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The ribosomal A protein (SacL12) from the archaebacterium Sulfolobus acidocaldarius has been sequenced. The protein

contains 105 amio acids, has a composition of Asp,, Asn,, Thr,, Ser,, Glu,,, Gln,, Pro,, Gly,, Ala,,, Val,, Met,, lle,,

Leu,, Tyr,, Phe,, His;, Lys,,, Arg, and a molecular mass of 11 126 Da. The Sulfolobus protein shows many features in

common with the equivalent proteins in the eukaryotes such as 35-40% sequence homology and similar hydrophilicity

profiles, features much less evident when this protein is compared to eubacterial L12 proteins. SacL12 contains an unusual

sequence of alternating clusters of lysine and glutamic acid (-EKKEEKKEEEKK-) in the C-terminal region. Similar
sequences are found in some eukaryotic L12 proteins.

Ribosomal A protein; Amino acid sequence; (Sulfolobus acidocaldarius)

1. INTRODUCTION

In eubacteria such as Escherichia coli [1,2] and
Bacillus stearothermophilus [3,4] the ribosomal A
protein L12 (The ribosomal proteins have been
designated by the equivalent protein in E. coli
(Eco) as determined by amino acid sequence
similarity. The ribosomal A protein from S.
acidocaldarius (Sac) is designated Sacl.12 and is
equivalent to EcoL12.) is present as a 4: 1 complex
with ribosomal protein L10 and forms a well de-
fined domain in the 50 S ribosomal subunit [5].
The L12 protein is thought to be the binding site
for several of the factors involved in protein syn-
thesis [6] and appears to be essential for accurate
translation [7].

Because of its ubiquitous nature and ease of
purification, the L12 protein has been used as a
phylogenetic probe to study molecular evolution
(see [8]). A large number of L12 proteins have been
completely sequenced from eubacterial and
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eukaryotic sources (see [9]) and partial sequences
have also been reported from archaebacterial
sources [8,10,11].

In this paper we report the complete amino acid
sequence of the ribosomal A protein SacL12 from
the archaebacterium Sulfolobus acidocaldarius.

2. MATERIALS AND METHODS

Sulfolobus acidocaldarius (DSM 639) was grown at 85°C in
the medium described by Zillig et al. [12] and harvested in mid-
late log phase growth. The cells were disrupted using a French
press (16000 psi) in a buffer containing 20 mM Tris, pH 7.5,
100 mM KCl, 10 mM MgOAc, 6 mM SMe. The ribosomes were
dissociated in the extraction buffer containing 1 mM Mg?* and
separated in a Type 15 zonal rotor using a 8~32% sucrose
gradient.

The ribosomal protein SacL12 was selectively extracted from
the 50S ribosomal subunit at 46°C with NH4Cl/ethanol and
purified on CM-cellulose at pH 4.6 [4]. The protein was further
purified on HPLC (Beckman RPSC C-3 column, 0.1%
trifluoroacetic acid/acetonitrile (TFA/ACN), 0-60% gradient
over 60 min).

The amino acid composition of the protein and peptides was
determined by hydrolysis in constantly boiling HCI for 24 h and
the hydrolysate was analyzed on a Beckman 119CL amino acid
analyzer.

The protein and peptides were sequenced using an Applied
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Biosystems 470-A gas phase sequenator with an on-line PTH
analyzer model 120A.

The peptides were obtained by treating the purified protein
with either cyanogen bromide or proteolytic enzymes (see [13]
for methods). The peptides were fractionated on HPLC
(Beckman RPSC C-3 column, gradient 0.1% TFA/ACN) and
further identified on Swank-Munkres gels [14]. The peptides
used for sequencing were chosen in part by their size and amino
acid composition and only those peptides required to complete
the overall sequence were analyzed further. The proteolytic en-
zymes used were trypsin (Sigma) and carboxypeptidase Y
(Boehringer, Mannheim). In some experiments using trypsin,
the ribosomal protein was chemically modified by maleylation
of the lysine residues [13].

The hydrophilicity of the SacL12 protein was determined us-
ing the SURFPLOT program of Parker et al. [15].
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3. RESULTS AND DISCUSSION

The complete amino acid sequence of SacL.12 is
shown in fig.1. No amino acids were released when
the intact protein was treated in the sequenator
suggesting SacL12 contained a block N-terminal
residue. When the intact protein was treated with
cyanogen bromide, two peptides were obtained
and these peptides contained all the amino acids
present in the intact protein except for one
methionine residue (table 1). Since both cyanogen
bromide peptides contained free N-terminal
residues, it suggested the blocked N-terminal
amino acid in SacL12 might be this missing
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Fig.1. The amino acid sequence of the ribosomal A protein SacL12 from S. acidocaldarius. The methods used to determine the amino

acid sequence of this protein are indicated as follows: —, automatic Edman degradation of peptides; —, carboxypeptidase Y

hydrolysis of intact protein; CN, peptides obtained from cleavage with cyanogen bromide; TRY and m/TRY, peptides obtained by

digestion with trypsin and trypsin of SacL12 and maleylate SacL 12, respectively. The N-terminal Met residue appears to have a blocked
aNH; group.
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Table 1

