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Chapter 6: Structural Elucidation of a 3-amino-y-linked Cyclic

Polyamide-DNA Complex and RNA Binding Studies
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Abstract

Chemical control of dysregulated gene expression poses a significant challenge at
the frontier of chemical biology. Py-Im polyamides are a class of small molecules that can be
programmed to bind a broad repertoire of DNA sequences, disrupt transcription factor-DNA
interfaces, and modulate gene expression pathways in cell culture experiments. Detailed structural
information thus far has been limited to moderate resolution X-ray structures of unlinked 2:1 binding
polyamides and NMR NOESY-restrained molecular dynamics models, with atomic resolution X-ray
structures remaining elusive. Structural elucidation of polyamide-DNA complexes is fundamental
to understanding the recognition properties at the molecular level and this chapter reports a high
resolution (0.95 A) X-ray crystal structure of a cyclic Py-Im polyamide bound to the central six
base pairs of the sequence d(5’-CCAGTACTGG-3"),, revealing the hydrophobic, electrostatic, and
shape selective recognition interactions responsible for DNA binding. Additionally, a structural
basis for the allosteric modulation of transcription-factor DNA interfaces with -amino turn linked
cyclic polyamides is reported and a combination of biophysical, structural, and modeling studies

are presented which explain the inability of polyamides to bind double helical A-form RNA.
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6.1 Introduction

Pyrrole-imidazole polyamides are a class of small molecules that bind the minor groove
of DNA sequence specifically."” Encoded by side-by-side arrangements of N-methylpyrrole (Py)
and N-methylimidazole (Im) carboxamide monomers, Im/Py pairs distinguish G*C from CeG base
pairs, whereas Py/Py pairs are degenerate for TeA and AeT.>* Polyamides have been shown to
bind a broad repertoire of DNA sequences,’ permeate cell membranes and traffic to the nucleus,*!s
access chromatin, '*'7and disrupt protein-DNA interactions.” Polyamide inhibition of transcription
factor-DNA binding of HIF-1a,'®1*% androgen receptor (AR),*' and AP-1?>% has been exploited
for controlling expression of medically relevant genes such as VEGF, PSA, TGF-f1 and LOX-1
in cell culture experiments. X-ray crystallography has provided structures of unlinked 2:1 binding
polyamides to a resolution of 2.00 A, providing valuable insight into the polyamide-DNA molecular
recognition process.>®?* Structural studies of hairpin polyamides bound to the nucleosome core
particle have also provided structural proof that polyamides can bind biologically relevant higher
order structure, however a combination of resolution limits and high B-factors prevented a detailed
picture of the polyamide-DNA interactions beyond confirmation of the binding location.'** Much
insight has been gleaned from NMR studies where NOESY-restrained molecular dynamics models
have provided structures of 1:1 and 6-ring cyclic polyamides.’**” Despite these successes, atomic
resolution X-ray structures of this important class of compounds and in general minor groove
binders have remained elusive.

The ability of DNA to undergo bending, twisting, and stretching motions as well as the
long-range propagation (allosteric effect) of these perturbations coupled with DNA recognition
by proteins and small molecules can have profound influences over important processes such as
gene transcription and modulation of eukaryotic gene networks.?? Allosteric communication
along and through the DNA helix has been the subject of intense study and forms the basis for
cooperative interactions among transcription factor regulatory networks such as the interferon-f3
enhanceosome, where transcription factor binding induced DNA conformational changes led to
cooperative enhancer occupancy. This potential for short and long range allosteric control over the
transcriptional machinery provides a powerful concept for the design of small molecules that can
bind to topographically distinct locations on DNA with the possibility of modulating transcription
factor-DNA binding by allosteric perturbation of the DNA structure.**?! Recent studies (Chapter 3)
of cyclic polyamide 1 and analogous hairpin polyamides revealed they possessed high DNA binding

affinities and could regulate endogenous androgen receptor-activated gene expression (prostate



Figure 6.1 Structure of cyclic polyamide 1 presented
with its ball-and-stick model superimposed over the
binding site on the dsDNA oligonucleotide sequence
used for crystallization. Closed circles designate N-
methylimidazole, open circles designate N-methylpyr-
role, and half open circles substituted with ammoniums
designate f-amino substituted y-turn unit. b. Electron
density map contoured at the 1.0 o level for the X-ray
crystal structure of cyclic polyamide 1 complexed to ds-
DNA (0.95 A resolution).
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specific antigen) in cell culture, from
which we infer cell permeability.
Additionally, In vitro ADMET studies of
cycle 1 and hairpin polyamides revealed
favorable drug-like properties for both
classes of compounds and excellent
metabolic stability.

