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Abstract A molecular dynamics simation of the INA dodecamer d(CGRTATATGCG) has been
perfomed wih AMBER 5.0 underdw salt conditions. BotlB — A ard A — B transitions are ob-
saved.This may lave biolbbgical signficancefor the formation of compkes betveen DNA and TATA-
box binding proteins.
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from the B-form (which the NA would namally beex-
pected to adopt in solution) to @wform, krown as TA-
) . DNA,[6] which is similar b A-DNA but with a sigrficantly
The conformations adopted byNB and the transitions be-  higher base inclirton. Thus it opeas likely that the con-

corformations - A, B and Z [1] - are dependent on base qyring, or immediaty prior to, TBP bindig.

Introduction

sequence, cationiangronment andNaIe‘r acivity. For ex- Molecular dynamics (MD) is becoming awerful tool
ampb, in fibres, transitions beteen tke wet B-form and  fq, probing the structure andynamics of INA, particu-
the ‘dry’ A-form can be induced by changing thiaer con- 511y with regard to the #ects of base sequence andie

tent.[2] Fibres of DNA containing alterating AT tracts can  yonmental factrs. Recent e/elopments in techniquea-
adopt the Dform,[3] which is notavailable to INA mol- ticylarly theParticle Mesh Ewald algorithm [7-10] for cal-
ecules with general base sequences, and a transition 10 thgjating electrostatic interactionsaie impoved the real-
B-form can occur if the humidity is increased.[4] Such al-igm of MD simulations so that #y can row reproduce A
ternating sequences are of particular interest since, duringnq B forms undesxperimentally obsered conditions.[11,
transcriptiop TATA-box binding proteins (TBPs) bind in the 2] several simulations hve revealed confamational tran-
minor groove of DNA with consensus sequen@ATA T/A  sitions, but there is some indition thet the direction of the
A TIA X.[5] X-ray crystallogephic studies [5] &ve slown g _, A transition is potential-dependerfior example the
that TBP binding poduces a radical dafmation of the INA CHARMM23 potential [13] appea tofavor theB — A
transition [14-16] although the CHARMM27 potential [17]
samples an equilibrium beten Aand B tlet can be pe

- turbed by changing thengronmental conditions.[18] Con-
Correspondence tdR. J. Geenall
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versely, in the case of the Cornell et al. [19] potential with 40
one exception, only the A B transition has been reported un-
der low salt and high humidity conditions,[11, 12, 20] which_ 35
is consistent with experimental observations.[1] The one eg-
ception was a gradual B, A transition in the TATA-box 2
sequence d(GCGTATATAAAACGC). [21] However B A
- B transitions have been observed with this potential [14]
when sufficient Naand Clions were added to model a 0.45M 25
NaCl solution. Thus at present the Cornell et al. [19] poten-
tial appears to favor the B-form under low salt conditions
although there is some evidence that this property may ‘ﬁe 3
sensitive to the base sequence of the DNA. &
We have conducted an MD simulation, using AMBER 5.0 25
[22] and the Cornell et al. [19] force field, of the dodecamer
d(CGCATATATGCG)2. In crystals [23] this sequence adopts 2 ‘ \ ‘ \ ‘
a B-DNA structure, but in the AT-tract the rotation per resi-
due and the base-pair roll have different values at ApT aﬂd
TpA steps consistent with the alternating-B model for polyg
d(A-T) proposed by Klug et al..[24] During the first 2ns ofg -
this trajectory the molecule undergoes a concerted B -
B transition that we describe in this preliminary report.
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Figure 2 Evolution with time of twist, rise, xdisp and inc. In
the case of twist and rise the average values over the central
AT region of the molecule are shown. For xdisp and inc indi-
vidual values for each nucleotide in the AT tract are shown
superimposed. All data has been ‘smoothed’ for clarity using
a running average over 30 ps. Values of these parameters for
canonical A- and B-forms are shown by horizontal lines

