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ABSTRACT

In this paper, we report the cloning and sequencing of
the C.elegans histidyl-tRNA synthetase gene. The
complete genomic sequence, and most of the cDNA
sequence, of this gene is now determined. The gene
size including flanking and coding regions is 2230
nucleotides long. Three small introns (45 - 50 bp long)
are found to interrupt the open reading frame. The open
reading frame translates to 523 amino acids. This
putative protein sequence shows extensive homology
with the human and yeast histidyl-tRNA the histidyl-
tRNA synthetase gene is a single copy gene. Hence,
it Is very likely that it encodes both the cytoplasmic and
the mitochondrial histidyl-tRNA synthetases. It is likely
to be trans-spliced since it contains a trans-splice site
in its 5’ untranslated region.

INTRODUCTION

Aminoacyl-RNA synthetases form a family of enzymes which
are essential for protein synthesis. These enzymes transfer amino
acids to their cognate tRNA through a two step reaction. First,
the enzyme catalyzes the binding of the appropriate amino acid
to adenosine triphosphate (ATP) to produce an amino acid
adenylate complex. Second, the enzyme catalyzes the transfer
of the amino acid to its cognate tRNA (1). There are 20 distinct
aminoacyl-tRNA synthetases in every living cell, one for each
naturally occurring amino acid (1).

Although aminoacyl- tRNA synthetases have been investigated
in a number of prokaryotes and eukaryotes, little is known about
them in the nematode Caenorhabditis elegans. In this paper we
report the cloning and characterization of the C.elegans histidyl-
tRNA synthetase gene.

MATERIALS AND METHODS

Caenorhabditis elegans var Bristol, strain N2 was the organism
used in this study. The nematodes were maintained on NGM
plates supplemented with E. coli strain OP50 as a food source (2).

Picking random clones from a C.elegans lambda Zap cDNA
library

A C.elegans lambda Zap cDNA library (Stratagene) was provided
by R.Barsttcad and R.Waterston, Washington University,
Missouri. Approximately ten thousand phage were plated
according to the Stratagene protocol. Fifty phage were randomly
picked and plasmids (pBluescript) for twenty-nine of them were
excised, using the Stratagene protocol. Twenty-three of these
plasmids contained cDNA inserts ranging from 400 to 1600 bp.
Plasmid #29 which contained a 420 bp cDNA insert was chosen
for sequencing.

Screening the lambda Zap cDNA library

A C.elegans Lambda Zap cDNA library was screened with the
420 bp cDNA fragment contained in plasmid #29. Using the
method of Benton and Davis (3), three rounds of screening were
carried out and the plasmids from two phage isolated were excised
according to the Stratagene protocol. The two plasmids obtained
were called #3-1 and #6-1 and contained 1.5 and 1.4 kb cDNA
inserts, respectively.

Preparation of plasmid DNA

Plasmid DNA was prepared using a modified alkaline lysis
protocol (Pharmacia Miniprep Kit plus). The DNA extracted with
this method was used for both restriction digests and sequencing
reactions.

Preparation of cosmid DNA

Cosmids were provided by A.Coulson and J.Sulston of The
Medical Reasearch Council (4), Cambridge, England. Cosmid
DNA was prepared using a standard protocol as out lined by
Maniatis et al (5).

Restriction enzyme digestion

All restriction enzymes were purchased from either Bethesda
Research Laboratories (BRL) or from Pharmacia. The amount
of restriction enzyme and the reaction buffers used were those
recommended by the manufacturer.
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Southern blots
Southern blots were prepared using a standard protocol (5).

Preparation of DNA fragments for oligolabelling

Cloned DNA for oligolabelling was prepared by applying the
low melting Seaplaque GTG agarose gel protocol as described
by FMC Bioproducts. All of the probes used in this study were
labeled with 32P-dATP using the oligolabelling technique of
Feinberg and Vogelstein (6). Random hexamer primers were
obtained from Pharmacia. The specific activity of probes varied
from 1x108 to 2.0X 109 cpm/ug. Hybridization of probes to
DNA filters was carried out as described in (7).

Subcloning

Subcloning was conducted by utilizing the shotgun method (8).
The ligation reactions of all EcoR1 fragments to EcoR1 digested
plasmid (pBluescript SK*) were carried out as previously
described by Snutch (8). The transformation procedure was
carried out as described in the BRL transformation protocol.

