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Abstract: The Ara h 2 proteins are major determinants of peanut allergens. These proteins have
not been fully studied at the molecular level. It has been previously proposed that there are two
isoforms of Ara h 2, based on primary structures that were deduced from two reported cDNA
sequences. In this report, four isoforms have been purified and characterized individually. Mass
spectrometric methods have been used to determine the protein sequences and to define post-
translational modifications for all four isoforms. Two pairs of isoforms have been identified,
corresponding to a long-chain form and a form that is shorter by 12 amino acids. Each pair is
further differentiated by the presence or absence of a two amino acid sequence at the carboxyl
terminus of the protein. Modifications that were characterized include site-specific hydroxylation of
proline residues, but no glycosylation was found, in contrast to previous reports.
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Introduction
Peanut allergies affect ~3 million people in the
United States. Unlike other allergies such as those
from milk and eggs, peanut allergy is seldom out-
grown after childhood. There are eight allergen pro-
teins in peanut, which are named Ara h 1-8. Ara h
2 is one of the most abundant allergens, present the
range of 5.9-9.3% of total protein weight. It is recog-
nized by human Immunoglobulin E in more than
90% of the patients who have peanut allergy.!2

Two cDNA sequences of Ara h 2 have been
reported, Ara h 2.01 and Ara h 2.02 (GenBank
Accession Number FJ713110 and AY158467, respec-
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tively).® One protein isoform sequence (correspond-
ing to FJ713110) comprises 160 residues, including
the signal peptide (21 amino acids), with glutamic
acid and aspartic acid at residues 61 and 151. (In
the numbering system used throughout this article
the signal peptide is not counted and glutamic acid
and aspartic acid appear at residues 40 and 130,
respectively). The second isoform is characterized by
an insertion of 12 amino acids starting at residue 54
(75 with signal peptide), with residue 40 (61 with
signal peptide) as a glycine and residue 142 (163
with signal peptide) as an aspartic acid. The mass
added by insertion of this 12 amino acid piece is
1413 Da. A study of the proteins by Yan et al.* and
Viquez et al.® confirmed that there are amino acids
variants at residues 40 and 142. The molecular
masses of purified Ara h 2 from raw peanut were
measured by MALDI-TOF, which indicated two
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isoforms of mass 16670 Da and 18050 Da.® This is
consistent with the expression of the protein from
two different cDNAs. The mass difference between
the measured molecular weights of the two isoforms
is 1380 Da, which is close to the 1413 Da proposed
by the translated protein sequences based on the
two cDNAs.

Previous characterization of Ara h 2 provided
the identification of an N-terminal peptide [02-18]
and two tryptic peptides [82-94] and [95-110], which
were proposed as potential biomarkers for regulatory
monitoring.® A recent study of 2-D gel electropho-
retic patterns of proteins from the Virginia type pea-
nut identified fourteen spots that were linked to Ara
h 2 by partial peptide mass fingerprinting.”

In a separate study in 1992 focused on potential
post-translational modifications (PTM), Burks et al.
proposed that Ara h 2 is a glycoprotein, based on
periodic acid-Schiff staining. Subsequent analysis
reported that this protein contained 20% carbohy-
drate by mass, with galacturonic acid, arabinose,
and xylose as the three most abundant sugars in the
putative glycoprotein.® Their sample was purified
from the same runner variety as used in this study,
but it was from a different cultivar.

The focus of this study is the detailed elucidation
of the primary structure and the disulfide bond pat-
tern of Ara h 2 as the starting point for on-going stud-
ies on the effects of food processing, such as roasting
the peanuts, on this allergenic protein. In this work,
the major isoforms have been characterized using
tandem mass spectrometric analysis of peptides gen-
erated from enzymatic digests. Microwave accelera-
tion was used to enhance the enzymatic (trypsin) pro-
teolysis of the reduced isoforms.? Then the peptide
products were analyzed using LC-MS/MS. Manual
interpretation of the MS/MS spectra allowed de novo
sequencing of the primary structures of all the iso-
forms of the Ara h 2 and identification and location of
the PTM. Subsequently, collision induced dissociation
(CID) and electron transfer dissociation (ETD) were
used to obtain confirmatory sequence information.
Database searching was carried out to support both
the manual and the confirmatory analyzes.

