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Abstract

Use of an�-chloroacetyl group allows for the conditional N-terminal capping of peptides. This capping group is
easily introduced and stable over a broad pH range, but can be converted to glycine by aqueous ammonia treatment
in order to perform N-terminal Edman peptide sequencing. © 2000 Elsevier Science Ltd. All rights reserved.
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The screening of large, synthetic peptide libraries requires means to determine peptide sequences.
Edman degradation sequencing offers an effective method for identifying the sequence of picomoles of
unknown peptides with a free amino terminus and has been used with resin-bound peptide libraries.1

However, the presence of a free N-terminus, especially in its charged form, can be undesirable due to its
potential to influence the structural and functional properties of the peptides. In this context, standard re-
movable amine protecting groups are often unsuitable because of their steric bulk or incompatibility with
common screening conditions. These conflicting needs necessitated the development of a conditional
N-terminal peptide capping strategy (Scheme 1). In this strategy, the N-terminus of a full-length peptide
on solid support is capped with the small�-chloroacetyl group prior to side chain deprotection. This
capped peptide can then be used in screening assays as the N-terminally capped form. When sequence
determination is desired, the peptide is subjected to aqueous ammonia treatment to convert the cap
to glycine.2 This new glycine-capped peptide may then be sequenced by Edman peptide degradation
methods.

Scheme 1. Glycine conversion capping strategy
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The desired chemical stability of the�-chloroacetyl cap was demonstrated with the peptide YRVG
(Tyr-Arg-Val-Gly). This peptide was generated by standard Fmoc solid-phase peptide synthetic protocols
on PAL-PEG-PS resin support (0.01 mmol).2 Following standard Fmoc–amine deprotection, the�-
chloroacetyl group was coupled using 1.0 ml of a 9:1 DMF:DCM solution of monochloro-acetic
anhydride (51.6 mg, 0.30 M) and HOBt (40.6 mg, 0.27 M) for 2 h. Coupling went to completion
based on the Kaiser test analysis.3 The capped peptide was side chain deprotected and cleaved from the
resin using standard protocols with reagent K (trifluoroacetic acid:phenol:H2O:thioanisole:ethanedithiol,
82.5:5:5:5:2.5), to afford peptide1, ClCH2CONH-[YRVG]-CONH2. Reversed-phase analytical HPLC
and electrospray mass spectral analysis showed the desired�-chloroacetyl capped peptide as the major
product (Fig. 1), both confirming the coupling of the capping group, as well as demonstrating its stability
toward acidic cleavage conditions. Subjecting capped peptide1 to aqueous basic conditions (pH 10.5, 0.1
M CAPSO buffer) for 24 h resulted in no new products as detected by HPLC. This result, in conjunction
with the acid cleavage result, suggests that the�-chloroacetyl capping group is stable and suitable for
assays performed over a wide pH range.

Fig. 1. Reversed-phase analytical HPLC trace of peptide1 before and after 12 h treatment with 15% aqueous ammonia

Experiments with peptide1 also demonstrated that the�-chloroacetyl group could be cleanly conver-
ted to the glycine amino acid. Treatment of the peptide with 15% aqueous ammonia for 12 h resulted in
nearly complete conversion of the peptide to the glycine-capped peptide2, [GYRVG]-CONH2 (Fig. 1).
While other methods are available for the removal of the chloroacetamide groups,4 the aqueous ammonia
modification of this group was more gentle and simpler than the alternatives.

The generality of the method was further tested on a library of 23-residue peptides bound to PEGA-
resin support. This library of over 100 000 different sequences was generated by split-and-pool5 solid-
phase peptide synthesis and was capped with the�-chloroacetyl group as described above. Following
side chain deprotection and extensive washing, three random resin beads from this library were subjected
to the 15% aqueous ammonia treatment for 12 h. These beads were then analyzed by Edman degradation
sequencing and shown to possess an N-terminal glycine. Furthermore, full length sequencing proceeded
easily and cleanly to afford peptide sequences,3–5, which were expected in the peptide library (Table
1).6

In conclusion, use of an�-chloroacetyl N-terminal capping group provides a robust strategy to protect
and then regenerate the N-terminus of peptides for the purpose of Edman peptide sequencing.
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Table 1
Sequencing results of randomly selected peptide library members
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