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ABSTRACT. The crystal structure of netropsin bound to the decamer d(CGCAATTGCG) has been determined
at 2.4 A resolution. This is the first example of a crystal structure of netropsin bound to decamer DNA.
The central eight bases of each DNA single-strand base pair with a self-complementary strand to form an
octamer B-DNA duplex. These duplexes lie end to end within the unit cell. The terniitadbd G-3

bases are unpaired and interact with the neighboring duplexes via interactions within both the major and
minor groove to form base triplet interactions of the type-G-C and G (G-C), respectively. The triplet
interaction of the type €&-G-C is known to exist within triplex DNA with the €base oriented parallel

with the Watson-Crick guanine base to which it hydrogen bonds. The netropsin molecule lies within
the minor groove of the octamer duplex and assumes a class | type position, with bifurcated hydrogen-
bonding interactions from the amide groups of the netropsin to tfiebase pairs of the minor groove.

The netropsin molecule fits within a five base pair long minor groove site by bending of the flexible
amidinium group at one end of the drug.

Netropsin is a naturally occurring antibiotic with experi- the adenine and thymine bases on opposite strands of two
mental antitumor and antiviral activity. The wide range of adjacent base pairs. Class Il structures, in contrast, have
biological effects exhibited by this drug are believed to result the netropsin position shifted by half a base pair such that
from its ability to bind to the minor groove of DNA. the amide groups lie within the plane of the base pairs. Class
Netropsin is an AT-selective minor groove binding drug | positioning of the drug molecule agrees with the results
which shows DNA binding preference in the order AATT obtained from NMR studies (Patel, 1982) of netropsin
> TAAT = TTAA = ATAT > TATA (Abu-Daya et al., d(CGCGAATTCGCG) and explains the -A sequence
1995). Crystallographic studies of netropsin bound to the specificity of the drug, as each of the pyrrole rings rests
minor groove of a number of B-DNA dodecamer sequences against the adenine C2 atom of one base pair (Goodsell et
have been carried out. Those crystal structures studied toal., 1995). The results obtained from the crystal structure
date are 1:1 complexes between the drug and duplexesanalysis of class | netropsitDNA structures have been
comprising the two DNA strands d(CGGRCG), where % important for the design and synthesis of ‘“lexitro-
= GA,T.”'C (Kopka et al., 1985), GATATC (Coll et al., psins™—analogues of netropsin with altered DNA sequence
1989), [6G]A.T.C and GAT,C (Sriram et al., 1992), /3 specificity. By modification to thé\-methylpyrrolecarboxa-
(Tabernero et al., 1993), and @V,C (Balendiran et al., mide framework and also by the linking of two or more
1995). In all of these structures the accessible minor groovemolecules, analogues can be produced which are capable of
site for netropsin binding is six base pairs in length, and in recognizing longer binding sites and exhibit the potential for
all cases the four base pairs at the center of the duplex areG-C base pair binding (Lown, 1995).

A-T base pairs. Two crystal structures of the native DNA decamer

The crescent-shaped netropsin molecule binds within the d(CGCAATTGCG) have been determined in this laboratory.
AT-rich DNA minor groove, with the three amide groups These structures have different conformations by virtue of
facing the floor of the minor groove. The locations of the the different crystallizing conditions used. One structure is
drug molecule within the minor groove of these structures an octamer duplex with unpaired termindt@& and G-3
have been divided into two categories (Goodsell et al., 1995). bases which interact with the terminal base pairs of a
Class | structures have each of the three amide groups alongeighboring duplex within the unit cell (Spink et al., 1995).
the length of the netropsin positioned midway between the The other structure is a decamer duplex with no unpaired
four AT-rich bases at the center of the dodecamer sequencepases. The decamer duplexes within this structure stack end
and these amide groups form bifurcated hydrogen bonds toto end within the unit cell to form a crossed-helix packing

arrangement (Wood, Nunn, Trent, and Neidle, to be pub-
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non-covalent binding, a covalent adduct forms upon binding -
of a cyclopropylpyrrolylindole-lexitropsin conjugate with
the duplex d(CGCAATTGCG)(Fregeau et al., 1995).

In this paper we present the first crystal structure of a
complex between a drug molecule and the decamer d(CG-
CAATTGCG). This structure shows netropsin binding to a
hitherto unobserved site within duplex DNA.

