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A cDNA clone encoding the ribosomal protein S20 has been isolated from tBehizosaccharomyces
pombecDNA 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 8f pomberibosomal protein S20 is very homologous with
fruit fly, rat, and budding yeast counterparts. It is also homologous withXenopusS22 ribosomal pro-
tein. S. pomberibosomal 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 promoterlessp-galactosidase gene of the vector YEp357R,
which resulted in fusion plasmid pYS20. The synthesis @-galactosidase from the fusion plasmid
appeared to be the highest in the mid-exponential phase. Tig& pombecells with the fusion plasmid
grown at 35°C gave lower B-galactosidase activity than the cells grown at 3C. Computer analysis
showed the consensus sequence CAGTCACA in the upstream regions of various ribosomal protein
genes inS. pombewhich would be involved in the coordinated expression of small ribosomal proteins.
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Ribosomes are complex ribonucleoproteins catalyzingwith cell death, suggesting some degree of involvement of

peptide bond formation in all organisms. Eukaryotic ribo- the S20 gene in the biochemical events that occur during

somes are composed of two subunits, 60S and 40S. Thihe onset of cell death (4).

40S subunit consists of about 30 ribosomal proteins and In this communication we report the cDNA cloning and

one rRNA molecule (9). The biogenesis of the eukaryotic regulation of ribosomal protein S20 from the fission yeast

ribosome is a complex process involving the coordinatedSchizosaccharomyces pom{& 11, 12, 19), which dis-

expression of four ribosomal RNAs and approximately 75 plays different physiology from the budding ye8stcer-

ribosomal proteins. Ribosomal protein S20 is one of theevisiae and is probably more closely related to higher

proteins constituting the 40S subunit. The genes encodingukaryotes.

ribosomal protein S20 were isolated from fruit flies (2),

rats (3), Saccharomyces cerevisid€), Xenopus laevis

(10), and rice (14). Ribosomal protein S20 participates in Materials and Methods

post-translational inhibition of the polyamine biosynthetic

enzymes ornithine and arginine decarboxylase (15). InterChemicals

estingly, the expression of the S20 mRNA was down- Ampicillin, X-Gal, IPTG, glucose, EDTA, ONPG, and

regulated early during the induction of apoptosis in SDS were purchased from Sigma Chemical Co. (St.

human leukaemic cells, prior to the onset of DNA frag- Louis, USA). Restriction enzymeBdoRI, Xhd, BanHl),

mentation and other morphological changes associated4 DNA ligase, proteinase K, DIG high prime labeling
and Detection Starter Kit I, and RNase A were obtained
from Roche Molecular Biochemicals (Mannheim, Ger-

*To whom correspondence should be addressed. . .

(Tel) 82-33-250-8514; (Fax) 82-33-242-0459 many). Seakem LE agarose was from BioProducts (Maine,

(E-mail) cjlim@cc.kangwon.ac.kr USA). Agar, tryptone, and yeast extract were from Amer-
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sham Pharmacia Biotech Inc. (Piscataway, US®) offered by Roche Molecular Biochemicals. The PCR con-
pombecDNA library was purchased from Clontech Lab- ditions used in this study were°@4(1 min), 60C (1 min)
oratories, Inc. (Palo Alto, USA). The 5-DIG labeled DNA and 72C (2 min) for 35 cycles. The nucleotide sequences
probe and the two PCR primers (primer 1, 5-GCCCA- were determined with an automatic DNA sequencer from
ACTTGGTGACGGGATCCCATTCCTT-3'; primer 2, 5- Bionex, Inc. (Seoul, Korea). The determined nucleotide
GAATGCGGTGAACAGTAGAGGAATTCTGTTGTTCC- sequence reported in this study has been submitted to the
3) were purchased from TaKaRa Shuzo Co. Ltd. (ShigaGenBank database under accession number AF282863.

