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A cDNA clone encoding the ribosomal protein S20 has been isolated from the Schizosaccharomyces
pombe cDNA library by colony hybridization. The insert contained in the original plasmid pYJ10 was
transferred into shuttle vector pRS316 to generate plasmid pYJ11. The cDNA insert of plasmid pYJ11
contains 484 nucleotides and encodes a protein of 118 amino acids with a calculated mass of 13,544 dal-
tons. The deduced amino acid sequence of S. pombe ribosomal protein S20 is very homologous with
fruit fly, rat, and budding yeast counterparts. It is also homologous with Xenopus S22 ribosomal pro-
tein. S. pombe ribosomal protein S20 appears to be relatively hydrophobic except the C-terminal
region. The 728 bp upstream region of the S20 gene was amplified from chromosomal DNA and trans-
ferred into the BamHI/EcoRI site of the promoterless ββββ-galactosidase gene of the vector YEp357R,
which resulted in fusion plasmid pYS20. The synthesis of ββββ-galactosidase from the fusion plasmid
appeared to be the highest in the mid-exponential phase. The S. pombe cells with the fusion plasmid
grown at 35oC gave lower ββββ-galactosidase activity than the cells grown at 30oC. Computer analysis
showed the consensus sequence CAGTCACA in the upstream regions of various ribosomal protein
genes in S. pombe, which would be involved in the coordinated expression of small ribosomal proteins.
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Ribosomes are complex ribonucleoproteins catalyzing
peptide bond formation in all organisms. Eukaryotic ribo-
somes are composed of two subunits, 60S and 40S. The
40S subunit consists of about 30 ribosomal proteins and
one rRNA molecule (9). The biogenesis of the eukaryotic
ribosome is a complex process involving the coordinated
expression of four ribosomal RNAs and approximately 75
ribosomal proteins. Ribosomal protein S20 is one of the
proteins constituting the 40S subunit. The genes encoding
ribosomal protein S20 were isolated from fruit flies (2),
rats (3), Saccharomyces cerevisiae (7), Xenopus laevis
(10), and rice (14). Ribosomal protein S20 participates in
post-translational inhibition of the polyamine biosynthetic
enzymes ornithine and arginine decarboxylase (15). Inter-
estingly, the expression of the S20 mRNA was down-
regulated early during the induction of apoptosis in
human leukaemic cells, prior to the onset of DNA frag-
mentation and other morphological changes associated

with cell death, suggesting some degree of involvemen
the S20 gene in the biochemical events that occur dur
the onset of cell death (4).

In this communication we report the cDNA cloning an
regulation of ribosomal protein S20 from the fission yea
Schizosaccharomyces pombe (8, 11, 12, 19), which dis-
plays different physiology from the budding yeast S. cer-
evisiae and is probably more closely related to high
eukaryotes.

Materials and Methods

Chemicals 
Ampicillin, X-Gal, IPTG, glucose, EDTA, ONPG, and
SDS were purchased from Sigma Chemical Co. (
Louis, USA). Restriction enzymes (EcoRI, XhoI, BamHI),
T4 DNA ligase, proteinase K, DIG high prime labelin
and Detection Starter Kit I, and RNase A were obtain
from Roche Molecular Biochemicals (Mannheim, Ge
many). Seakem LE agarose was from BioProducts (Mai
USA). Agar, tryptone, and yeast extract were from Ame
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sham Pharmacia Biotech Inc. (Piscataway, USA) S.
pombe cDNA library was purchased from Clontech Lab-
oratories, Inc. (Palo Alto, USA). The 5'-DIG labeled DNA
probe and the two PCR primers (primer 1, 5'-GCCCA-
ACTTGGTGACGGGATCCCATTCCTT-3'; primer 2, 5'-
GAATGCGGTGAACAGTAGAGGAATTCTGTTGTTCC-
3') were purchased from TaKaRa Shuzo Co. Ltd. (Shiga,
Japan).

