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Three overlapping clones of cDNA, Mos43, Mos28 and Mos80, coding for methionyl-
tRNA synthetase were obtained by screening the Oryza sativa 1gt11 library. Their nu-
cleotide sequence of 2850 bp was determined. The deduced amino-acid sequence of
the isolated clones contains a HLGN and KFSKS motifs, which are conserved for this
family of enzymes and have been proposed to be the signature sequences for class 1
aminoacyl-tRNA synthetases. A comparison of the rice MetRS primary structure with
those deposited in EMBL/GenBank points to its high homology to veast, human and
Caenorhabditis elegans MetRSs. Interestingly, a great similarity of its C terminus to

endothelial- monocyte-activating polypeptide I1 (EMAPII) and veast protein G4pl was
observed.
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Aminoacyl-tRNA synthetases (2aRSs) are a
family of housekeeping enzymes, which cata-
lyze the ATP-dependent esterification of spe-
cific amino acid at the 3’ end of its cognate
tRNA. Although they carry out the same reac-
tion, aaRSs differ significantly in their pri-
mary sequence as well as in size and quater-
nary structure. Amino-acid sequences of these
enzymes contain conserved motifs, which are
a basis for dividing them into two classes of
ten members each [1, 2]. The class I enzymes
show two consensus amino-acid sequence mo-
tifs: His-lle-Gly-His (HIGH) and Lys-Met-Ser-
Lys-Ser (KMSKS) [3, 4]. They hind ATP
through an a/ff domain called the Rossman
fold, which is common to many nucleotide
binding proteins [5]. The aaRSs of the class II
share three other sequence motifs (I, I and
IIT), which occupy key spatial and functional
positions in a conserved active site, formed
around an antiparallel § sheet [6]. Interest-
ingly, this classification coincides with bio-
chemical data and class I of aaRSs catalyzes
amino acid charging to 2'-OH of the terminal
adenosine residue of tRNA before its isomeri-
sation to 3'-OH, whereas class Il enzymes add
an amino acid directly to 3'-OH [7, 8].

While the structure-function relationships of
bacterial aaRSs have been a subject of numer-
ous studies, a present knowledge concerning
eukaryotic aminoacyltRNA synthetases is
rather limited. This is particularly true to
plant aaRSs. Generally, the quaternary struc-
ture of individual aaRS is well conserved
among prokaryotes and eukaryotes. However,
there are some exceptions. Escherichia coli
MetRS is a homodimer, each subunit of which
consists of two distinct functional domains, a
catalytic domain and a C-terminal extension
essential for dimerization [9]. Removal of 120
amino-acid residues at the C terminus of the
polypeptide chain by mild proteolysis gener-
ates a monomeric fully active enzyme [10]. In
contrast, Saccharomyces cerevisiae cytoplas-
mic MetRS is a monomer lacking the C termi-
nal extension [11]. However, it has an N-
terminal extension of about 200 amino acids,

which is essential for activity and stability of
the enzyme [12]. It has been found that yeast
MetRS is associated with a protein called
Arclp or G4pl [13, 14] which shows also a
tRNA binding capacity. In fact, that protein
strongly increases the apparent affinity of
MetRS for tRNAME and may be required for
specific aminoacylation in vivo [13]. Interest-
ingly, the C-terminus of Arclp showed a high
homology to that of bacterial MetRS [13]. On
the other hand, nematode (Caenorhabditis ele-
gans) MetRS polypeptide chain, deduced from
its nucleotide sequence, covers an enzymatic
part as well as the C-terminal Arclplike do-
main [15].

In addition, it has been established that
MetRSs from higher eukaryotes are associ-
ated in supramolecular multi-enzyme com-
plexes consisting of nine aminoacyl tRNA syn-
thetases and three other peptides [16-18].
However, the detailed function of these com-
plexes is largely unknown.

Untill now limited data are available on
plant aaRSs. Their structural organization in
multi-aaRS complexes have not been demon-
strated. It has been only suggested that the
plant enzymes are organized in a way differ-
ent from that found in Drosophila melanogas-
ter or mammals (reviewed in [19]).

To fill in a gap in a knowledge on plant
aminoacyl-tRNA synthetases, we have started
a project of cloning and sequencing of plant
aaRSs. The aim of the present work was to
clone a coding sequence of plant methionyl-
tRNA synthetase.

