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A'-form RNA double helix in the single crystal structure
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ABSTRACT that Tat and Rev increased the major groove widths of targst
, RNAs upon binding. As in TAR and RRE, in the crystal structurg
Here we demonstrate the presence of the A '-RNA of the 62 nt domain dEscherichia colbS rRNA, helix IVofa 2

conformation using the single crystal structure of a . : o : P

. ) ° putative ribosomal protein (L25) b|nd|ng site has a significantl
trldicame_r. r(L(JjG(?GC(;J#JCG?(CUCf)_.bThz_?fvera_\geﬁ -RNA " \yider major groovel(1). Accordingly, it is crucial to determine =
conformation deduced irom X-ray nber difiraction data the conformations of RNA duplexes themselves.

had only ?eﬁn AaY?Q”szle p;eviou_sly, thtbnOW . the 4 Numerous attempts have been made to clarify the conformatlo%l
presence of the A - conformation has been foun polymorphism of double helical polynucleotides by means of the
in asm_gle crystal structure for the first time. Stat|st|9al _ X-ray fiber diffraction techniquelP-16) and solid stat8P g
g!"a.'ys's. rs]hg;/vid th%t tAr\](T?I\'?‘A 'RfNA cqnfo_rmatl?n IS NMR of RNA fibers (7). With respect to RNA, there are two £
;St'ﬂgu's able from the i con ormﬁtmr;)m aplot major right-handed conformers; one is A-RNA, which has 11 &
0 IF € major Pm?r\;]e width against tfe h a'so\e p?IIrQNA in one helical pitch, and the other iSRNA, which has 12 ntin
Inc |fnat|on. ang'e. 'de major r?roove of ine d ) one helical pitchX6). However, the ARNA conformation is so
conformation is wide enough 1o accommodate a rare in a single crystal that the conformational difference betwe&n
protein or peptide while that of the A-RNA conformation A- and A-RNAs has not been well studied. Furthermore, theff
IS 100 narrow to_do_ SO. The presence of.the A RNA " conformations are so similar that they cannot be confiden
conformation is significant for protein-RNA interaction. discriminated from each other by means of root mean squate
deviation (r.m.s.d.). Accordingly, it is necessary to study thelf
INTRODUCTION conformations in detail and to establish a novel method f@

The sequence CUUCGG is known to form a thermally extre£lassifying closely related but different conformations.

ordinarily stable hairpin loop structure in solutidr4). However,

in a crystal, the tridecamer (UGAGCUUCGGCUC) forms a double

helix with an internal loop of four successive non-Watson-CrickiaATERIALS AND METHODS

base pairs instead of a monomeric hairpin loop structure, as

previously reporteds(6). We have already reported the crystal-

lization and crystal structure of the tridecamer using data at lof'yStallization

resolution {,8) and found that the local geometry of the

non-Watson—Crick base pairs was similar to that in previouBhe sample for crystallization was synthesized by means of the

structures. In this study, we report a newly refined crystal structusslid-phase phosphoramidite method and purified as descridgd

based on new data obtained at higher resolution and examine@2t. The numbering of the bases and the base pair scheme fi a

from the viewpoint of the conformational polymorphism ofidle  crystal are presented in Figuie Crystals were grown in a sitting

helical RNA. drop vessel by means of the vapor diffusion technique & 10
The major groove of nucleic acids has the potential to interafiom a solution of 0.5 mM RNA tridecamer, (UGAGCUUCGG-

with proteins. As well as many transcriptional regulatoryCUC), 6.7 mM sodium cacodylate buffer (pH 6.5), 1.3 mM

proteins, several proteins or peptides, such as Tat and Rev, bgatlium phosphate, 13.3 mM NaCl, 3.3 mM Ba@.7 mM

to the major groove of the double helical regions of their targefpermidine-3HCI and 0.8% polyethylene glycol #400 (PEG400),

RNAs (TAR and RRE)4,10). In such complexes, the conformation against 4% PEG400 as a reservoir. The crystals belong to the

of the RNA duplex, especially the major groove width, is amonoclinic space group, C2, with one tridecamer per asymmetric

important factor. The major groove of the A-RNA conformationunit and cell dimensions af= 38.49 A, b=32.30 A, = 38.76 A

is too narrow to accommodate a protein. In fact, it was observead = 117.56.
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: : r(GAGCUUCGGCUC) as the initial model. This gave a unique
- I—c . ] solution with reasonable packing at the R value of 40.0%. The
, 137w G2 resulting coordinates were subjected to rigid body refinements,

