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ABSTRACT

The crystal structure of the RNA/DNA hybrid r(GAAGA-
GAAGC)-d(GCTTCTCTTC) has been solved and refined
at 2.5 A resolution. The refinement procedure converged

at R = 0.181 for all reflections in the range 20.0-2.5 A.

In the crystal, the RNA/DNA hybrid duplex has an A '
conformation with all but one of the nucleotide sugar
moieties adopting a C3 '-endo (N) conformation. Both
strands in the double helix adopt a global conformation
close to the A-form and the width of the minor groove

is typical of that found in the crystal structures of other
A-form duplexes. However, differences are observed
between the RNA and DNA strands that make up the
hybrid at the local level. In the central portion of the
duplex, the RNA strand has backbone  a, Band ytorsion
angles that alternate between the normal  gauche ~/trans /
gauche* conformation and an unusual  trans/trans/trans
conformation. Coupled with this so-called*  a/yflipping’ of
the backbone torsion angles, the distance between
adjacent phosphorous atoms on the RNA strand
systemat ically varies. Neither of these phenomena are
observed on the DNA strand. The structure of the
RNA/DNA hybrid presented here differs significantly
from that found in solution for this and other sequen ces.
Possible reasons for these differences and their
implications for the current model of RNase H activity

are discussed.

INTRODUCTION

RNA/DNA hybrid formation is a crucial step in important
biological processes such as transcription and the replication
DNA (1,2), as well as in the ‘antisense’ approach of artificiall
arresting gene expressio).( When RNA/DNA hybrids are

y

NDB accession no. AHO001

pure RNA and RNA/DNA hybrid duplexes is unclear. Analyses
of the crystal structures of chimeric RNA/DNA hybrids indicate
that they are (like RNA duplexes) almost pure A-form in
conformation %,6) and give no hint as to how this distinction
between the two types of duplex could be effected. In contrast,
NMR analysis of the structures of RNA/DNA hybrids in solution
suggests that the DNA strands of these duplexes have helical
conformations intermediate between the A- and B-foifn3).

It has been proposed that the non-standard conformation of the
resulting duplexes provides a mechanism for RNase H to
selectively recognise and hydrolyse the RNA strand of a hybrid
duplex (7-9). It has also been reported that the stability of rR-dY
hybrids is greater than that of rY-dR (i.e. that hybrids in which the
RNA strand consists entirely of purines are more stable than those
where it consists entirely of pyrimidines)4(17). Solution
studies () of a series of duplexes containing purine-rich
(GAAGAGAAGC) and pyrimidine-rich (GCTTCTCTTC or
GCUUCUCUUC) RNA or DNA strands have confirmed this
with the thermodynamic stability of the duplexes being rR-rY >
rR-dY > dR-dY > dR-rY. The relative stabilities of the two
RNA/DNA hybrids in the series has been explained by the fact
that while both the duplexes have double helical structures
intermediate between the A- and B-forms, that of rR-dY is closer
to A-form than that of dR-dY. The intermediate structure of rR-dY
also appears to explain its relative lack of stability in comparison
with the rR-rY duplex in which both strands adopt the A
conformation §). In order to further investigate this phenomenon
we set out to solve the crystal structures of all four duplexes in the
above series. Here we report the results of our single crystal X-ray
analysis of r(GAAGAGAAGC)-d(GCTTCTCTTC) and we
compare the crystal structure of the RNA/DNA hybrid with that
fﬁpnd in solution. Significant differences are observed between
the two and these may have implications for current models of the
mode of recognition of such hybrids by RNase H.

formed, the RNA strand becomes a substrate for the enzyme
RNase H. RNase H does not hydrolyse RNA when either singdATERIALS AND METHODS

or double stranded4) but in general displays little sequence ~
specificity in the site of hydrolysis of the RNA strand of a hybrid

