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The amino acid sequence of rat ribosomal protein L18a was deduced from the sequence of nucleotides in a recombinant

c¢DNA. Ribosomal protein L18a contains 175 amino acids and has a molecular mass of 20047 Da. Hybridization of

the cDNA to digests of rat nuclear DNA and to a preparation of poly(A)* mRNA suggests that there are 8-11 copies

of the L18a gene and that the mRNA for the protein is about 700 nucleotides in length. Rat L18a is related to Schizo-
saccharomyces pombe 117 and perhaps to Halobacterium marismortui L19.

Ribosomal protein L18a; Amino acid sequence; cDNA; Evolution; (Rat)

1. INTRODUCTION

We and others are engaged in an attempt to ob-
tain a solution to the structure of eukaryotic
ribosomes. The motivation for this undertaking is
the belief that knowledge of the structure is essen-
tial for a rational, molecular account of the func-
tion of the organelle in protein synthesis. No
solution of the structure is possible without the se-
quence of nucleotides and amino acids in the con-
stituent nucleic acids and proteins. A commitment
has been made to the acquisition of this data for
mammalian (rat) ribosomes. The covalent struc-
ture of the four species of RNA and the sequence
of amino acids in 26 of the 70 to 80 proteins have
been determined either directly or they have been
deduced from the sequence of nucleotides in
recombinant cDNAs (cf. [1] for references). We
report here the structure of rat ribosomal protein
L18a which we have inferred from the sequence of
nucleotides in a recombinant cDNA.

Correspondence address: 1.G. Wool, Department of
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The nucleotide sequence presented here has been submitted to
the EMBL/GenBank data base under the accession no. Y07499

2. EXPERIMENTAL

The recombinant DNA procedures and the methods used to
determine the sequence of nucleotides in the nucleic acid were
either described or cited before [2].

3. RESULTS AND DISCUSSION

A recombinant ¢cDNA was isolated from a
library prepared from poly(A)* mRNA and provi-
sionally identified by hybridization-selection and
translation as encoding ribosomal protein L18 [3].
The sequence of nucleotides had an open reading
frame but the location of the initiation codon
could not be established and there was no termina-
tion codon; moreover, the deduced sequence in the
cDNA insert did not correspond to the
NH,-terminal amino acid sequence of L18 (results
not given). A reexamination of the identity of the
translation product revealed that on one-
dimensional SDS gel electrophoresis the protein
co-migrated with rat ribosomal protein L18a and
not L18 (fig.1); in two-dimensional urea gels it is
hard to distinguish these two proteins. The ten-
tative conclusion at the time was that the in-
complete ¢cDNA encoded part of the rat L18a
sequence, not L18; however, we were unable to
confirm this suspicion immediately because we
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Fig.1. Analysis of the product of the translation of the hybrid-
selected mRNA. A reticulocyte lysate (10 xl) was incubated with
hybrid-selected mRNA (selected with the DNA insert in
pL18a-2) and extracted with 67% acetic acid and the protein
precipitated with 90% acetone. Electrophoresis was in SDS
polyacrylamide gels: (A) Coomassie brilliant blue stain of all
the proteins of the 60 S ribosomal subunit; (B) fluorography of
the [**S]methionine labeled product of the translation of the
hybrid-selected mRNA. The bands that contain L18 and L18a
are designated on the left.

could not isolate, and therefore could not se-
quence, L18a. A search of our library revealed that
the amino acid sequence encoded in the putative
L18a cDNA insert was related to an NH;-terminal
fragment of Schizosaccharomyces pombe 117 [4].
What is important here is that the amino acid com-
position of S. pombe L17 [4] was similar to that of
rat L18a [5]. It appeared then that the cDNA, now
designated pL18a-1, encoded ribosomal protein
L18a (not L18) and that it was related to S. pombe
L17 (see later). This encouraged us to synthesize an
oligodeoxynucleotide [6], a 20-mer, that repro-
duced a portion of the original cDNA sequence,
and to use it to screen a new cDNA library of
30000 independent transformants constructed
from poly(A)* mRNA prepared from regenerating
rat liver [2]. Eight colonies gave a positive
hybridization signal.. The DNA from these

FEBS LETTERS

April 1989

plasmids was isolated, digested with restriction en-
donucleases, and analyzed by gel electrophoresis.
Southern  blot  hybridization  with  the
oligonucleotide probe confirmed that the inserts
contained ¢cDNA for L18a. One of the clones,
designated pL18a-2, was selected and the se-
quences of nucleotides in both strands of the
¢DNA, and overlapping sequences for each restric-
tion site, were obtained.

The ¢DNA insert in pL18a-2 contains 580
nucleotides and includes a 5’-noncoding sequence
of 27 nucleotides, a single open reading frame, and
a 3'-noncoding sequence of 25 nucleotides (fig.2).
The open reading frame of 528 nucleotides begins
at an ATG codon at a position that we designate
+1 and ends with a termination codon (TAG) at
position 526 (fig.2). The initiation codon occurs in
the context GCUAUGA which differs from the op-
timum ACCAUGG [7). The 3'-noncoding se-
quence has the hexamer AATAAA (positions
546—551), presumed to be the recognition sequence
directing  post-transcriptional  cleavage-poly-
adenylation of the 3’-end of pre-mRNA [8].

The reading frame in pL18a-2 specifies a protein
of 175 amino acids (fig.2). This protein was iden-
tified as rat ribosomal protein L18a in the follow-
ing way: translation of mRNA selected by
hybridization to pL18a-1 led to the identification,
by gel electrophoresis, of the product as encoding
L18a (fig.1); and by the congruence of the amino
acid composition inferred from the cDNA to that
previously derived [5] from a hydrolysate of
purified L18a (table 1).

