JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2003, 51, 51-57 51

Relative Quantification of N¢-(Carboxymethyl)lysine, Imidazolone
A, and the Amadori Product in Glycated Lysozyme by
MALDI-TOF Mass Spectrometry

THomAs KISLINGER,T# ANDREAS HUMENY,T# CARLO C. PEICH,3
XIAOHONG ZHANG,® TosHIMITSU NiwA ' MONIKA PISCHETSRIEDER* 8 AND
CoRD-MICHAEL BECKER'

Institut flir Biochemie and Institut flir Pharmazie und Lebensmittelchemie, Emil-Fischer-Zentrum,
Friedrich-Alexander Universitét Erlangen-Nirnberg, Schuhstrasse 19, 91052 Erlangen, Germany, and
Nagoya University Hospital, Daiko Medical Center, Nagoya, Japan

The nonenzymatic glycation of proteins by reducing sugars, also known as the Maillard reaction, has
received increasing recognition from nutritional science and medical research. In this study, we applied
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) to
perform relative and simultaneous quantification of the Amadori product, which is an early glycation
product, and of \¢-(carboxymethyl)lysine and imidazolone A, two important advanced glycation end
products. Therefore, native lysozyme was incubated with p-glucose for increasing periods of time (1,
4, 8, and 16 weeks) in phosphate-buffered saline pH 7.8 at 50 °C. After enzymatic digestion with
endoproteinase Glu-C, the N-terminal peptide fragment (m/z 838; amino acid sequence KVFGRCE)
and the C-terminal peptide fragment (m/z 1202; amino acid sequence VQAWIRGCRL) were used
for relative quantification of the three Maillard products. Amadori product, N¢-(carboxymethyl)lysine,
and imidazolone A were the main glycation products formed under these conditions. Their formation
was dependent on glucose concentration and reaction time. The kinetics were similar to those obtained
by competitive ELISA, an established method for quantification of N¢-(carboxymethyl)lysine and
imidazolone A. Inhibition experiments showed that coincubation with N*-acetylargine suppressed
formation of imidazolone A but not of the Amadori product or A¢-(carboxymethyl)lysine. The presence
of N*-acetyllysine resulted in the inhibition of lysine modifications but in higher concentrations of
imidazolone A. o-Phenylenediamine decreased the yield of the Amadori product and completely
inhibited the formation of N¢-(carboxymethyl)lysine and imidazolone A. MALDI-TOF-MS proved to
be a new analytical tool for the simultaneous, relative quantification of specific products of the Maillard
reaction. For the first time, kinetic data of defined products on specific sites of glycated protein could
be measured. This characterizes MALDI-TOF-MS as a valuable method for monitoring the Maillard
reaction in the course of food processing.

KEYWORDS: Maillard reaction; MALDI-TOF-MS; protein glycation; Ne-(carboxymethyl)lysine; imidazolone
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INTRODUCTION influences various functional properties of foods 2). In the

Proteins are extensively modified by nonenzymatic modifica- e&_‘”y stages of the Maillard reactlor_L the amino groups reqct
tions in the course of food processing. Among these modifica- With the aldehyde group of the reducing sugar, forming a Schiff
tions, the Maillard reaction between the aldehyde group of base, which undergoes subsequent rearrangements to the Ama-

reducing sugars and amino groups of proteins Considerab|yd0ri product. Through OXidatiOI’l, degradation, and rearrangement
reactions, a heterogeneous group of advanced glycation end

* To whom correspondence should be addressed. Tel: 49—9131—8524102.prOdLICtS (AGEs) is formed. In vivorotein glycation and the

Fa¥: 49-9131-8522587. E-mail: pischetsrieder@Imchemie.uni-erlangen.de. formation of AGEs significantly affect the physical and physi-
Nurrl}r;)set:gut fir Biochemie, Friedrich-Alexander Universitat Erlangen- ological properties of long-lived proteins and thus contribute
gBoth authors contributed equally to this paper. to diseases including diabetes mellitus or AlzheimeBs§).
Institut fir Pharmazie und Lebensmittelchemie, Friedrich-Alexander P ; ; ot i ot
Universitat Erlangen-NGmberg. Desp|te.|'nten5|ve.3 researgh, the |dent|f|(?at|qn and qqant!flcajtlon
'Nagoya University Hospital, Daiko Medical Center. of specific protein glycation products in vivo and in vitro is