Reported, is the atomic resolution
structure (0.95 A resolution) of an 8-ring
cyclic polyamide in complex with double
helical DNA. The cyclic polyamide 1 is
comprised of two antiparallel ImPyPyPy
strands capped by (R)-f-amino-y turn
units. Polyamide 1, which codes for
the sequence 5’-WGWWCW-3" was
cocrystallized with the palindromic
DNA oligonucleotide sequence
5’-CC AGTACTGG-3’ 10 base pairs in
length (Fig. 6.1). We observe significant
allosteric ~ structural perturbations of
the DNA helix induced upon binding
of substituted GABA (y-aminobutyric
acid) turn-linked polyamides in the DNA
minor groove. In addition to amide and
imidazole recognition with the DNA
minor groove floor, a detailed view of
the P-amino-y-turn conformation and

hydration reveals a network of well-

ordered water-mediated interactions between the polyamide and DNA. Significantly, we find that

a conformational inversion occurs at the turn position upon moving the amino substituent from the

a to P positions of the GABA turn. The allosteric modulation of the DNA structure induced by

polyamide binding is also shown and a structural basis for the inability of polyamides to bind A-form



Table 6.1 Data collection and refinement statistics.

Data collection
Space group
Cell dimensions
a,b,andc, A

a, p,andy, °

Wavelength
Resolution, A
R *

merge
ol
Completeness, %*
Redundancy

Refinement

Resolution, A
No. of reflections 39,782
R, /..t

work

No. of atoms
DNA
Polyamide
Calcium
Water

B factors
DNA
Polyamide
Calcium
Water

P4.22

39.83
39.83

84.57

90

90

90

0.82654
23.44 - 0.95
9.0 (52.7)

13.9 (2.3)
97.7 (99.6)
7.4

23.44-0.95

11.2/12.4

445
86
4
239

7.2
6.7
13.2
23.1

*Highest-resolution shell is shown in parentheses.
*Free R calculated against 5% of the reflections
randomly removed.

157
RNA is presented with UV-melting

temperature data.

6.2 Overall Structure
The

structure  of  cyclic
polyamide 1 in complex with d(5’-
CC,AGTACTGG), was solved by direct
methods to 095 A resolution with
synchrotron radiation (Fig. 6.1). One
cyclic polyamide bound to a single DNA
duplex is present in the asymmetric
unit of the crystal in the P4 2 2 space
group. The final structure was refined
anisotropic and unrestrained to an
R-factor of 11.2% and an R, _ of 12.4%
(Table 6.1). The average B-factor for
the polyamide was 6.7 A2 and 7.2 A2 for
DNA. The asymmetric unit contains one
full polyamide-complexed DNA double
helix. In the DNA complex, the aromatic

amino acids are bound with an N- to C-

orientation of each ImPyPyPy strand of

the cycle adjacent to the 5’ to 3’ direction of the DNA. The conformational constraints imposed by

the turn unit result in ring placement that is ring-over-ring as opposed to ring-over-amide. Greater

than 40% of the polyamide surface area is buried leaving only the top of the methyl groups on

the heterocycles, the amide carbonyl oxygens, and the chiral -ammonium turn solvent exposed.