Oligonucleotides

Oligonucleotide primers were designed from the cDNA sequence
as it became available. The oligonucleotides were designed using
the program OLIGO (9). The oligonucleotides were on average
18 nucleotides in length and were synthesized on an ABI
synthesizer. Commercially available T3 and T7 primers were
used to sequence the 420 bp EcoRI cDNA fragment (plasmid
#29) and the ends of 1.5 cDNA fragment (plasmid #3-1).
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Sequencing methodology

DNA sequencing was performed using the dideoxy termination
method of Sanger et al. (1975) (10). Templates were sequenced
as described by Hattori and Sakaki (11) using Sequenase version
2.0 kit reagents(USB), following the recommendations of
T.Snutch (personal communication).

All DNA and protein sequence analyses were conducted using
the following computer programs: (I) FASTA (12), (I) PC/Gene
(the nucleic acid and protein sequence analysis software system:
A.Bairoch/University of Geneva; (TM) IntelliGenetics Inc. and
Genofit SA., (IIT) ESEE (The Eyeball Sequence Editor) (13).

RESULTS

Recovery of a cDNA fragment that encodes a portion of the
C.elegans his-tRNA synthetase gene

A 420 bp cDNA was serendipitously recovered (see materials
and methods) from a C.elegans lambda Zap cDNA library
B.Barstead and R.Waterston, Washington University, Missouri).
This 420 bp fragment was found to encode a portion of the
C.elegans histidyl-tRNA synthetase. This fragment was
sequenced; the 420 bp coding nucleotide sequence was translated
and the predicted peptide sequence was used to search the
translated EMBL and SWISS PROT 13 data banks. The predicted
peptide showed extensive homology with the human histidyl-
tRNA synthetase amino acid sequence. The fragment showed
70.9% amino acid identity in a 177 amino acid overlap and 88%
similarity when conservative changes were taken into

AGAACTGAAGGTGTTAATTGAGTACCTCAATGTCGATGGAGTGACCACTGTTCG 841
AGAACTGAA TAATTGAGTACCTCAATGTCGATGGAGTGACCACTGTTCG 1350

* -

AAGCTCTTGAAGGAACTGCTGTTGAAAACTCAGAGG 945

YEPSLARGLDYYTGATIYEAVATP

LI R R 2 R T T T Y * x *

B WN -

ATACTGCTGGACA. AGGATCAGTAGCT

T LV

*

NN I VR

* *

TAACGTCAATTCCAGTATGCCTGA CGTATTCCGTCTTGCTATTGTTATTA

ATACGAACCATCCCTTGCCAGAGGTCTTGATTATTATACAGGTGCAATCTAT! TCCTAgtatgtttttasatat

TACGATGGATTGGT TAAAATGT TCGACTCAAAAGCCAATGT TCCATGTTGCGGTGTTTCTTTTGGTATCGA

tgtttaatt TCT GTT!

GG 1500
K ALEGTA AVENSE 35

TTGCTATC. TCGAC 1095

ATACTGCTGGACAACCAGTCGGAGTAGGATCAGTAGCTGCCGGTGGACGATACGATGGATTGGTTAAAATGTTCGACTCAAAA

CAATGTTCCATGT mwevnT

TTGCTATC 1650

DTAGOPVGVGSVAAGGRVDGLVKH?_DSKAIIVPCCGVSFGIERLFA!HEAI 375
M3

- *

AGAMGTTGCCATTCGTACGACGCAMCCWGTCTATG"GCATCTGCTCAMAGMTTTGGTCAGWTCGCAAWGTTGGTMAGAYBCTYmfCTGCTGGAACYCMGMCTWMTGGCANMAW?MTCM"GV 1245
AGAAAGTTGCCATTCGTACGACGCAAACCGAAGTCTATGTTGCATCTGCTCAAAAGAAT T TGRTCAGGGATCGCAAGAAGT TGGTAAAGATGCT TCGATCTGCTGGAACTCAAGGACT GAAAATGGCACT GAAGGCTAATCCGAAATTGT 1800
@KVAIRTTQTEVYVASAQKNLVRDRKEKLVYKMNLRSAGTO QGLEKMALTEKANEPEK.L 425

