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Abstract—A novel linker strategy for the efficient synthesis of peptides C-terminally labelled with the EDANS fluorophore is
described. Using this support, FRET peptide substrates bearing EDANS/Dabcyl fluorescent donor/acceptor groups can be readily
prepared using standard Fmoc solid phase methods.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1. EDANS and Dabcyl acceptor/donor pair.
Proteases are essential for all aspects of life and are
important therapeutic targets. The sequencing of the
genomes of humans and other organisms has led to
the discovery of many novel proteases, and considerable
efforts are now underway to define their biological func-
tions. These developments have created a requirement
for efficient and rapid techniques for determining pro-
tein specificity and activity. Of particular interest are
solid phase methods as these are easily adapted to
high-throughput chemical synthesis and to the produc-
tion of combinatorial libraries, and hence offer the cap-
ability to make and screen large numbers of putative
protease substrates quickly and efficiently.1

One of the most commonly employed types of protease
substrate consists of a polypeptide in which a fluorescent
donor chromophore and quenching acceptor chromo-
phore are positioned on either side of the enzyme cleav-
age site.2 In such substrates the fluorescence is quenched
by intramolecular resonance energy transfer (FRET)
between the donor and acceptor until the substrate is
cleaved and the donor and acceptor moieties become
physically separated.

A particularly effective donor/acceptor pair is EDANS/
Dabcyl (Fig. 1) due to the excellent spectral overlap
between the emission spectrum of EDANS and the
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absorbance spectrum of Dabcyl.2,3 Two approaches
have been described for the introduction of EDANS.
The first involves coupling of EDANS to a peptide frag-
ment in solution, a method which is cumbersome and
not amenable to solid phase synthesis.3,4 The second
approach utilises an N(a)-protected amino acid which
has been derivatised with EDANS, such as Fmoc-
Glu(EDANS)-OH.5,6 Whilst such derivatives are com-
patible with solid phase methods, their synthesis is
complex and they introduce a modified amino acid into
the peptide sequence. Moreover, because these deriva-
tives exhibit poor solubility and couple slowly, their
introduction during automated synthesis usually re-
quires manual intervention.

To overcome these limitations and to meet the require-
ments for high-throughput synthesis, we developed a
strategy in which EDANS is simply reversibly immobi-
lised to a solid support by reductive amination to back-
bone-amide-type linker.7 For our purposes, we selected
the 4-(3-formyl-2-methoxyphenoxy)-butanoic acid
(FMPB) linker8 as we believed this would confer the
desired acid lability to the final linker. The synthesis of
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solid-supported EDANS was achieved as described in
Scheme 1. The key intermediate 1 was prepared by the
reductive amination of FMPB with EDANS and
sodium triacetoxyborohydride in the presence of benzyl-
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Scheme 1. Synthesis of EDANS loaded resin 2.

i) 2x Fmoc-Arg(Pdf)-OH, HATU, DIEA, DMF
ii) 20% piperidine in DMF

i) Fmoc-Aaa-OH, PyBOP, HOBt, DIEA, DMF
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Scheme 2. Synthesis of Dabcyl/EDANS peptides 3, 4.
trimethylammonium hydroxide in MeOH/water.
Following completion of the reaction, acidification of
the reaction mixture to pH4.0 afforded 1 as a crystalline
red compound in 80% yield.
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Figure 3. HPLC profile of crude peptide 4. (HPLC conditions:

Nucleosil 33-5 C18 column; gradient: 30–50% B in 30min, 1ml/min;

A: 0.1% TFA aq; B: 0.1% TFA in MeCN.
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By making the chromophore part of the linker, the need
for additional synthetic steps for chromophore introduc-
tion or the use of expensive labelled amino acid deriva-
tives are avoided. In the context of high-throughput
synthesis, the assurance that the chromophore is present
at the outset is particularly important, as checking for
complete chromophore incorporation is not practical
when dealing with large numbers of reactions. This pro-
cedure provides a support of defined and reproducible
substitution (typically �0.5mmol/g).

The potential of resin 2 for the synthesis of EDANS-
labelled peptides was evaluated using peptides 3 and 4
as examples (Scheme 2). In the case of peptide 3, the
C-terminal residue was attached by double coupling
Fmoc-Arg(Pbf)-OH that was activated with HATU in
the presence of DIEA. A double coupling was used to
ensure complete condensation, as activated arginine
derivatives are prone to intramolecular lactamisation
to unreactive c-lactams. For peptide 4, a single coupling
of Fmoc-Leu-OH under identical conditions was used.
Satisfactory substitutions have also been obtained using
Fmoc-amino acid pre-formed Pfp esters. Under the
above coupling conditions, the secondary anilino func-
tionality of EDANS5 was found to be unreactive and
was therefore not protected. The use of the more aggres-
sive coupling reagent such as PyBrOP, however, did lead
to the formation of anilide by-products and should
therefore be avoided.

Additions of subsequent Fmoc-protected amino acids
were carried out using PyBOP/DIEA. 20% piperidine
in DMF and 4% DBU in DMF were used for Fmoc
removal during the synthesis of peptides 3 and 4, respec-
tively. Typically, the use of DBU is preferred when
coupling methods employed are capable of activating
the EDANS sulfonate group, as the use of piperidine
in such circumstances could lead to the formation of
piperidinylsulfonamides. In both cases the N-terminal
Dabcyl group was introduced using Dabcyl-OSu. Pep-
tide 3 was obtained in good purity (Fig. 2) and good
yield (76%) following treatment of the corresponding
Figure 2. HPLC profile of crude peptide 3. (HPLC conditions: Vydac

peptide/protein C18 column; gradient: 20–100%B in 20min, 1ml/min;

A: 0.1% TFA aq; B: MeCN/water/TFA (90:10:0.1).
peptidyl resin with 95% TFA cocktail for 3h. For pep-
tide 4, the use of the more acidic cleavage cocktail
10% TMSBr in TFA afforded the desired peptide in
moderate yield (63%) and excellent purity (Fig. 3) in
only 1h following reprecipitation from AcOH/MeCN
with ether/MeCN.9 The identities of both peptides were
confirmed by LC–ESMS.

In summary, our recently developed EDANS linker 1
provides a simple and effective method for the prepara-
tion of EDANS-labelled peptide by solid phase synthe-
sis. The linker attached to aminomethyl polystyrene is
now commercially available as EDANS NovaTag resin
from Novabiochem, Switzerland.
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