(a)

T Ujalb’ B 5: refinements of individual atomic coordinates by the conjugate
__‘G; :::: 5:2: ° gradient method?) and simulated annealing324). Finally,
| G4 eees G119t 37 water molecules were introduced. The details are described in
| P the supplementary material (FlgL)ST he fma! structure gave an
U6 - GO R valqe of 19.8% for the workln'g set of diffraction data [2942
| 7 ee. CBt ] reflections from 10.0 to 1.8 A witff| > 0.40(F)] and a free R

et value of 24.1% [318 reflectic_Jns from 10.0 to 1.8 A wh>
| IO 0.40(F)]. In all thg above refinement stages, the freg R values
o e oo — were usedZ(S): As Judged from a Luzzati plo2(), the.estlmated
[ o error of atomic coordinates is 0.20 A. The deviations from the
e standard bond length and bond angle values are 0.005 A and
[T Utz e A 0.90°, respectively. All structure calculations were performed
] with X-PLOR v.3.851 and improved topology and parameter files
(27) were used throughout the refinements. QUANTA96 at the
Research Center for Structural Biology was also used fer
graphics. Final coordinates were deposited in the Nucleic Acgii
Database (ID AR00O5). =)

3 J——C13 mmms G2*
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Calculation of structure parameters

Helical parameters, groove widths and torsion angles we?;qe
calculated using the program CURVES,9). In Tablel, the
mearx-displacement, inclination, rise, twist, minor groove widtfg
and major groove width for each duplex are listed, but othé&r
structure parameters are not. This is because the standgrd
deviations of the omitted parameters for each duplex were mugh
larger than the differences in the structure parameters betwegn
conformers, which means that the omitted parameters did rt
reflect differences in the conformation. The omitted parametegs
were insufficient for classification of the completely differen
conformations of the A- and B-form duplexes. They were
insufficient for the classification of RNA duplexes as well5
Figure 1.(a) The numbering of the bases and the base pair scheme are showCaution must be taken regarding the parameter ‘twist’, becayse
A crystallographically independent molecule is presented in bold andthe standard deviation of ‘twist’ in each duplex was larger than tBe
symmemcally related molecule_s are presented in nprr_na[ type with asterlsksdifference between conformers. It is. however. included i%
The helices piled up along tbexis are also presented in italics. Because of the L . ', !
disordered structure, U1 has two conformers, Ula and Ulb, which are denote-(lj-ablel b_e(_:aufse twist’ Is _SElId _tO be an |mp_ortant parameter f&
as Ula,b for short. The bold and thin broken lines represent Watson—Crick badéie classification of nucleic acid conformations. The sequemé,
pairs and non-Watson—Crick base pairs, respectively. The black ovals represeaind their PDB and NDB ID codes, used for the calculation of tt&
the crys_tallographictwo-fold axis) Stereo view of the double-stranded form  gtrycture parameters are listed in the Iegend to TablEo 9
of the tridecamer. calculate the major groove width precisely, oligomers of >10 bp
were selected. However, oligomers including G-A pairs we
eliminated because of their irregular backbone geometries. In the
Data collection calculation of the structure parameters for the tridecamer, the
5'-terminal uridine at the dangling end was eliminated. Finallys
A single well-formed crystal was mounted and sealed in a glagise mean structure parameters of all the oligomers were averaged
capillary and then intensity data up to 1.8 A resolution werg terms of the structure parameters (AVERAGE) and then the
collected. The numbers of observed reflections and reflectiorgandard deviation of each structure parameter was calculated
above 0.4(F) were 3556 and 3288, respectively. The completenegsD). These two parameters are structurally meaningless, but are
was 90.1 and 82.6%, respectively. The diffraction intenSitieswef@quired to calculate the normal distribution of each mean
recorded in the /B scan mode at a scan speed 9fin and a  structure parameter for the following cluster analysis. The torsion
scan width of 1.2 with a Rigaku AFC5R diffractometer using angles of the oligomers are listed in Tahle
graphite monochromated By radiation § = 1.5418 A). The
unit cell dimensions were refined witl Zalues of 20 reflections  cyster analysis of RNA oligomers
in the range of 16< 0 < 22°.