S WN -

W -

vVIIiI1IHIISCFI1DFCI!IVGV ™

S WN -

AAGATGAGTGT! A ACAG 1358
TAACGTCAATTCCAGTATGCCTGAGGAAAGACCGTATTCCGTCTTGCTATTGT TATTATGAGAGCAGAGCTAAGATGAGTGT AATGT tee 11444 1950
LTSITPVCLRKDRIPSCYCYYESRAKMSVSAKCVTRDES® Q 463

ACTATTAAACTCGACCAGCTGATCACTGCCGTTCGTGACACTCTTGCGCCCTCTAAACAATCGATAATTTCTTGTTTTCTTAGCTTTCTAATTCTCTGCGT TCACCTCACTTCAGCTTTTATGTCCCTCTTTCCA 1493
ttasaatattttcagACTATTAAACTCGACCAGCTGATCACTGCCGT TCGTGACACTCTTGCGCCCTCTAAACAAY CGATAATTTCTYGTTTTCTTAGCTTTCTAATTCTCTGCGTTCACCTCACTTCAGCTTTTATGTCCCTCTTTCCA 2100
TI1KXKLDAQ@LITAVRDTLAPSK @STITIITISCEFLSFLTILCVHLTSATFMSLTFTP S08

GYCAYCATMYTCAI’AT"CCYG"YTATTGA'I’T'I’YTGCATAGTCGG‘I’G"YMCTTGTTTGT"TTCTCCT"TTY'I’G"CCAGATTTCAYAT\'TAHTTTG"GG"TWAA"CMC‘"ATCACMM_ 1634
GTCATCATAATTCATATTTCCTGTTTTATTGATTTTTGCATAGTCGGTGTTTGACTTGTTTGTTTTTCTCCTTTTTTTGTTCCAGATTTCATATTTATTTTTGTTGGTTTGAAAATTCAGAACT TATCAC 2230

525

Figure 1. Most of the cDNA sequence (1), the genomic sequence (2), the deduced amino acid sequence (3) of the C.elegans histidyl-tRNA synthetase gene are
shown. Lower case letters indicate the 5’ untranslated region and the location of the three introns identified. The putative TATA box, (tatta), the CCAAT box,
(ccaaat), the trans-splice site (tttttcag), the three motifs (M1, M2, M3) are underlined, as is the poly (A) tail. The (*) (4) shows identical amino acids among C.elegans,

human, and S.cerevisiae histidyl-tRNA synthetases.
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consideration. The high degree of similarity suggested that this
420 bp cDNA represents a portion of the coding sequence for
the C.elegans histidyl-tRNA synthetase gene.

Screening a C.elegans cDNA library for larger cDNA
fragment(s) using the 420 bp cDNA as a probe

The recovered 420 bp 32P labeled cDNA was used as a probe
to screen the C.elegans Lambda Zap cDNA library in order to
recover additional cDNAs. Approximately twenty thousand phage
were screened resulting in the recovery of two cDNAs of 1.4
kb and 1.5 kb (Data not shown). Both cDNAs were found to
contain sequences corresponding to the C.elegans histidyl-tRNA
synthetase gene, however neither cDNA was full length. The
1.5 kb cDNA fragment was chosen and used to continue the
sequencing process.

The nucleotide sequence from the 1.5 kb fragment was
subsequently found to overlap with the sequence of the 420 bp
cDNA fragment.

Probing C.elegans genomic DNA digested with EcoR1 with
the 420 bp cDNA

The search for the genomic DNA fragment containing the
C.elegans histidyl-tRNA synthetase gene necessitated deter-
mination of the size of the genomic fragment(s) containing all
or part of the gene. A Southern blot containing C.elegans EcoR1
digested genomic DNA, probed with the 420 bp 32P labeled
¢DNA resulted in probe hybridization to a 5.5 kb EcoR1 genomic
fragment (figure 1), and suggests that the C.elegans histidyl-tRNA
synthetase gene is probably present in a single copy.