Alternate conformations are observed for 7 of the 18 nucleotides of the DNA duplex. The cyclic

pyrrole-imidazole polyamide 1 was co-crystallized with the palindromic DNA oligonucleotide

sequence shown in Figure 6.1. The polyamide selectively binds to the sequence, 5’-WGTACW-3’,

and previous studies have demonstrated that the equilibrium binding constants are sub-nanomolar

and outside the measurement range of DNase I footprinting methods (see Chapter 3).
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u-methylene (R)-p-amine
Up (R)-p-amine Down Up

Figure 6.2 Molecular recognition details from the X-ray structure of cyclic polyamide 1. a. Con-
formation of the B-amino substituted GABA turn linkage. Conformation A (left) is the conforma-
tion observed in the previously determined a-amino turn X-ray crystal structure. Conformation B
(right) shows the preferred conformation for the B-amino turn determined by X-ray crystallography
in this report. The B-methine conformational preference is puckered up and away from the DNA
minor-groove floor, aligning the -ammonium along the groove floor. b. Structural view looking
down the DNA minor groove showing the bound cyclic polyamide with electron density contoured
at the 1.0 o level. c. Geometry of the alpha-amino turn interacting with the adenine and guanine
base pairs in the floor of the DNA minor groove through water-mediated hydrogen bonds. d. Iso-
lated view of one half of the polyamide (split along a plane through the long axis of the polyamide
and the DNA helical axis) showing hydrogen bond distances made to the DNA minor groove floor.
Hydrogen bonding interactions of the DNA-polyamide complex with electron density contoured at
the 1.0 o level. (Im = imidazole and Py = pyrrole)

6.3 Overall structure of DNA-polyamide complex

The cyclic pyrrole-imidazole polyamide is bound in an antiparallel head-to-tail turn-linked
fashion with the N- to C-terminal orientation of each PyPyPyIm strand of the polyamide directly
adjacent to a DNA strand oriented in a 5’ to 3’ direction. Figure 6.1 shows the overall structure of
the complex with the electron density map contoured to the 1.0 o level. Figure 6.2b shows a view
of the complex looking directly down the minor groove at the polyamide turn linkage. From this

view it can be seen that significant stabilization of the complex is derived from van der Waals
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Figure 6.3 DNA minor and major groove dimensions in the absence and presence of polyamide.
Native DNA structure d(5’-CCAGTACTGG-3"), solved by Rees and coworkers (PDB: 1d8g,0.74
A resolution). a. Comparison of the minor groove width for DNA in the absence of polyamide
(yellow curve and structure) and in the presence of bound polyamide (blue curve and structure). b.
Comparison of the major groove width for DNA in the absence of polyamide (yellow curve and
structure) and in the presence of bound polyamide (blue curve and structure). note: polyamide has
been removed from the blue complex for clarity.

interactions between the outside face of the pyrrole-imidazole heterocyclic strands and the walls of
the minor groove, which form a deep binding pocket for the polyamide. Greater than 40% of the
polyamide surface area is buried and not solvent exposed, leaving only the top of the methyl groups
of the heterocycles, the amide carbonyl oxygens, and the chiral B-amino turn linkage solvated.
The turn linkage adds a conformational constraint to the ends of the polyamides preventing the
heterocycle strands from slipping past each other as observed in the slipped orientations found in

some 2:1 binders such as distamycin.

6.4 Turn conformation

The [-methine conformational preference is puckered up and away from the DNA
minor-groove floor, aligning the [-ammonium along the groove. Conformation A (left) is
the conformation observed in the previously determined a-amino turn X-ray crystal structure.

Conformation B (right) shows the preferred conformation for the f-amino turn determined by
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X-ray crystallography in this report. The hydration pattern around the turn is highly conserved at

both ends of the structure and there are two water-mediated hydrogen bonds within 2.79 - 2.87 A
from the ammonium to the DNA minor-groove floor (Fig. 6.2¢). The amide NH’s and imidazole
lone-pairs form a continuous series of direct hydrogen bonds to the floor of the DNA minor-groove,
while the imidazoles impart specificity for the exocyclic amine of guanine through relief of steric
interaction and a G(N2-hydrogen)-Im (lone pair) hydrogen bond (Fig. 6.2c-d). The amides linking
the aromatic rings and the turns contribute hydrogen bonds to the purine N3 and pyrimidine O2
lone pairs where they all are within hydrogen bonding distance of a single DNA base. In total
there are 10 direct amide hydrogen bonds (2.86-3.08 A), 2 direct imidazole hydrogen bonds (3.15
and 3.16 A), and 4 (R)-P-ammonium turn water-mediated hydrogen bonds (two per turn, average
distance from amine to water = 2.79 A-2.87 A) to the floor of the DNA minor groove with at least
one interaction for all 12 DNA base-pairs in the 6 bp binding site. There are a total of 16 hydrogen
bond interactions between the cyclic polyamide and the floor of the DNA minor-groove, utilizing

every hydrogen-bond donor and acceptor of the ligand (Fig. 6.2).

