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1. Introduction

Protein L23 is, according to electron microscopical
studies, located within the ‘seat region’ of the 50 S
subunit of the Escherichia coli tibosome {1]. Anti-
bodies against this protein strongly inhibit the associa-
tion of 30 S and 50 S subunits indicating that 123 is
at, or near, the subunit interface (reviewed in [2]).
The elongation factor EF-Tu can be crosslinked to
protein L23 [3].

The binding site of L23 on the 23 S RNA has been
shown by nuclease protection studies on single pro-
tein—RNA complexes to be in the vicinity of nucleotide
1600 [4], This result is in agreement with the find-
ings that 123 rebinds to the 18 S RNA fragment
which spans from nucleotide position 1300 to the
3'end of the 23 S RNA [5] and that in reconstitu-
tion experiments with 23 S RNA fragments protein
L23 binds to a fragment spanning from nucleotide
position 1300—2000 [6].

Several E. coli mutants with altered ribosomal p
tein L23 have been isolated by two different 1sola-
tion procedures [7,8]. The phenotype of a kasuga-
mycin-dependent mutant is the product of a muta-
tion in gene ksgA leading to resistance to kasuga-
mycin and in the gene for protein L23 leading to
dependence on this drug [9]. Since kasugamycin
acts on the 30 8 subunit it is interesting that an
altered 50 S protein, namely 123, influences the
kasugamycin phenotype of the ribosome. This is
consistent with the conclusion mentioned above that
123 is an ‘interphase protein’.

In this paper the complete primary structure of
protein L23 is given, and its secondary structure as

predicted from the amino acid sequence is presented.

In addition the results on the comparison of the L.23
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sequence with the primary structures of 53 other
ribosomal proteins which have already been sequenced
are discussed.

2. Materials and methods

Protein 123 was isolated from 50 S subunits of
E. coli strain K12 as described [10]. The protein
samples were provided by Drs H. G. Wittmann and
J. Dijk. The purity of the protein was checked by two-
dimensionai gei eiectrophoresis {11]. Furthermore, a
fragment of protein 123 isolated as a byproduct
during purification of the salt extracted protein [12]
was provided by Dr J. Dijk. This fragment spans the
sequence from amino acid position 10 to the
C-terminus.

For the sequencing studies peptides were isolated
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(iii) Chymotrypsin digestion at pH
at 37°C for 1 h);

(iv) Pepsin digestion at pH 2 (in
37°C for 4 h);

(v) Digestion with Staphylococcus aureus protease at
pH 4.0 (in 0.1 M ammonium acetate buffer at
37°C for 48 h).
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For specific cleavage at arginine residues the lysines
were blocked with ETPA (exo-is-3,6-endoxo-A*-
tetrahydrophthalic acid) [13] with 10 mg reagent/

2 mg protein in 0.25 M borate buffer at pH 9 for 3 h

at room temperature and for 3 h at 4°C. After dialysis

in dilute ammonia (pH 9) the tryptic digestion was
performed and followed by deblocking of the lysines
in 10% acetic acid overnight.

The resulting peptides were isolated as follows:

(i) By thin-layer fingerprinting (tryptic, thermolytic,
chymotryptic, Staphylococcus aureus and ETPA
peptides);

(ii) By column chromatography on Dowex 50
(2 X 90 mm, 50°C) and one-dimensional prepara-
tive thin-layer purification (tryptic peptides);

(iii) By gel filtration on Sephadex G-50 superfine
(180 X 1 cm columns) in 10% acetic acid and
purification by fingerprints or by one-dimensional
chromatography on thin-layer sheets (tryptic,
ETPA, Staphylococcus aureus and peptic peptides)
as summarized in [14].

Undigested or insoluble ‘core’ peptides, e.g.,
resulting from incomplete hydrolysis during trypsin
digestion, of the regions positions 45—64 or 3487,
were dissolved in small volumes of 8 M urea, diluted
to 2 M with morpholine buffer (pH 8.1) and were
further digested with trypsin or thermolysin. Pepsin
digestion of the ‘core’ peptides was without urea in
16% acetic acid.

