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The primary structure of DNA binding protein II (DNA bp II) from the extreme the~op~~c bacterium Thermas t~rmophi~~ has been estabhshed 
by combination of manual and automated techniques. The protein has 95 residues and a molecular mass of 11843, Comparison of the primary 
structure with the known sequence data of DNA bp II from Ciostridium pasteurineum, Baccillus stearothermophilus, Escherichia coli, Rbizobium 
meliloti, Anabena, Thermoplasma acidophilum, Pseudomonas aeruginosa and Bacillus caldolyticw reveals a clear homology among these small basic 
proteins. In particular, two short sequences in the middle and C-terminal part of the proteins (residues N-Gly-Phe-Gly-X-Phe and Pro-X-Thr at 

positions 46-51 and 6365, respectively) are completely conserved. 
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1. INTRODUCTION 

A number of proteins appear to be involved in the 
organization of the prokaryotic genome, among them 
the DNA binding protein II (DNA bp II) [l]. This pro- 
tein binds non-sequence specifically to the DNA and 
may carry out a role comparable to that of histones in 
eukaryotes, The basic protein was first isolated from E. 
coli 121. Electron microscopy has shown that the protein 
is able to form bead-like structures with prokaryotic 
DNA [3] in a manner similar to the chromatin struc- 
tures of eukaryotic DNA [4], suggesting a histone-like 
interaction with DNA. 

DNA bp II generally have monome~c molecular 
masses of approximately 9500. The primary sequence 
has been determined for DNA bp II from a number of 
bacteria; for references see 151. The three-dimensional 
structure of DNA bp II from B. ~~e~~o~~e~~o~~j~~~ has 
been determined at 3 A by X-ray crystallography and a 
model has been proposed for the interaction of the pro- 
tein with DNA [4]. 

Isolation and crystallization of the T. thermop~il~s 
DNA bp II have been reported previously (61. T. ther- 
mophilus can grow at a temperature of up to 80°C [7]. 
It is to be expected that the DNA bp II will be par- 
ticularly well-ordered and stable, and thus ideal for 
three-dimensional crystallographic analysis of its struc- 
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ture. DNA bp II from T. thermophilus differs in several 
ways from the homologous proteins of the other 
organisms: upon nucleic acid binding, conformational 
changes in the protein’s tertiary structure have been 
observed using proton magnetic resonance spec- 
troscopy 161. In contrast to the homologous proteins 
from E. co& 121 we found a destabilising effect of DNA 
bp II on DNA [6]. The complete amino acid sequence of 
T. thermophiius is presented and its homology discuss- 
ed to other DNA bp II. 

2. MATERIALS AND METHODS 

All sequence reagents were of the highest purity available. T. fher- 
mophilus cells, strain HB8, where grown [6] and the purification of 
DNA bp II was carried out as described [6]. DNA bp II was digested 
with TPCK-trypsin, cleaved with CNEtr [8] and the peptides were 
isolated as previously described 191. The COOH-terminal fragment 
produced by CNBr was further digested with ~tuphy~ococeus aureus 
proteinase V8 [9]. Sequence determination of the intact protein and 
isolated peptides was carried out by manual Edman degradation 
employing the 4-N,N-dimethylaminoazobenzene-4’”isothiocyanate/ 
phenylisothi~yanate double coupling procedure [lo]. CNBr peptides 
were further submitted to pulse-liquid phase sequencing [8] on an Ap- 
plied Biosystems, model 477A, equipped with a PTH-ad analyser, 
model 120. The secondary structure of DNA bp II was predicted bas- 
ed on the amino acid sequence using different methods [l l]. 

3. RESULTS AND DISCUSSION 

3.1. Sequence determination 
In this subsection (Fig. i), we number the sequence of 

T. thermophiius DNA bp II from 1 at the N-terminus. 
In later sections and figures we number the same pro- 
tein from - 5 in order to allow direct alignment of the 
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Fig. 1. Amino acid sequence of DNA bp II from 7: therrnophilus. The sequence of individual peptides and intact proteins is indicated as follows: 
(-) sequenced automatically using a pulse gas-liquid phase sequencer; (+) manual liquid-phase DABITWPITC double coupling method; (D) 

solid-phase sequencing after homoserine-lactone attachment to aminopropyl glass; ()) solid-phase sequencing after attachment to 
diisothyocyanate-aminopropyll glass. SEQ indicates sequencing of the intact protein. TRY, CB and SP indicate peptides derived from cleavage 

with trypsin, CNBr or Staphybcoccus uureus proteinase, respectively. 

sequence with those of B. stearot~ermophi~us, E. coli, 
etc. Analysis of tryptic digest revealed 13 peptides 
(Tl-T13). The two CNBr fragments (positions t-29 
and 30-95) were separated by reversed phase HPLC. 
Both the N-terminal (CBl; l-29) and the COOH- 
terminal peptides (CB2) were sequenced automatically 
by solid phase techniques or with a gas-liquid phase se- 
quencer (Fig. 1). The C-terminal peptide was digested 
with Staphylococcus aureus proteinase. Four fragments 
(SPl-SP4) were separated using RP-HPLC. The com- 
plete amino acid sequence of T. thermophilus DNA bp 

II is shown in Fig. 1. The amino acid composition deriv- 
ed from the sequence is in good agreement with that ob- 
tained from the total hydrolysis of the protein (Table I). 

