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Abstract

The dry roasting of peanuts is suggested to influence allergenic sensitization due to formation of
advanced glycation end products (AGE) on peanut proteins. Identifying AGEs is technically
challenging. The AGEs of a peanut allergen were probed with nanoLC-ESI-MS and MS/MS
analyses. Amadori product ions matched to expected peptides and yielded fragments that included
a loss of 3 waters and HCHO. Due to the paucity of b- and y-ions in the MS/MS spectrum,
standard search algorithms do not perform well. Reactions with isotopically labeled sugars
confirmed that the peptides contained Amadori products. An algorithm was developed based upon
information content (Shannon entropy) and the loss of water and HCHO. Results with test data
show that the algorithm finds the correct spectra with high precision, reducing the time needed to
manually inspect data. Computational and technical improvements allowed better identification of
the chemical differences between modified and unmodified proteins.
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Introduction

Allergies to peanuts are an increasing concern in public health. In the United States, 1-2% of
the population, or nearly 3 million people, are allergic to peanuts.? The molecular basis for
peanut allergy has been the subject of extensive commentary and research.? One hypothesis
suggests the common method of processing peanuts in the U.S., i.e. dry roasting, increases
the allergenic nature of peanuts and tree nuts.3: 4 During dry roasting the proteins can be

Corresponding author Geoffrey A. Mueller, Ph.D., NIEHS, 111 T.W. Alexander Dr MDMRO1, Research Triangle Park, NC 27709,
919-541-3872, Fax 919-541-5707, Geoffrey.Mueller@nih.gov.

The authors affirm that no conflicts of interest exist.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Johnson et al.

Page 2

extensively modified with advanced glycation end products (AGE) and the connection to
allergy has been supported by several in vitro studies suggesting that AGE modified proteins
skew the immune response towards allergy.>7 Recently these findings were corroborated in
a murine study where dry roasting enhanced peanut allergic sensitization across mucosal and
cutaneous routes.8 Since the AGE modifications appear to influence sensitization,
knowledge of their chemical structures will be important for understanding the mechanism
of action.

Characterizing the AGE modifications on peanut allergens has proven challenging. Early
studies utilized antibodies specific for certain types of AGEs.? More recent studies have
utilized mass spectrometry (MS) to specifically identify chemical modifications and the
modified residues.19-12 This provided detailed atomic information, but several technical
challenges make this a difficult process. First, the modifications on lysine and arginine
residues prevent digestion of the allergens with commonly used trypsin-related proteases.
Second, the proteins were difficult to extract and purify from roasted peanuts,!3 and required
extraction with urea, ! or multiple chromatography steps.12 Despite problems, some
commonly modified peptides have been identified.10-12

AGEs are created in a non-enzymatic mechanism known as the Maillard reaction. This
process is accelerated by higher temperatures and dry roasting, which leads to an increased
number of AGE modifications compared with boiling.14 The first step in formation of an
AGE occurs when sugars react primarily with free amines forming a Schiff-base.1® The
modifications are most common on lysines and are less frequently observed on arginines,
the N-terminus, and cysteines.18 The sugar modification then undergoes a further Amadori
rearrangement to create a covalently modified protein. The ketone of the Amadori product,
however, can initiate further decomposition resulting in a variety of different AGEs. The
most common AGE created is a carboxymethyllysine, which is produced by additional
adduct oxidation.

While manually examining MS/MS spectra of peanut extract for modifications, it was
noticed that many spectra were observed that demonstrated significant neutral loss of water,
but very little to no b-ion and y-ion formation from the peptide backbone.1? It was
previously noted that peptides modified by the Amadori product produce a common
fragmentation pattern in MS/MS experiments in which ions that correspond primarily to
neutral loss of 3 and 4 waters as well as an ion that corresponds to neutral loss of 3 waters
and HCHO are observed.1” Very few b-ions and y-ions are generated from the
fragmentation of these peptides making it difficult to identify the peptide.}” These spectra
are commonly scored poorly by standard software packages as little information on the
peptide sequence is obtained and even when b-ions and y-ions are present, dominant
fragment ions (the neutral loss of 3 and 4 waters and the neutral loss of 3 waters and HCHO)
are unassigned. However, a careful manual examination can sometimes find b- and y-series
ions at low signal to noise levels that can then be employed for assignment of the peptide
sequence. In this paper, the correspondence between the low information spectra and the
glycated peptides was confirmed with isotopic labeling of the precursor sugars and
recombinant peanut protein, an idea suggested by other glycation studies.18: 1° To target
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these low information spectra for glycation analysis, a new computational algorithm was
designed using a Shannon entropy-based method.

