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Abstract—The preparation of a DAPI (40,6-diamidino-2-phenylindole) derivative is described. The resulting derivative retains the
fluorogenic property upon binding to double-stranded DNA. Its ability for bioconjugation through amide linkage is demonstrated.
# 2003 Elsevier Ltd. All rights reserved.
DAPI (40,6-diamidino-2-phenylindole) is a fluorescent
multicyclic dye that has been frequently utilized as a
DNA-specific probe for flow cytometry, chromosome
staining, DNA visualization and quantitation.1,2 The
interaction between DAPI and polydeoxynucleotides
has been extensively studied in the past 30 years and
many efforts have been devoted to investigating the
DAPI binding mechanism to nucleic acids.3�7 DAPI
binds to the minor groove of A-T rich sequences of
duplex DNA with very high affinity (apparent associ-
ation constant �105–107 M�1 range)1,7 and the bound
DAPI fluoresces very strongly, in contrast to unbound
DAPI molecules that display very weak fluorescence
(quantum yield �0.04).8 Fluorescent dyes with such
fluorogenic property have been employed in the design
of DNA probes that are capable of detecting specific
DNA sequences. In such cases, a dye is usually attached
to a complementary oligonucleotide probe via covalent
linkage.9 According to our survey, DAPI has not been
used in applications of this kind, which may be due to
the lack of a DAPI derivative that can be covalently
attached to an oligonucleotide. In this paper, we report
the synthesis of 2-(4-amidinophenyl)-3-[2-hydroxy-5-(4-
carboxybutyryl)amido] benzyl-6-amidinoindole (AHBAI,
1), a DAPI derivative that can make covalent linkage to
other molecular entities by forming amide bond with
amino groups on target molecules. The latter can be
proteins, modified nucleotides containing aliphatic
amino groups10 or solid supports having amino
functionality.
The synthesis is illustrated in Scheme 1. The key to
DAPI derivatization is the use of Koshland reagent (3).
The latter was used for selectively alkylating tryptophan
residue in proteins for the purpose of determining tryp-
tophan11 and studying enzyme kinetics where a trypto-
phan residue might play a role.12 We figured that
further derivatization beyond the substituted benzyl
group might be possible through the reduction of the
nitro into amino group. Therefore, by using a procedure
adapted from the one used by Loudon et al. for trypto-
phan modification,11 DAPI (2) was treated with a 40%
molar excess of the Koshland reagent (3) at room tem-
perature to yield the 3-substituted adduct (4).13 The
unreacted 3 was removed by filtration and a washing
step with chloroform; a fairly pure product was
obtained after drying in vacuo. This compound was
evaluated in a fluorescence assay14 and was found to
retain the ability of binding into duplex DNA as evi-
denced by the enhanced fluorescence of 4 in the presence
of duplex DNA (calf thymus DNA, Table 1). The mag-
nitude of the enhancement is comparable to that of
DAPI, although a different binding ratio (2000/1 vs
1000/1) was required to achieve maximal enhancement.
At the molar ratio of 2000/1, it is estimated that each
molecule of 4 was corresponding to approximately nine
base pairs of the DNA molecule; in another words, each
turn of the duplex DNA had slightly more than 1
molecule of 4 bound.15

To further derivatize on the substituted benzyl group,
the nitro group of 4 was reduced to amino group using
formic acid as the reducing agent in the presence of 10%
Pd/C.16 This procedure is straightforward and the pro-
duct was easily isolated by filtration and evaporation of
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the solvent, which is particularly amenable to small
scale synthesis. One drawback of the approach, how-
ever, appears to be that a large amount of 10% Pd/C
needs to be used. Part of the function of trifluoroacetic
acid (TFA) was to convert the product into the TFA
salt (5).17 Compound 5 was then allowed to react with a
large molar excess of glutaryl anhydride in the presence
of ammonium bicarbonate at room temperature. The
crude product formed (1) was purified on a Rainin
preparative HPLC system equipped with a reversed
phase column cartridge.18 In the presence of duplex
DNA with a molar ratio of 2000/1 (1/DNA), the puri-
fied compound (1) displayed enhanced fluorescence by a
magnitude similar to that of compound 4 (data not
shown).

To demonstrate its ability for conjugation onto biomo-
lecules, compound 1 was converted into its NHS ester
Scheme 1. Preparation of compound 1 and its conjugate with BSA.
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by using DCC as the coupling agent (Scheme 1). The
NHS ester formed in situ was directly added into a
bovine serum albumin (BSA) solution in pH 7.5 buf-
fer.19 At a molar ratio of 132:1 (1/BSA), it was found
that 91% of the available e-amino groups of the BSA
lysine residues were modified by 1.20

In summary, we have synthesized a fluorescent DAPI
derivative that can be covalently attached to a biomo-
lecule such as BSA through amide linkage. The con-
jugation chemistry should be readily applicable to other
molecular entities that contain aliphatic amino func-
tionality.
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Compound 4/DNA
(molar ratio)
Fluorescence intensitya
Without DNAb

(background fluorescence)

With DNAc (4.0 mg/mL)
 Enhancementd
8000:1
 25.3
 86.7
 3.4

4000:1
 15.7
 94.8
 6.0

2000:1
 9.8
 75.0
 7.7
DAPI/DNA
 Without DNA
 With DNA
 Enhancement
8000:1
 168.8
 294.6
 1.7

4000:1
 78.3
 236.2
 3.0

2000:1
 43.8
 213.5
 4.9

1000:1
 23.9
 179.23
 7.5
aThe fluorescence intensity was measured in arbitrary relative unit.
bThe background fluorescence was measured in TE buffer for the amount of the dye specified in the first column.
cThe concentration of calf thymus DNA was fixed at 4.0 mg/mL for all solutions.
dEnhancement=value of the third column/value of the second column.
Table 2. Gradient of preparative HPLC for purification of com-

pound 1
Time (min)
(mL/min)
0.1% TFA in H2O
(%)
Acetonitrile
(%)
Flow
0
 100
 0
 50

30
 60
 40
 50

40
 30
 70
 50
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