MATERIALS AND METHODS

Crystallization and Data CollectionThe DNA decamer
d(CGCAATTGCG) was purchased from the Oswel DNA < T )
Service (University of Southampton, U.K.). Crystals were :
grown by vapor diffusion at 291 K from sitting drops 4 sy
containing 3uL of 3.3 mM DNA, 4 uL of 5 mM netropsin, N2 r
2 uL of 1 M MgCl, and 3 uL of 45% 2-methyl-2,4-

pentanediol, equilibrated agatrs 1 mL reservoir of 45% oNmpt

2-methyl-2,4-pentanediol. The DNA and MPD solutions i J e N

were prepared using 30 mM sodium cacodylate buffer at pH ) =

7.0. Crystals of the decamer complex grew over a period ' :

of 6—8 weeks. Ficure 1: (top) & F, — F. electron density map calculated prior

Data collection was carried out at 289 K on a crystal of to the addition of base C1 together with the final refined C1 position
; . ; ; and (bottom) & 2F, — F. electron density map calculated using

dl_men3|ons appr_oxmately 05 0.2 x 0.2 mn? using a the final model togoethercwith the final refined C1 position.
Siemens multiwire area detector mounted on a Rigaku
RU200H rotating anode X-ray generator operating at 40 mA
40 kV, with a graphite monochromator. A crystal-to-detector
distance of 10 cm and swing angle of"M8ere used, giving
a maximum resolution of 2.05 A at the detector edge. Data

were collected withy fixed at 43, while the crystal was Crystallographic refinement was carried out using the
rotated throughw. An oscillation angle of 0.2 and an program X-PLOR (Brager et al., 1987) with cross validation

exposure time of 180 s were used. Two data sets weret0 direct the refinement protocol. Simulated annealing and
collected for totaly rotations of 100and 23.4, respectively. ~ Positional refinement of the 16 bases and electron density

Data processing was carried out using the program XDS map generation showed_ very podi,2- F. electron d‘?”s'ty
(Kabsch, 1993) and the CCP4 program suite. A total of 4063 and unr(_aahstlc geometries for one of the two termineBC
reflections were collected. Of a possible 2280 unique b_ase_ paurs. The molecular rgplacement had sh_own very poor
reflections to 2.4 A, 1864 reflections were observed repre- discrimination along the: axis for the translation search, .
senting an 82% complete data set. The percentage of uniqu nd the model_ obtained from moleqular replacement was in
observed reflections is 87% from 8 to 3.5 A, 84% from 3.5 1act out of register by one base pair from the correct DNA
to 3 A, 78% from 3 to 2.6 A, and 71% from 2.6 to 2.4 A. position. The register of the DNA was corrected.

' At this stage electron density maps were generated. The
presence of extensive density within the DNA minor groove
suggested that this model was worth pursuing.

The final merged data set has cell parameters ©f 24.84 At this stage of the refineme®= 36.4% Ryec = 48.1%),
A b=23980Ac=5408 A a=p=y =90 and and four DNA bases and a netropsin molecule were still to
systematic absences indicating the space greR2:2;. be located and included in the refinement. After accurate
Rmergd) is 3.0% for all data to 2.4 A. positioning of the octamer duplex, d, — F. electron

Structure Solution and Refinemerhe crystallographic ~ density map was calculated. Electron density appeared to
asymmetric unit contains two decamer strands. Inspectionlie along the entire length of the DNA minor groove. As
of the diffracted intensities suggested a B-DNA structure with the octamer duplexes pack end to end within the unit cell,
the base pair stacking |y|ng perpendicu|ar to thaxis of the terminal 5C and G-3bases of each Single strand cannot
the unit cell. Thec axis is 54.08 A in length, which ~ be involved in WatsonCrick base-pairing interactions.
corresponds to a 16 base pair repeat along this axis withinWell-definedF, — F electron density extends from the 3
the unit cell. end of the two DNA strands corresponding to the two