Results and Discussion

Determination of primary amino acid sequence
and modifications

The chromatographic separation of Ara h 2 proteins
(Fig. 1) and molecular mass measurement of each
fraction (Fig. 1 inset) indicates that there are four
isoforms, which have masses measured as 18035,
16662, 17716, and 16344 Da, respectively. These
four isoforms were named P1-P4 based on their elut-
ing sequence. The four isoforms may be divided into
two pairs based on their molecular masses. P1 and
P3 belong to the heavy pair, and P2 and P4 are the
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Figure 1. Chromatogram of Ara h 2 isoform separation by
anion exchange column and molecular weight of each Ara
h 2 isoform which were measured by Q-TOF mass
spectrometer.

light pair. Members of each pair are separated in
mass by 319 Da + 1Da.

Detailed primary sequence characterization of
the four isoforms was conducted as discussed later.
The amino acid sequences for the four isoforms, as
determined here, in Figure 2. As
expected, the signal peptide is not present. The pri-
mary amino acid
largely in concert with those predicted by transla-
tion of the two reported cDNA sequences. However,
significant modifications are observed, as discussed

are shown

sequences observed here are

later.

In Figure 3 (a), (¢), and (d), CID spectra of C-
terminal peptides of isoforms P1, P3, and P4, respec-
tively, are displayed. However, CID of the C-termi-
nal peptide of P2 [114-139] did not provide informa-
tion as useful as that produced by ETD. The
inability to obtain useful information from the CID
spectrum of the P2 peptide was unexpected, since
the C-terminal peptides of P1 and P2 only differ by
the replacement of glutamic acid by aspartic acid at
position 142; the reasons for this behavior are under
investigation. In any case, ETD of the C-terminal
peptide from P2 provides twelve ¢ ions and seven z
ions, as shown in Figure 3(b). The CID and ETD
spectra allow for assignment of the C-terminal
sequence for each of the isoforms. A previously
reported amino acid variation at residue 142%* is
confirmed here. The b17 fragment ion in Figure 3(a)
indicates that there is a glutamic acid at residue 142
in the P1 isoform. Corresponding fragment ions in
Figures 3(b), (¢), and (d) indicate that P3 also has a
glutamic acid at residue 142, while P2 and P4 have
aspartic acid. The results also show that the two
sets of isoforms vary by two amino acids at the end
of the sequence. The primary structures of the C-ter-
mini of P1 and P2 are consistent with the protein
sequences deduced from the two ¢cDNAs. However,
P3 and P4 carry two fewer amino acids, Arg and
Tyr, at the carboxyl termini, compared to P1 and P2
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Figure 2. Diagram of the primary structure of four isoforms of peanut allergen protein Ara h 2. Hydroxyprolines are

highlighted in grey. Figure formed using CLC free workbench 3.

(Figs. 2 and 3). An artifactual origin of the truncated
proteins during the commercial isolation seems less
likely, because the same family of proteins has now
been detected in extracts of raw peanuts of the same
variety made in the authors’ laboratory.

Further analysis of the protein isoforms con-
firmed the sequences shown in Figure 2 and eluci-
dated details about modifications not predicted by
the ¢cDNA. The extended tryptic digestion of P1 (60
min) produced smaller peptides with fewer missed
cleavages. From this digestion, PTM were identified
in peptides from the central region of the protein
[Figs. 4 (a,b)]. In Figure 4(b) the CID spectrum of
peptide [42-59] from P1 fragmentation reveals clea-
vages at 15 of 17 possible backbone sites. It can be
seen that the masses of prolines 46 and 53 are
increased by 16 Da, while prolines 43, 50, and 57
are not. We propose that the 16 Da increment
reveals proline hydroxylation, a post-translational
modification known to be common in plant pro-
teins.1® Peptide [61-70] from P1 was also mapped
[Fig. 4 (a)] via three b ions and five y ions. The
masses of fragment y5 and y6 ions indicate that pro-
line 65 is also hydroxylated in the heavy isoform.
The same peptides [42-59] and [61-70] were identi-
fied in P3 isoform and the fragmentation patterns of
those peptides are essentially the same as that of P1
isoform with minor variation in the abundance of
fragment ions (data not shown). Thus, we propose
that proline 46, 53, and 65 are hydroxylated in the
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P3 isoform. In the CID spectrum of peptide [42-58]
from light isoform P2, presented in Figure 4 (c), pro-
line residues 46 and 53 are seen to be hydroxylated,
while prolines at positions 43, 50 and 55 in P2 are
not modified. Similarly, a CID spectrum of peptide
[42—58] from the P4 isoform was almost the same as
that from the P2 isoform with minor differences in
relative peak intensities (data not shown). Conse-
quently, proline residues 46 and 53 in the P4 isoform
are hydroxylated. It is worth noting that this modifi-
cation occurs at analogous sites in both the heavy
isoforms and the light isoforms (Fig. 2).

