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1. Introduction 

Protein S2 is a slightly elongated protein [ 1 ] 
which is much more sensitive to proteolytic attack 
than other ribosomal proteins under the same condi- 
tions [2]. It can bind to 16 S RNA [3] and can be 
crosslinked to proteins Sl , S3, S5 and S8 (review [4]). 
Furthermore, crosslinking between the initiation 
factor IF-2 and a group of proteins including S2 has 
been reported [S]. Protein S2 is located near the cleft 
between the head and body of the 30 S particle, as 
revealed by immune-electron microscopy [6,7]. 

Treatment of 30 S subunits with LiCl yields core 
particles which are inactive in the ribosome-EF-G 
and EF-T GTPase reaction. Addition of proteins S2, 
SS and S9 can restore the enzymatic activities to the 
original level [8,9]. 

Several mutants with alterations in protein S2 have 
been isolated [lo-l 21, and the gene for this protein 
has been mapped at 4 min on the E. coli chromosome 
map [lo]. 

Here, we report the complete amino acid sequence 
of protein S2 and compare its primary structure with 
that of other ribosomal proteins. Furthermore, the 
secondary structure of this protein is deduced using 
4 different predictive programmes. 

2. Materials and methods 

Protein S2 was isolated from 30 S subunits of 
E. coli, strain K12, in the presence of urea as in [ 131, 
and was kindly provided by Dr H. G. Wittmann. The 
purity of the protein was checked by two-dimensional 
gel electrophoresis [ 141. 

Peptides were isolated as follows: 
(i) Tryptic peptides (made in 0.1 M N-methylmor- 

pholine acetate buffer, pH 8.1, at 37°C for 4-6 h 
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with TPCK-trypsin from Worthington, at 1:SO) 
were isolated by one of the following methods: 
fingerprinting on cellulose thin-layer sheets; 
Dowex 50 (2 X 90 mm) column chromatography; 
Sephadex G-50 (in 10% acetic acid) or G-100 (in 
0.07% ammonia) gel filtration as in [ 151. 

(ii) Peptides obtained from digestion with thermolysin 
(made in 0.1 MN-methyl morpholine acetate 
buffer, pH 8.1, at 50°C for 4 h at 1: 100) were 
isolated by thin-layer fingerprinting and by 
column chromatography on a Dowex 50 micro- 
column. 

(iii) StaphyZococcus aureus protease peptides (SP- 
peptides) from digestions at pH 8.1 (see above) 
and at pH 4.4 (in 0.1 M ammonium acetate 
buffer) at 37°C for 24 h at 1:30 enzyme:substrate 
were separated by gel filtration on Sephadex 
G-50 in 50% formic acid. The sediment from the 
digest at pH 4.4 was treated further with trypsin 
(5 h at 37°C) and chromatographed on Dowex 
50. The amounts of protein used for the differ- 
ent digestions were 1 mg for the separation on 
10 fingerprints, 2 mg for each gel filtration and 
3-4 mg for Dowex 50 column chromatography. 

(iv) For specific cleavage at arginine residues, the 
lysines were blocked with ETPA (exo-cis36 
endoxo-A4-tetrahydrophthalic acid) (as detailed 
in [ 1 S]) with 12 mg reagent/2 mg protein in 
0.3 M borate buffer at pH 8 for 3 h at 4°C. After 
dialysis in dilute ammonia @H 8) the tryptic 
digestion was performed, followed by deblock- 
ing of the lysines in 10% acetic acid overnight 
at room temperature. The resulting peptides 
were isolated on Sephadex G-50 in 10% acetic 
acid. 

(v) Cyanogen bromide fragments were made from 
2.5 mg protein in 300 fl70% formic acid (with 
the addition of 0.2% mercaptoethanol) with 
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2 mg reagent for 24 h at room temperature (in 
the dark), and were separated on Sephadex G-50 
(in lO%acetic acid). Larger peptides were cleaved 
further by Staphylococcus aureus protease, 
pepsin or thermolysin and then separated by 
fingerprinting. 

(vi) Partial cleavage in dilute formic acid (pH 2.0) 
was made at 110°C for 16 h, and the peptides 
were separated on Sephadex G-50 and G-75 in 
10% acetic acid. 

The cysteine-containing tryptic peptide T15 was 
isolated on thin-layer fingerprints after oxidation of 
the protein, and the tryptophan-containing peptides 
were isolated by reverse-phase high-pressure liquid 
chromatography with a gradient of dilute ammonium 
formate buffer (pH 4.3) and methanol at 40°C on 
RP-18,5 m support (from Merck, Germany). Pep- 
tides were detected by monitoring at 294 nm [ 161. 

The Edman degradations were performed manually 
by the combined dansyl-Edman technique, or by the 
DABITC/PITC (4.N,N-dimethylaminoazobenzene-4’. 
isothiocyanate/phenylisothiocyanate) double coupling 
method as reviewed in [ 151. The intact protein was 
degraded in an improved Beckman sequencer as 
detailed in [17,18]. 

Amino acid analyses were performed on a Durrum 
D-500 analyser, using l-2 nmol peptides for the 
hydrolysis (in 50 4 double-distilled 5.7 N HCl, for 
20 h at 1 IO’C; sensitivity scale of 0.5 A). Protein S2 
was hydrolysed in 100 pg amounts (in 50 d HCl at 
110°C for 20,48 and 72 h), using aliquots of 20% of 
the sample at 2.0 A sensitivity for each analysis. 

