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Recently Boratynski & Roy (Glycoconjugate J., 1998, 15, 131) described a fast and
convenient procedure for the synthesis of glycoconjugates. In the present study we
used ESI-MS and circular dichroism as tools to analyze non-enzymatic glycation prod-
ucts of proteins and peptides. We discuss influence of reaction conditions on the rate
of glycation of lysozyme. We analyze for the first time collision induced dissociation

spectra of the obtained peptide conjugates.

Electrospray mass spectrometry (ESI-MS) is
currently a widely accepted method for the
characterization of the primary structure of
proteins and other biomolecules. For pro-
teins, molecular masses can be measured
within an accuracy of 0.01%. This is sufficient
to confirm the identity of a protein and to de-
termine its purity. ESI-MS method also allows

the detection of posttranslational and chemi-
cal modifications as long as the modification
alters the molecular mass of the molecules.
In this paper we applied the ESI-MS tech-
nique to evaluate high temperature glycation
of proteins and peptides. This is a key reaction
in the process of the food products, in which
mixtures containing high concentrations of
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proteins and carbohydrates are exposed to
high temperature or microwaves. Recently
Boratynski and Roy described a fast and con-
venient procedure for the synthesis of
glycoconjugates [1, 2].

MATERIALS AND METHODS

All compounds were glycated according to
the procedure reported [1, 2]. Briefly: aqueous
solution containing peptide and glucose was
frozen in liquid Ny and after lyophilization
samples were heated at 70-100°C for 20-30
min. In the case of LA (linear analogue of
cyclolinopeptide A N,N-dimethylformamide
(DMF) was used as a cosolvent. Mass spectro-
metric analysis was performed on a Finnigan
TSQ-700 instrument equipped with an
electrospray ion source. Samples were dis-
solved in water/methanol/acetic acid mixture
(560:49:1, v/v) to the final concentration of
0.1 mg/ml for low molecular mass compounds
and 1 mg/ml for samples of glycated lysozyme
and infused into the ion source at a flow rate
of 2 ul/min. Fragmentations were performed
in the ion source on samples purified by
HPLC using declustering potential of 6-20 V.

RESULTS AND DISCUSSION

Glycation of lysozyme

Lysozyme was glycated according to the
Boratynski’s procedure at various tempera-
tures. Mass spectra of the obtained products
are presented in Fig. 1. Panel A shows unmod-
ified lysozyme used as a standard. Panel B —
lysozyme glycated at 77°C and C — glycated at
100°C. Figure 2A shows a typical pattern ob-
served for pure, homogenous protein. Multi-
ple peaks at m/z: 1021.9, 1100.7, 1192.5,
1300.9, 1431.0, and 1591.2 correspond to the
molecules with charge: +14, +13, +12, +11,
+10, and +9, respectively. In Figs. 1B and 1C
groups of peaks are observed (for example in

Fig 1B, for charge +11 a group of peaks at m/z
1300.9, 1315.5, 1330.1 and 1344.7). These
peaks correspond to the adducts with differ-
ent numbers of glucose moieties (0, 1, 2 and 3,
respectively). The most abundant peak for the
sample glycated at 77°C corresponds to the
protein modified with two residues of the
sugar. The sample glycated at higher temper-
ature (100°C) does not contain the peak of un-
modified protein. The peak at the lowest m/z
corresponds to the protein glycated with three
moieties of glucose; the most abundant peak
is the result of the addition of five residues of
glucose. Incubation of a sample of lysozyme at
a high temperature without glucose does not
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Figure 1. ESI-MS spectra of glycated lysozyme.

A, unmodified protein; B, sample glycated at 77°C; C,
sample glycated at 100°C.
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influence the ESI spectrum. This result sug-
gests that there is no covalent modification of
this protein during short heating of the sam-
ple in the absence of carbohydrates.

Our results clearly show that the glycation
process is strongly temperature dependent.

The level of glycation is comparable to that
obtained in previous studies [3] (using low
temperature) but the homogeneity of material
produced by Boratynski’s procedure is signifi-
cantly higher. Another advantage of Bora-
tynski’s method is the relatively short time re-
quired for glycation. However, the ESI-MS
method provided data on the total level of
glycation only; answering the question which
groups underwent the Maillard reaction re-
quires additional studies (enzymatic hydroly-
sis and peptide mapping).

