Volume 73, number 1

FEBS LETTERS

January 1977

PRIMARY STRUCTURE OF PROTEIN S12 FROM THE SMALL ESCHERICHIA COLI
RIBOSOMAL SUBUNIT

Gunki FUNATSU
Laboratory of Biochemistry, Faculty of Agriculture, Kyushu University, Fukuoka, Japan

and

Makoto YAGUCHI*

Division of Biological Sciences, National Research Council of Canada, Ottawa, Canada

and

Brigitte WITTMANN-LIEBOLD
Max-Planck-Institut fiir Molekulare Genetik, Berlin-Dahlem, Germany

Received 4 December 1976

1. Introduction

Protein S12 is a very vasic protein of the E. coli 30 S
ribsomal subunit [1,2]. It controls the fidelity of trans-
lation [3] and plays an important role in the initiation
of natural messenger RNA translation [4]. Protein
S12 is the product of gene strA [5] and mutation in
this protein confers resistance to [6] and dependence
on streptomycin [7]. The amino acid replacements
in mutants with altered S12 proteins are clustered
in two regions: tryptic peptide T6, or T15 [8—11].
Some mutants resistant to neamine have two altered
ribosomal proteins, S12 and S5 [12], and the amino
acid replacements in S12 are also located in peptide
T15{13].

The tryptic peptides of protein S12 have been iso-
lated and their amino acid compositions reported
[8,10]. The amino acid sequence of the N-terminal
region of S12 has been determined [14,15]. Protein
S12 consists of 123 amino acids and this report
summarizes the determination of the amino acid
sequence.
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2. Materials and methods

Protein S12 was isolated from E. coli K strain 19 as
previously described [16] and provided by Dr H. G.
Wittmann. The identity and purity of the protein was
checked by two-dimensional polyacrylamide gel electro-
phoresis [17]. Performic acid oxidation [18] was per-
formed at 0°C for 1 h. Acetylation of the protein was
carried out with acetic acid anhydride in half-saturated
solution of sodium acetate at 0°C for 1 h [19]. Tryptic
and chymotryptic digestion was performed at pH 8.0
at 37°C for 2, 4, or 20 h. Digestion with thermolysin
was at pH 8.0 at 55°C for 4 h. Digestion with Staphy-
lococcus aureus protease kindly supplied by Dr G. R.
Drapeau, University of Montreal, was in 50 mM acetic
acid, pH 4.0, for 16 h [20].

Separation of the peptides was performed by SE-cel-
lulose column [21] and paper chromatography. The
fingerprint of the peptides was made on Whatman paper
3 MM by electrophoresis at 3 KV in pyridine/acetic
acid/H,0/acetone (2:4:79:15) buffer, pH 4.4, for the
first dimension and paper chromatography using
nBuOH/H,O/acetic acid/pyridine (30:24:6:20) for the
second dimension. The isolation of larger peptides such
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as T24, SP1, SP2 and SP5 was achieved by gel filtration
of the various digests (about 5 mg each) on Sephadex
G-50 and G-25 superfine columns (250 X 1.5 ¢m) and
15% acetic acid was used for the elution. Smaller pep-
tides in the various fractions eluted from the Sephadex
columns were further separated by fingerprinting on
thin-layer cellulose [13]. Amino acid analyses were
performed with Durrum, Biocal or Jeol analysers.

The amino acid sequence of peptides was deter-
mined by a manual micro Edman technique [22—24]
without dansylation. The thiazolinone or PTH deri-
vatives were hydrolyzed with 6 N HCl in the presence
or absence of 0.1% SnCl, [25] at 130°C for 20 h, and
the amino acids formed were analysed with the Durrum
analyser. The identification of PTH derivatives was made
by thin-layer chromatography on silica gel plates [26].
Automatic Edman degradation [27] of the protein
was made in an improved liquid phase sequenator [28]
equipped with an automatic conversion device [29] or
a Beckman model 890C sequenator. Edman degradations
were also performed by the solid phase technique [30]
with attachment of the lysine or arginine containing
peptides to aminopolystyrene resin using p-phenyl-
enediisothiocyanate directly or after conversion of
arginine to ornithine by treating with 20% hydrazine
at 105°C for 30 min [31,32] or by attachment of the
C-terminal carboxyl group to aminopolystyrene resin
with a water soluble carbodiimide [31,33].

3. Results and discussion

By treatment of protein S12 with trypsin 24 pep-
tides were obtained as well as free alanine and lysine.
Some of the tryptic peptides, namely T18 (14—17),
T23 (18-35), T16 (110-113) and T20 (114—119) are
joint peptides due to partial cleavage. All these peptides
were sequenced by a manual micro Edman technique
or by the solid-phase sequence method as described
under Materials and methods. Tryptic peptide T24
(56—82) was sequenced by liquid-phase Edman degra-
dation up to position 71; the C-terminal part of T24
was determined by the analyses of other fragments
(see below). Amino acid compositions of the peptides
obtained from the tryptic digestion of acetylated S12
revealed the alignments of peptides T18—T23 (posi-
tions 14—35), T6—T19 (36—49), T4—-T17 (99-110)
and T20—T21b—T1 (114-123).
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Digestions of protein S12 with chymotrypsin gave
16 peptides, most of which were sequenced manually.
The sequence of chymotryptic peptide C15 (positions
95--116) was determined by the solid-phase method
for positions 95—112. Peptides C4 (7—37), C8
(49-56), C9 (38—56) and C15 (95-116) were
obtained by short digestion, indicating the alignments
of peptides C2—C3, C6—C7, C5—-C6—C7 and C13—-Cl14.
Further tryptic cleavage of these chymotry ptic pep-
tides released the tryptic peptides and their fragments
derived from the corresponding regions. These were
identified by fingerprinting of the hydrolysates and
analyses of the peptides.

