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The thermoacidophilic archaebacterium Sulfolobus solfataricus possesses several DNA binding proteins

which may have a histone-like function. Two particularly dominant species have molecular masses of 7 and

10 kDa, respectively. We have purified one of the small proteins which occurs in a relatively large amount

and have determined its amino acid sequence. The protein is characterized by a high lysine content; in the

N-terminal region the lysine residues occur in an alternating order: X-K-X-K-X-K-X-K. The amino acid

sequence does not indicate any obvious homology to those DNA binding proteins whose sequences have
been determined.

Archaebacteria Sulfolobus solfataricus

1. INTRODUCTION

In comparison with the detailed knowledge of
the structure of eukaryotic chromatin, very little is
known of the ultrastructure of the bacterial
chromosome. Although it is obvious that the 1-2
mm long circular genome has to be compactly fold-
ed in order to fit into the 1-2 zm large cell, the
mechanism of folding is not understood. Histone-
like proteins (9.5 kDa), called HU, HD, NS1/2 or
DNA binding protein II [1], have been isolated
from several bacteria and their amino acid se-
quences have been determined [2-6]. The protein
from the thermophile B. stearothermophilus has
been crystallised [7] and its three-dimensional
structure solved [8,9].

A similar protein (HTa) has been purified from
the thermoacidophilic archaebacterium Ther-
moplasma acidophilum [10]. Its amino acid se-
quence [11] shows a clear homology to the group
of eubacterial proteins [4]. Authors in [12] have
reported the occurrence in several Sulfolobus
species of at least two groups of DNA binding pro-
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teins with estimated molecular masses of 9 and 6
kDa, respectively.

We have studied these proteins in the archae-
bacterium Sulfolobus solfataricus which is able to
grow at temperatures as high as 87°C [13]. Several
DNA binding proteins with molecular masses of
either 10 or 7 kDa were found. A protein of the
smaller category which occurred in a relatively
large amount was purified to homogeneity and its
amino acid sequence was determined.

2. EXPERIMENTAL

S. solfataricus cells (DSM1616) were grown at
80°C and pH 4.8. Cells were harvested by cen-
trifugation at a cell density of 2-3 g/1 (wet wt, 2-3
Asso units). Ribosomes and DNA binding proteins
were prepared as in [7]. Purified proteins were
stored in small aliquots at — 80°C in 0.35 M NaCl,
20 mM sodium phosphate (pH 7.0).

Filter binding assays were performed as in [14],
the KCl concentration was increased to 260 mM.
14C labelled E. coli DNA was obtained from Dr
C.O. Gualerzi and *H-labelled RSF1010 plasmid
DNA from Dr E. Lanka.
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DNA binding experiments using exclusion
chromatography on Sephadex G-50 were carried
out as in [7].

Procedures for enzymic digestion and isolation
of peptides by fingerprinting have been described
in [4]. Cleavage with CNBr (6 mg) was performed
on a 1-mg aliquot of the protein in 300 1 70% for-
mic acid for 20 h in the dark at room temperature.
The peptides were separated on a Sephadex G-75
superfine column (1 X 210 cm) in 10% acetic acid.
Sequence determination was performed as in [4].

3. RESULTS AND DISCUSSION

S. solfataricus cells were grown in rich medium
{13] in a double-walled glass container, equipped
with a reflux condenser. The temperature was kept
at 80°C by a circulation bath and the pH at 4.8
(measured at 80°C) with 1 M H»S0,, using a
titrator. Details of the fermentation will be pub-
lished elsewhere.

The DNA binding proteins were isolated accord-
ing to the procedure used for the purification of
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the DNA binding protein II from B. stearother-
mophilus [7]. The proteins were separated by gel
filtration on Sephacryl S$-300 in 1 M NH,Cl. Two
groups of proteins, with apparent molecular
masses of 10 and 7 kDa, respectively, were ob-
tained. The smaller proteins were purified further
by chromatographyt on CM-Sepharose CL-6B.
The column (1.6 X 25 cm) was eluted with a linear
gradient of 0.1-0.5 M NaCl. Two components
were detected on SDS gels. From 60 g of cells, 10
mg of component I and 3 mg of II were obtained.
These proteins probably correspond to the Bl and
B2 proteins described in [12].

The proteins were identified as DNA binding
proteins by filter binding assays [14], using E. coli
and RSF1010 plasmid DNA. The conditions given
in [14] were modified in order to exclude spurious
binding of small basic proteins, such as lysozyme,
cytochrome ¢ and ribosomal proteins.

These results were confirmed by binding ex-
periments on a Sephadex G-50 column where com-
igration of the protein with DNA in the void
volume peak was demonstrated by analysis on SDS
gels.
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Fig.1. The amino acid sequence of the DNA binding protein from Sulfolobus solfataricus. Sequence data on individual

peptides are indicated as follows: (—) sequenced by the DABITC/PITC double coupling method; () sequenced by

the manual solid-phase procedure. TRY and PEP indicate peptides derived from digestion with trypsin and pepsin,
respectively; CB, cleavage with CNBr.
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s 10 -1
S.sotfataricus VKVKFKYKceeKovo-

H6 PKRKSATKGDEPARR-
HMG -1 cKopPKKPeGKMSSY -
HMG -2 cKeoprPoDKPRGKKAAY-
HMG -14 PKRKvsSAEGAAKEE-
HMG -17 pPKrRKAEGDAKGDGAK-

Fig.2. Comparison of the N-terminal region of the DNA

binding protein from Sulfolobus solfataricus with that

of several high-mobility-group proteins. The sequence
information on the latter is derived from [16,17].

The amino acid sequence of component 1 was
determined using the same techniques as for the
DNA binding protein from B. stearothermophilus
[4]. The complete sequence was obtained from two
large and one small CNBr peptide which were se-
quenced by the manual solid-phase sequencing
method [15]. Confirmation of this sequence was
obtained from tryptic peptides and, in the N-
terminal region, from peptic cleavage products.
The results are summarised in fig.1.

From a first inspection of the sequence it is clear
that this protein is not homologous to any of the
prokaryotic DNA binding proteins from which it
also differs in size. There is a remote resemblance
to a group of eukaryotic DNA binding proteins,
the high-mobility group (HMG) of proteins. These
proteins possess a similar but not identical alterna-
tion of lysine residues (fig.2) at the N-terminus
[16,17] which is believed to be important for the in-
teraction with DNA [18].

Further studies on the mode of binding of these
small proteins to DNA will be required in order to
understand the relevance of apparent structural
homologies to their function. Preliminary studies
indicate that these small proteins exist in several
forms, all of which have a very similar amino acid
sequence.
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