Strains and growth conditions 
The cDNA library was constructed in Escherichia coli
strain DH10B, and was amplified by growing in LB
medium containing 50 µl/ml ampicillin. LB medium con-
tained 10 g tryptone, 5 g yeast extract, and 10 g NaCl per
1 L. The wild-type S. pombe KP1 (h+ leu1-32 ura4-294)
was used for transformation. E. coli strain MV1184 was
used for subcloning. The S. pombe cells were grown in
minimal medium which contained KH phthalate (3 g),
Na2HPO4 (1.8 g), NH4Cl (5 g), glucose (20 g), 1000X
vitamin mixture (1 ml), 1000X minerals (0.1 ml), 50X
salts (20 ml), adenine (250 mg), leucine (250 mg), and
uracil (250 mg) per 1L.

Plasmids 
The E. coli-yeast shuttle vector pRS316 (18), which con-
tains T7 and T3 promoters, was used for the cloning of
the ribosomal protein S20 cDNA fom S. pombe. The
fusion vector YEp357R (13) was used for subcloning the
upstream region of ribosomal protein S20 gene from S.
pombe.

Colony hybridization 
To screen the cDNA encoding ribosomal protein S20
from the S. pombe cDNA library (Clontech Laboratories,
Inc., Palo Alto, USA), colony hybridization was per-
formed according to the procedure described in ‘The DIG
System User’s Guide for Filter Hybridization’ prepared
by Roche Molecular Biochemicals (Mannheim, Ger-
many). The summarized procedure is as follows. Colonies
on agar plates were pre-cooled for approximately 30 min
at 4oC, and a membrane disc was carefully placed onto the
surface. The transferred DNA was then cross-linked by
baking the dry membrane for 1 h at 80oC. It was next
placed on a clean piece of aluminum foil and treated with
proteinase K. The membrane disc was pre-hybridized for
1 h in pre-hybridization solution. After the pre-hybrid-
ization solution was discarded, the disc was placed in a
hybridization solution containing 5'-DIG labeled DNA
probe. The hybridization reaction was conducted at 65oC
for about 15 h. After hybridization and washing, the disc
was subjected to colorimetric detection with NBT and
BCIP.

DNA Techniques
PCR was performed as described in the users guide

offered by Roche Molecular Biochemicals. The PCR co
ditions used in this study were 94oC (1 min), 60oC (1 min)
and 72oC (2 min) for 35 cycles. The nucleotide sequenc
were determined with an automatic DNA sequencer fro
Bionex, Inc. (Seoul, Korea). The determined nucleoti
sequence reported in this study has been submitted to
GenBank database under accession number AF2828
The chromosomal DNA was isolated from S. pombe cells
according to the procedure as previously described 
The other recombinant DNA techniques used in this stu
were performed according to ‘Molecular Cloning: A Lab
oratory Manual’ (17).

β-Galactosidase assay 
β-Galactosidase activity in the extracts was measured
the spectrophotometric method (5) using ONPG as a s
strate. Protein contents in extracts were measured by
Bradford method (1) using BSA as a standard.

Results and Discussion

cDNA cloning 
A S. pombe cDNA library, which is commercially avail-
able, was constructed in plasmid vector pGAD GH (15
The EcoRI/XhoI site of vector pGAD GH was used for
constructing the library of S. pombe, which is evolu-
tionarily distant from S. cerevisiae. A nucleotide sequence
homologous to that of the ribosomal protein S20 gen
was identified on the genomic DNA sequence of S.
pombe in the GenBank database. It didn’t contain a
intron. Based on the plausible nucleotide sequence of 
coding region, a 30 bp 5'-DIG labeled DNA probe wa
prepared, and used in the screening of the ribosomal p
tein S20 cDNA clone from the S. pombe cDNA library
(Clontech Laboratories, Inc., Palo Alto, USA). Plasm
DNA was isolated from the positive clones and nam
pYJ10. Plasmid pYJ10 was found to harbor an insert
about 500 bp estimated from the digestion with EcoRI
and XhoI. The cDNA insert contained in plasmid pYJ1
was transferred into the EcoRI -XhoI site of yeast-E. coli
shuttle vector pRS316, and the resultant plasmid w
named pYJ11, which was subsequently sequenced fr
both directions.