Cosmid CO4G1 contains genomic DNA corresponding to the
C.elegans histidyl- tRNA synthetase gene

The overlapping region identified by the four YACs on the
physical map was best covered by the cosmid CO4G1 (results
not shown). A Southern blot of EcoR1 digested cosmid CO4G1
DNA probed with the 420 bp 32P labeled cDNA resulted in
hybridization to a 5.5 kb EcoR1 genomic fragment. This result
was consistent with that obtained from probing C. elegans EcoR1
digested genomic DNA with the same probe. Thus, the cosmid
CO4G1 contains the genomic DNA corresponding to the
C.elegans histidyltRNA synthetase gene. The 5.5 kb EcoR1
genomic fragment containing the gene was subsequently
subcloned into pBluescript SK+ for further analysis.

cDNA sequence

The sequences from both the 420 bp and the 1.5 kb cDNA
fragments were found to overlap with each other. The 1.5 kb
¢DNA fragment was found to contain a poly A tail marking the
3’ end of the gene. Combining the nucleotide sequence from the
two cDNA fragments, a sequence of 1770 nucleotides
corresponding to the C.elegans histidyl-tRNA synthetase gene
was obtained. This sequence, however, is missing the 5' initiating
methionine.

Obtaining the genomic DNA sequence corresponding to the
C.elegans histidyl-tRNA synthetase gene

Synthetic oligonucleotides designed from the cDNA sequence
were used to obtain the sequence of interest from the 5.5 kb
EcoR1 genomic fragment subcloned from cosmid CO4Gl.
Genomic sequence corresponding to the 5’ untranslated region,

coding region, and 3’ untranslated region of the C.elegans
histidyl-tRNA synthetase gene was obtained (figure 1). The
genomic sequence corresponding to the coding region of the gene
exactly matches the cDNA sequence except where interrupted
by introns. The genomic sequence contains an open reading frame
interrupted by three small introns (47—52 bp long, figure 1).
The coding sequence of the C.elegans histidyl-tRNA synthetase
translates to a putative protein sequence of 525 amino acids. The
3’ untranslated region of the cDNA sequence contains a poly(A)
tail. However, a consensus poly(A) addition site was not found
in the cDNA and genomic sequences corresponding to the 3’
untranslated region.

DISCUSSION

The C.elegans histidyl-tRNA synthetase gene is a single copy
gene

Southern experiments have shown that the C.elegans histidyl-
tRNA synthetase gene is present in a single copy in the genome.
In eukaryotic cells studied previously two forms of synthetases
have been found. Distinct cytoplasmic and mitochondrial
synthetases are required for normal development and viability
of the organism (14). In yeast, it was shown that a single structural
nuclear gene can encode both the cytoplasmic and the
mitochondrial histidyl- and valyl-tRNA synthetases (15,16). In
the case of C.elegans it appears that the histidyl-tRNA synthetase
gene is a single copy gene, and probably encodes both the
cytoplasmic and the mitochondrial synthetase functions.

Analysis of the genomic DNA sequence of the C.elegans
histidyl-tRNA synthetase gene

The complete DNA sequence of the histidyltRNA synthetase
gene from the nematode C.elegans has been determined (figure
1). The size of this gene including the flanking and coding
sequences is 2230 nucleotides. This gene contains an open reading
frame interrupted by three small introns (47 —53 bp). The position
of each of the three introns has been identified by comparing
the genomic sequence to the partial cDNA sequence (figure 1).

Examination of the 5’ untranslated region of the gene shows
a putative TATA box, (TATTA), and a putative CCAAT box,
(CCAAAT). In most eukaryotic genes, these two consensus
sequences indicate the promoter region of the gene (17). Thus,
the presence of the TATTA and CCAAAT boxes provides
evidence that the 5’ untranslated region contains the promoter
region of the C. elegans histidyltRNA synthetase gene. The 5’
untranslated region has also been found to contain a splice site
(TTTTTCAG). This suggests that this gene may be trans-spliced.
The trans-splicing phenomena has been well characterized in the
protozoan Trypanosome bruci where all mature mRNAs contain
a 35 nucleotide leader sequence at their 5’ end (18). In C. elegans
about 10 to 15% of the genes have been estimated to be trans-
spliced (19). The C.elegans histidyl-tRNA syntheses gene predicts
a protein of 525 amino acids which shares extensive homology
with both the human and S. cerevisiae histidyl-tRNA synthetase
protein sequences (figure 1).

The C.elegans putative protein sequence exhibits the three
signature motifs characteristic of class II synthetases (20) (figure,
1). The presence of these motifs in the C. elegans protein sequence
further confirms the notion that class II synthetases have arisen
from a common ancestral gene (20).
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