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1. Introduction

Protein S18 is a very basic protein of the E. coli
30 S ribosomal subunit [1]. It has been implicated
in aminoacyl-tRNA binding [2], and it appears to be
situated at the decoding site of mRNA because the
bromoacetylated AUG analog was found to be irrever-
sibly bound to S18 [3,4]. It has a sulthydryl group
which reacts readily with N-ethylmaleimide and its
uptake paralleled ethylmaleimide-induced loss of in-
corporating activity [5].

The tryptic peptides of protein S18 have been iso-
lated and their amino acid compositions reported [6,7].

The N-terminal residue was found to be ‘blocked’ [7-9].

The structural gene for the protein S18 maps at minute
84 [7,10,11] which is outside of the major cluster for
ribosomal protein genes around minute 64 [12]. An
altered protein S18 was isolated from a temperature-
sensitive mutant of £. coli and the alteration in the
mutant protein consists of a replacement of arginine
by cysteine [7].

This report summarizes the determination of the
complete amino acid sequence of protein S18. More
details will be published elsewhere. Protein S18 con-
sists of 74 amino acids and the blocked N-terminal
residue was found to be N-acetyl-alanine. The molec-
ular weight of S18 is 8951.
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2. Materials and methods

Protein S18 was isolated from E. coli strain K as
previously described [13] and provided by Dr H. G.
Wittmann. The identity and purity of the protein was
checked by two-dimensional polyacrylamide gel elec-
trophoresis [14]. Tryptic and chymotryptic digestion
was performed at pH 8.0 at 37°C for 4 or 20 h. Diges-
tion with thermolysin was at 55°C and that with Ste-
phylococcus aureus protease kindly supplied by Dr
G. R. Drapeau, University of Montreal, was in 50 mM
acetic acid, pH 4.0, for 16 h [15]. The isolation of
the peptides (SP1, SP2, and SP3) from the Staphylo-
coccal protease digest was achieved by gel filtration
of the mixture (5—10 mg) on a Sephadex G-50 (fine)
column (250 X 1.5 ¢cm) at room temperature, and 15%
acetic acid was used for the elution. Digestion with
carboxypeptidase A and B was in 0.2 M N-ethylmor-
pholine buffer at pH 8.0 [16]. The ‘finger-print’ of
various peptides was made on a sheet of thin-layer
cellulose [17] and the peptides were extracted with
5.7 N HCl which contained 0.02% mercaptoethanol
for analysis of their amino acid composition or with
30% acetic acid for preparative purposes. Amino acid
analyses were performed with the single column pro-
cedure on a Durrum amino acid analyzer model D-500.
Amino acid sequence of peptides was determined by
the combined Dansyl-Edman technique [18,19].
Sequence determination of peptide SP2 was also
performed in a solid-phase sequenator according to
Laursen [20—22]. Automatic Edman-degradation of
peptide SP3, after reacting with Braunitzer’s reagent
IV [23], was made i a liquid phase sequenator ac-
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cording to Edman and Begg [24] with an improved
Beckman sequenator [25,26].

3. Results and discussion

The protein S18 has an amino acid composition of
Asps, Asny, Thrg, Sers, Glu,, Glng, Pro,, Glys, Ala,, Val,,
Iteg, Leus, Tyrg, Phesy, Hisy, Lysg, Argys, Cys,;. Methio-
nine and tryptophan are absent. The 19 basic amino
acids and 5 acidic residues are comparible with the
high isoelectric point of pH > 12 [27]. The mole
percent of tyrosine (8.1%) is higher than that of other
ribosomal proteins [28]. The number of amino acids
obtained from the sequence data is an excellent agree-
ment with the residues calculated from the amino acid
composition of the protein.

Protein S18 was very effectively and specifically
cleaved into 3 fragments (SP1, SP2, SP3) by the Sta-
phylococcal proteinase at pH 4.0, and these fragments
were isolated after gel filtration on a Sephadex G-50
column. The sum of the amino acid residues of the
three peptides was exactly the same as the total amino
acid residues of protein S18. The N-terminal residue of
protein S18 and peptide SP1 was blocked. Glutamine
and histidine were released by carboxypeptidase A
from the C-terminal end of protein S18 and peptide
SP3; thus the alignment of SP1-SP2--SP3, as shown
in fig.1, was established.