The de novo sequencing covered the whole pro-
tein sequence of each isoform, respectively. To con-
firm this manual analysis, a MASCOT search was
performed using the spectra of tryptic peptides from
P1 acquired on a Q-TOF mass spectrometer. It
returned a result with CONG7_ARAHY (P1) identi-
fied. Using an E value cut off <0.05, the peptides
identified in an automated manner covered 47% of
the protein sequence excluding the signal peptides.
Among those peptides, [35-60], [42—60], and [61-70]
were identified with 2, 2, and 1 hydroxyprolines.
The E values were 0.00061, 0.0045, and 0.0071,
respectively, indicating highly reliable identifica-
tions. The localized hydroxylation sites are identical
to those described above for the heavy isoform P1.
This supports the conclusion from de novo sequenc-
ing that there are hydroxyprolines at positions 46,
53, and 65 in the P1 isoform.

Peanut Allergen Protein Ara h 2
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Figure 3. MS/MS spectra acquired on a LTQ mass spectrometer of C-terminal peptides of each isoform of peanut allergen
protein. (a) CID spectrum of C-terminal peptide [126-151] from the P1 isoform, quadruply charged ion at m/z 741 was
selected as the precursor ion; (b) ETD spectrum of C-terminal peptide [114-139] from the P2 isoform, quadruply charged ion
at m/z 738 was selected as the precursor ion; (c) CID spectrum of C-terminal peptide [126-149] from the P3 isoform, doubly
charged ion at m/z 1322 was selected as the precursor ion; (d) CID spectrum of C-terminal peptide [114-137] from the P4
isoform, triply charged ion at m/z 877 was selected as the precursor ion. “°” indicates loss of H,O, “*” indicates loss of NHa.

The site-specific hydroxylation of proline resi- isoforms, as is the case for amino acids [43—47] and
dues occurs only on the second proline of repeated  [50-54] in the P2 isoform (Fig. 2). Previous studies
peptide motifs PYSPS in the middle of the Ara h 2  have identified the immunodominant IgE binding
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Figure 4. MS/MS spectra of peptides acquired on a LTQ mass spectrometer that were identified with proline hydroxylated.
(a) CID spectrum of peptide [61-70] from heavy isoform P1 of Ara h 2, doubly charged ion at m/z 607 was selected as the
precursor ion; (b) CID spectrum of peptide [42-59] from heavy isoform P1 of Ara h 2, doubly charged ion at m/z 1042 was
selected as the precursor ion; (c) CID spectrum of peptide [42-58] from light isoform P2 of Ara h 2, triply charged ion at m/z

669 was selected as the precursor ion.

linear epitopes in Ara h 2 as being overlapped
regions at amino acids [39-48] and [47-56].° Thus,
both of these peptides contain the PYSPS motif.
However, hydroxylation of prolines was not known
to occur when these epitopes were identified, and it
is not clear how the presence of hydroxyprolines
affects the allergenicity of Ara h 2, Moreover, there
is an additional PYSPS motif in isoforms P1 and P3
and it is not known if this additional modified motif
can potentially differentiate the allergenicity among
these four isoforms.