3. Results and discussion 

3.1. Sequence determination 
The sequence of protein S2 was determined by 

combining results obtained from peptides which were 
derived from enzymatic digestions with trypsin, 
thermolysin and Staphylococcus aureus protease as 
well as from cyanogen bromide treatment. If necessary, 
these peptides were further digested as in fig.1. All 
peptides shown in fig.1 were analysed and sequenced 
manually by the combined dansyl-Edman procedure, 
or more recently by the DABITC/PITC double cou- 
pling method. Details of the methods employed for 
separating and sequencing the various peptides are 
reviewed in [15,17]. 

The alignment of the peptides in the N-terminal 

region was achieved by automated liquid-phase degra- 
dation of the protein [ 191 in an improved Beckman 
sequencer [ 17,181 as shown in fig.1. Beyond position 
33, the interpretation of the results from the sequencer 
became ambiguous due to partial cleavages of labile 
peptide bonds in this protein, causing the formation 
of new end groups during the degradation. Labile 
peptide bonds are present at the tryptophan residues 
(pos. 22,95 and 103) and at Asx-Pro bonds (e.g., in 
pos. 23-24 and 191-192). The presence of an Asp- 
Pro bond also caused difficulties in the sequence 
determination of the ribosomal protein S7 [20]. 

Isolation and sequencing of the Asx-Pro contain- 
ing peptides T4 and T5 (pas. 21-34) as well as of the 
tryptophan-containing peptide (pos. 95-104) were 
rather difficult. The latter peptides were isolated by 
HPLC-separation on a reverse-phase support and were 
monitored at 294 nm ([ 161; submitted). Another 
problem was the isolation of hydrophobic or rather 
insoluble peptides, e.g., T15 (pas. 81-94); T20 (pas. 
115-127); T26 (pas. 152-173); T27 (pas. 174-207) 
and T30 (pas. 225-240). They could be isolated by 
combination of the methods in section 2. 

The tryptic peptides were aligned within the entire 
sequence by the isolation and analysis of the cyanogen 
bromide peptides CN4 (pas. 27-48), CN5 @OS. 
49-99), CN6 (pas. lOO-135), CN7 (pas. 136-153), 
cN8 @OS. 154-240) and of the thermolysin and 
SP-peptides which are shown in fig.1. 

The primary structure of protein S2 (fig.1) is in 
full agreement with the amino acid sequence deduced 
from the nucleotide sequence of the gene coding for 
this protein (An, Mamelak, Bendiak and Friesen, 
personal communication). 

3.2. Characterization of the sequence 
Protein S2 has a molecular mass of 26 613 and its 

amino acid composition is: Asp,,, AsnIp, Thrra, Serrr, 
Glul6, Gh Pm, GUY 17. Ah, Vall7, M%Ih4, 

~UZI, Tyr,, Ph, His,, LYSW, Arg13, CYS, and Tm. 
This is in excellent agreement with the results from the 
amino acid analysis of this protein. 

About 2/3rds of the 33 acidic residues of the pro- 
tein are located in the C-terminal half of the protein 
chain, and many of these are clustered, e.g., in pep- 
tide T27 (pas. 174-207) which contains 10 Asx 
residues, and in peptide T30 (pas. 225-240) with 
6 Glx residues. The basic amino acids lysine and 
arginine are more evenly distributed along the protein 
chain than the acidic residues, although one long 
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Fig.1. Primary structure of protein S2: LPSQ, Edman degradation of intact protein S2 by means of an improved Beckman 
sequencer; +, means identification by thin-layer chromatography; TRY, digestion with trypsin; ET, with trypsin after reaction 
with ETPA; SP, with Sfuphylococcus aureus protease; PEP, with pepsin; HAc, cleavage with dilute acid; CN, cleavage with cyano- 
gen bromide. Several of the cyanogen bromide peptides were further cleaved with Staphylococcus nureus protease, pepsin or 
thermolysin as indicated. 

region (pas. 174-206) is completely free of basic 
amino acids. Four out of the 6 histidines are present 
in 2 regions (at pos. 14-17 and 167-169). The only 
cysteine is located at pos. 86, and the majority of 
the methionines and of the aromatic amino acids are 
clustered in the N-terminal half of the protein chain. 

3.3. Secondary structure predictions 
Four different prediction methods were employed 

for calculating the secondary structure of protein S2 
as presented in fig.2 and in [21]. In the case of the 
predictions according to Chou and Fasman, the most 
recent parameters [22,23] were used. According to 
these predictions, protein S2 contains 3 1% helix, 
21% turns or loops and only a small amount of p-sheet 
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structure. Pronounced helix areas are predicted for 
pos. 48-60,73-84 and 129-144. 

3.4. Comparison with sequences of other ribosomal 
proteins 

The sequence of protein S2 was compared with 
the 5 1 E. coli ribosomal proteins whose sequences 
have been determined (review [2]), and with the 
primary structures of 7 ribosomal proteins from other 
organisms (yeast, Bacillus sub&, Bacillus stearother- 
mophilus, Artemia salina and rat liver; review [24]). 
No long stretches of identical or strongly homologous 
sequence regions were found. Details will be presented 
elsewhere in the near future when the primary struc- 
tures of all E. coli ribosomal proteins have been deter- 
mined. 
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