//:d

The normal distribution of each mean structure parameter was
calculated in terms of the structure parameters using AVERAGE
and SD in Tablé (supplementary material, Table S1). Then the
The crystal structure was solved by the molecular replacemepdir-wise distances between the oligomers were calculated using
method {8-21), using a single-stranded A-form dodecamer othe normal distributions of the structure parameters (supplementary

Structure determination
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Figure 2. The mean inclination value of each oligomer duplex is plotted against
the value of the mean major groove width of each oligomer duplex. Each point T @ O e o G OO
represents the corresponding oligomer duplex. The coordinates and names of A ‘O,’ja[,@i, 7\@:}%@ 3, % @‘O@, "@p“@p"% %
the oligomers were taken from PDB, using its code. 1SDR and 280D include TV RTT R v TR
two duplexes per asymmetric unit, which are named 1SDR1 and 1SDR2 for &

1SDR and 280D1 and 280D2 for 280D. The legend to Table 1 gives the names
and sequences of the oligomers. A-RNA (fiber) an®NA (fiber) represent
the structures obtained from fiber diffraction data.
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Figure 3. A dendrogram of the cluster analysis results. Oligomers are linked b
the nearest neighbor method at distances which are listed in the supplement:
material (Table S2) in bold. The legend to Table 1 gives the names an@

sequences of the oligomers.
material, Table S2). They were clustered by means of the nearest g

neighbor method and transformed into a dendrogram 8ig.

Details are given in the supplementary material (Tables S1 and
S2). calculated. The r.m.s.d. between the tridecamer and 255D and ﬁiat

between the tridecamer and 165D were 1.12 and 1.40 3
respectlvely, which indicates that the structure of the tridecamer

10JXO0" Reu//:

RESULTS is close to the previous structures and was refined correctly. é
Description of the structure §
Evidence for the A-form Q
The crystal structure of the tridecamer (UGAGCUUCGGCUC) 2
contains one strand of the tridecamer and 37 water molecules pére overall structure of the double helix was compared with those
asymmetric unit. The "Serminal uridine residue adopts two of the canonical A-RNA and'ARNA conformers (11 residues/ %’
conformations, with an occupancy of 0.5, because of theirn for the A-form and 12 residues/turn for theférm) (16). S
statistical disorder due to the asymmetric base pair around tiiae r.m.s.d. of the coordinates from the tridecamer duplex &

crystallographic two-fold axis. The sequence, with the numbess-RNA and A-RNA are 1.60 and 1.13 A, respectively Thisa'
of bases, and the interactions between the symmetrically relatsltbwed that the conformation of the tridecamer is rather S|mllar
molecules are presented in Figlee to that of A-RNA. However, the r.m.s.d. values were not ver)b

Two strands of the tridecamer related by the crystallographitifferent from each other, so we could not determine ths
two-fold axis form a double-stranded structure (Fi§j. as conformation of the tridecamer from these values.
previously reported5(6) instead of a monomeric hairpin loop To clarify the conformational properties in detail, we havéﬁ
structure. As a result, in the middle of the helix, four successivisted in Tablel the mean helical parameters, the major and mingt
non-Watson—Crick base pairs (two G-U and two C-U pa|rs) argroove widths of the tridecamer, together with those of canomcal
formed. A 2| — |F¢]| map of the G-U pair is presented in the A-RNA, A'-RNA and B-DNA, and the smgle crystal structures”
supplementary material (Figlp Nevertheless, throughout the of the oligonucleotides determined in previous woBsk31-37).
double helix, the right-handed structure is kept not only in thAll the coordinates were taken from PDB and their names
Watson—Crick base pair portion but also in the non-Watson—Crickpresent the PDB codes (the legend to Tdblgives the
base pair portion (Fidb). The double helices are piled up alongsequences and their NDB codes). 1SDR and 280D contain two
the crystallographic-axis to form a pseudo-continuous doubledouble helices per asymmetric unit, which are named 1SDR1 and
helix through the intermolecular U-U pair which has a similallSDR2 for 1SDR and 280D1 and 280D2 for 280D. To calculate
arrangement to the Hoogsteen-likmans U-U pair 30). A  the major groove widths precisely, oligomers of >10 bp were
detailed description of the U-U pair is given in the supplementaiselected. The parameters which are efficient for the classification
materials (Figs 3and ). of the conformations are listed in Talile

The arrangements of the non-Watson—Crick base pairs areAs far as the conformation of the RNA duplex is concerned,
similar to the previously reported structures, 255a60d 165D there are two remarkable features. (i) The major groove widths of
(6), which have the same core sequence, ‘CUUCGG’. Thihe tridecamer and 255D are significantly greater than those of the
r.m.s.d. values of the core sequences in a double-stranded fasthers. (ii) The inclination angles of the tridecamer and 255D are
between the tridecamer and the previous struct&gs Were much smaller than those of the others. When the major groove
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Table 1. Mean helical parameters and major and minor groove widths