Peptides identified via de novo sequencing cov-
ered 100% of the protein sequence (not all data is
shown since it is consistent with the deducted pro-
tein sequence from the cDNAs) of each isoform, and
accounted for the molecular masses. The primary

178 PROTEINSCIENCE.ORG

structures of all the isoforms are shown in Figure 2.
Assuming all eight cysteines are involved in disul-
fide linkages, the calculated average molecular
weights of the P1-P4 isoforms, as shown, are 18033,
16661, 17714, and 16341 Da, respectively. The calcu-
lated protein masses are essentially identical to the
measured protein masses (Fig. 1 inset). The signal
peptide is confirmed to be removed, and there is no
evidence of carbohydrate side chains. Additionally,
no evidence was found in analysis of the tryptic pep-
tides for glycosylation.

Determination of disulfide linkages

As noted above, one of our interests in the study of
Ara h 2 is whether and how its structure can be
modified by thermal processing. Oxidation of

Peanut Allergen Protein Ara h 2



Table 1. List of All the Tryptic Peptides that Have Cysteine Residues in P4 Isoform

Tryptic peptide that contains

cysteine residues Sequence Residue number Monoisotopic mass (Da)
A CQSQLER [12-18] 862.4
B ANLRPCEQHLMQK [19-31] 1566.8
C CCNELNEFENNQR [70-82] 1611.6
D CMCEALQQIMENQSDR [83-98] 1897.8
E NLPQQCGLR [114-122] 1027.5
F CDLDVESGGR [127-136] 1049.5
¥ CDLDVESGGRD [127-136] 1164.5

cysteine sidechains is one possible outcome of roast-
ing. Therefore, an understanding of the disulfide
bonds in the native protein is important. The gen-
eral approach for evaluating the cross-linking struc-
ture in this protein was through examination of the
tryptic digestion products obtained from nonreduced
protein, as compared to the products obtained
through the standard digestion process where a
reducing agent is added. Fractions containing the
cross-linked products were collected from the P4 iso-
form and analyzed. All the tryptic peptides that con-
tain cysteines are given a letter in Table I. Evalua-
tion of the fractions revealed that there were no
products corresponding to single crosslink peptides
(e.g., A-B, E-F combinations). However, among all
the seven tryptic peptides in the P4 isoform that
contain cysteine residues (Table I), there are two
peptides, C and D, that contain two cysteines. One
possibility, that C and D are bridged by two cross-
links (C+D), was also ruled out by the absence of a
product with a molecular weight corresponding to
that combination. Another possibility, the product,
C+D-+X+Y (where X and Y are one of the single-cys-
teine peptides A, B, E, F or G), was again not
observed, since no ion was detected with a mass
greater than 5000 Da. However, C and D could each
be linked to two single-cysteine peptides to create a
crosslinked tripeptide (e.g., C+X+Y, where X is A,B,
E, F or G). We have considered all the possible disul-
fide bond linkages for both C and D peptides (Tables
IT and III). There are eight possible ways to form di-
sulfide bond linkages for the C peptide which
include one intrachain linkage and seven interchain

Table II. Possible Disulfide Bond Linkages of C Pep-
tide of P4 Isoform. Mass >3000Da Are in Average Mass

linkages (Table II). Similarly, there are eight possi-
ble ways for the D peptide (Table III).

For the P4 isoforms, a peptide with a mass of
4204 Da (Fraction 1) matches the mass of C+B+E
(pattern 5 in Table II). In fraction 2, there were two
coeluting peptides, with masses of 3807 Da and 3922
Da, respectively. The former mass, 3807 Da, agrees
with the of D+A+F (pattern 4 in Table III). The lat-
ter mass, 3922 Da, corresponds to D+A+F with an
additional aspartic acid at the end of F, resulting
from a missed cleavage at the C-terminal peptide.
This results in andditional product with a mass 115
Da larger than C+A+F (this product will be denoted
as C+A+F'). The 3922 Da peak was dominant so the
following analysis of Fraction 2 was based on it.

To confirm these assignments, the fractions con-
taining cross-linked peptides were treated with
CNBr (which cleaves on the C-terminal side of me-
thionine) and analyzed by MALDI. In Fraction 2,
the 3922 Da peptide (C+A+F’) has two cysteines in
D that are at residues 83 and 85, separated by a me-
thionine. The products from CNBr cleavage were
calculated for two possibilities of disulfide bond link-
ages within this disulfide bond linked tripeptide (Ta-
ble IV). Two peptides, with masses of 1065 Da and
1935 Da, were observed and are in agreement with
the values predicted in the left column in Table IV.
This indicates that cysteine 12 in peptide A is con-
nected with cysteine 83 in D, and cysteine 85 in D is
connected with cysteine 127 in F".

