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the yeast ribosomal protein YL43 
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When separating perchloric acid-soluble proteins from ccl1 cultures and tissues by chromatography on single stranded DNA agarose columns. a 
novel mammalian protein with extreme affinity for DNA was isolated. Cellular localization, amino acid composirion and the N-terminal sequence 
suggest that the protein is a ribosomal protein with extensive sequence homology to the ribosomal protein, YL43. from Succfmornyccs cercvfsiue. 
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1. INTRODUCTION 

Extraction of cells and tissues with 5% perchloric acid 
(PCA) selectively solubilize histone HI, the HMG 
group of proteins and a small number of unidentified 
proteins [l], Both Ml and the HMG proteins have an 
unusual amino acid composition comprising nearly 50% 
charged residues which might explain their solubility 
properties. One of the most prominent, unidentified, 
PCA-soluble protein present in all cell types, is a protein 
with an apparent molecular weight of 23 kDa. The pro- 
tein has an extreme affinity for single- and double- 
stranded DNA. This can be employed to purify the 
protein by chromatography on single-stranded DNA 
agarose. 

2. MATERIALS AND METHODS 
2.7. SDS polyucryfatt~idegei ekcrro,sftoresis 

This was performed in accordance to Lacmmli [3]. 
Single-stranded (ss) DNA was purchased from Bethesda Research 

Laboratories. 2.8. S~~ftcelhfar fiacriotralion and isofarion o/ ribosotnes 
This was carried out as in [4,5]. 

2.2. Prefmuriott 0Jperchforic ucicl CxlrucIs 
Extraction of cells and tissues was carried out as in [2]. 

2.3. Preparurisc uceric ucid-weu gel ciecrropltoresis 3. RESULTS 
This was carried out as in [2]. 

2.4. Isoklliol~ oJp-33 
DNA agarose containing 0.5-I .O mg ss DNA from calr thymus was 

packed in a column with dimensions (0.6 x 22 cm) and washed with 
1.0 mM Tris-HCI, pH 7.5. PCA-soluble proteins from 15 g liver was 
dissolved in I .O mM Tris-MCI containing 0.05 M NaCl and applied 
on the column. The prolcins were cluted with 50 ml of a linear salt 
gradient from 0.2-0.6 M NaCl in Tris buffer at a flow rate of 0.5 

3.1. lx&ion and amino acid attalysis ofp23 
PCA-soluble proteins can be separated by chroma- 

tography on ss DNA agarose. Hl and the HMG 
proteins are eluted from the column between 0.1 and 0.6 
M NaCl, while p23 elutes at 0.75-0.95 M NaCl (Figs. 
1 and 2). Due to the large amount of H 1 relative to p23 
in the PCA extract, preparative gel elcctrophoresis of 
PCA-extracted material was performed prior to chrom- 
atography on a ss DNA -column in the isolation pro- 
cedure for ~23. Corresf~otu.fcttce address: AC. Bstvold, University of Oslo, Biokjcmisk 

Institutt, PO Box 1041, Blindern, 0316 Oslo 3, Norway. 
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ml/min. The column was subsequently washed with 20 ml I.0 mM 
Tris-HCI containing 2 M NaCI. 

For prcparativc purposes, materials from SO g rai liver or 2 x 10’ 
cells were ealracted with 5% PCA and separated by preparative gel 
clectrophoresis. The p23-containing fraction was applied on the ss 
DNA column in I .O mM Tris-HCVO,OS M NaCI, pH 7.5. Theeolumn 
was washed with buffer containing 0.6 M NaCl before ~23 was eluted 
with 50 ml of a linear gradient from 0.6-2-O M NaCI. 

2.5. Atrho mid anulysis 
Pruluill samples were hydrolyzed for 24 b with 6 M I-ICI in 

evacuated tubes at 108-I 10°C and analyzed on a Biotronic LC 5OOO 
amino acid analyzer. No correlations have been made for hydrolydc 
losses. 