10.1021/jf020768y CCC: $25.00 © 2003 American Chemical Society
Published on Web 12/07/2002



52 J. Agric. Food Chem., Vol. 51, No. 1, 2003 Kislinger et al.

still a challenging analytical problem. To date, several techniques (27) and the monoclonal anti-imidazolone antibodyp) had been
are applied for the detection and quantification of protein prepared by us as described in the literature. Plates were incubated for

glycation products. Apart from chromatographic techniques 2 h and washed three times. Peroxidase conjugated anti-rabbit IgG for
including gas (7) and liquid chromatographg),( immmu- CML and anti-mouse IgG for imidazolone (diluted 1:5000 in 0.1% BSA

- - e in PBS) were added. After 1 h incubation, the wells were washed three
n(_)chemlcal methOdS.’ mainly competitive ELISQ),_(are used_. times and color reaction was started with 1B0well tetramethylben-
Either of these techniques use secondary properties of particular.

. . zidine diluted in substrate buffer. The reaction was stopped after 30
Maillard products, such as fluorescence, UV-absorption, or iy by addition of 5QuLiwell 2 N sulfuric acid, and absorption was

affinity to highly specific antibodies, for identification and  measured at 450 nm. Results are given a&/Bs, with B = absorbance
quantification. Thus, several structurally defined Maillard in the presence of standard or sample &d= absorbance in the
products have been identified or detected in vitro and in vivo absence of standard or sample. Samples were analyzed in triplicates.
over the last years (10—15). One Unit equals inhibition obtained with 4g/mL of CML-HSA or
Recently, mass spectrometric methods such as GC-MS,synthesized imidazolone-HSA (9).

HPLC-MS with electrospray ionization, and MALDI-TOF-MS Endoproteinase Glu-C Digestions.Lysozyme and its glycation
have been used for the analysis of protein glycation products Products were dissolved in 25 mM sodium phosphate buffer (pH 7.8)
(16—18). These techniques, generally applied for the detectionto a final concentratlop of 1 nmaiL. For thg digestion reaction, /g
of enzymatic protein modification, such as phosphorylation or °f the lysozyme solutions, AL endoproteinase Glu-C (&g), and 1

. o .o . uL of 25 mM sodium phosphate buffer (pH 7.8) were incubated at 25
glycosylation, are promising tools for monitoring Maillard

. °C for 15 h. Prior to mass spectrometry,uL of a 100 mM DTT
products (19—22). For analysis of the molecular mass as angqtion was added. In 25 mM sodium phosphate buffer (pH 7.8)

intrinsic molecular property, mass spectrometric techniques areengoproteinase Glu-C specifically cleaves peptide bonds C-terminal
highly sensitive. They furthermore allow the identification of to the amino acids glutamic acid and aspartic acid (according to the
the glycation sites, their relative reactivity, and the detection/ manufacturer’s instructions). The protein from each incubation was
distribution of different glycation products. We recently intro- digested in at least duplicate.

duced MALDI-TOF-MS peptide mapping as a highly informa- MALDI-TOF Mass Spectrometry. For MALDI-TOF-MS analysis,

tive tool for the qualitative determination of early and advanced samples (500 pmol/uL) were diluted 1:50 in a saturated solution of
Maillard products 23,24). In this study, we used MALDI-TOF- a-cyano-4-hydroxycinnamic acid in 0.1% TFA with 33% acetonitrile.
MS to relatively quantify the Amadori product, an early An aliqupt (1_/4L) of this mixture was spotted or_lto a stair!less stgel
glycation product, as well as the AGE-(carboxymethyl)- target, air-dried, and subjected to mass determination using a Biflex
lysine (CML) and imidazolone A. This technique allows Il MALDI-TOF-MS (Bruker Daltonik, Bremen, Germany). The

L. . . .. instrument was equipped with a nitrogen las&r337 nm) and a
analyses of the k".“?“cs of Fhe Malllard reaction for specific reflector. Measurements were performed using delayed extraction.
products and specific glycation sites.

