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Abstract 
Hanging-drop vapour-diffusion method was used for the crystallization of the extended DNA-binding domain 
(residues 309-410) of the E2 protein from Bovine Papillomavirus Type 1. X-ray data collection at 2.0 Å 
resolution was performed using synchrotron radiation. The crystal symmetry could be described by the space 
group P3121 and with unit cell parameters a = b = 55.3 Å, c = 203.4 Å. The protein structure was solved by 
molecular replacement. 
1. Introduction 

Papillomaviruses are double stranded DNA viruses that cause epithelial lesions, often developing into 

malignant transformation, in particular cervical cancer [1]. The genome of the Bovine Papillomavirus Type 1 

(BPV1) codes for eight different proteins. The E2 protein is the one responsible for the regulation of gene 

transcription and participates in viral genomic DNA replication [2]. Three domains can be distinguished in E2: 

activation domain, flexible “hinge” domain and DNA-binding domain. The E2 DNA-binding domain (E2-C) is 

located at the C-terminal end of the polypeptide, from residue 326 to 410. E2-C is active as a homodimer that 

binds to a conserved viral palindromic sequence. Each monomeric unit contains two α-helices and four β-

strands. In the dimer the eight β-strands, four from each monomer, form a barrel. The most important regions of 

E2-C involved in the DNA binding are located in the first α-helix and in the loop between the second and third 

β-strands [3,4]. Recently the NMR structure of the extended E2-C domain with an extra 16-residue segment 

(residues 310 to 325) has been determined [5]. Although no homology was identified in this region among over 
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70 different Papillomaviruses, the extra 16 residues in the BPV1 E2-C domain have been implicated in 

enhancing the stability of the DNA binding domain [5].  

In the present work we report the crystallization and the preliminary X-ray structure analysis of the 

extended BPV1 E2-C domain. The protein was produced from an engineered gene and contains 17 extra 

residues (residues 309 to 325) at the N-terminal when compared with the minimal DNA-binding domain 

comprising the E2-C residues 326 to 410. The 17 residues added to the N-terminal of the E2-C minimal DNA-

binding domain corresponds to a portion of the flexible “hinge” between transactivation and DNA-binding 

domains. The protein was crystallized by hanging-drop vapour diffusion method. The space group P3121 

describes the crystal symmetry. The protein structure was determined by molecular replacement and the 

asymmetric unit of the crystal contains two functional dimers of the extended BPV1 E2-C domain.  

2. Methods, results and discussion  

Cloning, expression and purification of the E2-C domain 

will be described elsewhere (Leonardo G. Alonso and Gonzalo 

de Prat-Gay, unpublished results). The initial concentration of the 

protein solution used in this work was 8.64 mg/ml in 25 mM 

TRIS pH 7.5, 100 mM NaCl and 10 mM DTT. Crystallization 

was achieved by screening suitable conditions with the sparse-

matrix screen (Crystal Screen I, Hampton Research Corp.) using 

hanging-drop vapour diffusion at 291 K. The drops had 2 µl and 

contained 1:1 parts of reservoir and protein solutions. 

Refinement of screen condition number nine, including variation 

in pH, temperature and in polyethylene glycol (PEG) 

concentration, yielded crystals with dimensions up to 0.2 x 0.2 x 

0.1 mm3 after one week (Figure 1). The best crystals were 

obtained with the reservoir solution contained 0.1 M sodium 

citrate pH 4.6 to 5.2, 28-32% PEG 4000 and 0.2 M ammonium acetate. Changing the temperature to 277 K did 

not improve crystallization. 

Data collection was performed at the Protein Crystallography Beamline of the Brazilian National 

Synchrotron Light Laboratory (LNLS), Campinas, Brazil [6,7]. The best resolution achieved with the MAR345 

imaging plate was 2.0 Å using 1.39 Å synchrotron radiation. Auto-indexing, integration, scaling and merging 

were performed using the HKL package [8]. All saturated reflections were included in the scaling and all the 

overlapping reflections were excluded from it. The crystal parameters and data collection statistics are listed on 

Table 1. An example of the diffraction pattern is shown in Figure 2. 

 

Figure 1 - Extended BPV1 E2-C domain 
crystal. 
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Table 1- Data collection statistics. Numbers in 
parenthesis are for the highest resolution shell, 

2.05 to 2.00 Å. 

Using Matthews’s volume calculations [9], the 

asymmetric unit was expected to contain 4 monomers 

(Vm = 2.35 Å3Da-1), equivalent to two functional dimers. 

Solution of the structure was accomplished by molecular 

replacement technique using crystal structure of the E2-C 

dimer from 2BOP (PDB code) [3] as a search model and 

the CNS program version 1.0 [10]. Using data from 4 to 

10 Å resolution the correct solution had a correlation 

coefficient of 0.56 and a R-factor equal to 0.39.  

In a previous 2.5 Å resolution BPV1 E2-C 

structure refinement in the R32 space group [4] three 

dimers were found in the asymmetric unit. Amino acid 

residues Cys40, putatively involved in the redox 

regulation of the DNA binding by BPV1 E2-C [11], were 

found to form disulphate bonds responsible for dimers linkage in the asymmetric unit cell. These disulphate 

bonds not exist in solution under physiological conditions and are, probably, a consequence of the 

crystallization under non-reduced conditions. Analysis of the molecular replacement solution clearly indicates 

that in the present crystal form the extended BPV1 E2-C domain does not make disulphate bridges between the 

functional dimers in the asymmetric unit. The closest distance between the thiol groups (Cys227-Cys356) is 

 
Figure 2 – The diffraction pattern of the extended BPV1 E2-C crystal. Numbers are the resolutions of 
the rings in Å. The outer region (> 2.34 Å) is 5.5 times more saturated than the inner regions (< 2.34 Å). 
Arrows are marking the same reflection at 2.0 Å resolution. 
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approximately 10 Å. The distance between Cys40 from different dimers is about 15 Å. The model is now being 

further refined.  
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