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The complete amino acid sequences of the 5 S rRNA binding proteins L5 and L18 isolated from ribosomes
of the moderate thermophile Bacillus stearothermophilus are presented. This has been achieved by the se-
quence analysis of peptides derived by enzymatic digestions with trypsin, chymotrypsin, pepsin, and Staphy-
lococcus aureus protease, as well as by chemical cleavage with cyanogen bromide. The proteins L5 and L18
consist of 179 and 120 amino acid residues, and have M, values of 20 163 and 13 473, respectively. A compar-
ison of the sequences with their counterparts from the Escherichia coli ribosome reveals 59% identical resi-
dues for L5, and 53% for L18. For both proteins, the distribution of conserved regions is not random along
the protein chains: some regions are highly conserved while others are not. The regions which are conserved
during evolution may be important for the interaction with the 5 S rRNA molecule.
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1. INTRODUCTION

The ribosomal proteins from thermophilic
organisms, such as Bacillus stearothermophilus
have proven to be more readily crystallized than
those from E. coli, and the tertiary structures of
several of them are being determined in our in-
stitute [1—-3] and elsewhere [4].

In previous papers, we have presented the
primary structures of 15 ribosomal proteins from
B. stearothermophilus [5-9]. This knowledge has
been of considerable help in the correlation with
the corresponding proteins of E. coli, and in the
refinement of their tertiary structures. Further-
more, a comparison of the homologous proteins
from the two organisms can yield useful indirect
information about functionally and/or structural-
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ly important regions within the proteins. This con-
clusion is derived from the fact that these
important regions should be more conserved dur-
ing evolution than other regions. Subsequently, we
have extended this comparative study to the 5 S
rRNA binding proteins L5 and L18 from B.
Stearothermophilus.

The 5 S rRNA-protein complex can be released
from the large ribosomal subunit and this complex
has been shown to contain one to three proteins,
depending on the source of the ribosomes. The
structure of the 5 S rRNA protein-complex from
the E. coli ribosome has been extensively studied.
For instance, the complete amino acid sequences
of the three proteins (EL5, EL18, and EL25),
which specifically bind to the 5 S rRNA, have been
determined [10—12]. Furthermore, a fragment of
protein EL18 that retains the capability to bind to
the 5 S rRNA was prepared by limited tryptic
digestion and sequenced [13]. In addition to the
5 S rRNA binding proteins from E. coli, several
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5 S rRNA binding proteins from B. stearother-
mophilus [14], Halobacterium cutirubrum [15],
Saccharomyces cerevisiae [16], and rat liver [17]
have been isolated, characterized and compared
with those of the E. coli ribosome. Two proteins
(BL5 and BL18) from the B. stearothermophilus
ribosome that can bind to 5 S rRNA have been
identified and correlated with ELS and EL18 from
E. coli. By reconstitution experiments with 5 S
rRNA from B. stearothermophilus and proteins
from E. coli or vice versa, it has been shown that
the B. stearothermophilus 5 S rRNA binding pro-
teins BL5 and BL18 are interchangeable with ELS
and EL18 [14].

In order to gain a further insight into the
structure-function relationship of the 5 S rRNA-
protein complex, and to collect more sequence
data for a comparative study on ribosomal pro-
teins, we have analyzed the primary structures of
LS and L18 from the B. stearothermophilus
ribosome and compared their sequences with those
of the homologous proteins from E. coli.

2. MATERIALS AND METHODS

2.1. Protein isolation

Ribosomal proteins L5 and L18 of B. stearother-
mophilus (strain NCA 1503) were extracted from
the 50 S subunit with 66% acetic acid in the
presence of 0.1 M MgCl,. The proteins were then
separated by CM-cellulose column chromatog-
raphy as described in [8].

