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The primary structure of rat ribosomal protein S7
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The amino acid sequence of the rat 408 ribosomal subunit protein S7 was deduced from the sequence of nucleotides in two recombinant cDNAs

and confirmed from the amino acid sequence of a cyanogen bromide peptide obtained from the protein. Ribosomal protein $7 has 194 amino

acids and has a molecular mass of 22 113. Hybridization of the cDNA to digest of nuclear DNA suggests that there are 14-16 copies of the S7

gene. The mRNA for the protein is about 725 nucleotides in length. Rat S7 is homologous with Xenopus laevis S8. The protein contains a possible
internal duplication of 10 residues.

Ribosomal protein $7 (rat); Amino acid sequence; cDNA

1. INTRODUCTION

An effort is underway to determine the sequences of
amino acids in all of the proteins in the ribosomes of
a single mammalian species, the rat [1]. Knowledge of
the structure of ribosomes is presumed to be essential
(albeit perhaps not in itself sufficient) for a rational,
molecular account of the function of the organelle. As
a part of this endeavor we report here the covalent
structure of rat ribosomal protein S7 which we have in-
ferred from the sequences of nucleotides in recombi-
nant cDNAs.

2. EXPERIMENTAL

The recombinant DNA procedures and the methods used to deter-
mine the sequence of nucleotides in nucleic acids were either describ-
ed or cited before [2,3].

3. RESULTS AND DISCUSSION

A random selection of 24000 cells from two cDNA
libraries of 20000 and 30000 independent transfor-
mants that had been constructed from regenerating rat
liver poly(A)* mRNA [3] was screened for clones that
hybridized to a ¢DNA (generously provided by F.
Amaldi) encoding Xenopus laevis ribosomal protein S8
[4]. Related rat and X. /aevis ribosomal proteins have
similar sequences of amino acids [1]. Five clones gave
a positive signal on hybridization with the probe. The
DNA from the plasmids of the 5 transformants was
isolated and digested with restriction endonucleases.
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These clones had inserts that were either approx. 430 or
550 nucleotides in length and Southern blot hybridiza-
tion with the probe indicated that the inserts might con-
tain cDNA for a protein related to X. /lgevis S8. The
sequences of nucleotides were determined in both
strands of the cDNA inserts in the plasmids designated
pS7-1 and pS7-3 and in overlapping sequences for each
restriction site. The open reading frame in pS7-1 lacks
the codons for the 69 carboxyl-terminal amino acids
and pS7-3 lacks the NH,-terminal 43 residues; together
they encode the entire protein. For convenience we
refer to them as pS7-1,3.

The c¢DNA insert in pS7-1,3 contains 670
nucleotides; it includes a 5’ noncoding sequence of 35
nucleotides, a single open reading frame of 585
nucleotides, and a 3’ noncoding sequence of 50
nucleotides with a terminal poly(A) stretch (Fig. 1). In
the other two reading frames the sequence is inter-
rupted by termination codons. The open reading frame
begins at an ATG codon at a position that we designate
+1 and ends with a termination codon (TAA) at posi-
tion 583; it encodes 194 amino acids (Fig. 1). The initia-
tion codon occurs in the context GCCAUGU which
deviates from the optimum ACCAUGG [5]. The 3’
noncoding sequence has the hexamer AATAAA (posi-
tions 598—-603) which is the recognition sequence
directing post-transcriptional cleavage and
polyadenylation of the 3’ end of pre-mRNA [6].

The first eight nucleotides of the S7 cDNA (positions
—28 through -35 in Fig. 1) are pyrimidines, i.e.
CTCTTTCT. Pyrimidine sequences are present at the
5" end of many eukaryotic ribosomal protein mRNAs
[1] and may play a role in the regulation of their
translation.

The protein specified by the reading frame in pS7-1,3
was identified, in the first instance, from the amino
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Fig. 1. The sequence of nucleotides in the ¢cDNA inserts in plasmid pS7-1 and pS7-3 and the amino acid sequence encoded in the open reading
frame. The positions of the nucleotides in the cDNA inserts are given above the residue; the positions of amino acids in protein S7 are designated
below the residue; the start and stop sites for pS7-1 and pS7-3 are indicated by the vertical of the bent arrows.

acid composition (Table I) which closely approximates
that derived before from a hydrolysate of rat ribosomal
protein S7 [7]. The NH; terminus of S7 appears to be
blocked since no reaction was obtained with dansyl
reagent and no residues were obtained when the protein
was analyzed in an automated gas phase sequencer. For
this reason, S7 was cleaved with cyanogen bromide and
a large peptide was prepared by high performance li-
quid chromatography. From the sequence of amino
acids inferred from the cDNA two peptides were ex-
pected; the larger, derived from carboxyl terminus,
should contain 162 residues. The sequence at the NH,
terminus of this peptide was NSDLKAQLRELNITA
which corresponds exactly to 15 residues (positions
33-—-47) arrived at from the cDNA.