Materials and Methods

Glycation of recombinant Arah 1

Purified recombinant Ara h 1 (0.5 mg/ml) (mature sequence - amino acid residues 85-626 of
UniProtKB/Swiss-Prot accession P43238.1 ) 12 was solubilized in PBS and incubated at
55°C in the presence of 0.25 mol/L glucose, xylose, 1:1 12C glucose:13C glucose, or 1:1 12C
xylose:13C xylose for 0 or 10 days. Trypsin was added at a 20:1 substrate to enzyme ratio
and digestion was carried out at 37°C for 14 hrs. Reactions were stopped by freezing at -
80°C for use in subsequent mass spectrometry analysis.12

NanoLC-ESI-MS/MS

NanoL C-ESI-MS/MS analyses were performed using an Agilent 1100 nanoLC system on-
line with an Agilent XCT Ultra ion trap mass spectrometer with the Chip Cube Interface. 20
uLs of the peptide digest were loaded onto an Agilent Cqg chip (75 um x 43 mm). Peptides
were eluted by applying linear gradient from 5% acetonitrile, 0.1% formic acid to 50%
acetonitrile, 0.1% formic acid to the column over 45 minutes. The mass spectrometer was
used in the positive ion mode, standard enhanced mode and included settings of a mass
range from 200 to 2200 m/z, an ionization potential of 2.1 kV, an ICC smart target of
200000 or 200 milliseconds of accumulation, and a 1.0 volt fragmentation amplitude.
MS/MS data were acquired using a data dependent acquisition format with the 6 most
abundant ions from each MS scan further interrogated by MS/MS. The automated switching
for MS/MS required a threshold of 10000 counts.

Generation of Peak Lists and Traditional Database Searching

Peak lists were generated from the data obtained from the nanoLC-ESI-MS/MS analysis
using the Data Extractor feature of the Spectrum Mill software from Agilent. The Data
Extractor settings included limiting the data search to deconvoluted ions observed between
400 and 6000 Da and a retention time between 10 minutes and 50 minutes. Moreover, of the
remaining MS/MS spectra, only spectra that contained sequence tag information greater than
or equal to 1 residue were submitted for database searching. The resulting extracted data
were then searched iteratively against the sequence of the recombinant Ara h 1 (gi:
347447590) using the MS/MS Search function in the Spectrum Mill software. Search
settings included a trypsin specificity with two missed cleavages allowed, a precursor ion
mass tolerance of 2 Da, a product ion mass tolerance of 0.7 Da, variable methionine
oxidation, and a minimum matched spectral intensity of 70%. Putative matches were
manually validated and the remaining unmatched spectra were then searched again against
the rAra h 1 sequence using similar settings but allowing for lysine modification by either
carboxymethyl-, carboxyethyl, or Amadori products.

Test Data Set

An LC-ESI-MS/MS test data set was generated using the tryptic digest of a 10 day
incubation of rAra h 1 with 12C xylose. The 2929 MS/MS spectra were manually evaluated
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for fragmentation in the MS/MS that was low information and also suggested neutral loss of
water(s) being the primary fragment ion(s). The resulting spectra were then manually
matched to peptides of rAra h 1 modified by Amadori products or AGEs. The resulting 12
spectra with confirmed Amadori products were then used for evaluation of the Shannon
entropy-based algorithm.