2.2. Sequence determination

The proteins were cleaved enzymatically with
trypsin, chymotrypsin, pepsin, and Staphylococ-
cus aureus protease as well as chemically with
cyanogen bromide, as described in [18]. The
resulting peptides were separated by gel filtration
on Sephadex G-75 (140 x 1 cm) followed by thin-
layer chromatography, or directly by reverse-phase
HPLC (Vydac C18 column) with an acetonitrile
gradient in aqueous trifluoroacetic acid. Amino
acid analyses were performed by an HPLC system
using o-phthaldialdehyde as a derivatized reagent
[19]. Sequence determination was performed by
the DABITC/PITC double-coupling method [20]
or the manual solid-phase technique ([21], as
described in [22].
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2.3. Nomenclature

The ribosomal proteins L5 and L18 from B.
stearothermophilus were designated according to
their amino acid sequence homology to the cor-
respdénding E. coli proteins LS and L18, respective-
ly. For instance, this new nomenclature replaces
B1.22 {14] by L18 described in this paper. When
necessary, the prefixes B or E are added to dif-
ferentiate B. stearothermophilus and E. coli,
respectively.

3. RESULTS AND DISCUSSION

The sequences of proteins LS and L18 from the
B. stearothermophilus ribosome were determined
by a direct protein sequence analysis of the intact
proteins, and of peptides derived from them. The
strategy by which the complete sequences for L3
and L18 were derived from these data is sum-
marized in figs 1 and 2.

3.1. The amino acid sequence of protein L5

The sequence was determined as follows. Pro-
tein L5 was first digested with trypsin and the pep-
tides were isolated by HPLC using the Vydac C18
column. Amino acid sequences of the peptides
were determined by the DABITC/PITC double-
coupling method as shown in fig.1. The alignment
of tryptic peptides was obtained from the amino
acid sequences of cyanogen bromide peptides, as
well as from peptic peptides derived from the in-
tact protein. Cyanogen bromide cleavage of L3S
gave eight peptides, CB1~CB8, which were
separated by gel filtration on Sephadex G-75,
followed by thin-layer chromatography. The pep-
tides thus obtained were sequenced by the
DABITC/PITC double-coupling method or solid-
phase method, as shown in fig.1. Furthermore, L5
was digested with pepsin and the resulting peptides
were isolated and sequenced. From these results,
the amino acid sequence of L5 was unambiguously
determined. As given in table 1 protein LS contains
179 amino acid residues, and an M, of 20163 was
calculated from the composition.

3.2. The amino acid sequence of L18

The sequence of protein 1.18 was established by
procedures similar to those described above for
protein LS. The sequence was determined by the
isolation and characterization of the 19 tryptic
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Fig.1. Amino acid sequence of protein L5 from B. stearothermophilus. Sequence data of peptides are indicated as

follows: —, sequenced by the DABITC/PITC double-coupling method; >, sequenced by the solid-phase procedure.

SEQ indicates a direct degradation of intact protein. TRY, CB, and PEP indicate peptides derived from cleavage with
trypsin, cyanogen bromide, and pepsin, respectively.
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Fig.2. Amino acid sequence of protein L18 from B. stearothermophilus. Sequence data of peptides are indicated with
symbols and nomenclature as described in fig.1. SP and CHY indicate peptides derived from digestion with
Staphylococcus aureus protease and chymotrypsin, respectively.
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Table 1

Amino acid compositions and M, of protein LS and L18
from B. stearothermophilus

Amino acid Protein
LS L18

Asp 9 7
Asn 7 4
Thr 7 7
Ser 7 6
Glu 12 7
Gln 6 2
Pro 8 1
Gly 13 8
Ala 12 14
Val 18 9
Met 8 1
Ile 13 9
Leu 16 8
Tyr 5 3
Phe 7 S
His 0 3
Lys 18 14
Arg 13 12
Total 179 120
M, 20163 13473

peptides which were aligned by overlapping pep-
tides isolated after Staphylococcus aureus protease
and chymotryptic digestion. The combination of
the sequence information obtained from these pep-
tides allowed us to establish the complete amino
acid sequence of L18, as shown in fig.2. Protein
L18 contains 120 amino acid residues, and an M;
of 13473 was calculated as given in table 1.

