8 » 10" amplified recombinants, was used as the lemplates
for PCR.

PCR wus perfermed in a tolal velume of 100 ul conlaining the
templale, 1.5 4M primers, 200 4M deoxynucleotides, 10 mM Tris-HCL
(pH 8.3), 50 mM KCI, 1.5 mM MzCl,, 0.0019% (w/v) gelatin and 2.5
U Taq polymerase under the following conditions! 1.5 min at 93°C,
3 min at 35°C and 2 min st 70°C for 35 cycles followed by un extension
for 10 min at 70°C. The amplified fragments were separated on a 1%
agarose gel, and the major band of 470 bp was electroeluted, then
subcloned into a T vector [9].

The Agt10 rice cDNA library was screened with g-*P-labeled 470
bp fragmen! {10), and a posilive plaque was picked, After plague
purification, the insert was subgloned inio the EcoRI site of the
phagemid, Blueseript [1 K8, and named RB'. The sequences of both
strands were determined using the Sequenase version 2.0 kit applied
to double-stranded DNA (USB Corp.) [11).

For Northern analysis, 10 g total #NA from rice leaves were
electrophorased in a 1.3% agarose gel containing 2.2 M formaldehyde,
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and blotted 1o a nylon membrane (GeneSereen Plus, New England
Nuclear). Final wushing was performed with 2 x S8C (1 x 88Ci50.15
M NaCV15 mM sodium eitrate, pH 7.0) conlaining 1% 5DS a1 65°C.

3. RESULTS AND DISCUSSION

3.1, Cloning of rice EF-18' ¢cDNA

PCR amplifications were performed using RN-1 as
the upstream primer and M-1 or M-2 as the down-
stream primers, and the rice cDNA library as the tem-
plate, Two PCRR products of 420 and 470 bp, derived
from RN-1/M-1 and RN-~1/M-2, respectively, were ob-
tained and hybridized to the 5’-end labelled RIN-2 with
[7=**PJATP and polynucleotide kinase. The 470 bp lrag-
ment was subcloned into the T vector and sequenced to
confirm that it corresponded to the EF-15" gene. Using
the 470 bp fragment as a probe, the Agtl0 rice cDNA
library containing 5 x 10* unique recombinants were
screened. Finally, a single positive clone, named RB’,
which carried a cDNA insert of about 1.0 kb, was ob-
tained.

GCEGCCGCRCECCTTCOACGAGCTCCAGCCLOTAGACCTCECCOGATCTCCCCBATBGCE 60
2

QTRACCTTCACCGACSTOCACACCGCCOACGRGLTCAMAGLCCTCCAGCAGLACCTCTCE 120
¥y T F T p L HT ADEG L K AL EQOHLS 22

GGCAAGACCTACGTCTCCBGAAALGCOATCAGCAAGGACGACATCAAGETETTCGCCGCT 180D
E K T Y Y S5 6.4 A& ) S KDDJ KV F AA 42

GTGCCATCAAAGCCTGBAGCTGAGBTTCCCCAACGCTECTCRCTOATATOATACCETCELT 240
¥ P 8 K PG AEFPMNAARYYODT V¥ A 62

GCGGCCCTCOCTTCAABGTTCCOTGGCAAGGCAGT TGEABTGAATCTGCCTGGABOAGET 300
A AL ASHAEFPGRKAYGY NLPGGSE a2

GCOGCATCATCTGRTGLAGCGECTGOGCCAGCTGCTAAGGATCCTOATGAAGATGATCAT 36D
A AS S AAAAMAMAPAAKDADEDDTD 102

GACCTGBATCYTTTTGCTGATHAGACCCACGAAGACARCAAAGCABCAGATBAGCGTCCA 42D
D LDLEFGBDETEEDIKIEKAADEHSHRA tE1

GCTTCCAAGGCCTCTTCAAAGAAGAAMGAAAGCGOAAAATCATCTGTCCTGTTGGATGTC 48D
A S K A S S K K KESGEKUS S VY LL DY 142

AAACCATGGGACGACGABACTGATATGAAGAAGTTGGACBAGCCTGTCCBCAGTGTGCAG 540
K P ¥ DOQETTUDOMETZEKTLEEMASNYR RS VYO 162

ATGGAGGGTCTCACCTOGGGAGCATCAAAGCTTGTECCTGTEOGTTACGGGATCAAGAAG  EBOD
MEGLT WA S KLY PY G Y G I KK 162

TTECACATCATGTTGACCATTGTTGATCACTTGGTATCTGTEATAGCCTATCGAAGACAT 6880
Ld1 M LT ! ¥YO0ODLVSY | AYRBABH 202

CTGACTGAAGAGCCOATCAACBAATTTETCCAGAGCTOCGACATCGTTCCATTCAACARG  T20
LTEEUPI NEFVYOQOSCD I ¥ AFNEK 222

ATTTAAAATATCAAARGGGGATGTTGCTACTTATCCAAAAACTGGGACTGGGACTAGTTG T80
[ 223

TTETGGAAGCATTTTTCATCCCATCTTATTATCCTTCACAGAAATGCTAGTTTGAGTTITA  BAD
TITTTBAGTGATGCCTATCATTAGTGCCTCTTATCTTTAAGTAGTTAAACTGCAGAGCEG 900
CTTOTAATGGCGAAACATATGCTATGTCAAAGTACATCCGTCCATTTTTACTGTGCARAA 960
AAAAAARAAAAAAAAAAAAA $8¢

Fig. 1. Nucleolide and deduced aminc acid secuences of the rice
EF-15’ cDMNA, The underlined amino acids were confirmed by protein
sequencing. The asterisk indigates the stop codon.
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Fig. 2. Northern blot analysis of total RNA from rice, Tolal RNA (10
42) was electrophoresed and blotted to a nylon membrane, and hy-
bridized with an a-“P-labeled ¢DNA insert.