Molecular replacement was carried out using the program terminal guaniqe basgs. This density lies within 'the minor
AMoRe (Navaza, 1994). Duplexes of varying length and 9roove of a neighboring DNA duplex. The terminal G-3
sequence were used as search models for molecular replacd2@ses were fitted into the electron density maps, and the
ment, and an octamer duplex of sequence d(GCAATTEGC) structure was refined to dvalue of 24.6% Riee = 37.7%).
provided an initial refinement model. These duplexes pack At the other end of each DNA strand the® bases are
end to end within the unit cell, lying parallel with the adjacent to the major groove of symmetry-related octamer
crystallographicc axis. After rigid group fitting of the duplexes. For C1 there was well-definEgl — F¢ electron
molecular replacement solution using data from 8 to 3 A density lying in the plane of a @ base pair of a symmetry-
resolution, the crystallographiR value was 53% and the related duplex. This base pair is not the terminal base pair
correlation coefficient 0.63. For-83 A resolution datarigid  of the octamer duplex which lies closest to base G2, but the
group refinement of each nucleotide was carried out, base pair one removed, €318. Figure 1 shows thig, —
followed by positional and simulated annealing refinement. F. and &, — F. electron density maps for the C1 base
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FIGURE 2. 20 F, — F. electron density map calculated using the
final model in the vicinity of atom 1205

density together with the final refined position of base C1.
At the other end of the molecule there is no evidence for
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any density for either base C11 or the associated phosphate
group, and no C11 base was included in the refinement. ,?3,
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Figure 2 shows th&, — F. map generated for this region
of the structure after the final refinement. Prior to the
addition of the netropsin molecule into the DNA minor
grooveR = 22.8% Riee = 34.4%).

Netropsin ParametrizationTo determine the best refine-
ment parameters and topology for the netropsin molecule to
use in X-PLOR refinement, the coordinates of the small
molecule structure for netropsin (Berman et al., 1979) were
obtained from the Cambridge Crystallographic Data Centre
(Allen et al., 1979). The netropsin molecule was manipulated
to assume the conformation of a minor groove binding drug
before undergoing conformation minimization and an elec-
tro'static potential calculation to determine atomic charges g e 3. (top) 2 F, — F. electron density map calculated prior
using the program MOPAC/ESP (Stewart, 1990). The to the addition of the netropsin molecule together with the final
minimized structure and the calculated charges were usedrefined netropsin position and (bottomy 2F, — F. electron density
as a starting model for X-PLOR refinement. For consistency Mmap calculated at the end of the refinement showing the netropsin
with the parameter and topology files used for DNA Molecule.
refinement (Parkinson et al., 1996) only the polar hydrogen
atoms were treated explicitly in the netropsin refinement.

Five base pair steps lie between the terminal twoad3mns
of the minor groove binding guanosines G10 and G20, which
lie close to coplanar with base pairs G238 and G8C13.
Inspection of theF, — F¢ electron density map prior to the
addition of the energy-minimized netropsin molecule into
the refinement showed almost continuous density in this

region of the minor groove (Figure 3). The density was hi " iod ing th e
asymmetric in shape and similar to the conformation of the 9raphics work was carried out using the programs O (Jones

energy-minimized netropsin molecule with one end of the etal., 1991) and TOM/FRODO Alberta/Caltech v3.2.

d_ensﬂy clearly less planar and correspondlng to .the ami- b ESULTS AND DISCUSSION

dinium group. The netropsin was manually fitted into the

F, — Fc density. Following positional and temperature factor ~ Overall Structure. The structure of the decamer d(CG-

refinement of the netropsin molecule within the DNA minor CAATTGCG) comprises a WatsetCrick base-paired B-

groove, the electron density was continuous over the entire DNA octamer duplex with the two terminal G-Bases of

drug molecule an®R = 19.3% Riee = 32.2%). each single strand lying within the minor groove of a
After inclusion of the netropsin molecule into the refine- symmetry-related duplex. These terminal Gsases form

ment, solvent molecules were located and added to thehydrogen-bonding interactions across the minor greove

&

model. At the conclusion of the refinement 85 water
molecules had been added. The fiRabalue is 20.1% for

all data withF > 2¢(F) in the resolution range-82.4 A.

