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As part of our program in the area of molecular recognition
in biological system$,we have recently designed and synthe-
sized two dimeric forms of the calicheamigitl oligosaccharide
(see Figure 11 and?2), the head-to-head dim& (hh dimer
3),2 and the head-to-tail dime#d (ht dimer 4).3 In this
communication we wish to report the specific, high-affinity
binding of the two dimeric oligosaccharid@sand4 to certain
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Figure 1. Structures of calicheamicip,' (1) and calicheamiciry,'
oligosaccharide2—4.

by oligosaccharide8 (Figure 4, lanes 512) and4 (Figure 3,
lanes 5-12). Comparisons with oligosaccharide monorg@er
revealed more than 100-fold higher inhibitory activity for the
head-to-head dim&and more than 1000-fold higher inhibitory

duplex DNA sequences as determined by competitive binding activity for the head-to-tail dimet as compared to the monomer

experiments.

Molecules3 and 4 were designed by computer modeling
using information previously derived in these laboratories
by TH NMR and competitive binding and footprinting ex-
periments with calicheamiciry,' oligosaccharide monomer
2 bound to 5TCCT-AGGA-3' DNA binding sites>™” These
modeling studies revealed a good fit for compourdand
4 into the minor groove of duplex DNA along the se-
quences S5AGGAXXTCCT-TCCTXXAGGA-3 and B3-
TCCTTCCT-AGGAAGGA-3, respectively (see computer-

2. Furthermore, cross-inhibition experiments (Figure 3, lanes
17-23, and Figure 4, lanes ¥22) demonstrated that each
dimer prefers its own binding site by a factor®100. These
comparisons led to an estimated value of400° for the
binding constants of dimefsand4 with their respective binding
sites1o

In addition to the strong and specific binding of the dimers
to their targeted sequences, a number of interesting observations
are worthy of comment. For example, while the inhibition of
DNA cleavage by the ht dimetis essentially the same for the

generated molecular models, Figure 2). These designed comiwo TCCT-AGGA binding sites (Figure 3, lanes—32), the

plexes were confirmed by using calicheamigigd (1) as a
cleaving agent in competitive binding experiments, which
further demonstrated affinities of the dime3sand 4 to the

effects of both the monomé&rand the hh dime8 appear to be
uneven for the two TCC'AGGA sites (Figure 3, lanes 3.6
and 17-23). Moreover, the ratios of inhibition at the two

targeted DNA sequences of more than 100-fold and 1000-fold contiguous sites are approximately reversed in the two cases
higher, respectively, compared to the monomeric oligosaccharide(see arrows, Figure 3, lanes%2, 13-16, and 1723). These

Synthetic 28-mers of duplex DNA containing the two
binding sites 5AGGATGTCCT-AGGACATCCT-3 and 5-
TCCTTCCTAGGAAGGA-3, 5-32P-labeled on one strand,
were incubated with the oligosaccharid@s 3, or 4 and
calicheamiciny,' (1) at 37°C for 1 h. 2-Mercaptoethanol was

phenomena may reflect the dependence of binding to each four-
base sequence on flanking sequeriéest is noteworthy that
such effects are not apparent in the case of thRA@GAT-
GTCCT-3 containing 28-mer (see arrows, Figure 4, laned3,
13-16, and 17-22).

These results demonstrate striking site selectivities and

then added to cause DNA cleavage, generating the cleavageaffinities for oligosaccharideDNA interactions and point
patterns shown in Figures 3 and 4. As seen from the the way for further experiments including (a) attachment of

autoradiodiagram, calicheamicjn' cleaves DNA primarily at
the expected binding sites (two-BCCT-AGGA-3' sites, see
arrows, Figures 3 and %Jbut the cleavage is strongly inhibited
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Figure 2. Computer-generated molecular models of oligosacchafidA complexes. Left: monome2 bound to 5TCCT-AGGA-3. Center:

ht dimer4 bound to 5TCCTTCCTAGGAAGGA-3'. Right: hh dimer3 bound to 5AGGATGTCCT-AGGACATCCT-3. The DNA strands are
displayed in green and red. The oligosaccharide atoms are colored according to the following code: carbon, red; hydrogen, white; oxygen, red,
nitrogen, blue; sulfur, yellow; iodine, purple. Modeling studies and interactive docking were done on a SGI Indigo-2 workstation using Insight I
(Biosym Technologies, Inc., San Diego, CA). Pictures were created using AVS (AVS Inc., Waltham, MA) and locally developed modules running
on a DEC Alpha 3000/500 with a Kubota Pacific Denali graphics card.
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Figure 3. Autoradiodiagram of denaturing polyacrylamide gel showing
products of calicheamicin-induced DNA cleavage of¥P]-labeled
AGGAAGGA-containing DNA duplex in the presence of oligosac-
charides2 (monomer2), 3 (hh dimer3) or 4 (ht dimer4). Lane 1:
28-mer. Lane 2: 28-mer ladder resulting from partial digestion with
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Figure 4. Autoradiodiagram of denaturing polyacrylamide gel showing

nuclease P1; Lane 3: marker lane containing the products of DNA Products of calicheamicin-induced DNA cleavage d+¥]-labeled

digestion withMboal restriction enzyme. Lanes#3: products of DNA
cleavage with calicheamicin (2:8M) alone (lane 4) and in the presence
of varying concentrations of head-to-tail dimdr (lanes 5-12),
monomer2 (lanes 13-16), and head-to-head dim&r(lanes 1723).
DNA cleavage by calicheamicin was performed as follows: thHe [5
32P]-labeled CGCATCGGCTAGGAAGGATCGGCTACGC DNA oli-

CGTAGCCGTAGGATG-TCCTGCGCATGCG DNA duplex in the
presence of oligosaccharidegmonomer2), 3 (hh dimer3), and 4 (ht
dimer4). Lane 1: 28-mer. Lane 2: 28-mer ladder resulting from partial
digestion with nuclease P1. Lane 3: marker lane containing the products
of DNA digestion withHhal restriction enzyme. Lanes422: products

of DNA cleavage with calicheamicin (2/&M) alone (lane 4) and in

gomer and its unlabeled complementary strand (10-fold excess) werethe presence of varying concentrations of din®(lanes 5-12),

hybridized in a buffered solution containing 100 mM NaCl and 1 mM
Tris*HCI (pH 7.5) by incubation at 98C for 3 min and then slow
cooling to 25°C over 1 h. An aliquot of the hybridization mixture
was added to a reaction mixture containing 20 mM NacCl, 30 mM
Tris-HCI (pH 7.5), 10% DMSO (v/v), 2.5uM calicheamicin, and
varying concentrations of oligosaccharigle3, or 4 in a final volume

of 40 uL, and the mixture was preincubated at 3€ for 1 h.
Calicheamicin-dependent DNA cleavage was initiated by addition
of 2 uL of 2-mercaptoethanol. Aliquots of 6L of reaction mixture

monomer2 (lanes 13-16), and dime# (lanes 17-22). Methods were
the same as in Figure 3.
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were transferred to Eppendorf tubes. An equal volume of gel loading f,om Meiji Seika Kaisha, Ltd. (visiting scientist, K.A.), and Mitsui
buffer containiig 8 M urea and 0.05% (w/v) of both bromophenol blue ' Toatsuy Chemicals, Inc. (visiting scientist, H.K.).
and xylene cyanol was added to each tube, and the mixture was heated

at 95°C for 3 min (to effect denaturization) and then loaded on the
gel. Tris = tris(hydroxymethyl)aminoethane. DMS& dimethyl
sulfoxide.
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