Peptide SP1 was further degraded by trypsin, chymo-
trypsin and thermolysin. The N-terminal tryptic pep-
tide T1, which is a dipeptide consisting of blocked
alanine and arginine, was treated by carboxypeptidase
B to remove arginine. The remaining blocked alanine
residue was identified as N-acetyl-alanine by compar-
ison with authentic V-acetyl-alanine (Bachem Fein-
chemikalien AG, Liestal, Switzerland) and N-formyl-
alanine kindly provided by Dr B. Gutte, University of
Koéln, with the thin-layer chromatography. The blocked
alanine and N-acetyl-alanine moved to the identical
position (R=0.66). Other tryptic peptides were se-
quenced manually and chymotryptic and thermolytic
peptides were used to align the tryptic peptides. Pep-
tide SP2 was sequenced completely by the manual
Dansyl-Edman technique and the automatic Edman
degradation by the solid-phase sequenator. Both gave
identical sequences. Peptide SP3 was directly sequenced
by an improved Beckman sequenator. It was possible
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to identify the first 37 residues out of the total 40
residues by this sequenator run. Carboxypeptidase A
produced glutamine and histidine, and addition of
carboxypeptidase B to the same reaction mixture re-
leased arginine, aspartic acid and threonine. The manual
Edman-degradation of the tryptic peptide T19 and the
C-terminal chymotryptic peptide (70--74) established
the sequence of the C-terminal region, thus complet-
ing the sequence of peptide SP3. Tryptic, chymotryp-
tic and thermolytic peptides isolated directly from
protein S18 can be fitted to the portions of the pro-
posed sequence as shown in fig.1. Furthermore the
tryptic peptides are manually sequenced to confirm
the amino acid sequence.

Both SP1 and SP3 are very basic but SP2 has more
acidic residues than basic one, and there are two basic
clusters in the S18: position 5—8 (Arg—Arg—Arg—Lys)
and position 5962 (Lys—Arg—Ala—Arg). It is interest-
ing to note that 7 out of total 9 aromatic residues are
linked to lysine or arginine: Arg—Tyr (2-3; 62—62),
Lys—Tyr (49-50), Tyr—Lys (23-24), Phe—Arg (4--5),
Lys—Phe (8—9), Arg—Phe (11-12). The sequence Ala—
Arg—Tyr is found in both positions 1-3 and 61-—-63.

Kahan et al. [7] reported that E. coli mutant 258ts
has one more cysteine and one less arginine than the
wild type and found a replacement of the arginine at
the C-terminal position of a tryptic peptide Phe—Cys—
Arg by cysteine in the mutant protein. From the se-
quence data presented in fig.1, it is concluded that
the replacement site must be position 11.

One of the ribosomal protein (B-S19) from Bacillus
stearothermophilus has been suggested to be homolo-
gous to £. coli E-S18 judging from its amino acid com-
position, molecular weight and two dimensional electro-
phoretic mobility [29,30], and the N-terminal amino
acid sequence of B-S19 has been reported [9]. The
comparison of the N-terminal amino acid sequence of
E. coli S18 and Bacillus stearothermophilus S19 shows
that they are homologous proteins and both cysteine
and basic residues are conserved during evolution.
These residues are probably important for function.

Both proteins have alanine as the N-terminal residue,
but the alanine of E-S18 is acetylated while that of
B-S19 is not acetylated suggesting the acetylation is
not essential for the function. N-terminal acetyl-alanine
was also found in cucumber virus 4, rabbit muscle eno-
lase, wool, human erythrocyte carbonic anhydrase and
frog hemoglobin [31]. Ribosomal protein L7 from £,
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Trypsin e T —y :TZ — pTBIETLq ;-TSE 8 T6 4 17
Thermolysin  smm———] F_—( - ‘] ' — —
Chymotrypsin | — 4 p—
S.aureus p. [ SP1
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Trypsin T8 — T9 — —
Thermotysin i —
Chymotrypsin L 4 =
S.aureus p. » sP2 4 SP3.
Solid P Sequ. — ~
Liquid P Sequ. —_—
40 45 50 55
Val-Pro-Ser-Arg-lle - Thr-Gly -Thr-Arg-Ala-Lys -Tyr - GIn-Arg-Gln - Leu-Ala-Arg-Ala-
Trypsin T10 — ™ — =Ti2 — T13 - T ——y o
Thermolysin - —— , .
Chymotrypsin — — P e —
S.aureus p. sP3
Liquid P. Sequ.
60 65 70 74
le-Lys-Arg-Ala-Arg-Tyr- Leu-Ser-Leu-Leu-Pro- Tyr - Thr- Asp-Arg-His- Gin-COOH
Trypsin =TSt VT4 e T = a8 e —
Thermolysin — = - — = —_
Chymotrypsin " — . —_ .
S.aureus p.. SP3 —
Ligquid P. Sequ. -

Fig.1. Amino acid sequence of protein $18 from E. coli ribosomes. Trypsin = tryptic peptides. S. aureus p. = peptides from diges-
tion with Staphylococcus aureus protease. Solid p. sequ. = sequence elucidated by solid phase sequenator. Liquid p. sequ. = sequence
elucidated by an improved Beckman sequenator.
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