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The primary structure of DNA binding protein II (DNA bp II) from the extreme thermophilic bacterium Thermus thermophilus has been established

by combination of manual and automated techniques. The protein has 95 residues and a molecular mass of 11 843. Comparison of the primary

structure with the known sequence data of DNA bp II from Clostridium pasteurineum, Baccillus stearothermophilus, Escherichia coli, Rhizobium

meliloti, Anabena, Thermoplasma acidophilum, Pseudomonas aeruginosa and Bacillus caldolyticus 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.

Thermophilic bacteria; DNA-binding protein II; Primary structure; Homology

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) [1]. 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 [2]. 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 monomeric molecular
masses of approximately 9500. The primary sequence
has been determined for DNA bp II from a number of
bacteria; for references see [5]. The three-dimensional
structure of DNA bp 1I from B. stearothermophilus 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. thermophilus
DNA bp II have been reported previously [6]. 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 Il 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 [6]. In contrast to the homologous proteins
from E. coli |2} we found a destabilising effect of DNA
bp 11 on DNA [6]. The complete amino acid sequence of
T. thermophilus is presented and its homology discuss-
ed to other DNA bp IL

2. MATERIALS AND METHODS

All sequence reagents were of the highest purity available, T. ther-
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 CNBr [8] and the peptides were
isolated as previously described [9]. The COOH-terminal fragment
produced by CNBr was further digested with Staphylococcus 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/
phenylisothiocyanate double coupling procedure [10]. 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 [11].

3. RESULTS AND DISCUSSION

3.1. Sequence determination

In this subsection (Fig. 1), we number the sequence of
T. thermophilus DNA bp II from 1 at the N-terminus.
In later sections and figures we number the same pro-
tein from — 35 in order to allow direct alignment of the

59



Volume 273, number 1,2

FEBS LETTERS

October 1990

10 20
Ala-Ala-Lys-Lys-Thr-Val-Thr-Lys-Ala~-Asp-Leu -Val -Asp-Gin-val-Ala-Gln~Ala-Thr-Gly-Ley-Lys-Leu~
StQ .E.E’__A__)_x__\—a_;...am;_a_a_;_x_x__;_.».._a_A_;_a__a_a_;
EB bw>>>>>>h>>>>b—>>b’b>>>>>
; T1 T2 T3
TRY —
— —— — ol — S —  —
30 40
Leu-Asp-Val-Lys-Ala-Met-Val-Asp-Ala-Leu-teu-Ala-Lys-Val-Glu-Glu-Ala-Leu-Ala-Asn-Gly - Ser-Lys-
B8 £B1 _CB2
o e O D e B e S e e B g e e e B B e B
T TR ey Ty TP TR ST Ty TNy ey ey oy T TR Sy oy ey
50 60
Val -Gin-Leu-Thr -Gly - Phe-Gly - Thr-Phe -Glu-Val - Arg-Lys - Arg-Lys - Ala- Arg-Thr-Gly-Val -Lys - Pro~Gly -
B2
cB e e B e B e B e e B e B [ [N S g L
TP r—p g TP AT AR P ST ey ATy Sy Sy ey ey ey ey ey ey ey ey Y ey
TRY T6 17 18
sp SP2 SP3
— —
70 80 50
Thr-Lys-Glu-lys-1Ile -Lys -lle~-Pro-Ala-Thr-Gin-Tyr-Pro-Alg-Phe-Lys -Pro-Gly ~-Lys-Ala-Leu-Llys-Asp-
8 cp2
-
—p  ~— Ty
TRY L T10 m o T2 I3
— —  Ammal  w— — Sy — ot — —  m— —
sp SP3 SPL
R e e A e e B e A e e B S e St S S S s Sl 4
95
Lys-vai-Lys
8 B2
RY ik
sp SPe

——y — —

Fig. 1. Amino acid sequence of DNA bp 1I from T. thermophilus. The sequence of individual peptides and intact proteins is indicated as follows:

(—) sequenced automatically using a pulse gas-liquid phase sequencer; (—) manual liquid-phase DABITC/PITC double coupling method; (©~)

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 Staphylococcus aureus proteinase, respectively.

sequence with those of B. stearothermophilus, E. coli,
etc. Analysis of tryptic digest revealed 13 peptides
{T1-T13). The two CNBr fragments (positions 1-29
and 30-95) were separated by reversed phase HPLC.
Both the N-terminal (CB1; 1-29) 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
(SP1-SP4) were separated using RP-HPLC. The com-
plete amino acid sequence of T. thermophilus DNA bp

60

11 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 (Tabie 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. stearothermophiius



Volume 273, number 1,2

H o

Tht e e e e e
Bst . . . . . . o« 0
Bel o 00 o 00 e s e
Ec2 . . . o e e e e e
PS . . . e e e e
Rm s e e e e e e

Ana . . . . .« s e .
Ta e e e e e e s

<RIEZRZIRE<S
QOZRZBRARNAZA
HRAARARANRARANR
wZZuPp3IngAap
HENORQOOR®KD

408

FEBS LETTERS

Qctober 1990

b

[alaloB-Bal ool ol LNl
NgEHSHHHHS
HUPOPUOURZAD
WA PO
G HSIHHMGGS ©
PR RRPEBY PP R
HWOPOMPHERO
HAMANRQHAM
PP RPLOA
ZuaxXomnUoooon
ER-R ol ol Bl ol ol ol
HuehXuunnnn R
OAAARAAAND
WA
qOoCUuUEPLOLEY o