2.6. Sctgrc~e dercrtt~burfott 
Purified protein was scqucnced by automated Edman dcgradalion 

using a pulsed phase sequcnator (Applied Biosystems 477A). Resull- 
ing PTH amino acid derivatives wcrc identified using an on-line- 
connected PTH-analyzer (Applied Biosyslem 120A). 

The amino acid composition of p23 from three differ- 
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Fig. 1. Acetic acid-urea polyacrylamidc gel electrophoresis of PCA- 
soluble proteins from rat liver fractionated on a ss DNA agarosc 
column, A Coomassie blue-stained gel is shown. (a) Rat liver PCA 
extract; (b) proteins eluted at 0.240 M NaCI; (c) proteins eluted at 
0.340 M; (d) proteins elutcdat 0.380 M; (e) 0.450 M; (ft protcinseluted 
at 0.550 M; (6) proteins eluted at 0.6 M; and (h) proteins eluted at 2 

M NaCl. 

P43 

a b c 

P23 

ent mammalian species (human, rat and mouse) was 
determined (Table I) and shows that p23 is charac- 
terized by a high content of basic amino acids and 
alanine. The protein is quite hydrophilic and contains 
more than 30% charged or hydrophilic residues. 

3.2. At&to krminal sequence ofp23 
~23 from rat liver was subjected to sequence analyses 

by automated Edman degradation, and the N-terminal 
sequence is shown in Fig. 3. Two amino acids in the p23 
sequence are unidentified. In position four, the yield of 
the lysine derivative was low, but an extra peak 
appeared indicating a modified lysine residue. This 
modified lysine re:iidue might represent a methylated 
form of lysine. 

The EMRL Data Library and The Swissprot data- 
base was searched for any sequences homologous to the 
sequence of ~23, and the result reveals that p23 has 
extensive sequence similarities with the N-terminal end 

* 10 

Fig. 2. SDS-polyacrylnmidc gel electrophoresis of a crude fraction of 
~23 fractionated on a ss DNA agarose column. The proteins were 
eluted with a linear gradient from 0.6-2.0 M NaCI. A Coomassie 
blue-stained gel is shown. (a) A crude preparation of p23 obtained 
after preparative gel electrophoresis; (b) proteins cluted between 
0.700-0.800 M NaCl; (c) proteins cluted between 0.800-0.950 M 

NaCI, 

of the ribosomal protein YL43 from Succltaronzyces 
cerevisiae as shown in Fig. 3. Comparison of the two 
sequences shows 75% identity in 28 amino acid overlap 
in the N-terminal end. There are three conservative and 
two non-conservative replacements. N-terminal ana- 
lyses (5 amino acids) of p23 from HeLa cells showed 
100% identity with p23 from rat liver. Also in this case 
an extra peak appeared in position four together with 
the lysine derivative. 

3.3. Subcellular focahation 
When isolating a cytoplasmic and a nuclear fraction 

prior to the PCA extraction, p23 seems to be distributed 

20 t 

P23 A-K-E-K-N-H-T-T-H-N-Q-5-R-n-X-n-R-N-G-I-K-K-P~R-%-Q-R-Y 

Yt41 A-K-9-K-N-H-T-A-H-N-Q-T-R-N-G-I-K-K-P-K-T-Y-K-Y 

Fig. 3. N-Terminal amino acid sequence of p23 and the yeast ribosomal protein, YL43. Asterisks indicate non-conservative replaccmcnts. 
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Fig, 4. SDS-polyscrylamidc gel clectrophoresis of PCA-soluble 
proteins in different subcellular fractions of rat liver cells. A Coomas- 
sic blue-stained gel is shown. (a) PCA extrdcl from rat liver; (b) 
molecular weight markers; (c) purified ~23; (d) microsomal fraction; 
(c) lysosomal fraction; (l) mitochondrial fraaion; (0) soluble fraclion; 

