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Synthesis of peptides glycated at Lys residues
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Summary

Since the most common in vivo glycated protein products represent the ones glycated at Lys residues, we studied 
several approaches for the preparation of HSA fragments and artificial glycated peptide haptens containing 
glycated (1-deoxyfructosyl-, or Amadori product (AM), carboxymethylated (CM) and carboxyethylated (CE)) 
Lys residues. The studied approaches were: 1) modification by glucose in methanol solution [1]; 2) Schiff base 
formation with further reduction [1-2]; 3) alkylation (for CM-and CE-modifications) [3-4]. Peptide modification 
versus Fmoc-Lys modification with further application of the latter in SPPS evaluated. Yields and purity of 
glycated peptides obtained with the use of different approaches were compared.

Introduction

Diabetes represents a serious medico-social and economic problem in all countries over the world. Despite 
the fact that there are systems for early diagnosis of this disease, there is still no adequate control of treatment 
efficiency and prognosis of complications. Elevated blood glucose levels result in increased protein non-
enzymatic glycation in diabetic patients. Glycated hemoglobin relative content is recognized as a “gold standard” in 
diabetes diagnostics by WHO. However, in certain cases this parameter does not correlate well with the 
severity of hyperglycemia and, because of the long life of erythrocytes and hemoglobin in blood, cannot be used 
for a midterm evaluation of a treatment efficiency. Glycated human serum albumin (HSA) represents another 
possible marker of diabetes, suitable for the midterm treatment efficiency evaluation, as well as for diabetes 
complication prognoses [5-6]. The problem of the glycated HSA use as a diagnostic marker lies in its poorly 
studied in vivo glycation. Nowadays HSA glycation studies by proteomic methods are in progress, but in order to 
get accurate quantitative results, glycated HSA fragments are needed as standards and calibrants for LC-MS 
analyses and as antigens for producing specific antibodies for the selective detection of glycated proteins.

Experimental

Fragments of HSA used for the preparationof glycated peptides are shown in Table 1.

Peptides were prepared by SPPS by the FastMoc procedure on 433A synthesizer (Applied Biosystems), were 
purified by HPLC and analyzed by LC-MS and MS/MS. 

Table 1: Peptides, sites and types of modifications.

Three approaches were used for the preparationof ε-Lys-Amadori products (3).

1. Incubationof synthesized (1) and deprotected (except N-terminalFmoc-group) Lys-containing peptide (2) in
saturated methanolic glucose solution at 60-70oC [1] (Scheme 1, Approach A).

2. Reductive amination of Lys ε-amino group in a free α-N-Fmoc-protected peptide (2) by the protected
aldoketose (4, 5) in the presence of Nax(CN) xBH4 in methanol at room temperaturewith further peptide and
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1-deoxyfructosyl moiety total deprotection[1] (Scheme 1, Approach B).

Protected 2,3:4,5-di-O-isopropylidene-aldehydo-b-D-arabino-hexosulo-2,6-pyranose (4) was obtained by the
method described in [7].

3. Reductive amination of Lys ε-amino group in the resin-attached peptide with selectively deprotected Lys
ε-amino-group(6, 7) [2] (Scheme 1, Approach C).

The first approach gave the worst results: the lowest yield of a mixture of peptide glycation products, which
were difficult to separate by HPLC after the elimination of glucose by adsorbing the peptides on C18-silicagel
(ZipTips) and extensive sorbent washing by water.

Scheme 1: Synthesis of Amadori products.

Although syntheses of Lys-CM- and CE-modified peptides are described in several papers, the majority of these 
approaches are time-consuming and suffer from poor yields. The most frequently used method is the alkylation 
of Lys ε-amino group with Boc or Nosyl (4-nitrobenzene sulfonyl, Ns) protection (to avoid dialkylation) by 
α-bromo-acetic or –propionic acid esters. We compared the application of this method to the preparation of 
Lys-CM- and Lys-CE-containing peptides. In this study, we used the 4-nitrobenzenesulfonyl (Nosyl) group for 
protection ε-amino group of Lysine residue [3]. This group allows specific monoalkylation of the ε-amine.

In this work, we compared and evaluated two approaches for obtaining CM- and CE-modified peptides (11).

1. Fmoc-Lysine modification (8) with its further application in SPPS [3-4] (Scheme 2, Approach D).

2. Alkylation of ε-Ns-protectedLys residue in the on-resin peptide (9) with further peptide deprotection(10)
and detachment from the resin (11) [3-4] (Scheme 2, Approach E).

Approximate yields in both cases were almost the same, but the second approach was more convenient, cheaper
and faster than the first one.
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Scheme 2: Synthesis of peptides containing carboxymethylated (CM) and carboxyethylated (CE) Lys residues.

However, we could not obtain CE-modified peptides by both approaches, though the ε-CE-ε-Ns-α-Fmoc-
Lys (10) was obtained and its structure was confirmed. A model experiment with the treatment of (8) with 
trifluoroacetic acid/water mixture 95%/5% (as for peptide detachment from the resin) showed that a possible 
elimination of carboxyethyl group from Lys ε-amino group during TFA treatment occurred (Scheme 3), and it 
didn’t allow the preparation of carboxymethylated peptide by the on-resin modification.

Scheme 3: Model experiment.

Results

1) Modifications of peptides by glucose in saturated solution resulted in low yields and a mixture of various
glycation products difficult to separate selectively by HPLS.

2) Lys glycation in on-resin peptides was shown to be the most efficient procedure compared to a separate
preparationof glycated Fmoc-Lys with its further application in SPPS and free peptide glycation.

3) Carboxyethyl group elimination from Lys ε-NH2 group was observed during TFA treatmentthat did not allow
the preparationof carboxyethylated peptides by on-resin modification.

4) The suitability of each studied approach depends on the type of glycation and the position of the modified Lys
residue in peptide chains.
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