]

4

w

Tht
Bst

Ecl
Ec2

Ps
Rm
Ana
Ta

-

PRPRHEYY P <N
WOuGUAGHAER
HMpuHBBPORHAP
GAPPHPPYIR
HEPE4HSH P <<
HHOODUMODODUOU
nuEpEIPPp P
Myl HG G
(SRR N R RN RO N
URRHMNMPHNOP O
AP
HHHSCEHGHMAS
CEHOHY MY M

KO OHMN NN E

-
[=]

ow

WPEEPBFELLEYY
plHBENPHPEH
2w AT X
QUZPAMNAALZ
DA ON %
oAU MD Y.
HRAOKANAPO AR
HIH®¥dGS: €<
ZHB KOO P OO0
Xt Moy
pldgdd g HH
OROOOOHN: QO »
R I R R
NDOOKODOHG: OO *
HNZARAMWY: 2H
Mgy ag. Moo

R

N

Tht
Bst
Be

Ecl
Ec2

<<
W W
W
W <o
2N

AN AE HA

Ps
Rn
Ana
Ta

HEQYPRNKP. BE
W dH <<
BHSIAWERN WR
HROHMmE:. KA
P EETTER
AREEPIPEP. PA
NPEEPHY Py
METETETER
raRoaNnn. a6 <
PR PR
ZEZRR AL
Wy ig. g %

i

w

Tht
Bat
Be
Ecl
Ec2
Cp
Ps
Rm
Ana
Ta

LR
(237}
2
(=]
<<
Hm ©

PP PBPOP-.
baapaa6-
LARMKANRA AN
ReQPpmupP. pp
R .

8 HNOAARAA AN
KNOgUUOU-
ORAPPAPY: DA
| o= -
*PRAZNL

LR
*

L

CRVOBOO: O

disordered..........:

:
L

o3
3

-~

G
e
oy
¥y
wH
o
"N o

HAAHEEHEE. ¥
NZORNOO:
WPy A MM
<A< WA
HESKHMMH: BH
HMmEROKZNAA- BIAN ©
SHHMXHKHH:

RS g K pR.
upEpXEpy-
WK PP
WPYZHKHAZEN WO
G AHISA S
Mg kg, XY
<PRRIP G-

ot by s . B g%
HHEKNST:

o
g
4

w
b

L]
n
»
*

Fig. 2. Structural homology between DNA bp Il from 7. thermophilus and DNA bp I from other organisms, for references see [5]. The abbrevia-
tions in the figure are: Tht, T. thermophilus; Bst, B. stearothermophilus; Be, B. caldolyticus; Ecl and Ec2, E. coli (there are two copies of the
protein present); Cp, C. pasteurineum; Ps, P. aeruginosa; Rm, Rhizobium meliloti; Ana, Anabena; Ta, T. acidophilum. The standard one letter
code is used for the amino acids. The Pseudomonas sequence has been only partially determined and only the N-terminal sequence has been publish-
ed for B. caldolyticus. The secondary structural elements from the known tertiary structure in B. stearothermophilus DNA bp 11 are shown. Totally
conserved residues are indicated with a **’. Residues conserved in all sequences except 7. thermophilus are marked with a ‘S,

protein as reference, the percentage of identical residues
is 32%, 47%, 59% and 60% for the Th. acidophilum,
T. acidophilum, E. coli and C. pasteurineum proteins,
respectively.

3.3. Structural discussion 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
molecule 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
DNA 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 Il from T. thermophilus

Amino acid Number of residues Analysis
derived be sequence

Asp 5 5.4
Asn 1 -
Glu 4 8.0
Gin 4 -
Ser 1 0.9
Gly 7 6.8
Thr 8 7.9
Arg 3 2.9
Ala 14 13.8
Tyr H 0.8
Met i 1.1
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 highly conserved in the
helices of the other proteins, namely Ala-11 and Ala-21.
In 7. thermophilus DNA bp II Ala-11 is conserved, but
Ala-21 changed to valine.

The -1 and -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 11 so far
sequenced.

Hydrophobic amino acids, also conserved, are found
at Leu-6, Ala-11, Leu-16, Met-24, Leu-36, Leu-44,
Val-52, lle-71, Leu-85 and Val-89. These residues are
responsible for both inter- and intra-molecular
stabilization of the polypeptide chain [6].

The nucleic acid binding site of DNA bp 11 is propos-
ed from the model building studies to be located in the
antiparallel 8-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,
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Arg-38, Lys-62, Lys-70, which can interact with
phosphate backbone of nucleic acids.

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

Based on the T. thermophilus DNA bp 1l sequence
determined above the secondary structural elements of
DNA bp I as predicted by four different methods [11]
revealed an o-helix content of 36%. The a-helices are
located at the N-terminus and COOH-terminus of the
molecule. This is in good agreement with the ex-
perimental data obtained by circular dichroism [6].
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