The root mean square deviations from idealized values for
bond lengths and angles within the DNA and netropsin
molecules are 0.018 A and 2,8espectively. Final atomic
coordinates and experimental details have been deposited
with the Nucleic Acid Database with code GDJ046. All
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Table 1: Helical Parameters for the Central Octamer Duplex for d(CGCAATT@ECG)
base pair tip (deg) inclin (deg) buckle (deg) propeller twist (deg) base step tilt (deg) roll (deg) helical twist (deg) base pair rise (A)

G2-C19 5 3 2 5 G2C19

C3G18 -2 5 0 -6 cacis 7 g o 35
A4-T17 2 5 ~14 ~10 A#TL7 1 3 32 29
A5-T16 4 4 4 18 A5T16 : 2 3 32
T6-Al5 4 4 -2 ~14 T&ALS g s 3 29
T7.A14 -3 7 6 8 A4 3 2 3 31
G&C13 1 6 0 -6 Geciz - = 37
CoGl2 -1 6 1 4 C9G12

a Calculations carried out using NEWHELIX with the terminal®& and G-3 bases removed.

major
gro!ove ¢ \\ c1 TN

_ Ts T7 GB C9HG2 C3 A4 A5 T6 T7 G8 C9~ G2 C3 A4 A5
groove  [NETropsin G2 G20, | [Netropsi
A15 A14 C13 G12[T19 G18 T17 T16 A5 A14 C13 G12 | C19 G18 T17 T16

Ficure 4: Schematic view of the overall structure together with
the numbering scheme. The box contains the contents of the
asymmetric unit.

minor groove interface with the terminal guanine base of a
symmetry-related duplex. The termindtG base of one
strand lies in the major groove of a symmetry-related duplex
with hydrogen-bonding contacts to a guanine base. The other
terminal 3-C base was not located in the crystallographic
refinement. This structure is very similar to the structure of
the native sequence (Spink et al., 1995) which has a 2-fold
symmetry axis through the center of the duplex and one DNA
strand in the asymmetric unit. The position of the terminal
5'-C base was very poorly defined within the native structure
and not located unambiguously.

A netropsin molecule binds to the DNA duplex along the
minor groove, making hydrogen-bonding contact with the
bases which line the groove. The bases are numbered from
C1 to G10 for strand 1 and from G12 to G20 for strand 2.
A schematic view of the overall structure together with the
base numbering is shown in Figure 4.

DNA Structure. Within the unit cell, each of the octamer
duplexes lies end to end with a symmetry-related octamer
duplex to form pseudocontinuous DNA helices lying along
the direction of the crystallographecaxis. At the intersec-
tion between duplexes there is a rise of 3.7 A between the
terminal C9G12 and G2C19 base pairs and a pseudohelical
twist angle of 68. At the junction of the two octamer
duplexes, the'3end of each strand contacts the minor groove
of a symmetry-related duplex, while théénd contacts the
major groove. These duplex junction interactions are il- FIGURES: Interaction between duplexes within the unit cell viewed
lustrated in Figure 5. toward (top) the minor groove and (bottom) the major groove. The

The backbone torsion angles have standard values, an erminal guanosines lie in the minor groove of neighboring duplexes
= ! hile the cytosine base at the@&nd of one strand extends into the
the end bases have values similar to those reported for thémajor groove of a neighboring duplex.
native structure (Spink et al., 1995). The intrastrandfP
separations along each strand vary between 6.0 and 7.1 Agroove interface (Figure 6). G10 and G20 make hydrogen-
with the smallest value occurring for 2F3P. For the bonding interactions with bases G2 and G12, respectively,
octamer duplex d(GCAATTGGXhe helical parameters are  via two interactions of the type N2N3. In addition, atoms
shown in Table 1. Within the central AT-rich region of the N2 of G10 and G20 both hydrogen bond to a neighboring
duplex there are large propeller twist values as typically seenO4 deoxyribose sugar ring atom. The dihedral angle
in such regions of B-DNA. between bases G10 and G2 is°4hd between G20 and
Terminal GuanosinesThe terminal guanosines lie within - G12 is 36. These guanine base interactions are similar to
the minor groove of a neighboring duplex within the unit those observed in all the dodecamer structures of the type
cell. Hydrogen bonding stabilizes this interaction via d(CGXgGC) where minor groove interlocking occurs for the
N2---N3 contacts between guanine bases across the minotterminal two CG bases at each end of the duplex. For the
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G2(G12) H with a crystal packing arrangement within the unit cell similar
e H_N/ €19(C9) to that seen within this structure. The overhangingss
bases bind in the major groove of symmetry-related octamer
/ \ duplexes via both Hoogsteen and reverse-Hoogsteen hydrogen-
N—H=-o-oooee N bonding interactions. In these structures the third strand
>—N guanine base is oriented parallel and antiparallel with respect
Nt eeeeemee O/ \ to the guanine base of the duplex to which it hydrogen bonds.

