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AbstractÐPeptide-1-[N-{2-succinamidylethyl}amino]anthraquinones containing ®ve±seven amino acid residues including the KCR
motif important in AP-1 protein binding to DNA have been synthesised as potential transcription factor inhibitors. These anthra-
quinone-peptides showed DNA intercalative binding and inhibition of AP-1 protein binding to its DNA consensus sequence.
# 2001 Elsevier Science Ltd. All rights reserved.

The transcription factor AP-1 which include the fos and
jun bZIP protein families, plays an important role in
both cell proliferation and malignant transformation.1

AP-1 proteins have a highly conserved sequence motif
lysine-cysteine-arginine (KCR) in the DNA binding
domain.2 Binding of the cfos-cjun heterodimer to its
DNA binding domain is in part regulated by a redox
mechanism through reversible conversion of the
cysteine residue to its oxidation products.2 Whilst others
have explored the application of partially truncated
AP-1-like peptides3 these have been too long to be of
value in designing potential chemotherapeutic agents. It
was considered that certain truncated peptides would
have the potential to bind the DNA AP-1 consensus
sequence under the same conditions as the native AP-1
protein. Incorporation of an intercalating agent was
anticipated to facilitate initial DNA binding and nuclear
accumulation of the resulting conjugate peptides. In this
paper the synthesis and DNA binding of potential inhi-
bitors of AP-1 transcription factor binding and with
intrinsic drug-like properties is described.

Truncated AP-1-like peptides, of ®ve±seven residues,
bearing the KCR motif were attached at the N-terminus
to an intercalating anthraquinone moiety 2 through
an amino acid type linker. We rationalised that the

non-selective binding of the intercalating moiety should
also stabilise the weaker speci®c binding of the peptide,
compared to the extended, dimeric native protein. The
linker, which in addition to ensuring minimal disruption
of the AP-1 binding domain by DNA interaction of the
intercalating moiety, was also required to facilitate a
spatial arrangement which would allow the unrestricted
movement of the peptide with respect to the intercalated
chromophore.

Figure 1 shows that the synthesis of 2 involved pre-
paration of the intercalator-linker moiety by amination
of 1-chloroanthraquinone with ethylenediamine to
a�ord 1.4

This was subsequently reacted with succinic anhydride,
which underwent ring opening to yield 1-[N-{2-succina-
midylethyl}amino]anthraquinone 2.5 Eight Fmoc pro-
tected, resin bound peptides were synthesised
commercially and subsequently acylated with 2.6 Resin-
supported peptides facilitated the use of excess acylating
components in the conjugate synthesis.

Binding to DNA and displacement of AP-1 protein of
all eight peptide conjugates and their respective free
peptides are shown in Table 1. DNA binding was mea-
sured by an increase the DNA melting temperature
(helix to coil conversion) and was generally higher with
peptides containing the most basic amino acid residues.
For example 2-AKCRNRA conjugate has a �Tm 4 �C
higher than the 2-AAKCRAA. The intercalative nature of
the DNA binding of the conjugates was supported by their
ability to displace ethidium bromide, the archetypical
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DNA intercalating agent.7 The ethidium displacement is
almost certainly a result of competition for the
intercalative binding site for which the conjugate 2-
AKCRKRA were more avidly bound than 2-
AKCRNA. This is consistent with di�erences between
these two compounds in their e�ects on DNA melting
temperature.