3.2. Sequence comparison 
Please note we now number the sequence of T. ther- 

mophilus DNA bp II from - 5 at the N-terminus in Fig. 
2 in order to align it with the previously determined 

‘structures of the B. stearothermophilus and E. coli 
DNA bp II. The high degree of conservation is im- 
mediately obvious. Using the B. stearothermophilus 
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Fig. 2. S~ctu~ homology between DNA bp II from T. tbermo~hif~ and DNA bp II from other organisms, for references see [5]. The abbrevia- 
tions in the figure are: Tht, T. thermophffaq Bst, 3. stearothermophffus; J3c, 8. cafzfofytfcus; Eel and Bc2, E. cofi (there are two copies of the 
protein present); Cp, C. pasteurineum; Ps, P. aeruginosa; Rm, Rhizobium meliloti; Ana, Anabena; Ta, T. acfdophifum. The standard one letter 
code is used for the amino acids. The Pseudomows sequence has been only partially determined and only the N-ten&at sequence has been publish- 
ed for B. caf~oiytic~. The secondary structural elements from the known tertiary structure in B. stearothermophif~ DNA bp II are shown. Totally 

conserved residues are indicated with a ‘*‘. Residues conserved in all sequences except T. thermophif~ are marked with a ‘$‘. 

protein as reference, the percentage of identical residues 
is 32%, 47070, 59% and ~~0 for the 7%. acidopb~Ium, 
T. acidophilum, E. coli and C. pasteurineum proteins, 
respectively. 

3.3. ~t~~t~r~i disunion of DNA bp II (see Fig. 2) 
The three-dimensional structure of DNA bp II from 

B. stearothermophilus has been determined by X-ray 

crystallography. Therefore it is taken as reference 
moiecufe for further discussion because the highly con- 
served positions in the sequences can be understood 
from this known structure [4]. 

Comparison of the sequence of T. thermophilus 
RNA bp II with that of the other proteins shows the 
substitutions to be more in the N-terminal region of the 
molecule rather than in the central or COOH-terminal 
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Table I 

Amino acid analysis of DNA bp II from T. t~er~o~~ii~s 

Amino acid Number of residues Analysis 
derived be sequence 

Asp 5 5.4 
Asn 1 
Glu 4 8.0 
Cln 4 
Ser 1 0.9 

GIY 7 6.8 
Thr 8 7.9 

Arg 3 2.9 
Aia 14 13.8 

Tyr 1 @.I3 
Met I 1.t 
Val 10 5.1 
Phe 3 2.4 

Ile 2 1.2 

Leu 9 7.1 

Lys 18 15.5 
Pro 4 n.d. 

The values given are not corrected for destruction of amino acids or 
incomplete hydrolysis; n.d. indicates residues not determined by 

amino acid analysis. 

part. Two alanine residues are hilly conserved in the 
helices of the other proteins, namely Ala-l 1 and Ala-21. 
In T. the~mo~hi~#~ DNA bp II Ala-l 1 is conserved, but 
Ala-21 changed to valine. 

The p-1 and p-2 sheets are linked by a short, highly 
conserved region, namely N-Gly-Phe-Gly-X-Phe at 
position 46-50, which is present in all DNA bp II so far 
sequenced. 

Hydrophobic amino acids, also conserved, are found 
at Leu-6, Ala-l 1, Leu-16, Met-24, Leu-36, Leu-44, 
Val-52, Be-71, Leu-85 and Val-89. These residues are 
responsible for both inter- and intra-molecular 
stabilization of the pol~eptide chain j6f. 

The nucleic acid binding site of DNA bp II is propos- 
ed from the model building studies to be located in the 
antiparallel B-pleated sheet region, namely at residues 
53-70. This region is characterized by positively charg- 
ed residues, namely Arg-53, Lys-54, Arg-55, Lys-56, 

Arg-58, Lys-62, Lys-70, which can interact with 
phosphate backbone of nucleic acids. 

There are 5 extra residues at the N-terminus of 7’. 
thernzophilus DNA bp II. The significance of this 
feature is not clear at the present time. 

Based on the T. thermophilus DNA bp II sequence 
determined above the secondary structural elements of 
DNA bp II as predicted by four different methods [l l] 
revealed an at-helix content of 36%. The cy-helices are 
located at the N-terminus and COUH-terminus of the 
molecule. This is in good agreement with the ex- 
perimenta1 data obtained by circular di~hroism 161. 
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