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Abstract

The crystal structure of chartreusin derivative A132 (benzilidene chartreusin) has been determined by single-crystal X-ray

diffraction. The space group is C2 with unit cell dimensions, a�/18.482(4), b�/8.749(3), c�/43.906(2) Å, b�/94.87(2)8, and the

structure was refined to R -factors of 0.2365 (6585 all unique reflections) and 0.087 (2914 reflections with Fo�/4s (Fo)) by a full-

matrix least-squares method. There are two molecules in an asymmetric unit. Both molecules have similar structures, which are

favorable to bind with DNA in the minor groove. A modeling study of the A132�/DNA complex based on the X-ray structures

suggests that the sugar moiety of A132 may play an important role in recognizing the sequence of DNA base pairs.

# 2003 Elsevier Science Ltd. All rights reserved.
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Chartreusin is an antitumor antibiotic isolated from

Streptomyces chratreusis that has,1 a chromophore ring

and a sugar moiety with D-fucose and digitalose, as

shown in Fig. 1. It has been revealed that chartreusin

inhibits transcription and replication by binding to

DNA2�5 with the specificity to the base pair sequence

of 5?-(CGC)-3?.6 Since chartreusin has not been devel-

oped clinically because of rapid excretion into the bile,

many derivatives of chartreusin have been synthesized

for clinical trials. A132 is one of such derivatives

developed by Ishihara Sangyo Kaisya Ltd. Company.7

A132 has an additional benzilidene group to chartreu-

sin, as shown in Fig. 1, and it exhibits its antitumor

activity by binding to DNA, as does chartreusin.7

Structural information is very useful to understand the

DNA-binding mode of A132 and chartreusin. Here we

report the crystal structure of A132 and the modeling of

the A132�/DNA complex.

The structure of A132 can be divided into a planar

chromophore ring and a sugar moiety, having two

pyranose rings and one phenyl ring. For clear discus-

sion, four rings are defined as ring A (chromophore), B

(D-fucose), C (digitalose) and D (phenyl) as shown in

Figs. 1 and 2.8 Two molecules (Mol-1 and Mol-2) exist

in an asymmetric unit, making stacking interactions

between planar chromophore rings and a hydrogen

bond between OH-4? and OH-7, as shown in Fig. 2.

To compare overall structures of Mol-1 and Mol-2, the

dihedral angles between pairs of rings were measured by

calculating the best plane of each ring. Four selected

angles are listed in Table 1. Interestingly, the angles

involving A, B and C of Mol-1 are almost the same as

those in Mol-2, giving a similar overall structure for this

domain to both molecules. Since no strong hydrogen

bond is present among these rings, methyl and hydroxyl

groups in a sugar moiety may fix the conformation of

the two glucosidic bonds in A�/B and B�/C. Remarkable

differences between Mol-1 and Mol-2 are found in the

orientation of the phenyl rings: the interplanar angle

between D and C in Mol-1 is 218, while that in Mol-2 is

658. In the crystal, each phenyl ring stacks on the

pyranose ring of the other molecule differently. Perhaps

this packing effect is the reason why the phenyl rings

have different orientations.

Daunomycin and adriamycin are also DNA-binding

compounds having a chromophore ring and a sugar

moiety. The X-ray structure of the daunomycin�/

d(CGTACG) complex9 shows that the chromophore
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rings intercalated between base pairs of 5?-CG-3? and

that a sugar moiety interacts with the minor groove of

DNA. Considering its structural similarity with dauno-

mycin, A132 is also expected to intercalate between the

base pairs from the minor groove of DNA. Based on the

X-ray structures of A132 and the daunomycin�/

d(CGTACG)2 complex,9 modeling of the A132�/

d(CGTACG)2 complex was attempted by structural

energy minimization using the program CNS.10 Since

Mol-1 and Mol-2 have similar structures except for the

orientation of the phenyl ring, using Mol-1 and/or Mol-

2 as a starting model gave an almost equivalent model

for the A132�/DNA complex. This model is shown in
Fig. 3. The chromophore ring intercalates between the