6.5 Allosteric Perturbations

Polyamide binding induces large structural changes in DNA and Figure 6.3 shows a

0° °
' 15.4

DNA
w PA/DNA

Roll, ° Twist, ©
bpstep DNA PA/DNA DNA PA/DNA
CC/GG 9.08 7.70 28.26 33.68
CAMG -7.95 879 50.50 30.23
AG/CT 987 11.19 21.04 35.16
GT/AC  -0.74 285 35.80 32.13
TA/TA 326 7.23 48.48 35.93
AC/GT -0.74 247 35.80 32.04
CT/AG  9.89 10.59 21.04 35.32
TG/ICA -7.96 957 50.49 29.68
GG/CC 9.03 358 28.26 32.64

Figure 6.4 Allosteric distortion upon polyamide binding. (left) DNA bending is observed for
polyamide-bound DNA (blue structure) versus unbound-DNA (yellow structure). (right) Helical
parameters for DNA in the absence and presence of polyamide showing an increase in positive
roll and significant changes in twist angles upon polyamide binding. (Polyamide has been removed
from the blue complex for clarity)
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slice through the short axis of the DNA

Table 6.2 Buckle and opening values. helix showing the minor and major

Buckle, °© Opening, °
bpstep DNA PA/DNA DNA PA/DNA
C-G -6.41 -10.59 0.99 0.68

groove geometry at the center of the

polyamide binding site for uncomplexed

C-G 043 -7.08 415 171 and complexed DNA. Figure 6.3 reveals a
AT  -163 6.15 135 3.84 >4 A widening of the DNA minor groove
G-C 1075 -223 126 -0.78 upon polyamide binding and a compression
T-A 13.15 0.37 -0.27 -4.87 . o
of the major groove by more than 4 A.
AT -13.15 117 -0.27 -4.88
C-G -1074 239 127 110 Additionally, Figure 6.3 shows a major
T-A 1.63 -2.93 1.34 3.78 perturbation in the major groove depth
G-C 0.44 16.58 -1.13 0.87

upon polyamide binding converting the
G-C 6.42 23.00 1.00 -0.15

wide shallow surface of the major groove
from a functionally exposed protein
recognition domain to a narrow deep cleft less likely to accomodate the width of a standard protein
alpha-helical domain or beta-sheet from a transcription factor. Figure 6.4 shows the polyamide
induced bending of the DNA helix. The helix is bent toward the major groove by >15° resulting in
major groove compression. The base-pair step parameters in Figure 6.4 show a large positive roll
throughout the polyamide binding site which contributes to the significant bend in the DNA helix.
Additionally, polyamide binding induces a more uniform helical twist resulting in less variability as
the base-pair step changes. The helical twist values for polyamide bound DNA range from 29.68-
35.93°. Values for the helical twist are highly sequence dependent in native DNA and range from
21.04 to 50.50° depending on step sequence. Major perturbations in the DNA base pair buckle and
opening are also observed upon polyamide binding. At the central 4 base pairs of the binding site
the buckle is significantly reduced upon binding and the base pairs are opened toward the DNA
major groove with the largest variations occuring at the central AT base pairs. [Note: For a full set

of helical parameters and definitions see Figures 6.6, 6.7, and 6.8.]

6.6 Solvation

The structure has a cell volume of 134,162 A® and a Matthews Coefficient of 2.24 with a
solvent content of 51%. There are 130 out of 239 water molecules within 3.0 A of the polyamide-
DNA complex and 76 of the 130 water molecules localized around the DNA phosphates. The solvent

exposed surface of the polyamide is hydrated by 22 of the 130 waters found within 3.0 A of the complex.
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Table 6.3 Polyamide-DNA and Polyamide-RNA melting temperatures.

dsDNA sequence

dsRNA sequence

5’ -CCAGTACTGG-3'
3’ -GGTCATGACC-5"

5"-CCAGUACUGG-3"'
3"'-GGUCAUGACC-5"