Japan). The chromosomal DNA was isolated fr@npombesells
according to the procedure as previously described (6).
Strains and growth conditions The other recombinant DNA techniques used in this study

The cDNA library was constructed iBscherichia coli ~ were performed according to ‘Molecular Cloning: A Lab-
strain DH10B, and was amplified by growing in LB oratory Manual’ (17).
medium containing 5@I/ml ampicillin. LB medium con-
tained 10 g tryptone, 5 g yeast extract, and 10 g NaCl pep-Galactosidase assay
1 L. The wild-typeS. pombeKP1 (" leul-32 ura4-29% B-Galactosidase activity in the extracts was measured by
was used for transformatio. coli strain MV1184 was the spectrophotometric method (5) using ONPG as a sub-
used for subcloning. Th8. pombecells were grown in  strate. Protein contents in extracts were measured by the
minimal medium which contained KH phthalate (3 g), Bradford method (1) using BSA as a standard.
NaHPQ, (1.8 9), NHCI (59), glucose (20g), 1000X
vitamin mixture (1 ml), 1000X minerals (0.1 ml), 50X
salts (20 ml), adenine (250 mg), leucine (250 mg), and Results and Discussion
uracil (250 mg) per 1L.

cDNA cloning
Plasmids A S. pombeDNA library, which is commercially avail-
TheE. coliyeast shuttle vector pRS316 (18), which con- able, was constructed in plasmid vector pGAD GH (15).
tains T7 and T3 promoters, was used for the cloning ofThe EcaRI/Xhd site of vector pGAD GH was used for
the ribosomal protein S20 cDNA for8. pombe The constructing the library oS. pombge which is evolu-
fusion vector YEp357R (13) was used for subcloning thetionarily distant fronS. cerevisiaeA nucleotide sequence
upstream region of ribosomal protein S20 gene f®m homologous to that of the ribosomal protein S20 genes

pombe was identified on the genomic DNA sequence Sf
pombein the GenBank database. It didn't contain an
Colony hybridization intron. Based on the plausible nucleotide sequence of the

To screen the cDNA encoding ribosomal protein S20 coding region, a 30 bp 5-DIG labeled DNA probe was
from theS. pomb&DNA library (Clontech Laboratories, prepared, and used in the screening of the ribosomal pro-
Inc., Palo Alto, USA), colony hybridization was per- tein S20 cDNA clone from th&. pombecDNA library
formed according to the procedure described in ‘The DIG(Clontech Laboratories, Inc., Palo Alto, USA). Plasmid
System User’s Guide for Filter Hybridization’ prepared DNA was isolated from the positive clones and named
by Roche Molecular Biochemicals (Mannheim, Ger- pYJ10. Plasmid pYJ10 was found to harbor an insert of
many). The summarized procedure is as follows. Coloniesabout 500 bp estimated from the digestion véitoRI

on agar plates were pre-cooled for approximately 30 minand Xhd. The cDNA insert contained in plasmid pYJ10
at #C, and a membrane disc was carefully placed onto thevas transferred into tHecoR| -Xhd site of yeask. coli
surface. The transferred DNA was then cross-linked byshuttle vector pRS316, and the resultant plasmid was
baking the dry membrane for 1 h at°@0 It was next named pYJ11, which was subsequently sequenced from
placed on a clean piece of aluminum foil and treated withboth directions.

proteinase K. The membrane disc was pre-hybridized for

1 h in pre-hybridization solution. After the pre-hybrid- Nucleotide sequence analysis

ization solution was discarded, the disc was placed in &Since shuttle vector pRS316 contains T7 and T3 promoter
hybridization solution containing 5'-DIG labeled DNA sequences on both sides of the multiple cloning site, two
probe. The hybridization reaction was conducted & 65 strands of the insert DNA were sequenced from recom-
for about 15 h. After hybridization and washing, the disc binant plasmid pYJ11. The complete sequence was ver-
was subjected to colorimetric detection with NBT and ified and confirmed as shown in Fig. 1. The cDNA clone

BCIP. harbors a 484 bp insert excluding the synthetic adaptors
(Fig. 1). The insert contains a unique open-reading frame
DNA Techniques encoding a protein of 118 amino acids with a calculated