In Fraction 1, the C+B+E tripeptide could not
be similarly characterized. Cysteines 70 and 71 in
peptide C are adjacent, not separated by a methio-
nine as in D. Thus, we have not found a definitive

Table III. Possible Disulfide Bond Linkages of D Pep-
tide of P4 Isoform. Mass >3000Da Are in Average Mass

Pattern Possible linkages of C peptide Mass (Da) Pattern Possible linkages of D peptide Mass (Da)
1 C intrachain linkages 1609.6 1 D intrachain linkages 1895.8
2 C+A+B 4039.5 2 D+A+B 4326.0
3 C+A+E 3499.8 3 D+A+E 3786.3
4 C+A+F 3521.7 4 D+A+F 3808.2
5 C+B+E 4204.8 5 D+B+E 4491.3
6 C+B+F 4226.7 6 D+B+F 4513.2
7 C+E+F 3687.0 7 D+E+F 3973.5
8 C+D 3507.9 8 C+D 3507.9

Li et al.
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Table IV. List of Masses of the Product Peptides from CNBr Cleavage of Disulfide Bond Linked Tri-peptide

(Fraction 2) From P4 Isoform

Disulfide bond linked tri-peptide

Possible disulfide bond linkages within the cluster
Masses of the products from CNBr cleavage (Da)

D-+A+F'
Cys12—Cys83; Cys85-Cys127 Cys12—Cys85; Cys83-Cys127
1064.4 1746.7
1933.9 1251.4
747.0 747.0

way to characterize the disulfide linkages in this
fraction. Reduction without alkylation generated
three peptides with masses of 1625 Da, 1727 Da,
and 1086 Da (data not shown here), corresponding
to peptides B, C, and E, and further confirming the
composition of the C+B+E tripeptide. Thus, we
know that Cys25 either links to Cys70 or 71 while
Cys119 connects with Cys 71 or 70. The possibility
cannot be eliminated that two patterns of adjacent
S—S linkages coexist in Fraction 1.

The same analysis was carried out with the pep-
tide fractions from the P3 isoform (data not shown
here). Connectivity between Cys12-Cys95 and
between Cys97-Cys139 has been determined. Cys 25
is linked either to Cys82 or Cys83, and Cysl31 is
linked to Cys 83 or Cys82. Although the insertion of
12 amino acids in the P3 isoform shifts the cysteine
residue numbers, all crosslinking occurs at compara-
ble positions in isoforms P3 and P4. The disulfide
linkages of P1 and P2 isoforms were not studied
here, but they are expected to be comparable to P3
and P4, respectively, differing by two more amino
acids at the C-termini. These results are consistent
with an earlier proposal that the disulfide bonds in
Ara h 2 are homologous to those in the bifunctional
o-amylase/trypsin inhibitor RBI protein from ragi
seed,™ which in turn suggests that there is no disul-
fide bond scrambling in the process of purifying Ara
H2.

Experimental

Materials

Solvents for HPLC gradients (acetonitrile, water)
were purchased from Burdick & Jackson (Morris-
town, NdJ). Formic acid, cyanogen bromide (CNBr),
and dithiothreitol (DTT) were purchased from Sigma
(St. Louis, MO). Ara h 2 protein, prepared from the
Runner variety without using any acid or protease,
was purchased from TNO (Zeist, the Netherlands).
Trypsin was purchased from Promega (Madison,
WI). Trifluoro acetic acid (TFA) was purchased from
J.T. Baker (Phillipsburg, NJ). All chemicals and pro-
teins were used without further purification.