Polyamides T./°C AT /°C

T./°C AT, /°C

- 46.1 (+0.8) —
e (B9 s (1) 828 (+06)  36.6(1.0)

o OOe) M (2) 723(x0.5)  26.2(x1.0)

Dp

Dp-000® (3) 52.8 (+0.4) 6.6 (£0.9)

60.4 (+0.6) -
59.9 (+0.8) -0.5 (£1.0)
60.7 (+0.5) 0.3 (+0.8)

59.7 (£0.3) -0.6 (£0.7)

These waters cluster and form bridges across the carbonyl oxygens of adjacent amides linking ring

pairs, resulting in stripes of well ordered water across the polyamide surface. Additionally, 6

waters hydrate the polyamide ammonium turns (3 at each turn) with 4 of the 6 anchoring the

Figure 6.5 a. Crystal structure of DNA-polyamide complex
showing shape complementary and favorable hydrophobic inter-
actions with the sugar-phosphate backbone. b. Coordinates of the
cyclic polyamide docked within van der Waals radius of the puta-
tive binding site on a model of ideal A-form double helical RNA.

polyamide to the floor of the
DNA minor groove through
bridging hydrogen bonds.

6.7 RNA Binding Studies
The minor  groove
binding of polyamides to
B-form DNA has been
extensively studied, however
the ability of polyamides to
bind double helical RNA has
received little attention. There
are two major differences in
helical RNA versus DNA.
First, thyamine (T) is replaced
by uracil (U) presenting the
addition of a 5° methyl group
to the major groove of the

helix. However, the hydrogen
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bonding functionality of the minor groove remains identical to that of B-form DNA. The second
and most important difference is the addition of a 2°~OH on the sugar resulting in ribose as opposed
to deoxyribose for DNA. This extra hydroxyl has a profound effect on the overall helical RNA
structure and rigidity primarily due to the enforcement of a C3’—endo ribose sugar pucker. This
pucker forces the RNA helix into an A or A’-form conformation due to the steric incompatibility
of the 2°-~OH with a DNA B-form conformation, which prefers a C2’—endo sugar conformation.
The conformational rigidity leads to less sequence dependent microstructure than DNA and a
dramatically different minor and major groove geometry. Additionally, the DNA helix has been
shown to be highly conformationally mobile in contrast to the RNA helix. The structure of A-form
RNA has an 11-fold helix with a narrow, deep major groove and shallow, wide minor groove in stark
contrast to B-form DNA. The base pairs of A-form RNA are inclined and drastically displaced from
the helix axis causing an overall expansion of the helix width, which in turn leads to a dramatically
shallow curvature of the minor groove floor. The criteria required for polyamide binding and, in
general, small molecule binding relies on the minimization of water exposed hydrophobic surfaces,
the complementary pairing of buried hydrogen bond donors and acceptors, the maximization of
van der Waals interactions, the solvation or neutralization of all charges, and the maximization of
attractive and minimization of repulsive interactions. Our results show that the polyamides in this
study provide a large thermal stabilization to DNA as opposed to RNA, which does not have an
increased melting temperature for any of the compounds studied. The thermal stabilization for the
DNA duplex ranges from 4 °C for the unlinked polyamide (2:1 complex at saturating concentrations)

to 23 °C for the cyclic polyamide.

6.8 Conclusion

The crystal structure presented highlights the molecular recognition of 3-amino turn-linked
polyamides in the minor-groove of DNA and provides insight into the allosteric modulation of
B-form DNA by Py-Im polyamides. The DNA structural distortion induced upon polyamide minor-
groove binding provides an allosteric model for disrupting DNA:transcription factor interfaces in
the promoters of selected genes. The ability of DNA to undergo short and long-range allosteric
effects coupled with DNA binding by proteins can have influence over important processes such as
modulation of eukaryotic gene networks. The potential for allosteric control over the transcriptional
machinery provides a powerful concept for the design of small molecules that can bind to distinct

locations on DNA with the possibility of modulating transcription factor activity. The RNA binding
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studies demonstrate that this class of Py-Im polyamides are completely selective for binding dsDNA

over dsRNA.