PCR was performed as described in the users guidenass of 13,544 daltons. It also contains 27 nucleotides of
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1 ccgotgtctacaaaatgagtcaagtegee 1 15 16 30 31 45
i M S Qv A S pombe --MSGVAKDGKEQQ! PSTVHRIRITLTSRN VRNLEKVCSDLVNRA 43
S. cerevisiae MSDFQKEKVEEQEQQ QQQIIKIRITLTSTK VKQLENVSSNIVKNA 45
43 aaagatcaaaaggaacaacaaattccctetactgttcaccgeattcgeattaccottact D. melanogaster MAAAPKDIEKPHVGD SASVHRIRITLTSRN VRSLENVCRDLINGA 45
6 KDQKEQ@@ I PSTVHRIRITLT R norvegicus —-MAFKDTGKTPVEP EVAIHRIRITLTSRN VKSLEKVCADLIRGA 43
X Jaevis ——MAFKDPGKAPVDQ EVAIHRIRITLTSRN VKSLEKVCADLIRGA 43
103 tctcgtaacgttcgtaacttggagaaggtttgotetgacttggteaaccgtgccaaggac A. thaliana ~——-MKPGKAGLEEP LEQIHKIRITLSSKN VKNLEKVCTDLVRGA 41
26 S RNVRNLTEIKVYT CSDLVNR RAKTD 0. sat/va ————-MKSGK 1GFESS QEVGHRIRITLSSKS VKNLEKVCGDLVKGA 41
sokkkk kK kK ok *
163 aagcaattgegtgttaagggtcotgttogtctteccaccaagatcttgaaaatcactace
46 KgO nggv KgGPVRLPTKILKITT 46 60 61 75 76 90
S, pombe KDKQLRVKGPVRLPT KILKITTRKTPNGEG SKTWETYEMRIHKRL 88
S. cerevisiae EQHNLVKKGPVRLPT KVLKISTRKTPNGEG SKTWETYEMRIHKRY 90
223 cgtaagactcctaacggtgaaggttccaagacctggg;aa$ct$tggga;gc:tafcc:c D me/anogaster KNGNLRVKGPVRMPT KTLRITTRKTPCGEG SKTWDRFGMRIHKRI 90
66 RKTPNGEGSKTHW R norvegicus KEKNLKVKGPVRMPT KTLRITTRKTPCGEG SKTWDRFGMRIHKRL 88
X laevis KEKNLKVKGPVRMPT KTLRITTRKTPCGEG SKTWDRFGMRIHKRL 88
283 aagcgtctcatcgacctccactcotecttccgagattgtcaagcaaattacttccatccac A thatisna KDKRLRVKGPVRMPT KVLKITTRKAPCGEG TNTWDRFELRVHKRY 86
8 KRLIDLHSPSEIVKIITSIH 0. sative KDKSLKVKGPVRMPT KVLHITTRKSPCGEG TNTHDRFEMRVHKRY 86
F bkl dok K ok Kk bokk ok dekk dok * ok
343 atcgagcctggtgttgaggttgaggttaccattgeccagtaaggtgettgttccatttgg
106 | EPGVEVEVTI AAOQGQ- 91 105 106 120 121
S, pombe IDLHSPSEIVKQITS IHIEPGVEVEVTIAQ - 118
403 tcgeggttoggeatgteatetttgoatcgacagteccetccagtgaaataaaattttact S cerevisiae IDLEAPVQIVKRITG ITIEPGVDVEVWVAS N 121
D. melanogaster  |DLHSPSEIVKKITS INIEPGVEVEVTIAN - 120
463 tttaaaaaaaaaaaaaaaaaac R, norvegicus IDLHSPSE!VKQITS ISIEPGVEVEVTIAD A 119

Fig. 1 The nucleotide sequence of tBepombeDNA encoding ribo-

A laevis
A. thaliana

somal protein S20 and its deduced amino acid sequence. The N-termin g saz/v2

IDLHSPSEIVKQITS
IDLFSSPDVVKQITS
IDLVSSADVVKQITS

ISIEPGVEVEVTIAD A
ITIEPGVEXEVTIAD §
ITIEPGVEVEVTISD @

119
17
117

and C-terminal of the deduced polypeptide are indicated by start an K HERK K RRKKK kK

stop codons. The short bar indicates the termination codon. One putativFig. 2. Amino acid sequence alignment $f pombeibosomal proteil

polyadenylation signal is underlined. S20 with the most similar sequences identified in the GenBank
base. Protein sequences deduced from the cBnpdmbeS20 cDNA,

