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Materials and Methods 

Protein Expression and Purification. B. halodurans genomic DNA was purchased from 

American Type Culture Collection (ATCC, Manassas, VA).  The Asp132→Asn mutant 

of BhRNase H (Met58 to Lys196) was expressed in E. coli and purified as described 

previously.1  The protein solution was concentrated to 35 mg/mL.   

 

DNA Synthesis and Purification.  The dodecamer 5′-d(CGCGAATFCGCG) was 

synthesized on a 1 µmole scale on an ABI 381A DNA synthesizer, using commercial 

phosphoramidite building blocks for normal bases (ChemGenes Corp., MA).  2,4-

Difluorotoluyl phosphoramidite (F building block) was obtained from Glen Research 

Corporation.  For incorporation of the modified amidite, after the delivery of 

phosphoramidite solution, the coupling wait time was extended to 10 min.  All other steps 

in the protocol supplied by the manufacturer were used without modification.  Following 

deprotection and cleavage from the CPG solid support, the oligonucleotide was purified 

using anion exchange HPLC and the concentration of the stock solution was adjusted to 

2.5 mM.   

 

Crystallization and Structure Determination.  Protein and DNA solutions were mixed 

in a 1:1 molar ratio in the presence of 5 mM MgCl2 and crystallization experiments were 

performed by the sitting drop vapor diffusion technique using the nucleic acid mini 

screen (Hampton Research, Aliso Viejo, CA).2  Briefly, 1 µL complex solution was 

mixed with 1 µL of reservoir solution and equilibrated against 50 µL reservoir wells.  

Crystals appeared in droplets that were mixed and equilibrated with 0.1 M NaOAc•3H2O 

(pH 4.6) and 8% (w/v) PEG 4000 in about 2-3 days.  Crystals were mounted in nylon 

loops, cryo-protected in 20% glycerol containing reservoir solution and frozen in liquid 

nitrogen.  Diffraction data were collected with a Mar225 CCD on the 21-ID-F beam line 

of the Life Sciences Collaborative Access Team (LS-CAT) at the Advanced Photon 

Source, Argonne National Laboratory (Argonne, IL).  Diffraction data were integrated 

and scaled with the program HKL2000.3  The structure was determined with the 

Molecular Replacement (MR) technique using the program MOLREP4,5 and the 
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BhRNase H structure with PDB ID 3D0P1 as the search model.  Initial refinement was 

carried out with the program CNS.6  Manual rebuilding of some protein residues were 

performed with the program TURBO7 whenever necessary.  Water molecules were added 

gradually and isotropic/TLS refinement was continued with the program REFMAC.8,9  A 

summary of crystallographic parameters is provided in Table S1. 

 
DNA Helical Analysis and Illustrations. Geometric parameters for the DNA duplex 

were calculated with the program CURVES.10  All illustrations were generated with the 

program CHIMERA.11 
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Table S1. Selected crystal data and refinement parameters. 

Space group C2 

Unit cell constants a, b, c [Å], β [°] 96.18, 66.71, 77.57, 121.04 

Resolution [Å] 1.61 

No. of unique reflections  52,799 

Completeness (1.64 – 1.61 Å) [%] 98.1 (82.0) 

R-merge (1.64 – 1.61 Å) [%] 5.3 (56.0) 

I/σ[I] (1.64 – 1.61 Å) 39.4 (1.7) 

Redundancy (1.64 – 1.61 Å) 7.5 (4.6) 

R-work [%] 19.7 

R-free [%] 23.8 

No. of atoms (Protein/DNA/H2O/Glycerol)  2,154/488/232/4 

R.m.s. deviations bonds [Å] 0.03 

R.m.s. deviations angles [°] 2.5 

Average B-factor [Å2] (Protein/DNA/H2O) 16.9/13.0/24.4 

PDB ID  3I8D 
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Figure S1. Final Fourier (2Fo-Fc) sum electron density contoured at ~1 σ level around 

(A) the central tetramer duplex (AATF):(AATF), and F:A pairs in (B) duplex 1 and (C) 

duplex 2.  Fluorine atoms are highlighted in green and carbon, nitrogen, oxygen and 

phosphorus atoms are colored in gray, blue, red and orange, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. The F-modified DDD duplex bound to two BhRNase H molecules, viewed 

perpendicularly to the twofold rotation axis (thin solid line).  The contents of the 

crystallographic asymmetric unit are depicted with purple and white bonds (only duplex 1 

and associated proteins are shown), fluorine atoms are highlighted in green, and 

nucleotides in the central AATF tetramers are labeled.  
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