NanoLC-ESI-MS/MS/MS

NanoL C-ESI-MS/MS/MS analyses were performed using an Agilent 1200 nanoLC system
on-line with an Agilent 6340 ion trap mass spectrometer with the Chip Cube Interface using
the same LC and MS/MS conditions described above. lons that demonstrated a neutral loss
of 27, 18, or 13.5 m/z, from the precursor in the MS/MS spectrum were further analyzed in
an automated way by MS/MS/MS experiments.

Computational Algorithm

Results

Shannon Entropy is a measure of the information content of a message or data set.

H= = P (zi)logy (P(2:) g4y

H is the Shannon Entropy, so named because it resembles the Boltzman equation for
thermodynamic entropy. P can be any data. In this case is the intensity at an m/z ratio of x.
The equation sums the product of the P(x) times the log(P(x)) over all i points in the mass
spectrum. The base of logarithm can be any number, in this case b=10. In data not shown,
there was very little discriminatory gain to utilizing different bases. For each mass spectrum
analyzed here, the ion peak lists were generated using the Data Extractor function of
Spectrum Mill MS Proteomics Workbench (Agilent) and binned into vectors of length i,
with a cumulative intensity in each bin. The intensities for each vector were normalized
prior to calculating H.

After sorting the values of H for the spectra with the lowest values, the second step of the
algorithm was to check for the ion pattern typical of the Amadori products, namely that the
maximum abundance ion had a neutral loss of a water and a loss of HCHO. All of the ions
in the top 10% of intensities were checked for two corresponding mass peaks at the 2+, 3+,
or 4+ states for 3H,0 and HCHO, with a mass tolerance of 2 Da. Both the Shannon entropy
and ion pattern based filtering steps are evaluated below.

Amadori products identified from 12C:13C glucose treated samples

The use of stable isotopes has routinely been used in conjunction with mass spectrometry for
quantitation of metabolites and more recently proteins. In fact, a stable isotope dilution
strategy has recently been employed to quantitate Amadori compounds in foods.2% In
addition to aiding with quantitation, mixtures of isotopes can also be used to create mass
signatures so that post-translational or chemical modifications can be more readily detected
as was done by Priego-Capote, et al. in efforts to identify AGEs.18 In efforts to identify
previously uncharacterized Amadori products or AGE modifications, recombinant Ara h 1
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was treated with a 1:1 mixture of 12C:13C glucose and subjected to digestion followed by
nanoLC-MS and MS/MS. Modification by glucose and subsequent rearrangement to the
Amadori product and/or decay to an AGE results in peptides that are readily observed as a
dyad of ions with one ion arising from the 12C glucose and a sister ion arising from the 13C
glucose. These dyads are easily recognized when manually interrogating individual MS
spectra. The mass difference between the pair of ions should be 1 Da for each carbon
incorporated as had been demonstrated by Stefanowicz et al and Priego-Capote, et al .18: 19
Figure 1A shows an MS spectrum of the dyad (m/z 1122.7 and m/z 1125.6) where a peptide
is modified by a six-carbon product. The ion at m/z 1122.7 corresponds to the species that
contains all 12C and the ion at m/z 1125.6 corresponds to the species that contains all 13C.
Both species are doubly charged, hence the m/z difference of 3 for a six-carbon
modification. In this example, the dyad corresponds to the tryptic peptide containing
residues 452-471 of our construct) of Ara h 1 modified by an Amadori product at lysine 460.
Figure 1B shows example data characteristic of a low information MS/MS spectrum similar
to those previously observed in studies of in vitro glycated human serum and model
peptides.1”- 21 22 A few characteristics to note are the scarcity of fragment ions with those
few that are observed being of high abundance and corresponding to the neutral loss of
waters and the neutral loss of 3 waters and HCHO from the precursor ion. This behavior
matches well with pervious observations?! and the scheme suggested by Frovol et al. 22
However, looking on an intensity scale a factor of ten larger, Figure 1C demonstrates that
the MS/MS spectrum does contain low abundance b- and y-ions that can be manually
interpreted. This suggested that further targeted manual analyses of these characteristic
spectra may be useful in identifying the modified peptides and the sites of Amadori product
formation.