hemical synthesis and crystallisation

duplex. In the absence of any crystal or solution structures diGAAGAGAAGC) and d(GCTTCTCTTC) were prepared as
RNase H-hybrid complexes, quite how the enzyme distinguishdescribed previously7] with the exception that the primary
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purification was by strong anion exchange HPLC (Dionexot restrained to specific values. Additionally, all atoms in the
Nucleopac-PA 100) using a gradient of ammonium chloridenodel resulting from the molecular replacement procedure
(0.0-1.0 M) in 50 mM Tris buffer, pH 7.0. After desalting ondescribed above were assigned a temperature factor of 46.0 A
Sephadex G-10, the oligonucleotides were lyophilized from watén initial round of positional refinement using data in the range
and redissolved in 10 mM sodium cacodylate buffer, pH 6.25.0-2.5 A reducedRk and Rreeto 0.37 and 0.50 from initial
containing 1 mM spermine hydrochloride. Equimolar concenvalues of 0.56 and 0.61, respectively. At this stage both electron
trations of each strand, as determined from their measureénsity (2lGps— Fealc Ocald and difference density {bs— Fealo
extinction coefficients18), were mixed to give a final duplex acad Mmaps were examined to see if the model could be improved
concentration of 1 mM. Crystallisation conditiori9) were by manual fitting prior to further refinement. The maps were of
screened in 4l hanging drops containing2 each of the hybrid  excellent quality allowing immediate assignment of the correct
duplex and crystallisation solutions, equilibrated againstb00 base sequence and the positioning of all tHe@gyen atoms for

of the crystallisation solution. Crystals were obtained in 25 out dhe ribose moieties on the RNA strand and the thymine 5-methyl
the 48 conditions used in the screen. The crystals used for databon atoms on the DNA strand. This improved model gave
collection grew in 1-2 days from 50 mM HEPES buffer (pH 7.0)nitial values for R,ork and Rree 0f 0.36 and 0.37 as calculated in
containing 5% PEG4000, 200 mM ammonium acetate and-PLOR which after one further round of positional refinement
150 mM magnesium acetate. were reduced to 0.25 and 0.27, respectively. Refinement was
continued with the program REFMACY). using the samesRe

set. Here, individual isotropic temperature factors were also
refined and no restraints were applied to any torsion angle. Six

: ; : cycles of refinement reduced,fx and Reeto values of 0.184
A crystal of the RNA/DNA hybrid was mounted in a Lindemann d 0.230, respectively. Both electron density and difference

capillary in the presence of a small amount of the crystallisatio"f"f1 ) ; X .
drop mother liquor and was used for X-ray data collection. Sixt§ENSity maps were then examined in order to check the fit of the

3° oscillation images were measured using the Princeton-ESF del to the density and to identify potential solvent molecules

CCD camera on beamline BM14 at the ESRK at0.763 A. N the structure. Surprisingly, few of these could be located.
Correction of the raw CCD images was performed using tHglthough there were a number of peaks in the difference density

program FIT2D (A.P.Hammersly, personal communication) angap only nine_ of these coincided V_Vith spherica_l density in the
autoindexing and data processing with DENZEY)( The clectron density map, even when it was examined at @ 0.75
reflections were exceptionally wide in theimension. However contour level. These nine solvents were included in the model. At

all attempts to model this using post-refinement in the progratfiS sdtagfe th]f fRe subset of da:la ;vas diisspggseofllwith and a fir;]al
SCALEPACK (0) were unsuccessful and the data was procességund Of refinement using all data ( reflections) in the

assuming a crystal mosaicity of with no post-refinement or resolution range 20.0-2.5 A vyielded a final value for the

addition of partial reflections during the scaling procedure. Thiﬁ{ys;allo?rﬁphfi_c RI factgr IOf 0.lh81.f_Aslca|n be se%n from Figure
resulted in a data set for structure solution and refinemeft€ "t Of the final model to the final electron density map Is

containing 1881 unique reflections in the resolution rang xcellent. The geometry of the final model is also good, with r.m.s