6.9 Experimental

6.9.1 Synthesis

Polyamides 1-3 were synthesized by standard solution-phase synthesis methods presented in
Chapter 2 and 3 of this thesis. Synthetic deoxyoligonucleotides were purchased HPLC purified
from Trilink Biotechnologies and desalted using a 5 gram sep-pak C18 cartridge (Waters) followed

by lyophilization to dryness.

6.9.2 Oligonucleotide purification and Crystallization
Oligonucleotides were purchased HPLC purified from Trilink Biotechnologies (San Diego, CA).
Prior to use the oligonucleotides were de-salted using a 5 gram sep-pak C18 cartridge (Waters) and
lyophilized to dryness.

Single stranded DNA was quantitated by UV-Vis spectroscopy and incubated with a 2:1
ratio of DNA to polyamide prior to crystallization. Crystals were obtained from a solution of 0.6
mM duplex DNA, 0.75 mM polyamide, 24% 2-methyl-2 4-pentanediol (MPD), 35 mM calcium
acetate, 10 mM Tris pH 7.5 equilibrated in sitting drops against a reservoir of 35% MPD at 4°C
and crystals were flash cooled at 100 K prior to data collection. DNA crystals grew in space group
P42 2 with unit cell dimensions a = 39.8270A, b = 39.8270A, ¢ = 84.5718A, o = 90.00°, p =
90.00°, vy = 90.00°.

6.9.3 Data collection, Structure determination, and refinement
Polyamide-DNA crystals grew in space group P4 2 2 with unit cell dimensions a = 39.8270A, b
=39.8270A, ¢ = 84.5718A, a = 90.00°, B = 90.00°, y = 90.00°, and one polyamide-duplex DNA
complex in the asymmetric unit. This data set was collected at Stanford Synchrotron Radiation
Laboratory (SSRL) beamline 12-2 with a MAR Research imaging plate plate detector at wavelength
0.97 A.

Data was processed with Mosflm* and scaled with the CCP4* program suite. Solution of
both structures was obtained using SHELXD¥-¢ direct methods. All atoms were visible in initial
maps from direct methods solution. Refinement was performed using Refmac®” and model building

using Coot.*
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6.9.4 Structure Analysis
DNA helical parameters were calculated using the program Curves®* and 3DNA.* Figures were

prepared and measurements made using UCSF Chimera.*!
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6.11 Supplemental Information

Local base-pair step parameters

Parameter* CCI/GG CATG AGICT GT/AC TATA AC/GT CT/AG TGICA GGICC
Shift, A

DMA -0.58 0.23 0.58 -0.73 0.00 0.73 -0.58 -0.23 0.58

PA/DMNA -0.07 0.45 -1.72 -0.74 -0.04 0.78 1.75 -0.80 0.34
Slide, A

DA 0.78 2.87 0.80 0.29 -0.10 0.29 0.80 2.87 0.78

PA/DNA -0.12 0.86 0.26 -0.15 0.90 -0.21 0.28 1.29 0.13
Rise, A

DMA 3.28 3.29 3.10 3.29 3.66 3.29 3.10 3.29 3.28

PA/DNA, 3.28 3.16 3.39 3.20 3.28 3.24 3.33 3.06 3.19
Tilt, ®

DMA 332 -1.37 -3.91 223 0.00 -2.22 390 1.37 -3.33

PA/DMA, 581 0.74 -8.44 0.18 -0.16 0.40 7.94 0.64 -5.68
Roll, ®

DMA 9.03 -7.95 9.87 -0.74 3.26 -0.74 9.89 -7.96 9.03

PA/DNA 7.70 8.79 11.19 2.85 7.23 2.47 10.59 9.57 3.58
Twist, ®

DMA 28.26 50.50 21.04 35.80 48.48 35.80 21.04 50.49 28.26

PA/DMA, 33.68 30.23 35.16 3213 35.93 32.04 3532 29.68 32.64

“Relaticnship between the bases composing the base pair.
DNA corresponds to 0.73 A structure of duplex DNA solved by Rees and coworkers (PDB 1DBG, 5-CCAGTACTGG-3').

