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The complete amino acid sequence of the ribosomal protein HS3 from Halobacteriwm marismortui has been

determined, which is, to our knowledge, the first complete protein sequence from an archaebacterial ribo-

some. Comparison of the primary structure of HS3 with all sequenced ribosomal proteins from other organ-

isms revealed that HS3 is significantly homologous with protein 89 from the gram-negative Escherichia coli

and the gram-positive Bacillus stearothermophilus, having 27 and 37%; identical residues, respectively. Based

on these and other results it is possible that some ribosomal components of archaebacteria are related to
eubacteria, especially gram-positive bacteria, and others to eukaryotes.

Amino acid sequence

1. INTRODUCTION

In addition to the two kingdoms of organisms,
the eukaryotes and the eubacteria, authors in [1]
have deduced the existence of the third kingdom,
the archaebacteria, from comparative studies on
partial sequences of the 16 S ribosomal RNAs.
Since that time, a phylogenetical relationship
among the 3 kingdoms has been examined with a
comparative study on cellular components. From
the complete sequence and secondary structure of
the Halobacterium volcanii 16 S ribosomal RNA,
it hias been reported that this RNA is closer to the
eubacterial 16 S ribosomal RNA than to the
eukaryotic 16 S-like ribosomal RNA, but that it
also shows specific sequence similarity to its
eukaryotic counterpart. From this, it was conclud-
ed that the 3 kingdoms are almost equivalent to
each other [2].

In contrast, it has been suggested from com-
parisons of the acidic ribosomal ‘A’ proteins from
several species that the archaebacteria are more
closely related to the eukaryotes than to the
eubacteria, and a phylogenetic tree was made
showing divergence of the archaebacteria from the
eukaryotes subsequent to the divergence of the
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Ribosomal protein Sequence comparison

eubacteria and the eukaryotes [3]. Furthermore, a
comparison of the primary and secondary struc-
tures of ribosomal 5 S RNAs also supported the
conclusion derived from the comparative study on
acidic ribosomal ‘A’ proteins [4].

To obtain a more detailed view of the evolu-
tionary relationships between archaebacteria and
the other kingdoms, we have extended our own
comparative studies to ribosomal proteins from
the archaebacterium H. marismortui. Hitherto on-
ly partial sequences of the ‘A’ protein [5] and N-
terminal sequences of 10 ribosomal proteins from
archaebacteria [6] have been reported. Here we
present the complete amino acid sequence of the
30 S subunit protein HS3 of H. marismortui, and
it is shown that it is homologous with the
eubacterial ribosomal proteins 89 from E. coli and
B. stearothermophilus.

2. MATERIALS AND METHODS

30 S ribosomal proteins from H. marismortui
were isolated as in [7], and purification of protein
HS3 was achieved by DEAE-cellulose chromatog-
raphy followed by gel filtration on Sephadex G-75
as in [6]. Details of the isolation and purification
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of the 30 S ribosomal proteins from H. marismor-
tui will be published elsewhere. The purity and
identity of the isolated protein were established by
two-dimensional gel electrophoresis [7]. Enzymes
and other materials for sequencing were used as in
[8]. Sequence determination of protein HS3 was
carried out as in [9,10]. Computer analysis for a
comparison of all ribosomal proteins available at
present was performed by the aid of two programs,
RELATE and ALIGN [11,12]. RELATE was used
for the comparison of HS3 with other ribosomal
proteins searching with a fragment length of 25.
When segment comparison scores over 3.0 SD
units were obtained for the HS3 protein with one
of the other proteins these pairs were then sub-
jected to analysis with the program ALIGN. In this
case the mutant data matrix with a break penalty
of 25 was employed. In the computer analysis, the
relatedness of any two sequences was estimated as
in [13]. The proteins compared with HS3 were the
ribosomal proteins from E. coli [14,15], B. stearo-
thermophilus [16,17], rat liver [18-21], Saccharo-
myces cerevisiae [22) and Schizosaccharomyces
pombe [23].

3. RESULTS AND DISCUSSION

3.1. Determination of the amino acid sequence of
protein HS3
Protein HS3 was eluted from the DEAE—cel-
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lulose column at the beginning of the gradient, at
a KCl concentration of 0.02 M. After further puri-
fication by gel filtration on Sephadex G-75, the
protein migrated as a single spot in two-dimen-
sional gel electrophoresis as shown in fig.1.

The amino acid sequence of HS3 is presented in
fig.2. This sequence was deduced as follows. Pro-
tein HS3 was first digested with trypsin, and the
peptides were isolated by thin-layer fingerprinting.
Amino acid sequences of the peptides were deter-
mined by the DABITC/PITC method [24] or by
the manual solid-phase technique as in [9]. The
alignment of the tryptic peptides was mainly
deduced from the amino acid sequences of
chymotryptic and peptic peptides. Chymotryptic
and peptic digestion of HS3 gave 11 (C1-C11) and
13 (P1-P13) peptides, respectively, which were
separated by fingerprinting, and the resulting pep-
tides were sequenced. The amino acid sequence in-
formation from these peptides allowed the align-
ment of almost all tryptic peptides, but several
overlaps were based on a single residue only.
Hence, HS3 was also digested with Staphylococcus
aureus protease, and the resulting peptides were
isolated by gel filtration on Sephadex G-50 and
then sequenced. From these results, the amino acid
sequence of HS3 could be unambiguously deter-
mined as shown in fig.2.