Having demonstrated DNA binding of the peptide-
anthraquinone conjugates, these compounds were
investigated for their ability to displace AP-1 protein
binding from its DNA consensus sequence using the
electrophoretic mobility shift assay (EMSA). The
respective free peptides were also assayed for compar-
ison. The assays were conducted using MDA-468 cell
nuclear fraction shown to contain AP-1 family binding
proteins.8 The EMSA was performed in the presence of
the reducing agent dithiothreitol (DTT). This was
because the KCR motif was incorporated in all (but
one) of the peptides prepared and hence DTT was used
to ensure that the peptides were maintained in a reduced
state most favourable to DNA binding. Preliminary
experiments demonstrated that the cjun cfos hetero-
dimers did not bind to the AP-1 consensus sequence if

the EMSA was performed in the absence of DTT. This
supports previous evidence that the a�nity of the AP-1
binding proteins for its DNA cognate sequences is
dependent on the reduced state of the speci®c cysteine
residue of the highly conserved KCR motif, found in
the DNA binding domains of this family of proteins.2

Figure 1 shows a typical EMSA gel for 2-AKCRKRA
and demonstrates that displacement of AP-1 from its
DNA consensus sequence is dependent on the con-
centration of the peptide conjugate. A concentration
dependent AP-1 displacement was shown for all eight
peptide-conjugates. The results in Table 1 show that all
the peptides-conjugates displaced AP-1 much more
e�ectively (i.e. have lower band intensities on EMSA
autoradiographs) when compared to their respective free
peptides. The results also show that the peptide conjugates
containing the more basic sequences 2-AKCRNA, 2-
AKCRKA, 2-AKCRKRA and 2-AKCRNRA were the
most e�ective in displacing the AP-1 protein from its
DNA consensus sequence. In summary, the whole
assembly provides a combination of the high DNA a�-
nity of an intercalator coupled with an AP-1 displacing
peptide. Whether reversible oxidation of the KCR motif
containing conjugates will modulate their DNA binding
and hence inhibitory activity requires investigation
(Fig. 2).

Figure 1. Synthesis of anthraquinone-peptide conjugates. Conditions: (i) Ethylenediamine, 25 �C, 72 h; (ii) succinic anhydride, DMF, 25 �C, 3 h; (iii)
PyBOP, DIEA, DMF, 25 �C, 3 h; (iv) EDT (5%), H2O (5%), TIS (5%)/TFA; P=Protected. Peptide=ARCKA; AKCRA; AKSRA; AKCRNA;
AKCRKA; AKCRNRA; AKCRKRA; AAKCRAA.

Table 1. Interactions with DNA and displacement of AP-1 binding

Free peptidea Peptide-anthraquinone conjugatea

Peptide sequence �1b �0.1b �1b �Tm
�Cc EtBr

% quenchd

X-ARCKA 98 79 51 4.8 Ð
X-AKCRA 99 78 43 7.5 Ð
X-AKSRA 99 73 41 5.5 Ð
X-AKCRNA 82 67 32 5.5 5
X-AKCRKA 83 68 39 7.3 Ð
X-AKCRNRA 87 70 38 10.3 Ð
X-AKCRKRA 86 61 26 9.0 45
X-AAKCRAA 93 79 56 6.0 Ð

aFree peptide: X=H; conjugate; X=1-[N-{2-succinamidylethyl}ami-
no]anthraquinone 2; A=Ala; K=Lys; C=Cys; N=asparagine;
R=Arg; S=Ser.
bEMSA gel band intensities (% control, mean of duplicates) were
quantitated densitometrically; �1=16.8mM free peptide or peptide
conjugate; �0.1=1.68mM peptide conjugate.8
c�Tm is the di�erence between the melting temperature of calf thymus
DNA in the presence and absence of 2-peptide conjugate at a 10:1
ratio of DNA/drug9; Tm of calf thymus DNA was 71.0 �C.
d% maximum loss of ethidium bromide (EtBr) ¯uorescence bound to
DNA9 (ratio 1:3) in presence of 2-peptide conjugate. Ð=not determined.

Figure 2. Autoradiograph of an EMSA gel showing 2-peptide con-
jugate displacement of AP-1 protein from its 32P-DNA (2.1 nM) con-
sensus sequence. Lane a: control, b: 0.21mM, c: 0.42mM, d: 0.63mM,
e: 0.84mM, f: 1.05mM, g: 1.26mM, h: 1.47mM, i: 1.68mM 2-
AKCRKRA.
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