Methods

RMS deviation (A)

Three simulations were performed with the initial DNA co-
ordinates from the Protein Data Bank entry 1DN9 [23] and
canonical A and B fibre structures.[25] 22 sodium ions were
ll1llllllllllllllllllllllllllllllllll i
placed around the DNA to neutralize the phosphate charges
0 250 500 750 1000 1250 1500 1750 2000 oh4 the whole system was immersed in 4990 Monte-Carlo
Time (ps) equilibraed TIP3P waters, resulting in a bath of dimensions

) . . ~52x58x69 A MD was initiated after several rounds of semi-
Figure 1 Root mean square (RMS) deviations of the trajegsnstrained and eventually unconstrained steepest descent

tory with respect to the initial 1DN9 (Yoon) coordinateginimizations. Harmonic constraints of 25 kcal AP were
(black), qanonlcal A-DNA (red).ar?d the MD average (greer[)}aced on the DNA atom and ion positions during the first
The top figure shows RMS dew_atlons calculated for the whgjgy steps of energy minimization and gradually reduced to
molecule and the lower figure is for the central AT tract ;o0 in 5 kcal-mat-A2 and 12.5 kcal-mdtA2 steps for the
DNA and ions respectively, ending with 500 steps of uncon-
strained minimiztion. With the DNA held rigid the system
was then heated rapidly from 100 K to 300 K over 1 ps and
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held at 300 K for 24 ps followed by a slower reheating from synchrony with the B~ A - B transitions observed in
10 to 300K over 5 ps using similar constraints on the DNARMSD. In addition the behaviors of xdisp and inc are syn-
those employed during the minimization stage. These cahyonized in each ApT and TpA step. Thus we see concerted
straints were reduced to zero by 5 kcal-m&t pst overthe B — A - B transitions throughout the AT-tract rather than
next 5 ps before initiating a production run. Long range elamcorrelated transitions at each nucleotide. This is empha-
trostatics were treated via the Particle Mesh Ewald (PM&}ed by viewing the molecule along the helix axis (figure 3)
method. During the constant pressure MD a 2 fs timestepich clearly shows transitions from the B-DNA initial struc-
was used with coordinate snapshots taken evgy. Tem- ture (0O ps), with its bases clustered in the center, to A-DNA
perature regulation was achieved through Berendsen’s c@@0 ps) in which the bases move radially outwards leaving a
pling method.[26] SHAKE constraints [27] using a geometrilistinct central hole. The molecule then reverts to B-DNA at
cal tolerance of 5 x19A were imposed on all covalent bondg50 ps and back to A-DNA at 1250 ps.
involving hydrogen atoms. The average rise per residue and base rotation (twist) in
the AT tract are shown in the top of figure 2. In fibre diffrac-
tion experiments two closely related parameters (the helix
pitch and the number of residues per helix turn) are widely
used to classify DNA conformations as they can be directly
i o determined from resulting diffraction patterns of regular heli-
Figure 1 shows the root mean square deviations (RMSD)c@. Model B-DNA has a rise of 3.38 A and a twist of 36° (10
the 1DNS9 trajectory with respect to the initial B-DNA coomase pairs per helical turn and a helix pitch of 33.8 A) and A-
dinates, [23] canonical A-DNA [25] and the MD average. Th§NA has a base-pair rise of 2.56 A and a twist of 32.7° (11
RMSD from canonical B-DNA [25] was very close to thahase pairs per turn and a helix pitch of 28.2 A). For DNA
from the initial coordinates and has been omitted. The RM3fyomers the criterion is a little less strict as variations in
indicates that the DNA changes from the initial B-form to gRe pase sequence have a significant effect on the regularity
A-like conformation at ~500 ps, reverts to the B-form at ~7%f) the nelix. In the simulation the rise adopts a B-like start-
ps and then returns to the A-form at ~1250 ps. However {ig value and reduces towards A-like values around 500 ps
RMSD is only a crude indicator of DNA conformation an@lefore returning to B af50 ps.A-like values are seen at
so further evidence is needed to establish that B —~ B 1250 ps and B-form values seen at ~1650 ps. For helical twist
transitions have occurred. _ . the picture is somewhat less clear. DNA in solution is known
The helical twist and rise per residue and xdisp (the dig-adopt rotations per residue slightly lower than in the model
placement of a base-pair from the helical axis) and inc (f@ues (e.g. 10.6 base-pairs per turn for B-DNA of random
inclination angle between a base-pair and the helical axighuence [28]). Hence the twist reduces from canonical B-
are shown as a function of time in figure 2. Values of thegga early on in the simution. At 500 ps the twist is low
parameters for A- and B-DNA are also shown. Xdisp and iggq at 750ps higher values are regained. During the slower B
are sensitive indicators of A-like or B-like conformations., a transition from 800 1250 ps a low twist is adopted.
Clearly they both alternately adopt B-likedA-like values | o twists have been observed in previous B-DNA simula-