Separation of Ara h 2 isoforms

Ara h 2 isoforms were separated using an AKTA
purifier FPLC (GE Healthcare Bio-Sciences Corp.,
Piscataway, NJ). One hundred micrograms of Ara h
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2 raw protein suspended in 1mL distilled water was
loaded onto a BioSuite DEAE 2.5 ym NP anion
exchange column with an ID of 2.6mm and a length
of 3.5mm (Waters, Milford, MA). The isoforms were
eluted by increasing solvent B from 1%-7% in 40 col-
umn volumes (solvent A: 0.1 M Tris buffer, pH 7.4;
solvent B: HPLC grade water) using a flow rate of
ImL/min. The chromatogram is shown in Figure 1.
Each fraction was collected via a fraction collector
that would initiate/stop the collection when the UV
absorption level exceeded/dropped below a specified
level. Each fraction was desalted and concentrated
in a 5000 Da cut off spin column (Millipore, Teme-
cula, California). The protein concentration of the P1
isoform was measured at about 0.05mg/ml by RC
DC protein assay (Biorad, Hercules, CA). The con-
centration of the other three isoforms were not
determined experimentally, but they were at compa-
rable concentration to P1 based on their comparable
respective chromatographic peak areas in Figure 1.
One hundred micrograms of each isoform was loaded
onto a reversed-phase C18 column (1.0 mm I.D.
%100 mm) with 1.7 pm packing material on an ACQ-
UITY LC system (Waters, Milford, MA). The gradi-
ent was linearly ramped from 0 to 100% solvent D
(solvent C: 0.1% Formic acid and 1% acetonitrile in
water, solvent D: 0.1% formic acid and 1% water in
acetonitrile) in 40 min. The flow rate was set at 100
pL/min to allow the molecular mass of each isoform
to be measured using a Q-TOF premier mass spec-
trometer (Waters, Milford, MA). Each molecular
weight was determined by deconvoluting the MS
spectrum using the MassEntl of the MassLynx soft-
ware (Waters, Milford, MA).

Proteolytic digestion of Ara h 2 isoforms

A Discover Benchmate microwave system (CEM
Corp, Matthews, NC) was utilized to perform the
protein digestion. It allows precise control of the
temperature, power, and time. Fifty microliters of
protein solution (0.05 mg/mL) was incubated with 10
mM DTT at 60°C for 20 min and then heated in the
microwave with 2 pL trypsin (0.4 pg/uL) for 30 min
at 37°C. Formic acid was added to reach a final
concentration of 0.1% to stop the reaction. In experi-
ments designed to minimize missed cleavages, tryp-
sin digestion was carried out in the microwave sys-
tem for 60 min. The other experimental conditions
were the same as described earlier.

Peanut Allergen Protein Ara h 2



LC-MS/MS
The peptide mixtures that were obtained from 30
and 60 min microwave accelerated trypsin digestions
were separated on a Waters nanoACQUITY HPLC
interfaced to an LTQ-XL ion trap mass spectrometer
(Thermo Electron, San Jose CA). Ten microliters
product was loaded onto a reverse-phase C18 column
1.0 mm I.D. x100 mm) with 1.7 um bridged ethyl
hybrid (BEH) particle packing (Waters, Milford,
MA). The gradient was ramped from 0 to 10% B in
5 min and then ramped to 30% B in 25 min (solvent
A: 0.1% formic acid and 1% acetonitrile in water, sol-
vent B: 0.1% formic acid and 1% water in acetoni-
trile). CID and ETD were both used when necessary.
For CID, 35-40% collision energy was applied to
precursor ions depending on the mass of the precur-
sor peptide. For ETD, the reaction time was 80 milli-
seconds. All spectra were analyzed manually. In all
cases, targeted CID was employed, as most of the
precursor peptide masses and charge states can be
predicted based on the deduced protein sequence.
For purposes of confirmation, a peptide mixture
from a 60 min digest of P1 isoform was introduced
to a Q-TOF mass spectrometer (Waters, Milford,
MA) using the same LC system and the same gradi-
ent as described above. CID was performed with a
default collision energy profile that provides collision
energy adjustment according to the precursor ion
mass. The data was submitted for database search
as described later to confirm the result from manual
analysis of the protein sequence and PTM.