The molecular mass of rat L18a is 20047 Da
close to that of 21300 Da estimated from the
migration of the purified protein in SDS gels [5].
We do not know if the NH»-terminal methionine
encoded in the L18a mRNA is removed after
translation. However, the residue next to the in-
itiator methionine is lysyl which has been reported
[9] to protect against NH-terminal processing;
hence, we predict that the methionine is retained in
the protein.

The ¢cDNA insert in pL18a-2 was made radioac-
tive and used to probe digests made with restriction
endonucleases (BamHI, EcoRl, or HindIIl) from
rat liver nuclear DNA [10]. The number of
hybridization bands suggest that there are 8—11
copies of the L18a gene (fig.3A). Other mam-
malian ribosomal protein genes have been found to
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Fig.2. The sequence of nucleotides in the cDNA inserts in plasmids pL18a-1 and pL18a-2 and the amino acid sequence encoded in
the open reading frame. The position of the nucleotides in the cDNA inserts is given above the residue; the position of amino acids
in protein L18a is designated below the residue. The start and the termination sites of pL18a-1 and pL. 18a-2 are designated by arrows.

Table 1

Amino acid composition of L18a

Amino acids A B
Alanine 16 12
Arginine 15 19
Aspartic acid and asparagine 9 3+4
Cysteine n.d. 8
Glutamic acid and glutamine 11 6+4
Glycine 17 10
Histidine 7 6
Isoleucine 6 6
Leucine 8 7
Lysine 16 15
Methionine 4 6
Phenylalanine 8 8
Proline 13 11
Serine 12 15
Threonine 10 13
Tryptophan n.d. 2
Tyrosine 5 8
Valine 12 12
Residues 175

The amino acid composition (in numbers of residues) of rat
ribosomal protein L18a was determined either (A) from an
analysis of a hydrolysate of the purified protein [5] or inferred
(B) from the sequence of nucleotides in a recombinant cDNA
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be present in multiple copies [11]. However, in no
instance has it been shown that more than one of
the genes is functional [12—14]. The presumption is
that for each ribosomal protein the genome con-
tains only one gene that is expressed and that the
other copies are non-functional pseudogenes.

To determine the size of mRNA coding for
L18a, poly(A)* mRNA from rat liver was
separated by electrophoresis and screened for
hybridization bands using radioactive pL18a-2
c¢DNA. One distinct band was detected, the size
being about 700 bases in length (fig.3B).

The order of amino acids in L.18a was com-
pared, using the computer program RELATE [15],
to more than 330 other ribosomal protein se-
quences in a library that we have compiled. The
comparison that yielded the highest score was with
an NH;-terminal fragment of 45 residues from S.
pombe L17 (11.9 SD units) [4]. An alignment of
rat L18a with the NHa-terminus of S. pombe L17
reveals 22 identities of 45 possible matches for a
score of 16.14 SD units (fig.4). Moreover, there are
four pesitions at which the amino acid changes are
conservative. It is most likely that the two proteins
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Fig.3. Hybridization of ribosomal protein L18a cDNA to rat
genomic DNA and to poly(A)* mRNA. In A, rat nuclear DNA
(10 ug) was digested with restriction enzymes: HindIII (lane 1);
EcoRI (lane 2); or BamHI (lane 3). The digests were resolved
by electrophoresis in 0.7% agarose gels and transferred to MSI
nylon filters. Uniformly labeled radioactive L18a cDNA insert
from pL18a-2 was hybridized to the immobilized genomic
DNA. The position to which DNA standards of the size
designated (in kilobase pairs) migrate is shown to the left. In B,

the nnleA\"' mRNA (1 .0) prenared from rat liver wag treated

UAC POIYRA,)  IMRINA (2 487 PICPareQ Irom rat lver was ireaicc

as descrlbed before [10] and hybridized to radioactive L18a
c¢DNAs as above. The size of the mRNA was estimated by
comparison {0 the Auubuuy in the same 5:] of DNA restriction

fragments.

are homologous, i.e. related to a common

ancagtral cana
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The other comparison that yields a significant
score (5.64 SD units) is with a fragment of
Halobacterium marismortui L19 [16]. In the align-
ment there are 6 identities out of 23 possible

1 10 20

1 ] ]
ERTL18A MKASGTLREYKVVGRCLPTP
ESPL17. - - - - ~ ALKZYZVVGRKVPT?Z
Common L. Y VVGR PT

FEBS LETTERS

R
N O
o

April 1989

matches; the score is 5.46 SD units. The com-

PR s Annlclnm no tn whathar vat

parlson does not allow a decision as to whether rat
L18a and H. marismortui L19 are related; that will
have to await completion of the amino acid se-
quence of the latter.

The determination of the sequence of amino
acids in rat L.18a is a contribution to a set of data
which it is hoped will eventually encompass the

kst AR SV Joy a2 wilcncmns ~AF sl

structure of all the protwcins i the ribosomes of this
mammalian species. The primary motivation for
the accumulation of these data is the value it must
have in arriving at a solution of the structure of the
organelle. However, the information may also help
in understanding the evolution of ribosomes, in
unraveling the function of the proteins, in defining
the ruies that govern the interaction of the proteins
and the rRNAs, and in uncovering the amino acid
sequences that direct the nrnfpmc to the nucleolus

for assembly on nascent rRNA.
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