MATERIALS AND METHODS

A rice cDNA clone C2054 was a gift of Dr.
Yoshiaki Nagamura (NIAR/STAFF, Japan).
The 605 bp Xhol fragment obtained by diges-
tion of pBluescriptll SK(+) containing this in-
sert was labeled by random oligonucleotide
priming using {aaEP]dATP (Amersham), and
used as a probe for screening a Agt11 Oryvza sa-
tiva ¢cDNA library purchased from Clontech
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(U.S.A.). Approximately 6 X 10° of recombi-
nant phages were plated on E. coli Y1090r™,
Inserts from positive clones were amplified
using primers complementary to the f-
galactosidase portion of the Agtll template.
The nucleotide sequences of used Agtll the
forward and reverse primers were: 5-GGT
GGC GAC GACTCC TGG AGC CCG-3' and 5'-
TTG ACA CCA GAC CAA CTG GTA ATG-3',
respectively. Restriction analysis of PCR
products was performed with EcoRI and Esal
endonucleases (Boehringer). Selected inserts
were partially sequenced with AmpliCycle Se-
quencing Kit (Perkin Elmer) and Agt11 prim-
ers. The obtained results were compared with
a content of EMBL/GenBank using BLASTX
program for local alignment [20]. The purified
Agt1l DNAs containing inserts selected for se-
quencing were digested with EcoRI endonu-
clease. The isolated inserts were further sub-
cloned into M13 bacteriophage vector. For
Mos60 only the 5’ end of the insert of 312 bp
(the product of EcoRI-Bglll digestion) was
ligated. E. coli JM101Tr strain was used for
transformation and phage propagation. To de-
termine the nucleotide sequence of obtained
e¢DNAs, nested sets of deletion clones were
generated. The DNA sequencing of both
strands was carried out by the standard San-
ger method [21] with the T7 Sequencing Kit
(Pharmacia). The homology of rice sequence
to known MetRSs, as well as to G4pl and
EMAPII was found with BESTFIT and PILE-
UP GCG's programs [22].

RESULTS AND DISCUSSION

Molecular cloning and protein expression
studies, as well as recent genome sequencing
projects have led to identification of over
twenty MetRSs primary structures. Most of
them are of eubacterial origin (Escherichia
coli, Bacillus stearothermophilus, Bacillus sub-
tilis, Thermus thermophilus, Haemophilus in-
fluenzae, Helicobacter pylori, Thermotoga mari-

tima, Synechocystis sp., Mycoplasma pneumo-
niae, Mycobacterium tuberculosis, Mycoplasma
genitalium, Borrelia burgdorferi). Three origi-
nate from archaea (Methanococcus jannashii,
Methanobacterium  thermoautotrophicum,
Archaeoglobus fulgidus) [9, 23-36]. Four
eukaryotic MetRSs — from Saccharomyces
cerevisiae, Saccharomyces pombe, Caenorhabdi-
tis elegans and Homo sapiens have been se-
quenced [11, 15, 37, 38]. Three organellar
MetRSs were also identified: mitochondrial of
S. cerevisize and S. pombe, and chloroplastic
from Arabidopsis thaliana [39]. Since there
are no structural data on the plant enzyme, we
decided to determine the coding sequence of
rice MetRS. Our study were initiated by iden-
tification of ¢cDNA EST-type sequence (DDB.J
accession number D23020) as being homolo-
gous to C terminus of E. coli MetRS. A 5-
proximal region of this clone was used as a
probe for screening of cDNA library from rice.
Sixteen positive clones were obtained, their
inserts were PCR amplified and analysed by
restriction digestions. The partial sequences
of seven selected inserts were compared with
data bases. This study resulted in identifica-
tion of 1228 bp DNA of clone Mos11. PCR am-
plified Mos11 was digested by EcoRI and Sacl
endonucleases and 417 bp DNA fragment ob-
tained in this way was a probe in second li-
brary screening to clone a missing part of the
sequence. Eleven positive transformants were
isolated and analyzed as above. Two clones:
Mos28 (1693 bp) and Mos43 (1409 bp) were
selected. The digestion of Mos28 insert with
BamHI endonuclease enabled us to isolate a
fragment of 767 bp, which was used further-
more to screen the library in order to identify
the 5' end of the rice sequence. Out of ten posi-
tive clones, a cDNA of about 1700 bp (Mos60)
was isolated.

Three overlapping inserts, Mos43, Mos28
and Mos60, were selected for nucleotide se-
quence determination (Fig. 1). The rice cDNA
is 2850 bp long. It comprises an open reading
frame for 804 amino-acid protein, which con-
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Figure 1. The eDNA for rice MetRS was cloned during three cycles of library screening,

The molecular probes present on the scheme are marked as I, IT and ITT; probes I1 and ITI were prepared from 5' re-
gions of previously isolated clones by digestions with restriction enzymes; Mos11, Mos28, Mos43, Mos60 — isolated
clones; the cDNA fragments selected for sequence analysis are in bold; the length and direction of sequencing for
cDNA fragments (nested deletions) of Mos28 and Mos43 is marked by arrows.