Mascot database searches

The raw data from the 60 min digestion of P1
acquired on the Q-TOF mass spectrometer was proc-
essed using the default Q-TOF settings via MASCOT
distiller (Matrix Science, London, UK) to generate
the Mascot generic data format that is compatible
with Mascot database searching. The search was
carried out using an in-house mascot server (http://
www.matrixscience.com/). Trypsin was indicated as
the proteolytic enzyme. Instrument was specified as
ESI-QUAD-TOF. Both the mass tolerances of precur-
sor ions and fragment ions were set at =0.3 Da. No
modification on cysteine was specified. Oxidation of
proline was specified as a variable modification.
Three missed cleavage sites were allowed. The
search was carried out against the Green Plant
database in the SwissProt database (http:/ca.expasy.
org/sprot/).

Fraction collection of peptides containing
disulfide bonds

P3 and P4 isoforms were digested with trypsin as
described above, except that no reducing reagent
was added. The peptide mixtures were separated on
the same LC system as described for the LC-MS/
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MS. The concentration of solvent B was linearly
increased from 0 to 50% through 50 min. All the
possible combinations of disulfide linkages were con-
sidered and the corresponding masses of peptides
containing interchain disulfide bonds and intrachain
disulfide bonds have been calculated. When these
peptides are ionized via ESI, they usually carry sev-
eral charges. Thus their corresponding series of m/z
values can be calculated. The retention time of these
peptides can be determined easily via reconstructed
ion chromatogram using their m/z values. Eventu-
ally the disulfide bond containing peptides were
manually collected at their respective eluting times.

CNBr treatment of peptide fractions containing
disulfide linkages

The CNBr solution was made by adding 529 mg
CNBr to 1ml ACN to reach a final concentration of 5
M. Ten microliters of each peptide fraction was
mixed with 15 uLL TFA and 5 pL, CNBr solution. The
mixture was incubated at room temperature in the
dark for 15 hr. Then the mixture was mixed with an
equal volume of distilled water and dried down in
the SpeedVac. This step was repeated once. Two
microliters of CHCA solution (10 mg of CHCA in
70% ACN, 0.1% TFA) was added to suspend the
sample. The sample was spotted on a MALDI plate
and analyzed on a 4800 MALDI TOF/TOF mass
spectrometer (Applied Biosystem, Foster City, CA).
LC-MS/MS was not used because the collected frac-
tion is a simple mixture, including the target pep-
tides that contain the disulfide bonds.

Conclusions

To summarize, the mass spectrometry studies of Ara
h 2 in the commercial sample reported here identify
a heavy isoform pair and a light isoform pair that
are differentiated by a 12 amino acid insertion in
the middle of the sequence, and amino acid varia-
tions at residues 40 and 142 in the heavy isoforms
and residues 40 and 130 in the light isoforms (Fig.
2). The heavy isoform pair has glycine and gluta-
mate at residues 40 and 142, while the light isoform
pair carries glutamate and aspartate at residues 40
and 130, respectively. Within each pair, there is a
variation in the C-terminus. The C-termini assigned
are consistent with a mass difference 319 Da. The
two heavy isoforms both contain three hydroxypro-
line residues, while the two light isoforms have two
hydroxyprolines in homologous positions, as shown
in Figure 4. No glycosylation was found, in contrast
to past literature reports. There are four disulfide
bonds in each isoform of Ara h 2. Two out of the four
disulfide bonds have been fully defined and the
remaining two are localized to two adjacent Cys resi-
dues. The 12 amino acid insertion and amino acid
variations at residues 40 and 142 in the heavy iso-
forms (40 and 130 in the light isoforms) are
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consistent with previously reported sequences trans-
lated from the cDNA sequences.>* Determinations of
site-specific proline hydroxylation, disulfide linkages
and C-terminal variation are reported here for the
first time.

Knowledge of the full sequence and modifica-
tions enables on-going studies of the way in which
the protein is modified by thermal processing (such
as roasting) and provides information that may be
useful in the development of sensitive and auto-
mated assays, such as multiple reaction monitoring
(MRM) using a triple quadruple mass spectrometer
for detecting Ara h 2 in food. The discovery and defi-
nition of PTM is expected to facilitate continued
studies of factors that may affect the structural
determinants of allergenicity in the Ara h 2 family,
particularly where processing may produce modifica-
tion of the protein.
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