Laser-desorbed positive ions were analyzed after acceleration by 19
kV in the reflector mode. External calibration was performed by use
MATERIALS AND METHODS of a standard peptide/protein mixture. Usually, each digest was spotted
on at least three individual target positions and 100 individual spectra
of each spot were averaged to produce a mass spectrum. Under these
conditions, only single charged states were detected. The monitored
mass range wa/z600—2000.

Chemicals.Lysozyme (chicken eggp-glucose, sodium phosphate,
o-cyano-4-hydroxycinnamic acid, dithiothreitol (DTT), bovine serum
albumin (BSA), N*-acetylt-lysine, N*-acetyl+-arginine, ando-phe-
nylenediamine (OPD) were purchased from Sigma-Aldrich (Deisen-
hofen, Germany). Endoproteinase Glu-C was purchased from Roche
Diagnostics (Mannheim, Germany). RESULTS AND DISCUSSION

Glycation of Lysozyme.AGE-lysozyme was prepared as described . . e
previously (25). Briefly, lysozyme (0.7 mM) was dissolved with We attempted the simultaneous, relative quantificatioN¢ef

different amounts ofo-glucose (500, 250, 100 mM) in 5 mL of  (carboxymethyl)lysine, imidazolone A, and the Amadori product
phosphate buffered saline (PBS) (pH 7.8) and incubated for 1, 4, 8, on chicken egg lysozyme, glycated with increasing concentra-
and 16 weeks at 56C, followed by dialysis against doubly distilled  tions ofp-glucose (AGE-lysozyme) for various periods of time.
water and lyophilization. The incubation mixtures were sterile filtered The AGE-lysozyme was digested with endoproteinase Glu-C
prior_t_o incubation. At least three individual incubations/reaction and MALDI-TOF mass spectra were recorded. A comparison
condition were performed. of the peptide fragment patterns obtained with those derived
Inhibition of Protein Glycation. Lysozyme was incubated as  from a theoretical digest in a protein data bank (e.g. http:/
described above, in the presence of competitors and inhibitors of thewww.expasy.com) provides information concerning the pref-
Maillard reaction as indicated. Tié-acetyl:-amino acids were added oo iia| glycation site of the protein. By linkage of these data
to achieve a molecular ratio of 3:1 fdi*-acetyl+-amino acid- and . - . .
lysozyme-bound-amino groups and guanidino groups, respectively. with the amino acid sequence of a particular fragment, the
OPD was added equimolar to glucose. Briefly, lysozyme (0.7 mM) glyc_at|on site could be defln(_ad on the molecular Igvel. _O_n the
andp-glucose (500 mM) were incubated in 5 mL of phosphate-buffered basis of our recent analysi23), we used two identified

saline (pH 7.8) for 2 weeks at 5 in the presence dfi“-acetyl+- fragments, the N-terminal fragment (amino acid7} sequence
arginine (230 mM)N*-acetyl+-lysine (128 mM), OPD (500 mM), or KVFGRCE;m/z838) and the C-terminal fragment (amino acid
OPD/N-acetylt-lysine (500 mM/43 mM). 120-129; sequence VQAVRGCR.; m/z 1202), for the relative
Competitive ELISA Procedure. For immunoanalysis, the 96-well quantification of the three glycation produ¢&cheme 1A)The
microtiter plates were coated with Q&/mL N*-(carboxymethyl)lysine-  region andm/zrange of these fragments allow isotope specific
modified human serum albumin (CML-HSA) or imidazolone-H8) resolution and comparison of the integrals of the monoisotopic

in coating buffer (0.05 M carbonate buffer, pH 9.6, 200 overnight

eaks. Furthermore, the N-terminal fragment contains one lysine
at 4°C. Unless otherwise noted, wells were washed twice with washing P 9 Y