3.3. Comparison of amino acid sequences

The amino acid sequences of L5 and L18 from
B. stearothermophilus are compared with those of
LS and L18 from E. coli, respectively (fig.3). BLS
has one extra residue (a methionine at the N-
terminus), when the residues are aligned to op-
timize the homology. There are identical residues
at 105 of the 179 positions, i.e. 59% of the amino
acid residues are identical in the two LS proteins.
The amino acid sequence homology extends
throughout most of two protein chains but is
stronger within the C-terminal half than within the
N-terminal half. This homology suggests that the
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C-terminal half, particularly positions 80—-100 and
109-154, might have an important role in the in-
teraction of LS with the 5 S rRNA molecule.

The BLI18 has four extra residues at the N-
terminus and requires the introduction of an inser-
tion of two residues after Gly-64 and a deletion of
Phe-23, when compared with its E. coli
homologue. There are identical residues at 61 of
the 120 positions, i.e. the identity is 53%. There
exist two long runs of highly conserved residues,
namely Val-81-Lys-91 and Tyr-102—Phe-120.
Both of these regions are present within the C-
terminal halves of the two molecules. In contrast,
a comparison of the N-terminal halves shows a
high level of variation in the amino acid sequences.

It was reported previously that a fragment ex-
tending from pos. 16/17 to 117 of EL18 retains the
capability to bind to the 5 S rRNA, and it was
therefore concluded that the N-terminal region,
pos. 1-16, is not essential for the L18-5 S rRNA
interaction [13]. Our result on the comparison of
the amino acid sequences of EL18 and BLI18 is
quite consistent with this conclusion, showing that
the C-terminal two-third is well conserved in con-
trast to the N-terminal region.

A relatively strong conservation in the positions
of basic amino acid residues along the entire length
of the protein chains can be observed. This may be
a reflection of the functional or structural
significance of these residues. Newberry et al. [13]
have proposed that the N-terminal region of L18
might be involved in either the interaction with the
other 5 S rRNA binding proteins L5 and 125, or
the attachment of the 5§ S rRNA-protein complex
to the 23 S rRNA.

The determination of the primary structures of
proteins BL5 and BL18 described in this paper,
together with those of proteins sequenced
previously, enable us now to correlate 15 proteins
from the B. stearothermophilus 50 S ribosomal
subunit with the homologous proteins from the E.
coli ribosome. Table 2 summarizes a comparison
of sequenced Bacillus ribosomal proteins with their
homologues from the E. coli ribosome. The degree
of homology for the corresponding proteins from
the two bacteria varies considerably depending
upon the protein pairs. Although it is presently dif-
ficult to provide a convincing explanation for this
observation, the data from two additional studies
are suggestive to this problem. Firstly, Auron and
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Fig.3. Comparison of the amino acid sequences of L5 and L18 from B. stearothermophilus with the homologous
sequences from E. coli. A maximum homology was obtained by a programme ALIGN [25] with a break penalty of 25
residues. Identical residues are enclosed in boxes.

Table 2
Comparison of 50S ribosomal proteins from B. Fahnestock [24] reconstituted the B. stearother-
stearothermophilus and E. coli mophilus 50 S ribosomal subunit from a mixture
of purified proteins and RNA, and analyzed the
Protein Number of Identity  References functional significance for individual proteins by
residues (%) single protein omission tests. Secondly, Dijk and

co-workers (unpublished) extracted proteins from

B. stearo- E. coli B. stearothermophilus 50 S ribosomal subunits by

d h;ri;:’l‘;' consecutive salt treatment and then isolated several
p proteins in pure form. Combining the results from
L1 232 233 51 8 these two studies, an interesting correlation
L2 274 272 60 9 emerges: proteins which are found to be strongly
Ls 179 176 59 this paper involved in polyPhe and peptidyltransferase ac-
L6 177 176 49 6 tivities, and which are not easily extracted by salt
L9 147 148 33 6 treatment are, highly conserved. On the other
t:g 32 }ii gz g har.ld‘, proteins which do not affect both functional
L17 117 127 49 6 activities and are readily extracted by salt are
L18 120 117 53 this paper rather poorly conserved.
L23 95 100 28 8
L24 103 103 44 8
27 pos 84 54 p ACKNOWLEDGEMENTS
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L32 56 56 25 7
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