Within the present crystal structure it is interesting to

/H ,,'H observe that the'8C base chooses not to hydrogen bond
SR i RI6 with the terminal base pair but with the penultimate base
>:N' pair of the octamer duplex. Binding to the terminal base
HeN N/ pair would require the cytosine base to hydrogen bond with
/ ) the cytosine base of the terminat® base pair which is
4 F unfavorable, due to a lack of potential hydrogen-bonding

interactions and the close proximity of two amine groups.
Binding of the Drug Netropsin within the Minor Groe.
The netropsin molecule binds within the minor groove of
the DNA duplex and assumes the isohelical nature of the
G groove. The dihedral angle between the two pyrrole rings
is 21°. The netropsin molecule binds via hydrogen-bonding
interactions to acceptor groups along the floor of the groove,
in addition to making van der Waals contacts with the groove
/v walls.
The netropsin DNA interactions are shown in Figure 8.
The three amide groups along the netropsin molecule are
positioned approximately halfway between the four base pairs
A4-T17AAS-T16AT6-AL5AT7-Al4. These AT base pairs
display large propeller twist values (mean I2,%nd each
amide group makes bifurcated hydrogen-bonding interactions
with O2 and N3 atoms of adenine and thymine bases from
opposite strands on two adjacent base pairs. This pattern of
bifurcated hydrogen bonding has previously been observed
in other crystal structures with netropsin bound to the

G10(G20)

FiIGURE 6: Schematic view of the guanine interactions across the
DNA minor groove. Distances are in angstroms.

or” dodecamer DNA sequences of the type d(CGCGARTT
FIGURE 7: .C+—G-C‘ triplet interaction, together with hydrogen- CGCG) (Kopka et al., 1985; Goodsell et al., 1995) and
bonding distances in angstroms. d(CGCAAATTTGCG) (Tabernero et al., 1993) and are

] termed class I. In these dodecamer structures the amide
structure of netropsin bound to the dodecamer sequenceyroups have displaced the spine of hydration which is well

d(CGCGAATTCGCG) (Goodsell et al, 1995) there are {efined in the native dodecamer structure d(CGCGAAT-
similarly two N2---N3 hydrogen-bonding interactions be- TGCGC) (Kopka et al., 1983). No such hydration spine was
tween guanine bases across the minor groove, with dihedraligcated in the structure of the native decamer d(CGCAAT-
angles between hydrogen-bonded guanine bases’@r®®  7GCG) (Spink et al., 1995). A different type of structure
40°. has been reported (class IlI) for netropsin bound to the
5'-Cytosine Forms a Triplex Triplet of the Typé-€G-C. sequences d(CGCGAATTCGCG) (Sriram et al., 1992),
At the B end of one DNA strand an unpaired cytosine base d(CGCGATATCGCG) (Coll et al., 1989), and d(C&E
lies in the major groove of the neighboring duplex within - GAATTCGCG) (Sriram et al., 1992). In these structures
the unit cell to form a base triplet of the typ€ €G-C. The  the netropsin molecule assumes a different position within
position of this base is well defined by the omit difference the minor groove shifted by one-half of a base pair.
density map and lies in the plane of the penultimate base As also observed in the dodecameetropsin complexes,
pair C8G13 of the octamer duplex. The hydrogen-bonding the drug molecule extends beyond the central AT-rich region
interactions between the three bases are shown in Figure 7of the minor groove. In addition to the bifurcated hydrogen-
The dihedral angle between bases C1 and G2 ¥$@8d  bonding interactions, the terminal amidinium and guani-
the cytosine base C1 is postulated to be protonated. Thedinium groups also hydrogen bond with the DNA minor
resultant triplet is of the type known to occur in triplex DNA  groove. Interactions of this type were also observed in the
with parallel orientation of the third strand pyrimidine base structure of d(CGCGAATTCGCG) (Kopka et al., 1985;
with respect to the purine Watson-Crick strand and Hoogs- Goodsell et al., 1995); however, the close contact seen
teen base pairing. between netropsin atom N10 and atom N3 of G(18) is unique
This crystal structure illustrates how crystal packing forces to the present structure and results from the amidinium group
can be used to stabilize short pieces of triplex DNA. Recent sitting close to base G(18). In all of the dodecamer
crystal structure determinations have been carried out for netropsin structures studied by X-ray crystallography this
the sequences d(GCGAATTCG) and d(GGCCAATTGG). G(18) position is occupied by a pyrimidine base, which
Both of these structures contain base triplets of the type precludes an interaction of the type observed here. The
G—G-C (Van Meervelt et al., 1995; Vlieghe et al., 1996a,b) carbon atoms of the pyrrole rings which lie deepest within
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C13 N G8 symmetrically within the minor groove of the neighboring
L duplex. Atom 1003lies between base pairs €318 and
P/ 04 A4-T17 while 2003 lies between base pairs €&&8L3 and
04 .
N G12 Cc9 Co-G1l2.
Dist A The netropsin-accessible minor groove binding site within
~o¥ Distance (A1 the native decamer sequence d(CGCAATTGCG) (Spink et
NI 14N3 -~ 2.42 al., 1995) contains a 2-fold axis of symmetry. Upon
1‘5‘83, g:g? netropsin binding the minor groove becomes wider along
N4 702 276 its length while remaining essentially symmetric. Figure 9
I5N3  3.06 shows the minor groove width for the native and netropsin-
N6 ?232 g"ig bound decamer sequences. The netropsin molecule fits
N8 5N3 3.08 snuggly within the DNA minor groove as shown in Figure
1702 3.34 10. At one end of the groove the guanidinium group lies
N10 i;gg %;3 within the molecular surface of the DNA with the amidinium
1804 3.02 group at the other end of the netropsin bending toward base