The amino acid composition of the ribosomal protein SacL12
and the peptides obtained by treatment of the protein with
cyanogen bromide

Intact protein CN1 CN2

analysis sequence sequence sequence

Asp 2 2 0
Asn 5.4 3 3 0
Thr 3.8 4 3 1
Ser 6.2 6 3 3
Glu 17 8 9
Gln 20.7 4 0 4
Pro 2.9 3 0 3
Gly 6.9 7 i 6
Ala 18.6 18 11 7
Val 6.7 7 5 2
Met 2.1 2 1 0
Ile 6.3 7 6 1
Leu 8.7 9 7 2
Tyr 1.8 2 2 0
Phe 0.9 1 0 1
His 0.8 1 1 0
Lys 11.6 11 5 6
Arg 0.9 1 1 0
Total 105 59 45

methionine. This was subsequently confirmed
from the structure of the SacL12 gene (Ramirez,
C., personal communication).

As shown in fig.1, residues 2—54 were obtained
from peptide CN-1 while residues 6196 were ob-
tained from peptide CN-2. Two of the tryptic pep-
tides, TRY-4 and TRY-5, provided residues 56—63
and 90105, respectively. The C-terminal peptide,
obtained when the maleylated protein was
hydrolyzed with trypsin at the single arginine
residue, provides the sequence of residues 38—63,
confirming the sequence of this region of the pro-
tein. Digestion of SacL12 with carboxypeptidase Y
confirmed that the C-terminal sequence was -Leu-
Phe-Gly-COOH. From these results the complete
amino acid sequence of SacL12 was obtained. It
contains 105 amino acids and has an M; of 11126.

The hydrophilicity profile of SacL12 was deter-
mined [15] and showed more similarity to the
equivalent eukaryotic protein (Asal12) than to the
corresponding eubacterial protein (EcoL12), as in-
dicated in fig.2.

A comparison of the amino acid sequence of
SacL12 with the -equivalent proteins from
eukaryotes and eubacteria indicated that the
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Fig.2. The hydrophilicity of ribosomal protein L12 from (A) S.

acidocaldarius (SacL12), (B) E. coli [16] (EcoL12) and (C)

Artemia salina [17] (AsalL12), using the SURFPLOT program
of Parker et al. [15].

Sulfolobus protein showed much more sequence
similarity to the equivalent eukaryotic proteins
than to those from eubacteria [21]. When the se-
quence of the SacLl2 is compared to the
equivalent proteins in eukaryotes (fig.3), 35—40%
of the 105 amino acids in the Sulfolobus protein
are identical to those present in the eukaryotic L12
proteins and no rearrangement of the molecules is
required.

However, when the archaebacterial L12 protein
is compared to the equivalent proteins from
eubacteria, rearrangement of the eubacterial L12 is
required in order to obtain optimal structural
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Fig.3. Amino acid sequence homology between the

archaebacterial ribosomal protein L12 (Sac) and the equivalent

protein from two eukaryotic sources, Drosophila melanogaster

(DmeL12) [18] and Artemia salina (AsaL12) [17}. Identical

amino acids in the archaebacterial and eukaryotic proteins are
indicated by boxes.

similarity [20,21]. A similar situation exists when
eukaryotic and eubacterial 112 proteins are com-
pared [19]. Several transposition models have been
proposed [8,19,20] depending on the parameters
that are compared. A detailed comparison of the
eubacterial and archaebacterial L12 proteins will
be reported elsewhere (in preparation).

Several specific structural features of the
Sulfolobus L12 protein should be noted. SacL12,
like all archaebacterial and eukaryotic L12 pro-
teins, contains 2 tyrosine residues which are pre-
sent in the N-terminal region of these proteins. The
eubacterial L12 proteins contain no tyrosine.

The SacL12 protein contains a single histidine
residue, an amino acid absent in all other L12 pro-
teins studied thus far except for the L.12 protein
from the archaebacterium Methanobacterium
thermoautotrophicum where the single histidine is
also located in residue 11 [11].

The C-terminal region of SacL12 contains an
unusual sequence of alternating clusters of lysines
and glutamic acids

_E_ﬁ_ﬁ_ﬁ_ﬁ_ﬁ_ﬁ_E_E_E-é;ﬁ_
78 89
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as shown in fig.1. A survey of protein data banks
(Bionet) indicates this sequence is unique to the
L12 protein. Although the equivalent sequence is
missing in eubacterial L12 proteins and in Hcul.12
[21], a similar sequence is found in many of the
eukaryotic L12 proteins (see fig.3) emphasizing
again that the Sulfolobus 1.12 protein shows
properties much closer to those of the eukaryotic
L12 proteins than to the equivalent eubacterial
proteins.
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