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A cDNA clone has been isolated whose coding potential is significantly homologous to the yeast
ribosomal protein S31. The single copy genomic gene contains a 271 bp intron immediately
downstream from the ATG translation initiation codon and is flanked by cannonical exon/intron
junctions. The intron carries a CAATCAAT motif which has been described as inducer element for
discoidin I'y expression and which has also been found within the intron of the rp29 gene form D.
discoideum. The deduced protein contains 110 amino acids and is slightly basic. ¢ 1933 acadenic

Press, Inc.

Ribosomal proteins belong to a group of high abundant cellular proteins. Sufficient supply of
these proteins is either acchieved through redundant genetic information or through highly efficient
gene expression. Thus, several eucaryotic organisms are known to contain multiple copies of some
of their ribosomal protein genes (1, 2, 3), although frequently at least some of these copies appear
to be pseudogenes (4). In other eucaryotes ribosomal protein genes have been found to be single
copy, including those which have been cloned from Drosophila melanogaster (S, 6) and a few
from yeast (7, 8).

The genes for all ribosomal proteins from the cellular slime mold Dictyostelium discoideum so
far examined are present in a single copy per haploid genome (9). Analysis of these genes has
revealed several features which are characteristic for D. discoideum genes, and some which have
been found in ribosomal protein genes of other eucaryotes, as well. Here we report the structure of
a single copy gene from D. discoideum, designated rp12, encoding a protein homologous to the
yeast ribosomal protein S31.

MATERIALS AND METHODS
Strains and Plasmids

The axenic Dictyostelium discoideum strain AX-2 was grown in HL-5 medium (10). Lambda
gt11 phage was propagated in E. coli strain Y1090 (lacU 169, proA*, Alon, araD 139, strA, supF
trpC 22:Tn 10 (pMC 9)) which was grown in Luria Broth supplemented with ampicillin at a
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concentration of 50pg/ml (11). Plasmid DNAs were amplified in E. coli strain DH5« (endAl,
hsdR17(rk- mk*), supE44, thi-1, A, recAl, gyrA96, relAl, A (arg, lacZYA) U196, ¢80, A lacZ
A M15) (12).

Isolation and Sequencing of rp12 clones

Poly A™ messenger RNA was isolated from growing D. discoideum cells. Synthesis of cDNA
and cloning into the EcoRI site of phage Agt 11 were carried out using components and the
protocol of the Amersham cDNA synthesis kit. Particular cDNA clones were selected through two
rounds of screening with a polyclonal antibody against yeast cytochrome b). From a positive
phage the 0.4 kb EcoRI fragment was ligated into pUC18. The resulting clone was termed
prpl2c.

Genomic DNA was isolated from AX-2 cells and digested with the restriction endonuclease
EcoRI. The fragments were ligated into the EcoRlI site of the plasmid pUC19. The recombinant
plasmids were screened with nick-translated prp12c fragment as a probe. A positive clone
(prp12E1/5 ) contained an EcoRI fragment of 4.0 kb.

DNA sequence analysis was performed according to the dideoxy chain termination method (13)
using appropriate synthetic oligonucleotides as primer for chain elongation.

Primer extension analysis

Total RNA (40ug) prepared from vegetative growing D. discoideum cells was hybridized in
10l to 10 pmol labelled oligonucleotide U2 (5'-GGCGGCAGCTTTGGATG-3'; 5 x 10° cpm) in
a buffer containing S0mM Tris/HCI pH 7.0 and 50mM KClI. The annealing reaction was carried
out at 68°C for 1h. After chilling on ice, Spl of buffer was added containing 50mM Tris/HCl pH
7.0, 50mM KCl, 20mM MgCl,, 6mM DTT, 2.5mM dNTPs and 3U AMYV reverse transcriptase.
Assays were incubated at 42°C for 1h and cDNA synthesis was terminated by ethanol precipitation.
Dry pellets were dissolved in 3pl water and 3l loading buffer (95% formamide, 10mM EDTA,
0.1% bromophenol blue, 0.1% xylene cyanol). Samples were boiled for 5 min, chilled on ice and
products were separarted on 8% polyacrylamide gels containing 50% urea (13).

A cDNA clone coding for a putative ribosomal protein was isolated upon screening a cDNA

library from Dictyostelium discoideum using a polyclonal antibody raised against cytochrome by
from yeast. This cDNA clone contained an EcoRI fragment of 384 bp carrying an open reading
frame of 333 nucleotides. Surprisingly, the deduced protein sequence was found to lack almost
any notable similarity to yeast cytochrome by except for a stretch of 31 amino acids with 10 iden-
tical and 8 conservative amino acid substitutions. Instead, a comparison of the predicted amino acid
sequence with protein sequences collected in the Swissprot database identified the isolated gene as
a putative ribosomal protein gene whose product exhibits significant similarity to the yeast riboso-
mal protein S31 (14). Analysis of the yeast and Dictyostelium sequences showed a homology of
about 80% with 40% identical amino acids. A minor gap of 5 amino acids was found at the amino-
terminus of the yeast protein (Fig.1). The deduced D. discoideumn protein has a pl of 11.4 due to
22.5% basic amino acids (lysine or arginine).