Conformational changes of lysozyme in the
course of glycation were evaluated on the ba-
sis of CD and ESI-MS spectra. It has previ-
ously been found that the net charge of a pro-
tein molecule is sensitive to protein conforma-
tion [4]. Disordered proteins tend to have a
larger net charge than native proteins. Ac-
cording to the spectra presented in Figs.
1A-1C the highest abundance was observed
for peak +11 for unmodified lysozyme and for
all glycated forms as well. This result suggests
that there is no significant difference in con-
formation of glycated and unmodified lyso-
zyme. Also a comparison of CD spectra of the
glycated material and a lysozyme standard
does not show any essential differences. Influ-
ence of glycation on the conformational prop-
erties of lysozyme seems to be negligible.

On the other hand, it should be noted that re-
sults obtained for lysozyme can not be gener-
alised for proteins with higher molecular
masses and less compact tertiary structure.

Glycation of peptides

The possibility of application of the high
temperature procedure for glycation of pep-
tides was tested using the following model
systems: Gly-Gly, LA (Ile-Ile-Leu-Val-Pro-

Pro-Phe-Phe-Leu) and free phenylalanine.
Products of glycation were analyzed directly
by the ESI-MS technique. Representative
spectra are presented in Figs. 2A, Band C. In
each case abundant peak of glycated product
(mass increased by 162 Da) was found. In
Fig. 2A, showing an ESI-MS spectrum of
glycated Gly-Gly, the peak of conjugate is the
most abundant. This spectrum also shows a
peak of intact Gly-Gly, and a peak of the dehy-
drated conjugate. The linear analogue of CLA
(Fig. 2B) seems less reactive, but even this
peptide was significantly glycated. Glycation
of Phe (Fig. 2C) gave a peak of the expected
conjugate, it was not the predominant one.
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Figure 2. ESI-MS spectra of glycated peptides.

A, Gly-Gly; B, Ile-lIle-Leu-Val-Pro-Pro-Phe-Phe-Leu; C,
Phe.
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The most intense peak was observed at m/z
150.4 and its origin has not been identified
yet. The peak corresponding to unmodified
phenylalanine (at m/z 166.2) was not ob-
served. All the compounds tested gave prod-
ucts of glycation at the high temperature con-
ditions, but there are distinct differences in
the reactivities of particular compounds.
CID spectra were recorded for the conju-
gate of Gly-Gly with D-glucose (Fig. 3). The
results of a CID experiment presented in
Fig. 3 shows that dehydration is the basic
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Figure 3. CID spectrum of glycated Gly-Gly.

Fragmentation was performed in the ion source by us-

ing declustering potential of -6 V, on the sample puri-
fied by HPLC.

process of fragmentation for this com-
pound. Neutral loss of three molecules of
water gives peaks at m/z 277.6, 259.7 and
241.7, then a neutral loss of 30 Da (which
corresponds to a CHoO molecule) produces
peak at m/z 211.6. The proposed mecha-
nism of fragmentation of glycated gly-
cylglycine presented in Fig. 4 is similar to
the fragmentation of lactolated peptides de-
scribed by Mole et al. [6]. In both cases the
bond between the amino group of the pep-
tide and the sugar moiety is quite stable and
fragmentation takes place mainly at the
sugar moiety (dehydration for glycated pep-
tides, dehydration and cleavage of the
O-glycosidic bond for lactolated peptides).
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Figure 4. Proposed mechanism of fragmentation
of glycated Gly-Gly.

CONCLUSION

According to our results the procedure de-
scribed by Boratynski gives products with a
high level of glycation without significant de-
hydration of the attached sugar moiety. Our
procedure led to more homogenous (less dehy-
drated and oxidized) conjugates in compari-
son to preparations of glycated lysozyme char-
acterized by Yeboah et al. [3]. CD studies did
not indicate essential conformational changes
of lysozyme after glycation.

Our experiments showed that Boratynski’s
procedure is not limited to proteins only. Mod-
ification of peptides gives high yields of
glycated products with small quantities of de-
hydrated compounds.

The high temperature method of glycation of
proteins and peptides provides a model sys-
tem for studying proceses taking place during
food processing. Answering the question
whether conjugates obtained during the men-
tioned process can be used as models for prod-
ucts of in vivo Maillard reaction needs addi-
tional studies.
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