Results

Figure 3 Schematic plots of
the DNA looking along the
helical axis at 0, 500, 750 and
1250 ps. Similar projections
for canonical A- and B-DNA
are also shown
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Figure 4 Evolution with time of the sugar pucker angles, P, in the AT tract. Values for canonical A- (C3'-endo) and B-DNA
(C2'-endo) are shown by horizontal lines

tions with this potential.[7, 11, 29, 30] Hence the-BA -  Cornell et al. [19] potential. This appears to show that previ-
B transitions are seen in the twist if this and the lowereds concerns [11] of overstabilization of the B-form are un-
twist due to solvation are taken into account. founded. In addition, it indicates that the occurrence of con-
Figure 4 shows the sugar pucker pseudorotation, P, adofitethational transitions is dependent on base sequence.
in the AT tict during the simuton. Although a certain It is noteworthy that the change from B to A values in the
amount of A-like(C3'-endo) puckering is adopted by somieases is not correlated with analogous changes in the sugar
of the sugars during the trajectory, it is not obvious that cquuckers. In a recent MD study [30] one dihedral angle
certed transitions seen in the base movements are correl@@ddC2'C3'C4") in each sugar was driven from B to A val-
with sugar re-puckering during the simulation. For the maes, which led to a B- A transition throughout the mol-
jority of the trajectory B-like (C2'-endo) and intermediatecule, and it was suggested that sugar puckering is a major
(O4'-endo) sugar puckers are adopted. determinant of DNA conformation. But our results show that
Similar results, inlmding B - A — B transitions, were the B — A transition - at least insofar as the bases are con-
obtained with initial canonical A and B coordinates, showerned - is not driven by sugar repuckering.
ing that these observations are not an artefact of the initialThis work suggests that DNA containing alternating AT
conditions. The three simuians converge to similar aver-tracts, of the kinddund in TBP binding regions, may be
age properties in agreement with previous work.[11] readily susceptible to a B> A transition. In this regard it
supports another simulation with a similar sequence,[21] al-
though in that case the evidence for a transition, being based
only on a gradual change in xdisp and some sugar repuckering,
was much weaker than the concerted transitions described
) o ] ) here. Such susceptibility would be an attractive property since
We believe that this is the first observation of both-BA = TBp pinding is associated with deformation of the DNA from
and A - B transitions in low salt DNA solution with theg_ tq a TA-form.[5, 6] In addition this base sequence appears

Discussion
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to be findy balanced on a knife-edge betweeaAh and B-
forms; such dynamic fluctuations mayopide a recognition
motif for TBPs.

We ae currenlty investigating the rbustness of the re-
sults presented here witkgard toextended simulation times,
high salt conditions, base sequence avdAMVBER param-
eters.[31]

Supplementary material available Coordinates of the RA
at times slown in figure 3 hae been provided in PDB ffo
mat.
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