FIGURE 8: Schematic view of the netropsiDNA interactions.P

represents CHPO, .

G(18). A similar type of bending was not seen in the
structure of d(CGCGAATTCGCG) due to the longer minor

the minor groove are midway between the' @doxyribose ~ 9r00Ve binding site of six base pairs, which allows the
atoms of the thymine sugar rings T(6), T(17) and T(7), T(16), netropsin molecule ample space for minor groove binding.
which face into the minor groove from the two DNA strands.  For d(CGCAATTGCG) the netropsin is secured in position
The accessible minor groove binding site for netropsin by the three amide groups of the netropsin hydrogen bonding
within this structure is different from any of the previously to the adenine and thymine bases of the groove. The distance
determined structures of 1:1 complexes between netropsinpetween amide atom N4 and the symmetry-related 2003
and DNA. In all of the other structures, netropsin binds wjthin the groove is 8.1 A whereas the distance between
within the minor groove of dodecamer DNA which exhibits zmide atom N8 and 1003s 6.4 A. This asymmetry
an asymmetric minor groove geometry resulting from minor getermines which way the netropsin lies within the groove.
groove-minor groove interlocking of the native DNA  The |onger guanidinium group lies toward the symmetry-
structure in the crystal lattice. The dodecamer structures haveq|aied 20073 atom while the shorter and more flexible
a six base pair tract between the symmetry-related 1203 5 miginium group at the other end of the netropsin bends
and 2403atoms into which a netropsin molecule blnd_s. In " toward base G(18) to enable fitting within the groove. In
the case of the decamer d(CGCAATTGCG), the unit cell w0 -ase of the dodecamer structure with netropsin bound to

packing with the minor groove binding _guanosines at each d(CGCGAATTE'CGCG) (Goodsell et al., 1995), the corre-
end of the duplex presents a symmetric and smalier DNA sponding distances are larger with values of 9.9 A between

minor groove for netropsin binding than that observed for i
the dodecamer sequences. A five base pair tract lies betweeﬂ;1 2?% tgjgémmetry related 12G8om and 9.7 A between

the terminal 1003and 2003 atoms of the minor groove
binding guanosines for netropsin binding with d(CGCAAT- Conclusions.This work presents the first crystal structure
TGCG). The terminal O3atoms for the decamer do not lie  of netropsin bound within a DNA minor groove binding site
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Ficure 10: Netropsin molecule and DNA molecular surface, drawn using the program GRASP (Nicholls et al., 1991). The netropsin
molecule fits snuggly within the minor groove surface at both the (top) amidinium and (bottom) guanidinium ends of the drug. Note the
close position of the terminal 1008nd 2003 atoms and minor groove binding guanosines illustrated in the mesh views (right). The
colors represent increasing distance from the netropsin molecule, from white to red.
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