Several other D. discoideuwn ribosomal proteins have also been identified on the basis of their
sequence homology to known ribosomal proteins from other species. For example, D. discoi-
deum rp17 is 69% similar to rat ribosomal protein L7 (15), while the N-terminal half of the V18
protein is similar to yeast L16 (16). The first D. discoideum gene encoding a ribosomal protein for
the small ribosomal subunit, rp29, has 78% sequence similarity to the yeast ribosomal protein S4
7).

Dictyostelium rpl2 gene contains one intron

Like all other characterized ribosomal protein genes from D. discoideum (9, 15, 17) also the
1pl2 protein is encoded by a single copy gene. Genomic Southern blot analyses probed with
labeled insert DNA from prp12c identified the gene on a 4 kb EcoRI fragment (data not shown).
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Y MPPKQQLSX. ....ARKAAA ALAGGKKSKK KWSKKSMKDR AQHAVILDQE 45
Dd l‘l’JlLILI((AAGG}‘{S KQIQIL;}LA}L}: KGSS(‘SGAGR}‘( ILIlIé}LGRSRé}:( LNNILILF$K}!3 50
Y KYDRILKEVP TYRYVSVSVL VDRLKIGGSL ARIALRHLEK EGIIKPISKH 85
ba TYAKLLKEMP TAKVITTAVY SERMKENGSL ARRATKELLS KELTKQITKG100
Y SKCAIYTRAT A 106
Dd HGNGV&'}‘K;\Q 110

Fig. 1. Comparison of the Dictyostelium rp12 protein sequence with the yeast S31 protein.
Lines (l) indicate identities and colons (:) indicate conservative substitutions. A gap of five amino
acids has been inserted into the yeast sequence for optimal alignment.

In order to investigate the genomic organisation of the D. discoideum rp12 gene in detail
genomic DNA was digested to completion with EcoRI and fragments were ligated into pUC19.
Recombinant clones were screened using the cDNA fragment of prpl2c as a probe and a plasmid
(prp12E1) was isolated containing the predicted EcoRI inserts of 4.0 kb. The nucleotide sequence
of the gene is presented in figure 2.

The Dictyostelium gene contains a single intron which starts immediately after the AUG
initiation codon. This unusual location of an intron has been previously described also for the
myosin heavy chain gene from D. discoideum (18) and for the ribosomal protein L14 from
Xenopus laevis (19). The intron in the tp12 gene is 271 bp long and contains 77% A/T
nucleotides, making it slightly longer and less A/T rich than the average D. discoideum introns. In
this respect the rp12 intron is similar to the ribosomal protein gene rp1024 from D. discoideum.
This gene as well shows a relatively long intron of 350 bp with an A/T content of 75% (20).
Notable is a (ATG)7 sequence and two CAATCAAT motifs, whose complement, ATTGATTG,
has been previously shown to operate as an inducer element for discoidin Iy expression during
growth and early development (21). Such an element has also been found within the intron of the
D. discoideum rp29 gene encoding another ribosomal protein for the small ribosomal subunit. It
has been speculated that this motif possess enhancer-like qualities and may thus be able to act in a
position-independent manner (17). Intronic cis-acting sequences have been found within several
other genes (22, 23).

Sequences at the splice junctions /5S'GTATGT....TAG 3°/ were found to agree with both the D.
discoideum and the general consensus (24, 25). The rp12 intron contains 23% G/C nucleotides
which is clearly above average of D. discoideum introns with average G/C contents of 8%. (26).
Also the coding region of the rpl2 gene is slightly more G/C rich (40%) than average D.
discoideum exons (34%). This is also observed in S. cerevisiae where ribosomal protein gene
exons have a higher G/C content than exons of other genes (26).

Characterization of the transcribed region of the rp12 gene

The 57start of transcription was mapped by primer extension. The 17mer oligonucleotide 57~
GGCGGCAGCTTTGGATG-3" complementary to the mRNA starting 57 bases downstream of the
intron junction was used as a primer and was extended by reverse transcription in the presence of
deoxynucleoside triphosphates. Figure 3 shows that the longest transcript starts with an A-residue
at position -30 relative to the ATG translation initiation codon. This result is consistent with
capping data in D. discoideurn where 85% of the mRNAs have a 5 terminal A residue (27). This
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& TTTTTTTTATTAATTTTATTTTTGATTGCTAAARAATTTTACAATTATCTTTATGTTTTT TTTTTTTGGT
[y
a GACTTGABACGTATTAAAATTTTCAAAAAGTGAAAAAAAAAAAAAATAAAAAAAAAAAAAAATTTCGAAA