buffer after each step. Wells were blocked for 2 h with 3% skim milk 2 On€ arginine residue, whereas the C-terminal fragment

in water. Then, 5L of competing antigen, standard (CML-HSA-G contglns two .ar.glnlr.le residues but no Iysme: Thus, it Was
ug/mL and imidazolone-HSA 0—10g/mL) in dilution buffer (0.05%  POSSible to distinguish clearly between arginine and lysine
Tween 20 and 0.2% BSA in 75 mM PBS), and &D of anti-CML modifications. To validate the reliability of this assay, several

antibody (1:12 500 in dilution buffer) or anti-imidazolone antibody (1: incubations of AGE-lysozyme were prepared for each reaction
1000 in dilution buffer) were added. The polyclonal anti-CML antibody condition. Each AGE-lysozyme was digested independently at
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Scheme 1. Relative Quantification Using MALDI-TOF-MS2
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2 (A) Lysozyme was incubated with different concentrations of p-glucose
for various times, and the modified protein was digested with endoproteinase
Glu-C resulting in the formation of defined peptide fragments. The digest was
subject to MALDI-TOF-MS. The monoisotopic peak integral of the modified
peptides (m/z 896, 1000, and 1346) was measured in comparison to the
monoisotopic peak integral of the unmodified peptides (m/z 838 and 1202),
defined as 1.0, producing the relative integrals. The amino acid sequence,
the molecular mass of the N-terminal (B) and the C-terminal (C) peptides,
and the structure of the quantified glycation products are presented.
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Figure 1. MALDI-TOF mass spectra of digested lysozyme incubated with
500 mM p-glucose. Lysozyme was incubated with 500 mM b-glucose
and incubated for various periods of time: (A) native lysozyme; (B) 1
week; (C) 4 weeks; (D) 8 weeks; (E) 16 weeks. Spectra for the N-terminal
peptide fragment are given on the left panel, and spectra for the C-terminal
peptide fragment are presented on the right panel. Values for m/z of
quantified peaks were as indicated.

144 Da Gcheme 1@ (23). The relative intensity of spectra
representing the modified peptides increased with incubation
time, as compared to those of the native peptide. Similar results
were observed for lysozyme incubated with 100 and 250 mM
D-glucose (data not shown).

For relative quantification, the peak integral representing the
peak area of the monoisotopic peak was measured. The peak
integral of the unmodified N- and C-terminal peptides, appearing
atm/z838 and 1202, respectively, was defined as 1.0 (standard).
The relative integral of the product peaksmatz 896 (CML-
modified peptide)m/z1000 (Amadori-modified peptide), and

least in duplicate and spotted on at least three different positionsm/z1346 (imidazolone A-modified peptide), respectively, was

of the target used for MALDI-TOF mass spectrometry.

MALDI-TOF Mass Spectrometry of AGE-Lysozyme
Digests. Figure ldepicts the MALDI-TOF mass spectra of
lysozyme incubated with 500 mitglucose for various periods
of time and digested with endoproteinase Glu-C. While the
N-terminal fragment is represented @i’z 838 (amino acid
sequence:KVFGRCE), the C-terminal fragment is identified
at m/z 1202 (amino acid sequence: VQARGCRL). In the
absence ob-glucose, only the fragmenis/z 838 and 1202 were
detectable in this mass regioRigure 1A). Panels B—E show
the lysozyme sample glycated for 1, 4, 8, and 16 weeks,
respectively. Incubation of lysozyme witttglucose resulted

then calculated on the basis of the internal standardgz838

and 1202. Besides the two native peptides and the major
glycation products, in some spectra two minor ions were
observed am/z861 and 1225, representing [M NaJ", and

also some minor peaks which probably derive from glycation
products which have not yet been identified. These peaks were
negligible for quantification.

Relative quantification of the products, depending on sugar
concentration and reaction time, is giverFigure 2 (Amadori
product, CML) andrigure 3 (imidazolone A).