30.0-2.5 A with Bym= 5.6%. The redundancy in the data set is 4.06€V1ations from ideality being 0.014 and 0.047 A for bond and
and the data is 86.6% complete within the stated resolution ran \gle distances, respectively. Final refined coordinates and the
The crystals of the RNA/DNA hybrid belong to the orthorhombicok served structure factor data have been submitted to the NDB
crystal system with unit cell dimensions = 25.70 A, With accession no. AHOOOL.
b =45.85 Ac=47.75 A and space group;R2;. From a search
of the Nucleic Acid Databasg), the structure of the RNA/DNA  RESULTS AND DISCUSSION
hybrid appeared to be quasi-isomorphous with several other DNA
and chimeric DNA/RNA duplexes which crystallize with similar The molecular structure of
unit cell dimensions in the same space group. The coordinatess @ AAGAGAAGC)-d(GCTTCTCTTC)
one of these, the DNA decamer d(CCCGGCCGQ&), were
arbitrarily chosen as a search model for molecular replacemertte RNA/DNA hybrid is a double helix stabilized by 10 standard
calculations. These were performed using the program ULTIMAVatson—Crick base pairs with the nucleotides labelled in the
(23). An initial rotation/translation search was carried out using' — 3' direction G1-C10 on the RNA strand and G11-C20 on the
data in the resolution range 25.0-8.0 A. Subsequent rigid bo@®NA strand (Fig.2). The average helical parameters of the
refinement of the top 60 potential solutions was then carried odbuble helix, calculated using the program NEWHEL93
in a step-wise fashion using data in the resolution ranges 25.0-§R,E.Dickerson, UCLA), are 30:4or helix rotation and 2.9 A
25.0-6.0, 8.0-5.0, 8.0-4.0 and, finally, 8.0-3.0 A. The choice ér helical rise. There are thus 11.8 nucleotides per full helical turn
best solution was not obvious. However, that with the bgst (F and the pitch of the helix is 34.2 A. These values place the duplex
Feald correlation coefficient gave an R factor of 0.53 and wheffirmly in the A family, although they are more consistent with an
examined on a computer graphics system appeared to haeRNA conformation rather than the ‘classical’ A-RNA (Tabje
reasonable crystal packing. This model was therefore chosen fas such, it would appear that the crystal structure of r(GAAGA-
further refinement. GAAGC)-d(GCTTCTCTTC) is similar to that observed in fibres
After first assigning an e subset of reflections in the dagal),  of poly(rR)-poly(dY) at low relative humidity2g). To the best of
initial refinement was first performed with the program X-PLORour knowledge this is the first single crystal structure determination
(25). The stereochemical restraints employed (and the weight$ an A nucleic acid double helix. This system could therefore
associated with them) were those defined by Pakal (26)  serve as a template for further investigations into the structures of
except that those torsion angles pertaining to sugar pucker wekeduplexes. Apart from the difference in global helical rotation

X-ray data collection, structure solution and refinement
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Figure 1.An example of the fit of the final refined model to the electron densigy{2fFcaic Ocald for the structure of (GAAGAGAAGC)-d(GCTTCTCTTC). Shown

here are the rG(1)-dC(20) base pair with the sugar—phosphate backbones of symmetry-related molecules packing on batidthemoagnoove sides of the base
pair. In the base pair shown carbon atoms are coloured white, nitrogens blue, oxygens red and phosphorus atoms magentssyhtonesri-related molecules

are either all white or all green. Figures 1 and 2 were produced using the program SPOCK (available at http://quorunatespoedy/j

and rise, Aduplexes have the same structural characteristics a® can only measure the major groove width in two places, but
true A-form double helices and this is the case here. Only theven so the ‘average’ value of 8.4 A for its width is clearly much
deoxyribose moiety of C20, which is clearly influenced by crystaharger than the value of 2.7 A found in fibres or values of between
packing contacts, does not adopt a sugar pucker close¢én@3 3 and 5 A found for A-form decamer crystal structures in the NDB.
(Fig. 3) and the local base pair and helical parameters of theDespite the fact that both the RNA and DNA strands in the
duplex all cluster around typical A-form values (TabjeThe  crystal structure of the hybrid appear to be globally in the A-form
geometry of the minor groove (Fig). of the RNA/DNA hybrid  there are differences in the conformation of the two strands when
is also characteristic of crystalline A-form double helices. Théhey are compared at a local level. Given the chemical composition
average width of 9.8 A is very close to the averages of those founfithe two strands, a valid comparison of their structures can only
in a survey of 19 A-type crystal structures in the NDB (data ndie made using the positions of the atoms on their sugar—phosphate
shown) and, in the centre of the duplex, it is also close to the valbackbones (O2atoms excluded). A least squares superposition
of 11 A found for the width of the minor groove from the fibreof these results in a r.m.s. difference in atomic position of 1.24 A.
diffraction analysis of A-form helice29). In contrast, it would The largest deviations occur in the positions of the phosphate
appear that the major groove of the RNA/DNA hybrid doublegyroups and the sizes of these deviations suggest that the backbone
helix is somewhat different to that observed for A-form doubleonformations of the two strands differ significantly. This
helices from crystal or fibre diffraction analyses. For this dupleimpression is confirmed by an examination of the backbone
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Figure 2.A stereoview of the final refined structure of (GAAGAGAAGC)-d(GCTTCTCTTC). Atom colouring is as for Figure 1 and thentiethestininor groove
of the duplex.

torsion angles adopted by the RNA/DNA hybrid as shown istrand there is an alternating change of the orientation of the
Figure 3. In the DNA strand all the torsion angles are at value€5-0O8 and O5P bonds with respect to the furanose rings @ig.
close to their preferred onezdj. In the RNA strand, however, nt 4, which is not seen on the DNA strand.