Base-pair step paramaters
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Figure 6.6 Comparison of Local base-pair step parameters for DNA with and without polyamide
complexed. Parameters were calculated using 3DNA.
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Parameter* C:G C:G AT G+C T+A AT C:G T+A G+=C G:C
Shear, A

DNA 0.15 0.32 0.02 -0.19 -0.09 0.09 0.19 -0.02 -0.32 -0.15

PA/DNA 0.15 0.19 013 012 -0.13 0.13 012 -0.10 -0.16 -0.16
Stratch, A

DNA -0.15 016 -0.11 -0.07 -0.03 -0.03 -0.07 -0.11 -0.16 -0.15

PA/DNA, -0.14 -0.10 -0.11 -0.07 -0.10 -0.09 -0.10 -0.13 -0.04 -0.10
Stagger, A

DNA 0.09 0.2 0.08 0.25 0.00 0.00 0.25 0.08 012 0.09

PA/DNA, 0.27 -0.02 -0.10 0.09 -0.02 0.04 0.09 -0.14 0.07 0.61
Buckle, ®

DMNA -6.41 -0.43 -1.63 10,75 13.15 -13.15 -10.74 1.63 0.44 6.42

PA/DNA, -10.58 -7.08 6.15 -2.23 0.37 117 2.39 -2.93 16.58 23.00
Propeller, ®

DA, -15.16 -11.87 -3.23 -5.12 -10.90 -10.80 -5.15 -3.23 -11.87 -15.15

PA/DNA, -16.87 -6.31 -10.92 -4.05 -14.68 -16.26 -4.66 -7.96 -5.00 -17.05
Qpening, *

DNA 0.99 -1.15 1.35 1.26 -0.27 -0.27 1.27 1.34 -1.13 1.00

PA/DNA, 0.68 1.71 3.84 -0.78 -4.87 -4 88 -1.10 3.78 0.87 -0.15
Sugar pucker

DNA O4-endo C2-endo C2-ando  Ci-exo C2-endo C2-endo O4-endo C2-endo  C3%-exo  C1-exo

Cl-exa C3-exo C2-endo O4%-endo C2-endo C2-endo Cl-axo C2-endo C2-endo O4'-endo
PA/DNA, C3-endo Cl-exo C2-endo C2-endo O4'-endo Cl-exo Ci-exo O4%-endo C2-endo C1'-exo
C2-endo C2%-endo O4-endo Ci-exo Ciexe O4-endo C2-endo C2-endo C2-endo C3-endo

*Relationship between the bases composing the base pair.

DNA corresponds to 0.73 A structure of duplex DNA salved by Rees and coworkers (PDB 1DBG, 5-CCAGTACTGG-3)).
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Parameter* CC/GG CAMG AGICT GT/AC TAITA ACIGT CT/AG TGICA GG/CC
X-displacement, A
DA -0.42 3.84 -1.31 0.57 -0.41 0.57 -1.32 3.84 -0.42
PA/DMNA, -1.36 -0.07 -1.21 -0.76 0.42 -0.81 -1.07 0.59 -0.34
Y-displacement, A
DA 1.83 -0.36 -2.71 1.50 0.00 -1.50 271 0.36 -1.84
PA/DNA, 0.98 -0.68 1.45 1.36 0.05 -1.34 -1.59 1.60 -1.52
Inclination,
DMNA 17.85 -9.25 25.08 -1.20 3.96 -1.20 2512 -8.26 17.85
PA/DNA 12.96 16.43 17.68 5.14 11.58 4.47 16.74 18.10 6.29
Tip, ©
DA -6.58 1.59 9.92 -3.62 0.00 3.60 -9.90 -1.59 6.59
PA/DMNA, -9.78 -1.38 13.33 -0.33 0.26 -0.73 -12.56 -1.20 9.97

“Relaticnship between the bases composing the base pair.

‘DMA corresponds to 0.73 A structure of duplex DMNA solved by Rees and coworkers (PDB 108G, 5-CCAGTACTGG-3').

Base-pair helical paramaters

y-Displacement

Yo

z
-

Inclination

e

Vol

z

E

Coordinate system definition

oy
>

5

minor grogve

Z

4

major groove X

51

35

Figure 6.8 Comparison of Local base-pair helical parameters for DNA with and without poly-
amide complexed. Parameters were calculated using 3DNA.