Relative Quantification of Amadori Product and N¢-
(Carboxymethyl)lysine. Integrals of the modified peptides at

in the appearance of new peaks that were absent from the spectren/z896 and 1000 were standardized to the peak integral of the

of native lysozyme, representing glycation products of the two
peptide fragments analyzeth{z838 and 1202). As described
recently @3), the additional ions at/z 896 and 1000 were
assigned to &-(carboxymethyl)lysine and an Amadori product
modification of the N-terminal fragment, consistent with the
mass increase of 58 and 162 Da, respectiv8lgheéme 1B.
The new ion appearing in the right-hand panehét 1346 was
assigned to imidazolone A, a modification product of an arginine

unmodified peptide atn/z 838. Formation of the Amadori
product was dependent on both sugar concentration and incuba-
tion time (Figure 2A). Incubations for 8 and 16 weeks with
250 or 500 mMb-glucose showed a relatively large standard
deviation, which is most likely due to excessive protein glycation
resulting in incomplete digestion of the modified prote8(

29). In contrast shorter incubation time or lower concentrations
of p-glucose (100 mM) yielded smaller standard deviations.

residue in the C-terminal fragment, due to the mass increase offFigure 2B presents the relative integral percentage of the
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Figure 2. Relative amounts of N¢-(carboxymethyl)lysine and the Amadori product on the N-terminal peptide fragment: (A) relative quantification of the
Amadori product produced upon incubation of lysozyme with the indicated concentrations of b-glucose for various time; (B) change of the relative integral
percentage of the Amadori product on the N-terminal fragment of lysozyme plotted against the time of incubation; (C) relative quantification of CML
produced upon incubation of lysozyme with the indicated concentrations of p-glucose for various time points; (D) change of the relative integral percentage
of CML on the N-terminal fragment of lysozyme plotted against the time of incubation; (E) formation of glycation end products determined by a competitive
ELISA for CML. Data are presented as mean = standard deviation (A-D, n = 10; E, n = 3).

Amadori product of the N-terminal fragmemt/z 838) depend- course studies an identical fragment species was quantified
ing on sugar concentrations. Relative integral percentage wasrelative to the same standard. This implies that the conditions
obtained by dividing the integral of Amadori produ@(s00 of ionization and desorption are the same for each time point
by the sum of all productRF) and educt PEg3g = 1) integrals: analyzed. In the presence of 100 nmMylucose, the concentra-
tion of the Amadori product continuously increased during the
PPlOOC((PP1000+ PE838 + Pps%) first 8 weeks of incubation, reaching a plateau thereéffigiure

2B). With 250 and 500 mb-glucose, equilibrium was not
With this approach it became possible to obtain quickly kinetic fully reached after 16 weeks. These kinetics of Amadori product
data for the Maillard reaction of this protein site. However formation are consistent with the literatur@0( 31).
MALDI-TOF-MS did not permit interspectral quantitative Next, we relatively quantified the advanced glycation end
comparison of different ion species, as desorption and ionization productN¢-(carboxymethyl)lysine on the N-terminal fragment
of different ion species may be completely different. Yet, an (Figure 2C,D). As shown inFigure 2C, an increase in CML-
intraspectral comparison could reliably be performed. In time modified peptide formation was observed with increasing sugar
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Figure 3. Relative amounts of imidazolone A on the C-terminal peptide
fragment: (A) relative quantification of imidazolone A produced upon
incubation of lysozyme with the indicated concentrations of b-glucose for
various time; (B) change of the relative integral percentage of imidazolone
A on the N-terminal fragment of lysozyme incubated with different
concentrations of p-glucose plotted against the time of incubation; (C)
results obtained from a competitive ELISA for imidazolone A. The data
are presented as mean + standard deviation (A, B, n = 10; C, n = 3).
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lysozyme with 100 mMb-glucose for 4 weeksFigure 2D
depicts the increase in relative integral percentage for CML with
increasing incubation times and sugar concentrations. While a
constant increase of the kinetic curve would have been expected
for the advanced glycation end product CML, the flattening
observed may be due to inefficient proteolysis of the modified
N-terminal or poor desorbtion/ionization of the peptide com-
pared to the C-terminal peptide.