C

a AAAAAARAAAATCAAACAATACTTCACAAATTTTTTTIITITTTTTCAAACCCCTTTTTCGATACAGATA
b
[y

a ATACAAAATGGTATGTGGAGACTTAATACGTTTACATGACAGATTATTATTTAATTATTACTATTATCAT

C

a CAATTAAATACATATACACACAACACTATATCAARAACTATGATAGATTATTAATATTTAATATTATATA
D cccmamecceeceaeaanna. eecceamaeaan et eemeeemsecsseamaananeemem———————
<

a GCCACCARAAGCCGCTGGAGGTAAATCCAAACAAATTCAAGCATCCAAAGCTGCCGCCARAGGTAGTTCC
b CCACCAAAAGCCGCTGGAGGTAAATCCAAACAARATTCAAGCATCCAAAGCTGCCGCCARAGGTAGTTCC
¢c-P P KA A G G K S K QI Q0 A S KA ARBAR-BAIZKG S S

4 GGTGGTGCCGGTAGARAGAAATGGTCTAAAGGTAGATCAAGAGAAAAGTTAAACAATGCTATTCTCTTCG
b GGTGGTGCCGGTAGARAGARATGGTCTAAAGGTAGATCAAGAGAAAAGTTAAACAATGCTATTCTCTTCG
¢ GGA GRI KI KW S KGR S REI KT LNNATITLF

a ATAAAGAAACCTACGCCAAACTCTTAAAAGAAATGCCAACTGCTAAAGTTATCACTACCGCTGTTGTTTC
b ATAAAGAAACCTACGCCAAACTCTTAARAGAAATGCCAACTGCTAAAGTTATCACTACCGCTGTTGTTTC
¢Db K E T Y A KL L K EMUP TAI KV I T TAV V S
a TGAAAGAATGAAGTGCAATGGTTCATTAGCCCGTAGAGCCATCAAAGAATTATTATCAAAAGGTCTCATC
b TGAAAGAATGAAGTGCAATGGTTCATTAGCCCGTAGAGCCATCAAAGAATTATTATCAAAAGGTCTCATC
< E R M XK E NG S L ARURATIIKIETLTULS KG UL I
a AAACAAATCATCAAAGGTCACGGTAACGGTGTTTACACTAAAGCTCAATAAATTGATAGATAAATAGATA
b AAACAAATCATCAAAGGTCACGGTAACGGTGTTTACACTAAAGCTCAATAAATTGATAGATARATAGATA
¢ K 0 I T K G H G NGV Y T K A Q Z

a ATAAAAAAACATTTAARAAAGAAA

b ATAAAAAAACATTTAAAAAAAAAAAAAAR
C

Fig. 2. DNA (a), cDNA (b), and deduced amino acid (¢) sequence of the D. discoideum gene
encoding the putative ribosomal protein. A oligo (dT) stretch in the upstream region and two
possible polyadenylation signals are underlined. The intron is marked by a dashed line.

initiation nucleotide resides in a pyrimidine rich region which is strikingly similar to many
transcription start sites of ribosomal protein genes in other higher eucaryotes (2, 19). The oligo
(dT)1 tract just upstream of the initiation site is highly characteristic for D. discoideum where all
known transcription start sites, except one (28), are preceeded by (dT),, residues (16). Other
transcription initiation sites may occur at positions -26, -25, -18, and -16 (Figure 3).

A TATA box with the consensus sequence TATAAA(T AJA (25) is normally located 30-40 bp
upstream from the transcription initiation site. Apparently, this box is missing in front of the rp12
gene. This is also the case for the rp1024 gene encoding another D. discoideum ribosomal protein
(20) as well as for several ribosomal protein genes from other organisms (4, 19, 29).
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{ 40ug veg. RNA

¢DNA corresponding
1o primary transcript

¢DNAs corresponding

1o premature stops

multiple cloning site sequence

ATG 1

coding sequence

-50 -40 -30 -20 ~10 +1

AAATTTTTTTTTTTTTTTTCAAACCCCTTTTTCGATACAGATAATACAARATG gDNA

. .

gcctgeaggtcgactctagaggatccccgggtaccgagcetecgaatt ccAAATG cDNA

Fig. 3. Primer extension analysis of the 5 start of transcription.

The 3ZP-end-labelled oligonucleotide U2 binds specificaly to the second exon of the analyzed D.
discoideum gene. The right lane shows the products of the primer extension reaction. Five
putative initiations sites are marked. The sequence of the isolated cDNA clone served as size
marker (left four lanes). Sequence analysis was initiated with the phosphorylated oligonucleotide
U2 oligonucleotide. The sequence from the isolated genomic clone as well as from the cDNA clone
is shown below. Cloning vector sequences are indicated by lower case letters. Dots between both
sequences mark the putative initiation sites. Some of the smaller cDNAs might not reflect true
initiation sites rather than premature stops of reverse transcriptase during cDNA synthesis.

The sequence immediately surrounding the AUG codon of the rp12 mRNA shows homology to
the optimal sequence for translation initiation by eucaryotic ribosomes (30). An invariant A at
position -1 is present as well as the consensus A at position -3 relative to the AUG codon.
Furthermore, like in rp1024 mRNA (20) also the rp12 mRNA contains a C at -4 which further
confirms to the consensus derived from other eucaryotic translation start sites (31, 32, 33).

For 1p12 polyadenylation signals (AAUAAA) occur precisely at the end of coding region and 19
nt downstream from the UAA stop codon. A putative polyadenylation signal as part of the
translational stop codon has also been described for the D. discoideum D11 gene (34).
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