Protein HS3 contains 130 amino acid residues,
and from its amino acid composition a molecular

Fig.1. Two-dimensional gel electropherograms of 30 S ribosomal proteins from H. marismortui (a) and the purified
protein HS3 (b). Protein HS3 is shown by an arrow.
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mass of 14353 is calculated. The amino acid com-
position of HS3, as derived from the sequence,
agrees well with the amino acid analysis of the pro-
tein as given in table 1. From the number of acidic

Fig.2. The amino acid sequence of HS3 from H.
marismortui. Sequence data on individual peptides:
(—) sequenced by 4-N,N-dimethylaminoazobenzene-
4'-isothiocyanate/phenylisothiocyanate double-cou-
pling method; (== ) sequenced by manual solid-phase
procedure. SEQ indicates degradation of intact protein.
TRY, CH, PEP and SP indicate peptides derived from
digestion with trypsin, chymotrypsin, pepsin and S.
aureus protease, respectively.

residues (22 residues) and basic residues (22 in-
cluding one His residue) in HS3, a net charge of
—0.5 at pH 6.5 was calculated assuming that the
His residue carries a charge of +0.5 [25].
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Table 1
Amino acid composition and M; of protein HS3

Amino acid Sequence Protein
hydrolysate

As 11

op 3 ] 14.3
Thr 6 6.0
Ser 6 5.5
Glu 11

Gin 6 } 20.1
Pro 5 4.1
Gly 12 11.8
Ala 13 13.3
Val 14 142
Met 3 2.7
Ile 3 3.0
Leu 9 8.5
Tyr 2 1.3
Phe 3 2.5
His 1 0.8
Lys 7 6.8
Arg 14 14.2
Trp 1 ND
Total 130

M, 14353
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ND, not determined

Examining the distribution of charged residues
throughout the sequence, the following characteri-
zation can be deduced: 15 of 22 basic residues are
located in the N-terminal (positions 1-25) and C-
terminal (positions 100—130) regions. On the other

1 2 0
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hand, acidic residues exist densely in the central
part of the molecule. The location of aromatic
residues also seems to be non-random: All but
Phe-47 are clustered within the C-terminal third of
the chain, namely Phe-96, Phe-99, Trp-116,
Tyr-125 and Tyr-129.

3.2. Comparison of ribosomal proteins from
Halobacterium with those of eubacteria and
eukaryotes

1t was concluded from a comparison of the N-
terminal sequences of 10 ribosomal proteins from
the H. cutirubrum 30 S subunit that these proteins
do not show significant homology to eubacterial
ribosomal proteins, but do have some homology
with eukaryotic ribosomal proteins [6].

After elucidation of the complete amino acid se-
quence of protein HS3 we compared its structure
with the sequences of all ribosomal proteins thus
far determined, using the computer program
RELATE. The segment comparison obtained
showed that only two eubacterial ribosomal pro-
teins, namely, the S9 proteins from E. coli [26] and
B. stearothermophilus ribosomes [17], exhibited a
significant homology (at the level of 3.9 and 5.8
SD units, respectively) with the HS3 protein from
Halobacterium.

Accordingly, all 3 proteins (HS3, ES9 and BS9)
were aligned for maximum homology by the pro-
gram ALIGN. This comparison was made as
follows. Firstly, protein HS3 was aligned with BS9
(fig.3), and the alignment score thus obtained was
10.3 (in SD units). This is strong statistical
evidence that HS3 is related to BS9, since it has

30 6o s
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I IVHNK DIREYIIPITE LIE VXQPLVEL
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Fig.3. Comparison of the primary structure of HS3 from H. marismortui with that of BS9 from B. stearothermophilus.
Identical residues are enclosed in boxes.
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Fig.4. Comparison of the primary structures of 3 homologous proteins from H. marismortui, B. stearothermophilus
and E. coli. Identical residues are enclosed in boxes.

been pointed out [13] that two proteins which give
a score of more than 10 SD units are strongly
related to each other.

Next ES9 was aligned with the two sequences
BS9 and HS3 (fig.4). This comparison shows that
HS3 can easily be aligned to the two S9 proteins
with a few insertions and one deletion, and that
HS3 has 37 and 27% identical residues with BS9
and ES9, respectively. Thus, protein HS3 from
Halobacterium is more related to the correspon-
ding protein in the gram-positive B. stearother-
mophilus than to that in the gram-negative E. coli.

There are 31 positions in the sequence which are
completely conserved in all 3 proteins, i.e., HS3,
ES9 and BS9. In particular the central region of
the proteins, at positions 59-83, and the C-
terminus are very homologous. This finding sug-
gests that these regions may play an important role
in the function and/or structure of the proteins.

There is no indication from our computer search
program that protein HS3 is homologous to any of
the eukaryotic ribosomal proteins whose primary
structures are so far known. However, it is possible
that this negative finding is due to insufficient se-
quence data for proteins from eukaryotic
ribosomes. It is interesting in this context that
another ribosomal protein from Halobacterium,
the so-called ‘A’ protein, is significantly homo-
logous to a ribosomal protein from yeast [5] and
that the 5S RNAs from archaebacteria and
eukaryotes are related [4].

On the other hand, protein HS3 (this paper) and
the 16 S RNA [2] from Halobacterium ribosomes
show significant homology to their counterparts in
eubacteria. Therefore, it is possible that some
ribosomal components of archaebacteria are more
closely related to eubacteria and others more close-
ly to eukaryotes. A definite answer to this in-
teresting hypothesis must await more sequence
data from archaebacterial and eukaryotic
ribosomal components.
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