Relative Quantification of Imidazolone A. Imidazolone A
is an advanced glycation end product formed upon reaction of
the sugar degradation product 3-deoxyglucosone with an argi-
nine side chain. Following the protocol applied to the determi-
nation of Amadori product and CML, imidazolone A was
subjected to relative quantification (Figure 3A). The relative
integral of the modified peptides at/z1346 was standardized
to the peak integral of the unmodified C-terminal peptide
fragment (m/zL202) of lysozyme. The imidazolone A signal
increased witlp-glucose concentration and incubation time. For
any glucose concentration, the imidazolone A signal roughly
doubled from each time point to the next. Likewise, doubling
the glucose concentration also led to a corresponding increase
in imidazolone AFigure 3B shows the kinetics of imidazolone
A formation where the relative integral was plotted against the
incubation time at three different concentrationsoeglucose
(100, 250, and 500 mM). Again, a clear increase of imidazolone
A was observed with increasing time and sugar concentration.
In contrast to CML Figure 2D), the kinetic curve observed
for imidazolone A derived from the 100 and 250 mM glucose
incubations was almost linear, as theoretically expected for an
advanced glycation end product. In the presence of 500 mM
glucose, the curve of imidazolone A formation flattens after
the 8 weeks of incubation. This might be due to incomplete
digestion of the protein after excessive glycation, resulting in
protein cross-linking. The same phenomenon was also observed
after 24 weeks of incubation at all sugar concentrations (data
not shown).

Inhibition of Protein Glycation. Identification of glycation
products in MALDI-TOF-MS spectra is achieved by comparing
the mass increases observed with (i) theoretically expected data
and (ii) synthetic model peptides (23). To confirm that the adduct
peaks detected originate from glycation reaction, incubations
were also performed in the presence of glycation inhibit883.(
Figure 4A shows the spectra of native lysozyme digested with
endoproteinase Glu-C for the molecular weight ranges between
m/z800—1050 (left panel) anth/z1190—1360 (right panel).
The spectrum of lysozyme incubated with 500 noMylucose
for 2 weeks at 50°C (Figure 4B) is characterized by the
appearance of two new signalsnalz 896 and 1000, representing
a CML modification and a modification with the Amadori
product, respectively (left panel), while a signal corresponding
to an imidazolone A modification was detectedratz 1346
(right panel).

Next, lysozyme was incubated with 500 mdAglucose (2
weeks, 50°C) in the presence ofN“-acetyli-arginine, a
competitor for arginine modifications in the course of the

concentration and incubation time. Formation of CML could aillard reaction Figure 4C). Indeed the signal for imidazolone
not be detected after 1 week of incubation with 100 mM A 5 modification formed upon reaction of 3-deoxyglucosone
D-glucose. In contrast, we were able to detect a weak signal for ith an arginine side chain, completely disappeared (right panel).
an Amadori product modified peptide under these conditions. |n contrast, only a weak suppression of CML and the Amadori

This is consistent with the formation of CML by oxidative

product could be observed (left panel). This may be a tribute

cleavage of the Amadori product or by interaction of proteins to the reaction ob-glucose withN®-acetyl+-arginine, resulting

with glyoxal or other sugar degradation produdt8,32). Thus,

in a lower sugar concentratiohl®-acetyl+-lysine served as a

formation of the Amadori product should precede accumulation competitor for primary amino groups in the course of the

of CML. Indeed, CML was detected after incubation of

Maillard reaction (Figure 4D). As expected, this resulted in
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Comparison of MALDI-TOF-MS and ELISA. Finally, we
compared the relative quantification of CML and imidazolone
A obtained by MALDI-TOF-MS with that by a competitive
ELISA, an established technique for the quantification of AGEs
(Figures 2and3). By comparison of data presentedHigure
oot - 2C with those ofFigure 2E, it becomes evident that relative

quantification of CML and imidazolone A with MALDI-TOF-
MS corresponded with the results obtained by competitive
. ELISA (Figure 3A,C).