X-displacement (A) Inclination (°) Rise (A) Twist (°) Minor groove width (A) Major groove width (A)
mean (sd) mean (sd) mean (sd) mean (sd) mean (sd) mean (sd)
A-RNA 52 16.1 2.8 327 10.9 3.8
A-RNA 5.3 10.3 3.0 30.0 10.8 8.0
B-DNA 0.6 46 34 36.0 5.5 114
IRNA 49 (0.64) 18.7 (5.51) 2.6 0.35) 33.5 472) 101 0.49) 34 (1.27)
205D 49 (0.46) 16.1 (5.86) 26 0.49) 33.9 6.18) 9.4 (0.55) 3.9 (0.68)
ISDR1 52 0.43) 188  (2.44) 2.6 (0.24) 33.5 @436) 100  (0.50) 26 (0.47)
1SDR2 5.1 (0.26) 19.1 (3.00) 2.6 (0.18) 33.6 (3.83) 100  (0.36) 29 0.45)
280D1 4.4 (0.84) 184  (3.17) 25 0.37) 34.3 6.07) 95 (1.07) 2.9 0.87)
280D2 47 (0.85) 20.1 (4.40) 24 0.42) 337 (596) 9.6 (1.05) 3.0 (0.83)
tridecamer 52 (1.08) 105 (2.36) 3.0 0.17) 309  (8.02) 98 (0.84) 8.3 (0.51)
255D 52 (1.08) 112 (241 29 (0.18) 31.3 8.81) 94 (0.78) 7.8 (0.55)
IBNA 0.4 (0.28) 1.0 2.31) 3.4 (0.16) 35.8 4.02) 5.1 (1.71) 114 (0.68)
2BNA 0.3 0.32) 29 (2.68) 33 0.25) 357  (498) 47 (1.88) 112 (0.70)
3BNA 02 0.31) 3.7 (2.70) 3.4 0.31) 364  (3.51) 48 (1.36) 113 (0.94)
4BNA 0.1 (0.36) 7.3 (2.80) 33 0.32) 36.7 4.15) 4.1 0.61) 1.7 (1.24)
AVERAGE 34 9.8 2.9 34.1 8.0 6.7
SD 232 10.53 0.39 1.83 251 3.92

Mean and (sd) indicate the mean structure parameter and standard deviation for each oligomer. AVERAGE and SD indicge thkia\anrd its standard
deviation of each structure parameter, respectively. The coordinates used here for the calculation of the structure parameters, except for those of the trid
were taken from PDB (also NDB), the ID numbers being IRNA (ARN035) for (UUAUAUAUAUAUAHK)2.3 A resolution (31), 205D (URL029) for
r(GGACUUUGGUCC} at 2.6 A resolution (32), 1SDR (ARL062) for (UAAGGAGGUGAU)-r(AUCACCUCCUUA) at 2.6 A resolution (33), 280D
(URLO50) for (GGCGCUUGCGUQG)at 2.4 A resolution (34), 255D (ARL037) for (GGACUUCGGUG@) 2.0 A resolution (5), 1BNA (BDL001) for
d(CGCGAATTCGCG) at 2.3 A resolution (35), 2BNA (BDL002) for d(CGCGAATTCGG@) 2.7 A resolution (36), 3BNA (BDLB03) for d(CGCGAATT-
BrCGCGY) at 3.0 A resolution (37) and 4BNA (BDLB04) for d(CGCGAMTTGCG) at 2.3 A resolution (37). 1RNA, 255D, 205D, 1SDR, 280D and the
tridecamer are RNA duplexes. 1BNA, 2BNA, 3BNA and 4BNA are B-DNA duplexes. A-RNRN¥ and B-DNA represent the average structures deduced
from X-ray fiber diffraction data.

ca\
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widths were plotted against the inclinations, two clearly separatedmbinations of the oligomers, A-RNA,-RNA and B-DNA
clusters appeared (Fig). Interestingly, each cluster contains (supplementary material, Tables S1 and S2). The oligomes,
canonical A- and ARNAS, respectively. The standard deviationA-RNA, A’-RNA and B-DNA, were clustered by means of th%
of each point along both axes is smaller than the distance betwewarest nelghbor method and the resulting dendrogram Ss
the clusters. From these data, we concluded that these two clusfmesented in Figur8. The dendrogram shows the distance§
must be assigned to the A-RNA andRNA groups, respectively. between clusters or duplexes. A short distance means that &e
This |mpl|es that the presence of theRNA conformation was compared structures are similar to each other.