3.2, Pritmary structure of rice EF-1p"

The cDNA insert contains 669 bp of coding region
encoding 223 amino acids, 54 bp of 5 untranslated
region, and 257 bp of 3’ untranslated region. Sitkworm
EF-18’ cDNA codes for the same number of amino
acids, while wheat EF-1f’, human EF-18 and Artemia
saling EF-1 codes for 216, 225 and 207 amino acids,
respectively. The nucleotide and deduced amino acid
sequences of ihe cDNA insert is shown in Fig. 1. The
5" untranslated region is G+C-rich (76%), and the puta-
tive initiation codon, ATG, at position 55-57, is present
just before the alanine codon, GCC, which is the N-
terminal amino acid of the purified EF-14’ protein (rom
rice embryo. N-Terminal methionine is also absent in
the mature protein of Artenla salina EF-18 [6], pig
EF-18 [12] and wheat EF-18" (Qizumi, Matsumoto,
Taira and Ejiri, unpublished). The first 31 amino acids
except for the first methionine (position 2-32) predicted
by the nucleotide sequences are all identical with those
of the purified EF-18’ protein (Fig. 1). The termination
codon, TAA, is present at position 724-726, followed
by the 3’ untranslated region which does not include a
poly adenylation signal, AATAAA. The size of the tran-
seript {about 1,000 nuclectides; Fig. 2) was very close
to that of the cDNA insert in RB’. These results prove
that the protein coded by the ¢DNA in RB’ represents
rice EF-15". The calculated molecular weight of 23,771
kDa is smaller than the molecular weight of 27,000 kDa
determined by SDS-PAGE. Although the reason is not
clear at present, similar resuits were also observed in
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Fig. 3. Caomparison of the amino acid sequences. The sequences pres

sented are: Human 13, EF-18 rom human [5,12}; Rice 15", EF-1§

lroin rice; Artenlia 183, EF-18 from Arcentia salina [6). Gaps introduced

to facilitate alignment are presented with dashes. N-Terminal

methionines which are absent in the malure protein are underlined.

The serine phosphorylated by casein kinase [1 in the Artemin salina
sequence is indicated by an asterisk.

Artemia safina EF-18 [6] and wheat EF-15" (Qizumi,
Matsumoto, Taira and Ejiri, unpublished).

3.3. Comparison of amino acid sequences from differen:
sources

A comparison of the deduced amino acid sequences
of rice EF-18" with that of wheat EF-~18° (Oizumi,
Matsumoto, Taira and Ejiri, unpublished) reveals 799
identical residues, suggesting both proteins possess a
similar function in the GDP/GTP exchange reaciicn.
Fig. 3 shows the alignment of EF-15’ and EF-15 se-
quences from different sources. Rice EF-15’ shows 47%
sequence identity with human EF-18, and 46% with
Ariemia safing EF-1/3. Residues 131-223 of rice EF-15’
(Fig. 1) which correspond to the C-lerminal half, show
higher homology with residues 133-223 of human EF-
15 (63%) and residues 115~207 of Artemia safina EF-18
(59%). Since the C-terminal region (residues 115-207)
of Artemia salina EF-1f retains the guanine nucleotide
exchange activity [3], it is likely that this region is well
conserved among various eukaryotes. The phosphoryl-
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ation of a serine residue at position 89 in Artemia salina
EF-1 affects the guanine nucleotide exchange activity
[4]. The consensus sequence for the target of casein
kinase I contains a serine residue followed by clusters
of acidic amino acid residues [4]. This sequence is well
conserved among Artemia  safine EF-18 (DLF-
GSDEEDEE), human EF-18 (DLFGSDDEEE), and
silkworm EF-18" (DLFGSGDEEED). Although the
consensus sequenge {except the serine residue), DLFG-
DETEED, is well conserved in rice EF-14’ protein, the
serine residue to be phosphorylated by casein kinase 11
is absent. The fact that the sequence, DLFG-DETEED,
is aiso present in wheat EF-15" at the corresponding
region of rice EF-18" (Oizumi, Matsumoto, Taira and
Ejiri, unpublished) suggests that this is a characteristic
of plant EF-18". Just as wheat EF-15’ was not
phosphorylated in vitro [7), rice EF-18" also seems not
to be phosphorylated, The EF-18" subunit of plants
seems 1o receive no effect of phosphorylation by casein
kinase I1. However, it remains possible that a threonine
residue in the sequence, DLFG-DETEED, might be
phosphorylated by casein kinase 11. Since wheat embryo
EF-13 is probably regulated by the phosphorylation,
elucidation of the structural differences between EF-14
and EF-15" is proceeding.
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