6 and 8 havae, 3 andy (o By) torsion angles which differ fromthe A further difference between the two strands of the hybrid
usualgauche/tranggauché (gtg) configuration with, in each duplexis inthe distance between adjacent phosphorous atoms. As
case, thaxfy conformation beingrangtrangtrans (ttt). These can be seen from Figur@ on the RNA strand, from the
so-called ti/y flips’ have been observed in the RNA strand of the®?(G4)—P(A5) distance onward, there is a systematic variation in
average solution structures of both enantiomeric forms dhe P—P distance with alternate stretching (average P—P distance
d(GCTATAApSTGG)-(CCAUUAUAGC) (2), the solution 6.6 A)and compression (average P—P distance 5.4 A). In contrast,
structure of d(CATTTGCATC)-d(GATGCAAATG) 30), the the distances between adjacent phosphorous atoms on the DNA
DNA strand of theoretical models of poly(dT)-poly(r&)), the  strand are close to 5.9 A, the value expected for A-form duplexes
crystal structure of an RNA double hel@] and in several nucleic (29), with no systematic variation. This systematic alteration of
acid decamer structures as found in the NPB. (In each of these backbone configuration cannot be simply explained by the base
cases, thitt configuration is only observed for an isolated nucleotideomposition of the RNA strand. Although tla@ backbone
(30,32) or the whole strand(). Only for the RNA strands in the conformations do not occur at any particular base step, elongation
present structure, r(GAAGAGAAGC)-d(GCTTCTCTTC), andof the P—P distance always follows a nucleotide withethe
d(GCTATAApPSTGG)-I(CCAUUAUAGC) 12) is this alternation backbone conformation, strongly indicating that the two phenomena
betweergtg andttt conformations observed. The major effect ofare linked. Thus, both in this crystal and, on one occasion, in
the apy ttt torsion angles is that the conformation of the nucleisolution (L2), systematic variations in the backbone configuration
acid sugar—phosphate backbone about th€84ondisnovap  of the RNA strand of a RNA/DNA hybrid are observed that are
rather than the ususisc (29). As a result, the P-O&nd O5C5  not found in the complementary DNA strand or, significantly, in
bonds of these nucleotides no longer point in towards the majany pure RNA duplex. Additionally, in the present crystal
groove of the duplex but now point almost in the oppositstructure this alternation in backbone configuration on the RNA
direction, with the O5atoms on the minor groove side of thestrand is accompanied by a stretching and compression of the
duplex (Fig.5). Hence, between residues 3 and 9 of the RNAnterphosphate distances.
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Table 1.Selected base pair and base pair step parameters (twist and rise) fi

the r(GAAGAGAAGC)-d(GCTTCTCTTC) double helix as calculated using :’: T T ' RERER
the program NEWHEL93 (R.E.Dickerson, UCLA) m L A0 i I. M p——
Base Xdsp  Inclination  Tip Slide Helical Helical 260 -
pair A) © ©) R) rise (R)  twist ©) 240 | _
G1-C20 -36 14 3 7 2 R R
g 200 X W ! Yty
-11 30 35 £ w A
A2-T19 -41 15 4 2 I ’ (
-09 28 34 2 b b 04 {
A3-T18 40 15 -3 o Lal el e
-21 26 28 af '
G4-C17 39 12 -8 - .
- 1 2 3 4 a -] 7 a ] 10 11 12 13 14 16 1@ 17 18 18 20
-1.8 2.8 32 Huiiectide
A5-T16 -5.8 7 -2
-1.8 34 28 Figure 3.A plot of the backbone torsion angte$, y andd (shown in green, blue,