base pairs of 5?-(CG)-3?, and the sugar moiety nicely fits

to the minor groove of DNA. A hydroxyl group (OH-4?)
of the digitalose (ring C) possibly hydrogen bonds with

the amino group (N-2) of guanine and the carbonyl

group (O-2) of cytosine in the base pair on one side of

intercalation. Additionally, a hydroxyl group (OH-7) of

the chromophore hydrogen bonds with the O-4 atom of
deoxyribose to support the binding of A132 to DNA.

Since there is no specific hydrogen bond between the

chromophore and the base pairs, the sugar moiety is

thought to be responsible for the base pair sequence

specificity of A132. Further, as in the cases of dauno-

mycin and adriamycin,11 no hydrogen bonds are found

between A132 and the neighboring base pairs in our

model. Further investigations are required to reveal the
DNA-binding specificity of chartreusin to 5?-(CGC)-3?.

1. Experimental

The synthesis of A132 has already been reported.7

Crystals were prepared by dissolving 20 mg of A132 in
acetone (4 mL). By slow evaporation of this solution at

20 8C, suitable crystals for X-ray data collection were

obtained. Diffraction data up to 2u�/1408 were col-

lected by a Rigaku AFC7R diffractometer on a Rigaku

rotating anode generator with a graphite monochro-

mated Cu Ka radiation using the 2u /v scan mode.

Fig. 1. Chemical structures of chartreusin and A132 are

shown. Four rings are defined as ring A (chromophore), ring

B (D-fucose), ring C (digitalose) and ring D (phenyl). Selected

atom numbering is also indicated.

Fig. 2. Two molecules in an asymmetric unit are illustrated by

the program ORTEP.8 Mol-1 and Mol-2 are shown by solid and

open bonds, respectively. For clarity, hydrogen atoms and

solvent molecules are not illustrated. Carbon and oxygen

atoms are shown by small and large circles, respectively. A

hydrogen bond between Mol-1 and Mol-2 is indicated by a

dotted line.

Table 1

Selected interplanar angles (8)

Planes Mol-1 Mol-2

A�/B 57 47

A�/C 106 93

B�/C 52 47

B�/D 21 65

Fig. 3. The modeling structure of A132�/d(CGTACG)2 view-

ing from the major groove of DNA is illustrated by the

program ORTEP
8 with the selected atom labels. For clarity,

only the intercalation site is illustrated. A132 and DNA are

shown by solid and open bonds, respectively. Possible hydro-

gen bonds are indicated by dotted lines.
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Crystal data are: C39H36O14�/CH3OH�/H2O, space

group C2, a�/18.482(4), b�/8.749(3), c�/43.906(2) Å,

b�/94.87(2)8, V�/7074(3) Å3, Z�/8. Data processing

and the initial phase angle determination were per-
formed by the teXsan system.12 Some electron density

for solvent molecules were found in a difference Fourier

map, and these were assigned to methanol and water

molecules. Non-hydrogen atoms were refined anisotro-

pically, and hydrogen atoms were introduced by geome-

trical calculations and not refined. The crystal structure

was refined to R�/0.2365 (6585 reflections, all unique

reflections) and R1�/0.087 (2914 reflections with Fo�/

4s(Fo)) by a full-matrix least-squares method using the

program SHELX-97,13 based on 974 parameters.

2. Supplementary information

Full crystallographic details, excluding structure fea-

tures, have been deposited with the Cambridge Crystal-
lographic Data Centre, CCDC No. 206702. Copies of

this information may be obtained free of charge from

The Director, CCDC, 12 Union Road, Cambridge, CB2

1EZ, UK (Fax: �/44-1223-336-033; e-mail: deposit@

ccdc.cam.ac.uk. Web: http://www.ccdc.cam.ac.uk/conts/

retrieving/html.
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