Design of Shannon Entropy Algorithm

A single nanoLC-MS/MS analysis of in vitro glycated recombinant Ara h 1 yielded 2929
individual MS/MS spectra. These spectra were triaged using the Data Extractor routine from
the Agilent Spectrum Mill MS Proteomics Workbench, resulting in 706 spectra meeting the
criterion outlined in the methods section. Among this set of 706 MS/MS spectra, twelve
spectra with data similar to that shown in figure 1A were manually confirmed as containing
Amadori products. Figure 2 shows a histogram of the calculated Shannon entropy (H), for
the test set, using a bin size of 100. Panels B, C, and D show three examples of the
normalized and binned MS data for which the H values are 1.6, 5.3, and 7.1 respectively.
Qualitatively, this confirmed that a low value of the Shannon entropy would be able to
identify the type of spectra containing the typical Amadori product fragmentation pattern
seen in figure 1A.

The goal of the search algorithm was to significantly reduce the number of MS/MS or MS3
spectra that needed to be manually interrogated in efforts to identify b- and y- ions that may
lead to peptide identification and localization of the site of the Amadori product
modification, but at the same time not miss any of these rare modifications. Hence, the
parameters were optimized to include a high false positive rate. For example, the optimal
size of the number of bins is a tradeoff between m/z resolution and increased noise. The
Shannon entropy was calculated for different bin sizes, and the data were assessed for
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whether or not the known correct twelve spectra, landed in the bottom Y% of the H values.
Figure 3 shows that at small binning values the resolution of the data is inadequate to use H
to spot the twelve spectra, while at binning values >100 noise begins to dominate the
calculation and H is again ineffective at identifying the correct spectra. A bin size of 50 or
100 were equivalent in maximally reducing the number of spectra that needed to be
searched, by 93%. To be conservative in future studies, the top 90% of H values were
eliminated from further examination using a bin size of 50.

Next, the peak lists of the bottom 10% of H values (n=71) were examined for spectra that
contained the characteristic fragmentation pattern in Figure 1A. These characteristics were:
the maximum abundance ion had a neutral loss of 3 water molecules from a 2+, 3+, or 4+
precursor ion and a neutral loss of HCHO. Empirically the neutral loss of 3 waters was the
most abundant fragment ion. This eliminated 34 more spectra from consideration, and
retained 37 spectra that still contained the correct 12 spectra. Hence the false positive rate
was 68%, but the combination of the two filtering procedures reduced the number of data
sets that needed to be examined by 95%. As an aside if the Shannon entropy filter is not
used, a filter based only on the loss of water and HCHO correctly retains the twelve spectra
of interest but eliminates only 37% of the total spectra for manual interpretation.

Applying the Shannon Entropy and lon Filter

The algorithm described above was applied to two additional NanoLC-ESI-MS/MS
experiments containing 2948 MS/MS spectra and 3029 MS/MS spectra and candidate
spectra were identified. Figure (amino acids 541-559 K556-Amadori), 4B (amino acids
560-575 K572-Amadori), and 4C (amino acids 541-559 K547-Amadori and K556-Amadori)
show example MS/MS data of several ions found to correspond to an Amadori product
modification of recombinant, in vitro glycated peanut allergen, Ara h 1. These data further
suggested that MS3 of ions that arose from neutral loss of water in the MS/MS would be
useful for the unambiguous assignment of the candidate ions to tryptic peptides from Ara h
1. Hence we employed a strategy similar to the one employed by Zhang, et al. where neutral
loss triggered MS3 was used.1’ Figure 5 shows the MS, MS/MS, and MS3 data that result
from such an experimental approach. The data in panel 5A showing a dyad of ions confirm
that an isotopic mixture of the two sugars was used in creating the glycation. Panel 5B
shows the characteristic low information MS/MS and ion fragmentation pattern observed
when performing MS/MS on many glycated peptides. Finally, figure 5C shows the MS3
with the annotated b- and y- ions that were used to identify the modified peptide and
glycation product. The sum of these data allowed us to unambiguously identify a tryptic
peptide spanning the amino acid residues 541-556 with an Amadori product modification of
K547. Table 1 lists the new Ara h 1 modifications that were identified using some or all of
this combined procedure. Thirteen new modifications were identified that had not been
previously characterized.