red and magenta, respectively) for (GAAGAGAAGC)-d(GCTTCTCTTC). All

G6-C15 -0 9 -1 values o are close to that expected for'@Bdo(N) sugar puckering except
-1.9 29 30 for C20, where the observed '‘@hdo(S) conformation is a result of crystal
packing. Note the alternatingy gtg/ttt backbone conformation in the central
AT-T14 —4.8 14 3 part of the RNA strand.
-18 29 26
A8-T13 -40 17 -3
_18 25 30 between the A- and B-forms. This intermediate conformation is
GO-C12 55 12 10 particularly apparent in the values ob_servgd for th.e inclination of
' the base pairs with respect to the helix axis, the dislocation of the
-14 32 31 base pairs from the helix axis {3 and the helical rise, all of
C10-G11 6.3 6 -12 which are between those found for A- and B-form double helices
(Table 1). This intermediate global conformation has been
Average T 12l 29 304 observed in solution for several other RNA/DNA hybrigisl(3).
A-DNA 45 20 2.6 32.7 It should be noted that this intermediate conformation has been
B-DNA -0.14 -6 34 36.0 observed, independently, by a number of different research groups
A-RNA _ 13 28 327 and does not appear to depend on the different interpretations of
sugar pucker used. This difference in global strand conformation
A'-RNA - 14 3.0 30.0 is clearly not observed in the crystal structure of the RNA/DNA
rRig-d(Yi9 -3.3 6 2.9 33.7 hybrid r(GAAGAGAAGC)-d(GCTTCTCTTC). The major
(Rig)1(Y1) 5.2 8.1 26 31 consequence of this is that the minor groove is 1-2 A wider in this

crystal structure than in the solution structures of RNA/DNA
For reference selected values of some of the above parameters are also shBWhl’idS 8,9,11,12)-

for canonical nucleic acid double helical conformations (29) as well as those derivedlt has been proposed-9), though not conclusively demon-
from the solution structures of r(GAAGAGAAGC)-d(GCTTCTCTTC) and strated, that the narrow minor groove observed in the solution
'(GAAGAGAAGC) 1(GCTTCTCTTC) (7,8), which are denoted here asstructures of RNA/DNA hybrids is the critical factor in their
r(R10)-d(Y10) and r(Ro) r(Y10) respectively. recognition by RNase H. In this model the enzyme is able to bind
across the minor groove simultaneously contacting both the RNA
and DNA strands bringing the catalytic residues into the correct
position. This simultaneous binding of the RNA and DNA strands
by the enzyme appears to ocauwitro (33). The wider minor
Analysis of the solution structure of r(GAAGAGAA- groove observed in the crystal structure of r(GAAGAGAA-
GC)-d(GCTTCTCTTC) using circular dichroism (CD) adl GC)-d(GCTTCTCTTC) is clearly less consistent with this
and3P NMR spectroscopy/(8) indicates that while globally it hypothesis as it would require a conformational change to either
is close to the A-form, its conformation is in fact intermediatéhe hybrid substrate, the RNase H or both to allow the
between the A- and B-forms, with the most significant deviationsimultaneous binding of both strands by the enzyme. There is, in
from A-form being on the DNA strand. In solution, the RNAfact, some evidence that conformational changes do occur in both
strand is purely A-form but on the DNA strand there appears the RNA/DNA hybrid and RNase H upon binding. In NMR
be a C3enddC2-endo(N/S) equilibrium for the sugar moieties. studies, Odat al (34) have observed, upon duplex binding to
An alternative interpretation of the NMR data is that the DNARNase H, large changes in the chemical shifts of the amino acids
sugars adopt a global Géndo(E) conformationq,11). In either ~ Asp10, Asp70, His83 and Asn84. While the two former residues
case, this results in the DNA strand, and therefore the douldtam part of the active site of the enzyme, the two latter do not and
helix, having an average helical conformation intermediatare located at the start of the so-called ‘basic protrusiénHig. 2

Comparison with solution structures of RNA/DNA hybrids:
implications for recognition by RNase H
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Figure 4. Comparison of the minor groove widths as measured for the C3 c2

r(GAAGAGAAGC)-d(GCTTCTCTTC) double helix (thick black line) and
several A-DNA duplexes found in the NDB (accession nos uhj055 shown in

blue, adj049 in red, adj055 in magenta, adj067 in cyan and ahj040 shown assigure 5. The sugar—phosphate backbone conformation resulting digym
black circles). Canonical A- and B-form DNA values are shown as black and gtq (a) andittt (b) backbone torsion angles.

orange dashed lines respectively.