(h) nuclear fraction. a b 
between the cytoplasm and the nucleus. As seen in Fig. 
4, subcellular fractionation of rat liver hepatocytes 
shows that the protein is present in the nuclear as well 
as in the microsomal and the lysosomal fraction. The 

Table : 

The amino acid composhion of p23 from different species 

HeLa EAT Ral liver 

ASX 5.5 5.5 5,s 
Thr 2.9 2.3 2,3 
Scr 5.3 5.2 7.0 
Ghi 8.6 9.3 8.6 
Pro 9.0 IO.6 8.1 
W 6.6 1.4 5.1 
Ala 16.2 15.9 16.1 
Cys ND ND ND 
Val 3.6 3.4 3-8 
Met 1.2 1.6 2.3 
lie 2.3 2.2 2.2 
Leu 4.8 4.5 5.3 
Tyr 0.80 0.87 0.87 
Phe 1.7 :*: :4 
His 2.3 
Lys 19.3 19:4 20.4 
Arg 6.7 6.2 7.2 

The values represent mol % (residues per 100) 
ND, not detected 

YL43 

8.5 
6.5 
3.5 
2.4 
5.1 
5.8 

13.9 
ND 
2.8 

1.7 
5.4 
2.3 
2.0 

10.0 
22.4 

7.7 

s23 

Fig. 5. SDS-polyacrylamide gel clectrophoresis of PCA-soluble 
proteins from ran liver and isolated ribosomes, A Coomassie bluc- 
stained gel is shown. (a) Rat liver; (b) isolated raill liver ribosomes. 

microsomal and lysosomal fraction is, however, highly 
cross-contaminated and the results suggest that p23 
might be a ribosomal protein. When extracting purified 
ribosomes with 5% PCA, a protein with the same molec- 
ular weight as ~23 was present in addition to a number 
of low molecular weight proteins (Fig. S), indicating 
that ~23, indeed, is a ribosomal protein in mammals. 
p23 is present in all mammalian species so far examined. 

4. DlSCUSSION 

Ribosomes from eukaryotic organisms, including 
yeast, contain a large number of proteins [6,7]. Several 
proteins from the small and large subunit of Srrccha- 
romyces cerevisiue have been identified [7]. Yeast ribo- 
somal proteins range in size from about 3.5 to about 44 
kDa [S]. Complete or N-terminal sequences have been 
reported for a number of these proteins [9-l l]. The 
amino acid sequence of four ribosomal proteins from 
Succlznromyces cerevisicle have also been deduced from 
the nucleotide sequences of cloned genes [12-141. More 
than 80 proteins have also been isolated from rat liver 
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ribosomes and characterized in terms of molecular 
weight and amino acid composition [I 5,161, N-Terminal 
amino acid sequences have been determined for a 
number of these proteins. Although most of the se- 
quenccd proteins have a large number of basic amino 
acids at the amino terminus, there arc no sequence 
repeats to suggest that the proteins are related [16]. 
Otaka et al. [I71 have, however, showtl that the yeast 
riboscmal protein, YS9, has sequence homology to the 
rat liver ribosomal protein SS [16]. There is also homol- 
ogy between the rat liver ribosomal protein, L37, and 
the yeast S. cerevisiue ribosomal protein, SC-Y55 [16], 
and between the rat liver rihosomal protein, L9, and the 
recently cloned Succlrarotnyces ceresisim protein, 
YL9A [18]. 

~23 is probably a mammalian homologue to YL 43. 
a protein present in the large ribosomal subunit from S. 
cereksicle. A protein with the same molecular weight as 
p23 is found in isolated ribosomes, but a large propor- 
tion is also found in the nuclei indicating that p23 might 
be part of a pre-ribosomal particle. The amino acid 
composition of p23 is, however, not identical to any of 
the reported ribosomal proteins from rat liver [15]. The 
significant N-terminal identity between YL43 and p23 
may reflect a conserved function in the ribosome. The 
present results also show that ribosomes contain a small 
number of proteins which can be separated from the 
remaining proteins by extraction with 5% PCA. 
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