Discussion

Using isotopic labeling, MS2, and computational strategies, we were able to formulate a
workflow that enabled the rapid identification of Amadori product-modified peptides. In a
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test sample containing 2929 total MS/MS spectra, using only computational approaches, we
were able to reduce the number of spectra down to 37 for manual interpretation. These 37
spectra contained all 12 spectra of the Amadori product-modified peptides. Two of the
modified peptides were observed as both 2+ and 3+ ions, but there was no significant
difference in the fragmentation patterns based upon which charge state was selected. It
should be pointed out, however, that we cannot make any generalizations with regards to the
charge state-dependence of the fragmentation of the Amadori products due to this extremely
small sampling. Nevertheless, this combination of approaches facilitated the identification of
13 additional ions corresponding to peptides containing modifications on the peanut
allergen, Ara h 1, that we previously had not been able to characterize.

The peptides in Table 1 show that some of the same peptides are modified with different
AGEs. This is theoretically possible as AGEs can be heterogeneous. It is interesting to
speculate that local protein structure and chemistry may have some influence on the type of
AGE modifications, but not enough data is available to fully assess this. Some of the
peptides in Table 1 were identified in other studies as AGE modified peptides. 19-12 Whether
or not these are ‘hot spots’ for AGE madifications is unknown. Because the AGEs are still
problematic to identify, it is difficult to conclude that other solvent accessible sites are not
modified. It is important to not over-interpret the currently small data set of modifications.

It is important to note that if glycation is suspected before mass spectrometric analyses,
additional techniques such as the neutral-loss directed MS3, multi-stage activation, and
electron transfer dissociation would be warranted and could lead to more robust
characterization of sites of glycation. The Shannon entropy algorithm detailed here occupies
a niche where it is likely best applied as a rescue technique to reanalyze data-dependent-
acquisition data sets that have already been collected. In other words, if no modified
peptides were found with standard software packages the data can be parsed again with this
algorithm to reduce the dataset to a manageable size (nearly a 99% reduction in our test
case) for manual MS/MS spectra interpretation.

This computational technique is simple and easy to generalize. The utility of the isotopic
labeling was only to confirm the initial suspicion that these low information spectra were
indeed the spectra that contained the modified peptides. This is not necessary in future
applications. Other applications may include the characterization of glycosylated peptides
where the MS/MS collisional energy is primarily absorbed by the carbohydrate, which also
reduces the number of b- and y- ions for peptide identification. Additional health
applications include the identification of glycation markers in patient sera of type 2 diabetes,
aging, and cardiovascular disease. 23 24

In the future, the technique can be applied to peanut extract and other foods.2® In a
preliminary examination of peanut extracts the method appears applicable, however the
variety and mass degeneracy of AGEs is currently confounding further progress. Further
purification of the protein of interest may be required. Nevertheless, knowledge of the
common fragmentation patterns and exact masses may be useful for MS detection of trace
amounts of peanut allergen in prepared food. This could improve the accuracy and safety of
food labeling as recently proposed.1! Additionally, identifying the sites of modification and
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the chemical modifications may explain why dry roasting skews the immune response
towards allergy. In a study directly applicable to Ara h 1 studied here, AGE-modified Ara h
1 was demonstrated to influence the proliferation of Caco-2 cells, which are a model for
intestinal epithelia. This influence depended on the incubation time and temperature of Ara
h 1 with the sugars, indicating the possibility that specific AGE modifications may be
important for influencing the pro-inflammatory network.2% The technique developed here
will be applicable in characterizing the modifications that lead to the differential effect.
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Mass spectra of the tryptic peptide spanning amino acids 452-471from glycated recombinant
Ara h 1. Panel A shows the mass spectrum of the dyad of ions at m/z 1122.7 and m/z 1125.6
that correspond to amino acid residues 452-471 with K460 modified by glycation that arises
from the incubation of rAra h 1 with 1:1 12C glucose:13C glucose. Panel B is the low
information MS/MS spectrum of ion m/z 1122.7 with an inset showing a zoom in from m/z
1070 to m/z 1120. The neutral losses of 3 waters and 3 waters plus HCHO are characteristic
for Amadori product modified peptides. Panel C is the 10X zoom of the MS/MS of ion m/z
1122.7 which shows very low abundance b- and y- series ions.
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Figure 2.
Shannon Entropy of Binned MS Spectra. The Shannon entropy H was calculated for the test