confirmed in the single crystal structures, i.e. the tridecamer andThe B-DNA group and all the RNA groups are separated tg/
255D belong to the ARNA conformation, while 1RNA, 1SDR1, quite a great distancet.(3). As expected, the A-RNA and 2
1SDR2, 205D, 280D1 and 280D2 belong to the A-RNAA'-RNA groups in Figure #vere found to form different clusters €

{11}

conformation. with this method as well and they were separated by a dlstanc&of
1.53. On the other hand, the longest distance in each cluster was
Cluster analysis 0.84 and 0.66, respectively, which are much shorter than ttgat

between the A-RNA and’ARNA groups. The differences in the
We performed cluster analysis using all the structure parametefger- and intra-group distances are significant. This indicates that
to reconfirm that the conformations of these oligomers can hgcleic acid conformations can be classified by means of cluster
divided into two groups. In cluster analysis in general, samplegalysis.
are classified based on the similarity of variables which represent
the features of the samples. As menqoned preylouslyz the meé'amparison of torsion angles in A- and ARNAs
structure parameters in Tableare variables which define the
global conformational features. Therefore, cluster analysis can bbe mean torsion angles with their standard deviations for
performed using these parameters directly. However, they includeplexes are listed in TaliteIn spite of the apparently different
distances and angles and also their values are dispersed. If tbeformations of A- and ARNAs, the backbone torsion angles
values in Tabld. are used for cluster analysis, the results mighfa, B, y, 8, € and{) exhibited basically the same mean values for
be affected only by a certain parameter which has the largestand A-RNAs. The differences in the mean torsion angles were
value. Accordingly, we calculated the normal distribution of eacimuch smaller than the standard deviations. Only thegles of
structure parameter before the cluster analysis and then calculafedand A-RNAs showed a difference which is comparable with
the distances, based on their normal distributions, between #ikir standard deviations. In conclusion, only thangle was
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Table 2. Mean torsion angles

mean sd mean sd mean sd mean sd mean sd mean sd mean sd
A-RNA 280D1 199.8  9.12 289.7 4072 177.1 1541 547 2994 820 2.96 2080 892 2863 846
280D2 2004  7.68 2798 5389 177.7  9.88 48.6 2270 83.1 4.55 2047 623 288.7 10.45
1SDR1 198.0 6.17 2874  11.19  168.6 1029  63.1 7.13 75.6 5.58 2063 1036  289.1  8.30
1SDR2 1954 594 2762  59.06 1622 2470 679 2277 713 1391 2112 1278 2848  19.79
IRNA 199.7  12.09 2852  40.81 171.5 1625 757 64.05  80.6 6.70 2149 2074 2798 13.42
205D 1954  14.81 2679 4431 176.6 3210 723 31.88 820 1534 2009 3220 2762  54.40
A'-RNA 255D 191.0 7.14 290.7 7344 1790 1191 76.1 50.16  78.0 7.90 2121 9.89 279.7 855
tridecamer 1935 6381 280.5 4345 1785 992 66.2 3765 805 3.36 2082 753 286.1  7.53
AVE(A-RNA) 198.2 281.1 172.3 64.0 80.1 207.9 284.0
SD(A-RNA) 9.76 43.48 19.88 34.70 9.53 17.60 24.70
AVE(A'-RNA) 1923 285.6 178.8 71.1 79.2 210.2 2829
SD(A'-RNA) 7.01 59.86 10.84 44.16 6.13 8.91 8.61

Mean and sd indicate the mean torsion angle and standard deviation for each oligomer. AVE(A-RNA) and SD(A-RNA) indicate the average
value and its standard deviation of each torsion angle for A-RNA, respectively. ARE(A) and SD(A-RNA) indicate the average value
and its standard deviation of each torsion angle fdRIA, respectively.