The molecular mass of rat ribosomal protein S7,
calculated from the sequence of amino acids deduced
from pS7-1,3 is 22113, very close to that of 22200
estimated from the migration of the purified protein in
sodium dodecyl sulfate gels [7]. Since the NH; terminus
of S7 is blocked, we do not know whether the
NH:-terminal methionine encoded in the S7 mRNA is
removed after translation.

Protein S7 lacks cysteine and tryptophan and has an
excess of basic residues (14 arginyl, 24 lysyl, and 4
histidyl) over acidic ones (7 aspartyl and 16 glutamyl)
(Table I). As has been noted before for ribosomal pro-
teins, the basic residues tend to be clustered; for exam-
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ple, 12 of 23 residues at positions 98—120 are basic.
There are two prominent hydrophilic regions in S7;
residues 10—20 and 98-120.

The cDNA inserts in pS7-1 and pS7-3 were made
radioactive and used to probe digests made with restric-

Table 1

Amino acid A B
Alanine 12 10
Arginine 13 14
Aspartic acid and asparagine 15 7+7
Cysteine ND 0
Glutamic acid and glutamine 24 16+ 10
Glycine 14 10
Histidine 4 4
Isoleucine 13 14
Leucine 18 18
Lysine 22 24
Methionine 2 2
Phenylalanine 10 11
Proline 9 9
Serine 10 13
Threonine 8 7
Tryptophan ND 0
Tyrosine 2 1
Valine 18 17
Residues 194

The amino acid composition (in numbers of residues) was determined
either (A) from an analysis of a hydrolysate of purified S7 [7] or
inferred (B) from the sequence of nucleotides in a recombinant cDNA
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tion endonucleases (BamHI, EcoRI, or HindIll) from
rat liver DNA [3]. The number of hybridization bands
suggest that there are 14—16 copies of the S7 gene (data
not shown). Many other mammalian ribosomal protein
genes have been found to be present in multiple copies
(cf. [1] for references and discussion). However, in no
instance has it been shown that more than one of the
genes is functional; the presumption is that the other
copies are pseudogenes.

To determine the size of the mRNA coding for S7,
total poly(A)* mRNA from rat liver was separated by
electrophoresis and screened for hybridization bands
using radioactive pS7-1 and pS7-3 cDNAs. One distinct
band of about 725 nucleotides was detected (data not
shown).

The sequence of amino acids in rat ribosomal protein
S7 was compared, using the computer programs
RELATE and ALIGN [8], to the sequences of amino
acids in more than 500 other ribosomal proteins con-
tained in a library that we have compiled. The com-
parison that yielded the highest RELATE score (70.7
SD units) was with X. /aevis S8 [9]. In an alignment of
the amino acid sequences there are 189 identities in 194
possible matches (the ALIGN score is 82.1). The dif-
ferences are at positions 4 (T in X. laevis S8 instead of
the Sin rat S7); at 55 (A instead of G); at 135 (Y instead
of F); at 142 (R instead of K); and at 186 (V instead of
N). The two proteins obviously are homologous, i.e.
derived from a common ancestral gene.

The sequence of amino acids in 87 was searched for
internal duplications. There is a possible repeat at posi-
tions 85-94 (KKFS GKHVVF) and 178-187
(KKLTGKDVNF); in these two stretches of 10 amino
acids there are 6 identities (_) and one related ()
residue. It is difficult to know whether the similarity is
significant and if it is what the function of these se-
quences are. We note, however, that a number of rat
ribosomal proteins have similar duplications [1].
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The determination of the sequence of amino acids in
rat S7 is a contribution to a set of data which it is hoped
will eventually include the structure of all the proteins
in the ribosomes of this mammalian species. The
primary purpose for the accumulation of this data is to
use it to arrive at a solution of the structure of the
organelle. However, the information may also help in
understanding the evolution of ribosomes, in unravel-
ing the function of the proteins, in defining the rules
that govern the interaction of the proteins and the
rRNAs, and in uncovering the amino acid sequences
that direct the proteins to the nucleolus for assembly on
nascent rRNA.
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