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the orphaned 3U-tem1inal end in the minor groove of the adjacent 
duplex where it synm1etrically pairs with the 5'-terminal guanine 
to form a d[G*(G.C)] base-tliplet. Our findings extend to the mi­
nor groove a DNA hydrogen bonding pattem which permits base­
pair recognition dming homologous recombination. 
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Effective recognition of a DNA sequence longer than ca 3-4 
base pairs in length requires drug and base pairs to be in register 
along the complete length of the drug. We have studied this problem 
in the context of the crystal structure of a complex between a 
tris(benzimidazole) drug and the oligonucleotide duplex 
d(CGCAAATTTGCGh. This has been determined to 2.2 A 
resolution and refined to an R of 17.4%. The drug is bound in the 
minor groove region and covers ca 7? .base pairs. There is an 
extensive set of hydrogen bonds between the imidazole Iings and 
N3/02 atoms of theA:T base pairs. These have exceptionally high 
propeller twists, and five out of the six have lost one of their two 
Watson-Crick hydrogen bonds; this is compensated for by a selies 
of major-groove three-centre hydrogen bonds. 

The drug itself is highly twisted in order to achieve mfL'i:imum 
hydrogen- bonding register with the A:T base pair edges. The 
DNA is deformed beyond what has been observed in other minor­
groove drug crystal structures, with evidence of local helix 
unwinding and extension. These changes are necessary for 
effective DNA recognition of every benzimidazole sub-unit to take 
place, and thus for each to be in phase with base pairs. 
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DNA minor groove binding drugs such as netropsin, distarnycin 
and pentamidine have been extensively studied bound to DNA 
dodecan1er sequences which contain a central AT-1ich base-pair re­
gion. In this study the natuarally occuling antibiotic netropsin has 
been cocrystallised with the DNA decarner d(CGCAATTGCGh and 
the structure dete1mined to 2.4A resolution. The netropsin molecule 
displays AT specificity with hydrogen bonding contacts from the 
amide NH groups of netropsin to adenine N3 and thymine 02 atoms 
lying along the floor of the groove. 

The crystal structure of native d(CGCAATTGCG)2 has been 
detennined in two previous studies.1.2 Within the netropsin: DNA 
complex the central eight bases of each single strand f01m Watson­
Click base-pairs and duplex of the type d(GCAATTGC)2. whilst the 
terminal 5'-C and G-3' bases are unpaired. The two teiTninal gua­
nosines of each single strand lie within the minor groove of a sym­
metry-related duplex with hydrogen-bonding interactions via gua­
nine atoms N2 and N3 and atom 04' of the deoxylibose sugar to a C 
G base-pair. The te1minal unpaired cy1osine bases lie within the major 
groove of adjacent duplexes to form base tJiplets of the type C .G .c 
with hydrogen-bonding interactions to a C ·G base-pair. 
I. N. Spink et al .• Proc. Natl. Acad. Sci. USA (1995) 92 10767-10771. 
2. See Poster by Wood, Nunn & Neidle. 
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The Iibosomal5S RNA is an essential constituent of the lar·ge 
Iibosomal subunit. To overcome the difficulties of crystallizing 
lar·ge RNA molecules such as 5S rRNA, we decided to devide the 
SS rRN A in five domains A through E to detem1ine their stJ·ucture. 
Recently we determined the crystal structural of the helical do­
main A. Here we report the preliminar-y stJ·uctural results of the 
chemically synthesized domain E of the Thermus flavus 5S rRNA. 
The CI)'Stal form is t1igonal with cell dimension: a= b = 42.80 A 
and c = 162.20 A. Diffraction-data to 2.8 A have been recorded 
and the su·ucture solution is cunently underway by means ofMIR 
and MAD techniques. 
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The E2 protein is the dominant transc1iptional regulator of 
papillomaviruses. In bovine papillomavirus-1 (BPV-1), E2 binds 
sequence-specifically to a consensus sequence ACCN6GGT found 
17 times in the BPV-1 genome. We crystallized several DNA 
oligomers incorporating the consensus motif (underlined, see 
Table). The structure of the DNA binding domain of the bovine 
protein complexed to a 17 -mer target (CCGACCGACGTCGGTCG) 
has been detemlined previously (Hegde eta/., 1992). 

The stJ·uctures of three dodecarners: (1), (2) and (3), were 
solved by a novel modification of the classical molecular· Fourier 
transf01m method ("MFT" available at http://www. weizmann.ac.il/ 
~csrabinl/MFT/). The structures of (1) and (2) were refined toR­
factors of 21 and 17% respectively. The refinement of (3) is in 
progress. The free targets adopt E-DNA structures with 10.5-10.7 
bp/turn comparable to the complexed target. Sequence (2) is 
identical to the central 12 base-pair region of the bound sequence. 
The three unique duplexes of (2) adopt similar helical 
conformations. The conserved ACC/GGT motifs ar·e relatively 
straight as in the complexed tar·get whereas the central six base­
pair region is bent by nearly 14 o towar·d the major groove which is 
compar·able in magnitude (20°) but in opposite direction to that of 
the complexed DNA. This observation indicates that the central 
GACGTC region is inherently flexible. Thus, the present system 
provides an example where the flexibility of the DNA region which 
is not contacted by the protein is an important determinant of 
sequence-specific recognition. 

Crvstal data: sequence, space group, unit-cell dimensions, no. of 
duplexes in the asymmetJic unit and resolution (measured at 120K) 
(I l ACCGGTACCGGT P43, (40.2, 40.2, 57.6 A). !, 2.8 A 
(2) ACCGACGTCGGT Pl,(40.5,40.1.40.5A, 82.6.116.2.80.7°),3,2.6A 
(3) ACCGACGTCGGT R3, (63.1, 63.1, 44.5 A), 1, 2.1 A 
(4) ACCGACGruCGGT Pl. (40.3,40.3.40.2 A, 87.1,87.3,68.0°),3,3.2A 
(5) CCGACCGACGTCGGTCG, R3, (100.7, 100.7, 79.8 A), 3. S.OA 