/:dny woly pepeojumod

slightly different between A- and'’/&RNAs among all the torsion base pair between A- and-RNAs is 2.7 and the nearest 2
angles. The reason why backbone torsion angles are not affecptbsphorus atoms across the major groove are separated by @ ol
by the difference in the conformation will be discussed later. 5 bp (Fig. 4b). Thus, the accumulated unwinding angle i€
[M4-16 and the resulting horizontal shiffig.4—2.8 A (Fig4b).
DISCUSSION Finally, the major groove is widened B3.5-3.8 A (Fig.4b),

) . which is approximately the same as the difference in the maj
We showed that the A- and’-RNA conformations could be 1qve width between A- and ARNAS.

classified as to the major groove widths and inclination anglegsWe also demonstrated the presence of tHRMA conformation

g;'g tzgél?ngmzrt;gr?rgﬁétlgebogg%i%ci? g‘éngéoggz?ggrg;dﬂbsing the structure of a tridecamer in a single crystal_. Th_en

than that in the helical twist angle (Tal)e although the helical further retrieved the oceurrence of thél.%NA conformation in 2
ge crystal structures of biologically active RNA molecules su

nolpio

/Bloses!

twist angle is still an important parameter for the classification g . ; D
: s hammerhead ribozymeé®0), the P4—P6 domains of group ¢
RNA duplexes. Then we further confirmed that the plot of th intron (41,42) and the 62 nt domain of 55 rRNAT. 5

inclination versus the major groove width (Ryand the cluster . ;
s ; : nterestingly, we found that helix IV of 5S rRNA adopted th
analysis (Fig3) were basically unchanged even if other protocol "RNA conformation. It has characteristic features of tha.

were used for calculation of the structure parames&)s Even , o ; .
at this stage, there remain two problems. One is how to correl4te RNA conformation, i.e. a wide major groove (8.7 A)anda log

an inclination angle with a major groove width, and the other faclination angle (9.5). More interestingly, helix IV was <
why the backbone torsion angles of the two conformers are ggested to be the binding site for the ribosomal protein L25,

different from each other (TabB). Here we present a possible N€ results of enzymatic probingX-45). It could be thought that &
explanation which may solve the two problems at the same tinflix IV becomes ready for protein binding by taking on thé
As shown in Figurdla, if the inclination becomes smaller, the A -RNA conformation. Thus, the wide major groove of thes
backbone of strand moves downward and that of strand A'-RNA conformation could be utilized for interaction with 3
upward. Consequently, the major groove width becomes largfOteins, since the major groove of the A-RNA conformation i$
vertically. As far as this model is concerned, the torsion angles & narrow to accommodate a protein or peptide. Next we present
not need to change except for jhangle. The change in tiye ~ SPace-filling models of the tridecamer, helix IV of 5S rRNA and
angle is expected to be approximately the same as the changéanonical A- and ARNAs to determine their major groove
the inclination, because the vectors of the glycosyl bonds anédths (Fig.5). As is apparent from Figur the major groove
nearly parallel to the rotation axis of the inclination angle. In fac@f A-RNA indicated by X-ray fiber diffraction data (Figa) is

the difference in the inclination angles’Y&etween A- and quite narrow, while that of ARNA indicated by X-ray fiber
A'-RNAs is comparable with the difference in ghangles (8)  diffraction data (Fig5b), the tridecamer (Figc) and helix IV of
between them (Tab®. Then we simulated the widening of the 5S rRNA (Fig.5d) are wide enough to accommaodate a protein or
major groove (Fig4b). The vertical shift due to the inclination peptide. Thus, a difference in the major groove widths between
change is 2.6 A, as indicated by a blue arrow @iy.However, A- and A-RNA is evident.

this value is less than the difference in the major groove width Here we conclude that the crystal structure of the tridecamer
(4.5 A) between A- and RNAs and there should be a belongs to the ARNA conformation and have revealed detailed
horizontal shift such as the decreased helical twist ®MA  structural features of the' /RNA conformation at nearly atomic
relative to A-RNA (unwinding). The mean unwinding angle peresolution. We also discussed the possible function of the


http://nar.oxfordjournals.org/

954 Nucleic Acids Research, 1999, Vol. 27, No. 4

(a) A-RNA A“RNA

strand-a s
strand-a R
strand-b strand-b

=4l

(b)
r= |OA
3.5-3.8 ,31 inclination: 19° —® 11"
e vertical shift = 2.6 A
major groove

widening

4~5 base-pairs

onwinding = 14-16 "
horizontal shifi = 2.4~2.8 A

SRR

Figure 5. Space filing models of A-RNA deduced from X-ray fiber diffraction
data &), A'-RNA deduced from X-ray fiber diffraction data)( the structure
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A'-RNA conformation in a biological system. So far, it isSee supplementary material available in NAR Online.
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