Staphylococcus aureus protease specifically produced
only five peptides. The sum of the amino acid residues
of these peptides agrees with the total amino acid com-
position of protein S12. Liquid-phase degradation of
peptide SP5 (76—123) determined the sequence up to
position 93 and established the sequence of the C-ter-
minal region of tryptic peptide T24. It gave the align-
ment T24—T10-T15.

Furthermore, the thermolysin peptides were isolated
and most of them were sequenced by the manual degra-
dation technique. Peptides TH13 (56—59), TH14
(60—61), TH15 (62-65) and TH16 (66—72) were
found useful to establish the sequence of T24.

The combination of these results with the N-ter-
minal sequence of protein S12 determined previously
by means of liquid-phase Edman degradation
[14,15,28] gave the alignment of all peptides and the
complete amino acid sequence as illustrated in fig.1.

The unknown residue X at position 88 is yet to be
identified. Manual Edman degradation of peptide T15
(86—93) gave a gap for position 88; the same result
was obtained by degrading peptide SPS in the
sequenator. It should be pointed out that the peptide
bond between lysine at position 87 and X at position
88 is not cleaved by trypsin hydrolysis. Several
streptomycin mutants were found to have aspartic acid
in place of X at position 88 (unpublished results). The
experiments for the identification of the unknown
amino acid are in progress.

The amino acid composition derived from the
sequence of S12 is: Asp,, Asns, Thrg, Serg, Glus, Glng,
Pro,, Gly,;, Alag, Val,s, Ile;, Leug, Tyr,, Phe,, Hiss,
Lys,3, Arg;s, Cyss and one unknown residue X. It isin
very good agreement with the data determined from the
total hydrolysis of the intact or performic acid oxidized
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protein. Methionine and tryptophan are absent. The
31 basic and six acidic residues are compatible with
the high isoelectric point of this protein [34}. Half of

the basic residues form basic doublets such as Arg—Lys,

Lys—Arg, Lys—Lys. Protein 812 has a high valine and
cysteine content compared to the other ribosomal
proteins in the small subunit {35,36]. If aspartic acid
is used for the unknown X, as found in some mutants,
the molecular weight of protein 812 is 13608.

Comparison of the sequence of S12 with other
ribosomal proteins of known structures |37,38]
revealed several identical regions which are shown in
table 1.

Only a small amount of secondary structure ¢an be
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predicted for protein S12. According to the method of

Burgess et al. [39]. positicns 13—16 are helical and
pasitions 26~29, 3942, 51—-54 and 99-103 have
-sheet conformation. According to the rules of Chou

and Fasman [40,41] positions 10—17 and 71/73-76/77

are predicted to be a-helical structures. -Sheet regions
are predicted for positions 30—40, 48--56 and 77—81.
Protein 812 must have an elongated conformation in

the 30 S particle since by immuno-electronmicroscopy

Table 1
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two antigenic determinants are found to be exposed
at well-scparated sites [42].

Amino acid sequence analyses have been done for
many altered S12 proteins isolated from streptomycin
resistant mutants [8,9], from streptomycin dependent
mutants [10,11] and from neamine resistant mutants
{13]. The results from these studies show that the
amino acid replacements are restricted to only two
regions of §12: Lys at position 42 and a short region
from position 85—91. Amino acid replacements in
these two regions drastically affect the fidelity of
translation (see ref. [2] for more details}. An amino
acid replacement at position 87, but not at position
42, leads to activation of the capability of the
ribosome to perform spontaneous non-enzymatic
transtocation [43]. From proteinchemical {9] and
genetic [44] studies on the mutants with altered §12
proteins it is concluded that the gene for the protein
S12 is transcribed in the counter clockwise direction
on the £, coli chromosome [45].

Ribosomal protein §12 has also been isolated from
Bacillus stearothermophilus [46—48] and Bacillus
subtilis [49]. There is a high degree of homology

Regions of protein S12 identical with regions of other E. coli ribosomal proteins

Pepiide Proiein Positions Protein Positions
Arg—Lys—Pro—Arg S12 8-11 54 43;7'7”7
Arg-- Ala— Arg—Lys S12 11-14 St1 6-9
Lys—Val-Ala—Lys S12 14--17 L23 33-136
Lys—Arg- Gly—Val S12 29-32 L20 4--7
Tyr—Thr—Thr-Thr S12 37-40 L33 20-23
Leu—Ille— Arg—-Gly Si2 80-83 L22 23-26
Val--Arg—Gly—Ala 512 97100  L7/L12 72-75

Gly —-Val— Lys—Arg 512 127 21--24

117-120

Fig.1. Amino acid sequences of protein $12 from £. coli ribosomes. Tryp = tryptic peptide, Chym = chymotryptic peptide, Th =
thermalytic peptide, SP = peptide from digestion with Sraphylococcus qureus protease, AcT = peptides from trypsin digestion of

acetylated protein 512, Seq = automatic sequencing by liquid- or solid-phase degradation in a sequenator.
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among the N-terminal sequences of protein 512 from
E. coli and the two bacilli [50] . In streptomycin
mutants of Bacillus stearothermophilus [51] and
Baciilus subzilis [49] the altered ribosomal proteins
are homaologous to £. coli protein S12.
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