, . . . the budding yeasBaccharomyces cerevisid@), Drosophila melan
the 5' noncoding region and 100 nucleotides of the 3ogalster(Z), Rattus norvegicu$3), Xenopus laevi§10), Arabidopsis

untr_ansla_ted re_gion. The pUta_‘tive S20 p_ro_tein is rich inthaliana (Accession No. AL353992.1), an@ryza sativa(14). The
basic amino acids such as lysine and arginine. One poteramino acid residues are indicated by standard single letter notatic

tial polyadenylation signal is 64 bp downstream of the ter-asterisks indicate identical amino acid residues.

mination codon. The hydropathic profile of the S20

protein exhibits a relatively hydrophobic character except R norvegicus (S20)

the C-terminal region (data not shown). The predicted ———': X Jaevis (522)

amino acid sequence & pombeibosomal protein S20 2 e/ rer (S20)

shows 47% homology with fruit fly (2), 47% homology __—|: - melanogaster

with rat (3), and 45% homology witB. cerevisiag7) 8. cerevisiae (520)

counterparts (Fig. 2). It also shows 44% homology with Z may (S20)

Xenopus laevi§l0) S22 protein (Fig. 2). It appears to be | 0. sativa (520)

also homologous with those of some plants suchAras A thaliana (S20)

bidopsis thaliana(Accession No. AL353992.1) and rice S, pombe (S20)

(14). Homology is mc_)re COHSpICUOUS in the_ Central r‘_39'_0n*Fig. 3. A phylogenetic tree based on the amino acid sequence o

whereas the N-terminal regions are relatively dissimilarsomal protein S20. The phylogenetic tree was constructed by

among the known S20 proteins of eukaryotes. A phy-TPARS.

logenetic tree was constructed based on the amino aci

sequences of ribosomal protein S20 using PROTPARS

(Fig. 3). TheS. pombeS20 protein appeared to be distant YEp357R. The upstream sequence of $ngpombeS20

from the S. cerevisiaeS20 protein. gene was amplified from the chromosomal DNA by PCR
using primer 1 and primer 2, which cont@anHI| and

Regulation EcdRl sites, respectively. Primer 2 was designed to adjust

The regulation of ribosomal protein genes may play anthe reading frame of the S20 gene into the coding region

important role in its physiological function. The expres- of B-galactosidase gene. The amplified DNA was cloned

sion of the S20 mMRNA was downregulated early duringto the vector YEp357R and it was named pYS20. The

the induction of apoptosis in the human leukaemic cellsupstream sequence contained in recombinant plasmid

(4). To directly monitor the expression of tBe pombe  pYS20 is shown in Fig. 4, which was found to be iden-

S20 gene, the upstream region of the S20 gene was fusdital with the sequence stored in the GenBank database.

into the promoterlesg3-galactosidase gene of vector Plasmid pYS20 contains a 728 bp upstream sequence and
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ggcccaacttggtgacgggaacccattecttetectcatcacgettggetecacy
———> HSF
acggccacgteocgegaccacgaccaccacgtcecacctottccaaatcctetgggtgegetttetgocatt

tctgetaattattccaagttcctaaaattgtgtaggtaacgaaggatgataaaaaatttggatgetcaaa

agcttctataatgagtgtgactgtttggectcattaggetagggttctetctegaatgagagttaagtaa

gaatgacttaaaaaatttgttttgaaaacttataaggtttttaccttattttaatgattggattctttaa
-—>HSF

tggctecttgggaccaacttttgottgttttttitttagtteccoctgtgaacgaattttegttgttaccgec
-——=> HSF
aatttgttacttgetcaatgttaggacttaaatccataaatttettcgattcaattttcaactaattcte