Nucleotide sequence analysis 
Since shuttle vector pRS316 contains T7 and T3 promo
sequences on both sides of the multiple cloning site, t
strands of the insert DNA were sequenced from reco
binant plasmid pYJ11. The complete sequence was v
ified and confirmed as shown in Fig. 1. The cDNA clon
harbors a 484 bp insert excluding the synthetic adapt
(Fig. 1). The insert contains a unique open-reading fra
encoding a protein of 118 amino acids with a calculat
mass of 13,544 daltons. It also contains 27 nucleotides
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the 5' noncoding region and 100 nucleotides of the 3'
untranslated region. The putative S20 protein is rich in
basic amino acids such as lysine and arginine. One poten-
tial polyadenylation signal is 64 bp downstream of the ter-
mination codon. The hydropathic profile of the S20
protein exhibits a relatively hydrophobic character except
the C-terminal region (data not shown). The predicted
amino acid sequence of S. pombe ribosomal protein S20
shows 47% homology with fruit fly (2), 47% homology
with rat (3), and 45% homology with S. cerevisiae (7)
counterparts (Fig. 2). It also shows 44% homology with
Xenopus laevis (10) S22 protein (Fig. 2). It appears to be
also homologous with those of some plants such as Ara-
bidopsis thaliana (Accession No. AL353992.1) and rice
(14). Homology is more conspicuous in the central region,
whereas the N-terminal regions are relatively dissimilar
among the known S20 proteins of eukaryotes. A phy-
logenetic tree was constructed based on the amino acid
sequences of ribosomal protein S20 using PROTPARS
(Fig. 3). The S. pombe S20 protein appeared to be distant
from the S. cerevisiae S20 protein.

Regulation 
The regulation of ribosomal protein genes may play an
important role in its physiological function. The expres-
sion of the S20 mRNA was downregulated early during
the induction of apoptosis in the human leukaemic cells
(4). To directly monitor the expression of the S. pombe
S20 gene, the upstream region of the S20 gene was fused
into the promoterless β-galactosidase gene of vector

YEp357R. The upstream sequence of the S. pombe S20
gene was amplified from the chromosomal DNA by PC
using primer 1 and primer 2, which contain BamHI and
EcoRI sites, respectively. Primer 2 was designed to adj
the reading frame of the S20 gene into the coding reg
of β-galactosidase gene. The amplified DNA was clon
to the vector YEp357R and it was named pYS20. T
upstream sequence contained in recombinant plas
pYS20 is shown in Fig. 4, which was found to be ide
tical with the sequence stored in the GenBank databa
Plasmid pYS20 contains a 728 bp upstream sequence

Fig. 1. The nucleotide sequence of the S. pombe cDNA encoding ribo-
somal protein S20 and its deduced amino acid sequence. The N-terminal
and C-terminal of the deduced polypeptide are indicated by start and
stop codons. The short bar indicates the termination codon. One putative
polyadenylation signal is underlined.

Fig. 2. Amino acid sequence alignment of S. pombe ribosomal protein
S20 with the most similar sequences identified in the GenBank d
base. Protein sequences deduced from the cloned S. pombe S20 cDNA,
the budding yeast Saccharomyces cerevisiae (7), Drosophila melan-
ogaster (2), Rattus norvegicus (3), Xenopus laevis (10), Arabidopsis
thaliana (Accession No. AL353992.1), and Oryza sativa (14). The
amino acid residues are indicated by standard single letter notation.
asterisks indicate identical amino acid residues.