further facets to the model of RNase H action, specifically how
gives a schematic representation of the three-dimensional structitr@chieves the observed substrate specificity. The alternating
of the enzyme). The changes in chemical shift for these lattgtg/ttt conformation of the backbone of the RNA strand coupled
residues have been interpreted as resulting from conformationgith compression/extension of the P—P distances on the same
change in this part of the enzyme. Somewhat smaller chemicgtand provide an excellent mechanism for discriminating the two
shift changes, also indicative of a modification of the conformatiostrands in a RNA/DNA hybrid duplex. Importantly, they would
of the enzyme, were also observed for residues in a flexible loagso allow RNase H to discriminate between RNA/DNA and pure
region in the structure of the enzyme containing the conserv&NA duplexes.
residues His124 and Asn130. His124 has been implicated in thaVhile it is not clear what the exaict vivo state of a hybrid
catalytic function of RNase ). As it has also been pointed out duplex is when bound to RNase H, it is important to address the
that the flexibility of this loop is important as regards enzymeuestion of why the crystal structure should differ significantly
activity (36,37) it is not inconceivable that a change in thefrom that found in solution. Rich and co-workefs6f have
conformation of this loop might allow the enzyme to interact withattributed the almost standard A-form structure of Okazaki
a duplex of the type we have observed. In complementafyfagments in the crystal to the strong preference for'ae@b
experiments to the monitoring of NMR chemical shift changes inonformation of the RNA residues. In essence, the DNA sugars
the enzyme upon duplex binding, Qetaal (34) also monitored on the RNA-containing strand are forced to adopt a similar
changes to the CD spectra of RNA/DNA hybrids on binding to theonformation. However, studies of the same and other Okazaki
enzyme. These clearly indicate changes in the conformation fshgments in solutior’8,39) show that the pure DNA part of the
the duplexes on binding with blue shifts in the positions of thduplex is essentially B-form while the hybrid part adopts an
absorption maxima (263-258 nm), the appearance of newtermediate conformation similar to that seen in the solution
minima at 288 nm and changes in the form of the spectra in th&uctures of the ‘pure’ RNA/DNA hybrids discussed here. The
region 210-240 nm. According to the authors of this study, theseithors of the solution studies ascribe the ‘standard’ A-form
changes in the CD spectra suggest a bending of RNA/DN#bserved in the crystal structure to the effect of the crystallisation
duplexes upon binding to the enzyme while also allowing theonditions and not to the influence of the RNA nucleotides. High
possibility that theirglobal conformation is also changed. concentrations of salts or precipitants (such as MPD or PEG)
Assuming that the structure of the duplexes studied bye€ala which cause a partial dehydration of the duplex may favour the
(34) in solution is the intermediate one described above for othadoption of a C3endosugar conformation for both the ribose and
RNA/DNA hybrids in solution, it appears possible that they daleoxyribose groupst() and similar arguments can be used to
not have the same conformation when bound to RNase H. Thagplain the differences between the solution and crystal structures
thus raises the possibility that the global conformation we hawd the hybrid under discussion here. It is thus likely that the
observed for a hybrid in this crystal structure could be the ormnformation of the RNA/DNA hybrid in the crystal results from
adopted when hybrids bind to RNase H. It is likely that the enerdhe influence of crystallisation conditions and the crystal structure
difference between the intermediate conformation observed would therefore appear to represent an alternative conformation
solution and the Aform helix found in our crystal structure is for the hybrid that is more stable under conditions of low water
small. Thus, the crystal structure may represent a ‘snapshot’ aftivity. As discussed above, however, this does not neccesarily
one possible structure in the equilibrium of conformations foundhean that the conformation we observe in the crystal is not
in solution. The present crystal structure can therefore add sotoielogically relevant.
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20

Clearly, the crystal structure of the RNA/DNA hybrid 21
r(GAAGAGAAGC)-d(GCTTCTCTTC) provides some intriguing
new possibilities for a model of RNase H activity and specificityp,
particularly with respect to the conformation of the backbone af3
the RNA strand. However, the question still remains: are thege
regular alterations in backbone configuration we observe %
general feature of RNA/DNA hybrids, crucially involved in
hybrid recognition by RNase H, or are they an artifact of thi&®
particular sequence and set of crystallisation conditions? Only the
three-dimensional structure of a RNase H-hybrid complex is
likely to provide the final answer to this question. 28
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