tcaagcaacttccttttaattctettattttaagttgegatcaacatctgaacgettettttgacocegg
————> HSF

tatgtacgattcgattgectcgtctcatcaatgtaacaattagggtagggtatatgtttggaacagtcac
—> HSF

tttttattagcaacacaaaatctacttcaacaacttottctttcactaaaccccategtggteacegety

tctacaaaatgagtcaagtcgccaaagatcaaaaggaacaacaaattccetctactgttcaccgeattege
Fig. 4. Upstream nucleotide sequence of the gene encoding the ribosomal protein S30gmmbeThe indicated nucleotide sequence was ampli-
fied by PCR and fused into the promoterlpsgalactosidase gene of the plamid YEp357R. Plausible transcription factor-binding elements are rep-
resented.
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Fig. 5.The synthesis q}-galactosidase from the fusion plasmid pYS20 tosidase from fusion plasmid pYS20Sn pombecells. The yeast cel
n S pomba:el.ls accordmg to the growth C‘"Y‘?- The yegst cells har- harboring the fusion plasmid were grown in minimal medium &
boring the fusmn- plasmld were grown n minimal medium. Bh(_a or 38C. Thep-galactosidase activity was determined &iC2by the
galactosidase activity was determined &iC25y spectrophotometric spectrophotometric assay using ONPG as a substrate and its

assay using ONPG as a substrate, and its specific activity is expresseactivity is expressed iAOD,,/min/mg protein

in AOD,,/min/mg protein. 42 '

the region encoding the N-terminal 11 amino acids of theimum production of the S20 protein could be required for
S. pombeS20 protein. Thes. pombeculture containing  exponential cell growth. In another experiment, e
fusion plasmid pYS20 was grown in minimal medium at pombecells harboring fusion plasmid pYS20 were grown
3C°C. According to the growth curve, the same number ofin minimal medium and split at the early exponential
cells was harvested and their extracts were prepared. Thphase. The addition of galactose into one culture flask
extracts were used f@-galactosidase assay. The results stopped the growth &. pombeells. It indicated that the
are shown in Fig. 53-Galactosidase synthesis appeared S. pombecells were not successfully able to use extra-
to be highest at the mid-exponential phase. This indicategellular galactose as an energy source. In the arrested
that theS. pombéeS20 protein is produced exclusively at cells,-galactosidase activity was found to be lower than
the exponential phase. This might explain that the max-the control cells (data not shown). When &epombe
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1 15 16 30 31 45 46 60 61 7 large subunit protein genes fro8 pombedid not give
S8  GTTAGTATGAAACAA AAATAACAGTCACA- GCCAAACCCAAACAA TTTCAGTTACTGTGT TATATACTAG-TTCA . . .
S0 ACCCTATATTGG—— AAGA——GAGTCACAA GOCA—-——CAA-CAC ATCTC--TAATE——— A——ACACGG--T-— any homologous sequences (data not shown). This indi-
S4  TTTGTTGA--CG--A AAAA-GCAGTCACAA —TTAT-TTGC———— TTAGT-GT~AG-C—— A-GAGCAGGA-AATG H 1 H
85  TACCCTAATTCATTA TTGA——CGGTCACAA ——ATGTTCGTGTGG GTTTA-GT-AGGT—— A-CATTGC-ACAAGC Cates that the prOdUCtlon Of the large rlbosomal SUbunIt
$18  AACAAACTAGCC—A AAGAGGCAGTCACAA ——-A-G-TCAACAC~ —--AAAC---CGT-- A-GGAGCAGCTAAAA proteins may be regulated in a different manner.
S17 CCCTAGTTAATG-AA AAACC-CAGTCACA- GTGTCGGTTTCTAAG TTGAAAGAATAACCA AAGGAATT--CAAGC
$2  CCTAATGAGCCC—— AAA-——CAGTCACA— CTCATTATAGAAGC- TTTTGAG-CAT-GCA AATTTTTTATCATCC
$23 ACCCTAGCGTTT-AA AAAA-GCGGTCACAT —-AATGTTGGTAG- CTGAATGTTTGCTGG —-——— TTCAGAAG-
S20 GGTATATG-TTT-GG AA————CAGTCACTT TTTATTAGC-—AACA CAAAATCTA--CTTC AACAACTTC-—-TT-C ACkn OWIedgment
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