The Edman degradations were performed
manually with the combined dansyl-Edman technique
[15] or by the DABITC/PITC (4-VN-dimethyl
aminoazobenzene4 -isothiocyanate/phenylisothio-
cyanate) double coupling method [16]. Solid-phase
sequencing of peptides was made by attaching the
carboxyl groups of the C-terminal end of the peptides
with a water-soluble carbodiimide on amino-poly-
styrene resin [17] at pH S and 30°C, for 1 -2 h. The
released PTH-amino acids were identified by thin-
layer techniques.
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Amino acid analyses were performed in a Durrum
D-500 analyser, using 1—2 nmol peptides for the
hydrolysis (in 50 u! of double-distilled 5.7 N HCl, for
20 h at 110°C; sensitivity scale of 0.5 4). Protein
1.23 was hydrolysed in 100 ug amounts (in 50 ul
HCl at 110°C for 20, 48 and 72 h) with aliquots of
20% of the sample at 2.0 A sensitivity, for each
analysis. The analyser columns and buffers were self-
prepared.

3. Results and discussion

3.1. Sequence determination

The N-terminal sequence of protein L23 up to
position 51 was determined [18] by liquid-phase
Edman degradation performed in a considerably
modified Beckman sequencer as reviewed [19]. Thin-
layer chromatography and hydrolysis of the released
PTH-amino acids followed by their analysis were
used for the identification as in [18]. The sequence
within the N-terminal region of the chain was con-
firmed by isolating peptides after digestions with
trypsin, pepsin, Staphylococcus aureus protease,
chymotrypsin, thermolysin as well as by tryptic
peptides after blocking of the lysines by ETPA. The
alignment of the tryptic peptides T1 to T12 derived
from the sequencer result as shown in fig.1. All other
peptides obtained could be placed into this sequence
and were partially sequenced by the combined dansyl-
Edman technique by solid-phase sequencing or by
the manual DABITC/PITC double-coupling method
(as detailed in fig.1).

Determination of the sequence of the middle part
of the protein was more difficult for several reasons.
(1) The tryptic cleavage between T11 and T12 was

incomplete, and the ‘core’ peptide from this
area, not soluble in water or dilute acids, turned
out to be heterogeneous at the N-terminus,
starting mainly with alanine (pos. 45) and to a

Fig.1. Primary structure of protein L23 of Escherichia coli ribosomes. LPSQ: Degradation of intact protein L23 by meansof a
modified Beckman sequencer, + means unambiguously identified residue by thin-layer technique and additionally by amino acid
analysis after hydrolysis. Digestion with trypsin, TRY; with trypsin after reaction with ETPA, ETPA; with Staphylococcus aureus
protease, SP; with pepsin, PEP; with chymotrypsin, CHY; and with thermolysin, TH; ES means peptides from partial hydrolysis

in dilute acetic acid. Symbols are as follows: ——; combined dansyl-Edman degradation, —, solid-phase sequencing in a solid-phase

sequencer; &, manual DABITC/PITC method.
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lower extent with leucine (pos. 50). Therefore,
only a few nanomoles of peptide T12 and the
‘bridging’ peptide T11—T12 could be purified.

(2) The sequencing of these peptides was difficult
because of the repetitive sequence Glu—Val—-Glu—
Val—Glu—Val—Val (pos. 52—58) and a further
Val—Val sequence (pos. 62—-63). The best result
was obtained on peptide T11—-T12 with the
manually performed DABITC/PITC double
coupling method [16] which led to the sequence
determination up to position 58.

(3) The presence of ten lysine peptides (T5-T14)
without any arginine residue gave rise to a long
ETPA peptide, E3 (pos. 13—69) which contained
the difficult sequence area mentioned above.

(4) The thermolysine peptides of the middle part of
the protein chain consisted of many small pieces
with similar sequences which could not be puri-
fied or aligned unambiguously.

(5) The alignment of peptides T13 and T14 and that
of the single lysine and arginine residues (pos. 81,

69 and 77) complicated a final proof for this part

of the chain.

These difficulties were overcome by the detailed
study of the rather complex peptide mixture obtained
after pepsin hydrolysis of the tryptic ‘core’ applying
the DABITC/PITC technique on a few nanomoles of
purified peptides. In this way it was possible to deter-
mine the entire sequence of this region up to pos. 79
(see fig.1). Details will be described elsewhere,

The primary structure of the C-terminal part of
the protein chain was determined by sequencing the
ETPA peptide, E7 (pos. 78-99) with the solid-phase
sequencer and by sequencing the peptide ES2
(pos. 80—92) obtained from partial acid hydrolysis
with the DABITC/PITC method. Additional isolated
fragments and sequenced peptides of this region are
shown in fig.1.

