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Abstract

The thermophilic and thermostable family B DNA polymerase
from the archaeon Sulfolobus solfataricus (M, of about
100 kDa) has been crystallized by the hanging-drop vapour-
diffusion method at 294 K using ammonium sulfate as
precipitant. The crystals belong to the monoclinic space group
C2 with cell dimensions a = 187.4, b =68.5,¢=1258 A and 8 =
107.8° and diffract up to 2.7 A resolution on a rotating-anode
X-ray source. Native data have been collected at 100 K. A
heavy-atom derivative search is in progress.

1. Introduction

DNA polymerases arc usually multifunctional enzymes which
possess, in addition to their synthetic function, onc or two
degradative activities (5'— 3’ and/or 3’5’ exonucleases). In
all living organisms they are the key components of multi-
enzymatic complexes responsible for the accurate duplication
and maintenance of the genetic information since they are
involved in DNA replication and repair (Kornberg & Baker.
1992). DNA polymerases have been classified into three major
families (A, B and C) on the basis of their sequence similarity
to Escherichia coli DNA polymerases 1. II and III, respectively
(Braithwaite & Ito, 1993). A fourth group (family X) includes
cukaryotic DNA polymerase B which is involved in DNA
repair reactions. Despite the apparent variety of types, it has
been demonstrated that a certain number of amino-acid resi-
dues critical for the synthetic or for the degradative activity are
highly conserved among DNA polymerases of diffcrent
families (Joyce & Steitz. 1994). In addition, this functional
similarity has been extended to other classes of template-
directed nuclcotide polymerases, such as reverse tran-
scriptases, RNA replicases and DNA-dependent RNA poly-
merases (Arnold er al.. 1995). Indeed, this notion has been
confirmed by analysis of the threc-dimensional structure of
various distantly rclated nucleotide polymerases. including the
Klenow fragment (KF) of E. coli DNA polymerase I (Beese et
al., 1993) and DNA polymerasec from Thermus aquaticus. both
belonging to the family A (Kim er al., 1995), rat DNA poly-
merase S (family X, Davies er al., 1994), HIV-1 reverse tran-
scriptase (Jacobo-Molina et al., 1993) and bacteriophage T7
RNA polymerase (Sousa et al., 1993). The similarity among the
above structures is striking, particularly at the level of the
polymerase domain. which in all cases posscsses the shape of a
right hand with ‘fingers, thumb, palm’ subdomains and contains
a deep groove to accommodate the nucleic acid substrate.
Recently, the crystal structurc of a pol @ DNA polymcrase
from bacterophage RB69 (which belongs to the family B) has
been determined (Wang et al., 1997). The polymerase catalytic
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domain is structurally similar to thc¢ palm domain of the
polymerases of family A and X, but the finger and the thumb
domain are unlike those of the other polymcrase of known
structure.

In this context, we have undertaken a study on family B
DNA polymerase from the thermoacidophilic archaeon
Sulfolobus solfataricus (DNA pol Ss). This enzyme, which is a
monomer of about 100 kDa and possesses thermophilic and
thermostable DNA polymerase and 3'— 5’ exonuclcase activ-
itics, was found by primary structurc alignments to belong to
family B of the DNA polymerases (Pisani et al., 1992). This
group is quite heterogenous including, in addition to DNA
polymerase I1 from E. coli, eukaryotic cellular and viral DNA
polymerascs, replicases from the bacteriophages T4 and ¢29,
and several other DNA polymerases from Archaea, which are
currently utilized in PCR (polytherase chain reaction) proto-
cols by virtue of their high fidelity and thermal-stability
features (Braithwaitc & Ito, 1993). Recently, DNA pol Ss has
bcen demonstrated by limited proteolysis studies to possess a
modular organization of its associated catalytic activities. It is
composed of two protease-resistant domains. The amino-
terminal half of the protein molccule is responsible for the
3'— 5’ exonuclease activity, whereas the carboxyl-terminal one
retains the polymerization function (Pisani & Rossi, 1994;
Pisani et al., 1996).

2. Materials and methods
2.1. Crystallization

For the crystallization studies presented herein, we have
utilized the recombinant DNA pol Ss, overproduced in E. coli
under the control of a T7 promoter and extensively purified in
a soluble and active form (Pisani, unpublished results). Crys-
tallization assays were carried out by the conventional
hanging-drop vapour-diffusion technique (McPherson, 1990).
The protein solution for crystallization was made up of 20 mM
Tris-HCI, pH = 8.0. 5 mM B-mercaptoethanol, 5 mM MgCl,,
400 mM NaCl. The purity of the protein was >98%, as esti-
mated by silver-staining, following SDS-PAGE (Pisani er al.,
1996). A wide range of crystallization conditions were initially
tested. Single crystals were grown by mixing equal volumes
(3 pl) of protein solution and reservoir solution consisting of
32-36% saturated ammonium sulfate in 100 mM Hepes buffer,
pH = 7.8-8.2, 1.0 mM B-mercaptoethanol and 1.0 mM sodium
azide. The drops were vapour equilibrated against 1.0 ml of the
same reservoir solution at a temperature of 294 K. Although
crystals grew from a range of protein concentrations (5.0-
150 mgml '), a concentration of 10mgml™' gave less
nucleation per drop as well as bigger and better diffracting
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