*® *
mrsmge LSHGWIVDGEGRKMSKSLNNVISPEQLIDQF..GVDGT.RYCLLKEMRLD.KDNR
mrsmpn LShGHIVDE:NGIlDISKBLGNVISPE LAQF. .GVDGT.RYCLLKEMRLD. KDNR
mrsate PCHGFLh.KDGMKHEESLGN EPFELVQKF . .GPDAV . R¥FFLREV.EFGNDGD
mrssyn FGHGFLT.KDGOKMGKSL §§DPLBMINRY .GEDAF.RYYFLKEI .EFGKDGD
mrsbst FGHGWLLMKDG. EHBKEK VYDEVMIIDRY..GLDAL.RYYLLREV.EFGSDGY
mrsbsu FAHGWLLMKDG . KMSKSKGNVVDPVTLIERY..GLDEL. RYYLLREV . PFGSDGY
mrstma FAHGWLTV. N OKISE
mrsmtu FAHGFLHNR. E KS GNIUDPVALAEAL-.GHDQv RYFLLREU PFGQDGS
mrstth NVGGFLLGPDGREMSKTLGNVVDPFALLEKY . .GRDAL.RYYLLREI . PYGQDTP
mrshpy CVHGWWTT.EGVKMSKSLGNVLDAQKIAMEY . .GIEEL.] V.PFGQDGD
mrsscm  VVHGHWLC . NGMKMSKS LGNVVDBIDMARYY . . GADIS "LLENS . KLEEDGD
mrsspm LYHSHWTM. NKVKHSHBLﬁnvvJEFWLIEKY..GvDTI RYYLLKRG.RLTSDSN
mrsscc NTTEYLOYENG. KFSKSRGVGVEG. NNAQDSGISES . NWRYYLA . SVRPESSDSH
mrsspc NTTDYLHYETG KFSKSRGVGVEG . NTAQDIGLSPS . VWRYYLL . SSRPETSD'
mrsosa YLNYEAG . KFSKSHGIGVFG . NDAKDTNIPEE . VWRYYLL . TNREEVS
mrshsa 1A EYLNYEDG . KFSKSRGVGVFEG . DMAODTGIPAD. IWRFYLL . YIRPEGQODSA
mrscel CATEYLNYEDT.KFSKSRGTGIFG.DAAQGTEIPAD.IWRFYLL. YMRPESQDTA
mrsbbu SSSEYLNYENL.KFSKSEGTGIFG.NDAITTGIPSD. IWRFYTY.YNRPEKSDFQ
mrseco FVHGYVTV.NGAKMSKSRGTFIKA..STWLNEFDADSL.RYYYTAKLSSRIDDID
mrshin  FAHGYVTV.DGAKMSKSRGTFIQA. .STYLNHIDPECL.RYYYAAKLNDRIEDLD
mrsmija VSGGYLTL.EGREKMSTS] WV. .KDEVKNFDADYL.RYYLIMS . APLFKDCD
mrsmth IAGEYLSL.EGOKMSTSKNWVVWT..SDFLERFDRDLL.RYYLTVN. APLTRDTD
mrsafu VASGMV.KVEGKPFSKSRGYVVWVEEDYLKSGLSPDYL.RYYIVNY . TSHQOKDLN

8 itz
Figure 2. Alignment of the fragment of Oryza sativa predicted amino-acid sequence (osa) with other
known methionyl-tRNA synthetases (mrs).

M. genitalium (mge), M, pneumoniae (mpn), A. thaliana chloroplastic (ate), Synechocystis sp. (syn), B. stearothermo-
philus (bat), B. subtilis (bsu), T. maritima (tma), M. tuberculosis (mtu), T. thermophilus (tth), H. pylori (hpy), 5. cerevi-
siae mitochondrial (sem), 8. pombe mitochondrial (spm), 8. cerevisiae eytoplasmie (sce), 8. pombe cytoplasmie (spe),
H. sapiens (hsa), C. elegans (cel), B. burgdorferi (bbu), E. coli (eco), H. influenzae (hin), M. jannaschii (mja), M. thermo-
autotrophicum (mth) and A, fulgidus (afu). The conserved ,KMSKS"like motif is marked in bold: the residues ho-

mologous to rice sequence are shaded; amino acids which are identical in all compared sequences are marked with
asterisks.
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tains a HLGN (not shown) and KFSKS (Fig. 2)
motifs. They are counterparts of HIGH and
KMSKS proposed earlier as a “signature se-
quences” for class I aaRSs, where methionyl-
tRNA synthetase is a member.

The similarity searching of the EMBL/Gen-
Bank data bases [20] clearly identified
methionyl-tRNA synthetases of yeast, human
and C. elegans as significantly homologous to
rice clone. The data revealed 61.4%, 59.9% and
99.2% of sequence similarity for yeast, human
and C. elegans MetRS, respectively.

C. elegans and rice MetRSs sequences show
the carboxy-terminal extensions. These two
domains were compared and they show 50.6%
identity in the 170 amino acid overlap. The
same analysis was performed for two previ-
ously reported homologues of the C termini of
bacterial and C. elegans MetRSs: yeast protein
G4pl (described also as Arclp) and human
endothelial-monocyte-activating polypeptide
II (EMAPII) [13, 14, 40]. The identity with
yeast protein is 52.1% for 167 amino acid over-
lap, and 52.2% with EMAPII — for the overlap
of 186 amino acids.

The results of sequence analysis confirm
that the obtained rice ¢cDNA comprises the
coding region for plant methionyl-tRNA syn-
thetase.

We thank Dr. Yoshiaki Nagamura for pro-
viding the rice cDNA clone C2054 and Dr. Ma-
ciej Szymarnski for help with computational
analysis,
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