3.2. Characteristics of the sequence

The sequence determination of protein L23 was
derived from several sets of peptides. The tryptic and
peptic peptides independently span the entire sequence
of L23 as shown in fig.1. The amino acid composition
of protein 123 is Asp; Asns Thrs Sers Gluo Gln,
Pro; Glye Ala,o Valy, Met, Iles Leug Tyr; Phe
His, Lys;4 Arg,. Cysteine and tryptophan were not
detected. The molecular weight based on the sequence
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amounts to 11 013, The amino acid analyses of the
entire protein are in good agreement with the sum of
the amino acid residues derived from the sequence
given in fig.1.

Protein 123 has a rather high amount of hydro-
phobic amino acids, namely 26% valine, leucine and
isoleucine. The valine residues are clustered in one
part of the protein between amino acids 31—67 and
especially in region 53—63 which contains 6 valines
out of 11 residues. Because of the repetitive sequence
and the incomplete hydrolysis in this region with most
of the applied enzymes the sequence analysis of this part
of the chain wasrather difficult as mentioned above.

The charged amino acids in protein 123 (which
contains 36% acidic and basic residues) are distributed
over the whole protein chain with a positively charged
cluster at positions 64—81 and an accumulation of
glutamic acid residues at positions 52—56. Further-
more, charged amino acids are clustered in the
N-terminal area up to pos. 19. The single proline
residue occurs in the N-terminal region at pos. 14,
the two phenylalanine residues are in the valine
region at pos. 51 and at pos. 94 and the single tryro-
sine in the C-terminal area at pos. 83.

3.3. Secondary structure predictions of protein L23
Four different prediction methods were employed
for calculating the secondary structure of protein
L23 as presented in fig.2 and described in {20]. In
case of the predictions according to Chou and Fasman
recent parameters [21,22] were used. According to
these predictions two pronounced regions of second-
ary structure, predicted in accordance with all
methods (see fig.2), can be given, namely an extended
helix area for positions 33—54 in the middle part of
the chain, and furthermore one to two strong turn or
loop areas at positions 64—81. Moreover, several areas
of extended structure or pleated sheet are probably
located before and after the central helix part (around
pos. 30, 60) and at the C-terminal end of the protein
chain. The amount of secondary structure calculated
for protein L23 based on 3 out of 4 agreeing predic-
tions is as follows: 35% helix, 14% turns or loops and
at least 8% of extended structure (see line ‘PRE’in fig.2).
Recently, CD-measurements were performed on
protein L23 prepared by the salt extraction method
{23]. The CD-spectrum measured in 300 mM potas-
sium fluoride and S mM potassium phosphate at
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Fig.2. Predictions of the secondary structure of protein L23 according to 4 different methods, for the details see text and [20].

pH 7.0 shows relatively low levels of ordered struc-
ture (J. Dijk, personal communication).

3.4. Comparison with sequences of other ribosomal

proteins

The sequence of protein 123 was compared with

48 sequenced E. coli ribosomal proteins (reviewed in

[24]) and with 5 complete structures of proteins
from other organisms (yeast, Bacillus subtilis and

Artemia salina; reviewed in [25]). The results are

given in table 1 in which identical sequence regions

Table 1

are listed.

Identical peptides in protein L23 and other ribosomal proteins from Escherichia coli

123 positions Sequences Protein Positions
17-20 Ser—Glu—Lys—Ala S20 13-16
23-26 Ala—Met—Glu—Lys SS 62—65
24-27 Met—Glu—Lys—Ser S17 16-19
28-31 Asn—Thr—Ile—Val S11 28-31
30-33 Ile-Val-Leu—Lys L6 130-133
32-35 Leu—Lys—Val-Ala S8 31-34
33-36 Lys—Val-Ala—Lys S12 14-17
37-40 Asp—Ala—Thr-Lys L1 15-18
4447 Lys—Ala—Ala—Val S8 21-24
44-47 Lys—Ala—Ala—Val L22 42-45
52-55/54-57 Glu—Val-Glu—Val L7/L12 116-119
65-68 Gly—-Lys—Val—Lys L24 22--25
65-68 Gly—-Lys—Val-Lys L27 6467
65-68 Gly—Lys—Val-Lys L14 50-53
67-70 Val-Lys—Arg—His S21 52-55
86-89 Leu-Lys—Glu-Gly L7/L12 94-97
86-89 Leu—Lys—Glu—-Gly NS1 36-39
96-99 Gly—Gly—Ala—Glu S3 157-160
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