set of spectra according to equation 1. A) Histogram of H for the test spectra. B), C), and D)
are examples of binned MS spectra (a compressed m/z scale) for visual comparison of
calculated H values.
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Figure 3.
Optimizing search strategy. The number of bins (compressed m/z) is plotted against the

bottom percent of H values that the known amadori product spectra occur. The optimum
number of bins (between 50 and 100) puts the known spectra among the fewest other false
positives, about 7%.

J Agric Food Chem. Author manuscript; available in PMC 2017 February 17.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Johnson et al. Page 14
4A
C6H1005
|
IFLAGDKDNVIDQIEKQAK
Intens.
%106 (M43H-3H,0) e
(M+3H-3H,0)> 7538
10 % 10
M |
bl
087 (M+3H-3H,0-HCHO)3* 075 HE?HO);‘ | m m (M+3H-H,0)>
2 iz ‘H‘ ‘ ” 75?5
050 a0
i e 11 w‘
oz U e u‘ I I
VAR R L
0.4 000 Atoes S M oS Rl J —
740 745 750 795 780 8 e
0.29 . 1(M+3H—HZO)3*
00 L . st ullla H“WJ. AV et abbibt J i ) A
[ B T ' i T T T T
400 600 800 1000 1200 m/z
4B
CGHlll)OS
DLAFPGSGEQVEKLIK
Intens.
x106
(M+2H-H,0)2*
125 - (M+2H-3H,0)**
nens._
xi0® 9203
1.00 3 (M+2H-3H,0) "‘\ 93]1
‘ | (M+2H-H,0)2*
0.75 2] H Lh‘
0.50 1 (M+2H-3H,0-HCHO)?* ¢ ] ensHocHor ‘wﬁ (Mi2H2H,0p M
eose (M+2H-4H,0)?* ‘ 9296 ‘ \‘
0.25 0 b \,‘Mf‘,“,\;wvw)‘m‘d L"WU\*——"—M V] ‘AL‘“‘ —
905 910 915 020 025 930 o35 %0 iz
0.00 sonasndil b s i st bt ko et i ann A bt Lt
R B e e L e e
600 700 800 900 1000 1100 1200 1300 1400 m/z
4Cc
CGHilOOS CGHilOOS
IFLAGDKDNVIDQIEKQAK
Intens.
3+
x105 (M2HAHOPL__  (M+2H-3H,0
.51 M+2H-6H,0)3* Intens
15 ( ,0) — i ez o o s
2 4H,0)* H2H- 2H)
(M+2H-3H,0-HCOH)3* (M+2H-2H,0)*" | WS s SHOP o141
] HCOH)* ’H e |0 (M+2H-
10 '01 e \ﬂl S ’J'\ u s
X . 3+ | HeoH | [h ([ sms
(M+2H-5H,0-HCOH)* ~__ s orbn e ML {\ = ! ‘
(M+2H-H0) g hpt “e,“l”;*«-n) ' k'“}‘{,t"".-;"'.'u'e JV b VL \'r‘ i
0% H t MN R T Tl e e e e e o mh |

600

Figure4.