J Competitive ELISA can be usethfter proper validatiorr

838 896 1000 1202 1346

l I | I

for absolute quantification. On the other hand, MALDI-TOF-
e MS enables absolute quantification only, when standards are
available which are labeled with stable isotopes, because
differences in desorption and ionization rate of different
- o modifications cannot be excluded. Still MALDI-TOF-MS
combined with peptide mapping as applied here can be used
for relative quantification and offers the advantage that kinetic
data for different glycation sites can be obtained. The MALDI-
TOF-MS protocol also offers the advantage of a simultaneous
assessment of different products of the nonenzymatic protein
o glycation. Immunochemical techniques, in contrast, are restricted
) . . , to quantification of only one epitope/assay. Furthermore,
E:)gourrm' DM'TJ(:D(J;O;:ZZ?/;F;C::%? dtl_?esteﬁ lysozyme mcul_)atettzl)vznr(; development of a new immunoassay is very time-consuming
. g pet OIS' -yS0zyme was inclibale and laborious. The parallel detection of several AGEs combined
with 500 mM p-glucose for 2 wegks.at 50 °C in the presence of severa with the high-throughput potential of MALDI-TOF-MS should
gt_);fce;gzlrs(g)f g&% fr:(,:/tle;g?zgzt;;éo(Q)Mnﬁzzgfﬁ_zzzg’mgﬁé5(%(; 5mo’\(/)| allow this technique to become a valuable analytical tool for
mM bp-glucose/125 mM N*-acetyl-L-lysine; (E) 500 mM p-glucose/500 mM researghers working W.Ith noner]zymatlc protein glycalltlon.
o-phenylenediamine; (F) 500 mM p-glucose/500 mM o-phenylenediamine/ . In t.h's study, protein glycat!on N aqueous solution was
45 mM Ne¢-acetyl-L-lysine. On the left-hand panel, the spectra for the investigated. Thert_efore, a relatl\_/e_ly I.OW reaction temperature
was chosen to avoid protein precipitation. However, the method

N-terminal peptide fragment and, on the right-hand panel, the spectra for Iso b lied ! | d at high
the C-terminal peptide fragment are presented. Values for m/z of quantified can also be applied to proteins glycate at. igher temperatures
for example as present after food processing.

peaks were as indicated.
In summary, it was shown that MALDI-TOF-MS in combi-

nation with endoproteinase Glu-C digestion serves as a valuable
the suppression of the CML modificatiom(z 896) and the analytical tool for the parallel, relative detection and quantifica-
Amadori product (m/Z.000), while an increase in the signal tion of the Amadori product, an early stage Maillard product,
representing the imidazolone A modification could be observed. as well asN‘-(carboxymethyl)lysine and imidazolone A, two
Amines, such abl*-acetyl+-lysine, catalyze sugar degradation important advanced glycation end products. Furthermore it was
reactionS, resumng in an increasing formation of dicarbony| for the first time possible to obtain kinetic data for different
compounds such as 3-deoxyglucosone (34). Furthermore, in-defined products on specific sites of glycated proteins. Therefore,
cubation was performed in the presence-qhenylenediamine  this new technique should be of particular interest for further
(OPD), a well-characterized inhibitor of the Maillard reaction investigations in the field of food analysis by monitoring the
blocking reactiven-dicarbonyl compounds, such as 3-deoxy- Maillard reaction during the process of storing and preparation.
glucosone.33). On the left-hand panel, a significant suppression
of the Amadori product and a disappearance of the CML ABBREVIATIONS USED
modification were observed. This is most likely due to an overall
decrease in the concentration of accessible sugar, resulting ina AGE, advanced glycation end product; BSA, bovine serum
lower concentration of the primary glycation intermediate, the albumin; CML, N°-(carboxymethyl)lysine; 3-DG, 3-deoxyglu-
Amadori product_ On the other hand, CML can be formed by cosone; DTT, dlthlothre|t0|, ELISA, enZyme-Iinked immun-
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