Fig. 3. A phylogenetic tree based on the amino acid sequence of r
somal protein S20. The phylogenetic tree was constructed by P
TPARS.
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the region encoding the N-terminal 11 amino acids of the
S. pombe S20 protein. The S. pombe culture containing
fusion plasmid pYS20 was grown in minimal medium at
30oC. According to the growth curve, the same number of
cells was harvested and their extracts were prepared. The
extracts were used for β-galactosidase assay. The results
are shown in Fig. 5. β-Galactosidase synthesis appeared
to be highest at the mid-exponential phase. This indicates
that the S. pombe S20 protein is produced exclusively at
the exponential phase. This might explain that the max-

imum production of the S20 protein could be required f
exponential cell growth. In another experiment, the S.
pombe cells harboring fusion plasmid pYS20 were grow
in minimal medium and split at the early exponenti
phase. The addition of galactose into one culture fla
stopped the growth of S. pombe cells. It indicated that the
S. pombe cells were not successfully able to use extr
cellular galactose as an energy source. In the arre
cells, β-galactosidase activity was found to be lower tha
the control cells (data not shown). When the S. pombe

Fig. 4. Upstream nucleotide sequence of the gene encoding the ribosomal protein S20 from S. pombe. The indicated nucleotide sequence was amp
fied by PCR and fused into the promoterless β-galactosidase gene of the plamid YEp357R. Plausible transcription factor-binding elements ar
resented.

Fig. 5. The synthesis of β-galactosidase from the fusion plasmid pYS20
in S. pombe cells according to the growth curve. The yeast cells har-
boring the fusion plasmid were grown in minimal medium. The β-
galactosidase activity was determined at 25oC by spectrophotometric
assay using ONPG as a substrate, and its specific activity is expressed
in ∆OD

420
/min/mg protein.

Fig. 6. Effect of incubation temperature on the synthesis of β-galac-
tosidase from fusion plasmid pYS20 in S. pombe cells. The yeast cells
harboring the fusion plasmid were grown in minimal medium at 30oC
or 35oC. The β-galactosidase activity was determined at 25oC by the
spectrophotometric assay using ONPG as a substrate and its sp
activity is expressed in ∆OD

420
/min/mg protein.
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cells containing the fusion plasmid were grown at 30oC
and 35oC, the S. pombe grown at 30oC gave much higher
β-galactosidase activities than the cells grown at 35oC
(Fig. 6). This indicates that the expression of the S. pombe
S20 gene may be dependent on temperature. However, its
physiological meaning remains elusive.

In this article, we report the cDNA cloning and reg-
ulation of ribosomal protein S20 from S. pombe. The reg-
ulatory mechanism of eukaryotic ribosomal proteins has
not been clearly explained, although its coordinate pro-
duction attracts interest. To investigate the regulation pat-
tern of the S. pombe S20 gene, fusion into β-galactosidase
was used, which makes expression level detection easier.
Our results indicate that the expression of S. pombe S20
gene is regulated by growth phase and temperature. When
the growth of S. pombe cells was arrested by the addition
of galactose, the expression of the S20 gene was sig-
nificantly decreased. This might be explained by the fact
that the arrested cells don’t require a large number of ribo-
somes. The expression of all ribosomal proteins would be
coordinately regulated, since they are needed to assemble
the ribosomal subunits together. Therefore the coordinate
regulation of the ribosomal proteins is interesting. To
obtain a preliminary idea on the coordinate regulation, the
upstream regions of various small subunit protein genes
of S. pombe, stored in the GenBank database, were com-
pared (Fig. 7). The consensus sequence, CAGTCACA,
was found about 85 bp upstream of translational initiation
regions. It is a little similar to the cap signal (TCAGTCTT,
16). However, their similarity seems to be very slight.
Considering the nucleotide sequence of the cDNA encod-
ing the ribosomal protein S20, the consensus sequence
should not be used simply as a cap signal. The existence
of the consensus sequence would be involved in the coor-
dinate regulation of the small subunit protein genes from
S. pombe. This will be interpreted through further detailed
investigations. Comparisons of upstream regions of the

large subunit protein genes from S. pombe did not give
any homologous sequences (data not shown). This in
cates that the production of the large ribosomal subu
proteins may be regulated in a different manner. 
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