650 700 750 800 850

900 950

T T
1000 1050 m/z

Example mass spectra of several Amadori product modified tryptic peptides from rAra h 1.
Panel A is the MS/MS spectrum of the peptide containing amino acids 541-559 with K556
modified by an Amadori product. The inset is a zoom in from m/z 740 to m/z 770 with ions
corresponding to the losses of 1 H,0, 3H,0, 4H50 and 3 H,O and HCHO labeled. The sister
ions at m/z 743.7, m/z 747.9, and m/z 753.8 correspond to the 13C labeled Amadori product
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(m/z 771.8) that co-isolated during the MS/MS of 12C-ion: m/z 769.9. Panel B is the MS/MS
spectrum of the peptide spanning amino acids 560-575 with K572 modified by an Amadori
product. The inset is a zoom in from m/z 900 to m/z 945 with ions corresponding to the
losses of 1 H,0, 2H,0, 3H,0, 4H,0 and 3 H,O and HCHO labeled. Panel C is the MS/MS
spectrum of the peptide containing amino acids 541-559 with both K547 and K556 modified
by Amadori products. The inset is a zoom in from m/z 775 to m/z 820 with ions
corresponding to multiple water losses and water and HCHO losses labeled. This spectrum
is extremely complicated because the fragmentation of two Amadori products and the fact
that all the neutral losses exist as ion dyads due to the co-isolation of the 13C labeled
Amadori product containing peptide with the natural abundance (99% 2C) Amadori product
labeled peptide when performing MS/MS.
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Figureb.

Example of the MS, MS/MS, and MS? data that result from a neutral loss triggered MS3
experiment performed on rAra hl. The data in panel A again shows a mass spectrum that
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demonstrates a dyad of ions corresponding to a tryptic peptide that is glycated as a result of
the incubation of rAra h 1 with 1:1 12C glucose:13C glucose . Panel B is the MS/MS
spectrum of ion m/z 990.5 showing the loss of multiple waters and HCHO with an inset
showing a zoom in from m/z 945 to m/z 990. Panel C shows the MS3 of the ion m/z 990.5 >
m/z 964.0 with the resulting b- and y- ions annotated that allow for the unambiguous
assignment of the Amadori modified tryptic peptide covering amino acid residues 541-559
with K547 as the site of modification.

J Agric Food Chem. Author manuscript; available in PMC 2017 February 17.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Johnson et al.

Table 1

Sequence Peptide Sequence P Gz Ohmel DA Credneaton!
214-228 IVQIEAK *PNTLVLPK 1662 912.7 2 1823.4 161.4  Amadori Product
285-307 VAK*ISMPVNTPGQFEDFFPASSR 2524.2 896.4 3 2686.2 162  Amadori Product
386-401 K*GSEEEGDITNPINLR 17709 967.7 2 19334 1625 Amadori Product
402-421 EGEPDLSNNFGK *LFEVKPDK 2262.1 808.4 3 2422.2 160.1  Amadori Product
414-421 LFEVK*PDK 974.5 569.5 2 1137 162.5 Amadori Product
452-471  AMVIVVVNK*GTGNLELVAVR 20812 7486 3 22428  161.6 Amadori Product
461477 GTGNLELVAVRK'EQQQR 1925 66L7 3 leg21 571 CML
461-477 GTGNLELVAVRK EQQQR 1925 6665 3 19965 715 CEL
461-477 GTGNLELVAVRK*EQQQR 1925 696.2 3 2085.6 160.6  Amadori Product
541-556 IFLAGDK *DNVIDQIEK 1817 990 2 1978 161 Amadori Product
541-559 IFLAGDKDNVIDQIEK*QAK 2144.2 769.9 3 2306.7 162.5 Amadori Product
541-559 IFLAGDK “DNVIDQIEK *QAK 21442 8234 3 2467.2 323 2 xpﬁ)rgjgtori
557-575 QAK*DLAFPGSGEQVEKLIK 2057.1 706.2 3 2115.6 58.5 CML
560-575 DLAFPGSGEQVEK*LIK 1729.9 947 2 1892 162.1  Amadori Product

*
Site of peptide modification

TCML: carboxy-methyl-lysine. CEL: Carboxy-ethyl-lysine. Amadori product: CgH1005
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