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Comprehensive analyses of hydrolyzed wheat protein using shotgun proteomics

Rika Nakamura, Shinobu Sakai, Yuji Haishima, Chie Fukui, Takayoshi Suzuki, Ryosuke Nakamura,

Akiko Hachisuka, Reiko Adachi, Reiko Teshima®

Hydrolyzed wheat protein (HWP; hydrolyzed gluten) is used in various types of products world-
wide. Several cases of wheat-dependent, exercise-induced anaphylaxis following exposure to HWP (Glu-
pearl 19S) in cosmetics have been reported. Glupearl 19S was produced from the gluten after partial
hydrolysis with hydrogen chloride, and its allergenicity is larger than that of gluten (Adachi R, Allergy
2012;:67:1392-9.). It is considered that provocation of allergic manifestations is caused by deamidated
gluten in food and/or non-food products. Moreover, an increasing number of studies have shown that
HWP can induce IgE-mediated hypersensitivity by skin contact and/or food ingestion. However, the es-
sential molecular properties and profiles of HWP are still unknown. In this study, bioinformatic and
multivariate analyses using shotgun proteomics have revealed that 27 proteins significantly decreased
in Glupearl 19S compared with intact gluten as shown by the ratio of ion signal intensity of tryptic pep-
tides. In contrast, a single protein significantly increased in HWP compared with intact gluten as shown
by the ratio of ion signal intensity of tryptic peptides. Furthermore, we have identified six Glupearl

19S-specific peptides using shotgun proteomics, database searches on Mascot Sequence Query, and de

SARZE, WIS, WBEEWET, EnT, FRHTT

novo sequencing. The six peptides were identified as the specific markers of Glupearl 19S.

Keywords: hydrolyzed wheat protein, shotgun proteomics, mass spectrometry, deamidation
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PEIZIRES T A L £ 2 5N TWwWBED, HWPIZB W TIE,
BRIMK R X > TV T > X0 S HUEPED RS 2 2
EHRWHSPIC o TE Y IR RICE Y VT
Y OPEMEART A FH & LT, Wit oRkIc X
DERNIZBALR T GoTWwA I E, WITHIZED
5 X7 B O— W AL EALDSE T, i



Yay MY TuTF I AL DML L EOFERTHL I NVT AIEHEENDL Y 28 B ORI 51

IY N =TPELTWBETMRBEESEZ LN TS, 7
VT »y N Ao LA b LTI, vV Ty
T NEY I VRIEOBT I MEAPUEMEICHF S LT
WA EDHESRTWAEY . Frld, IV I UBR
HEROT ARG F BRI RO T 58ETH
HV8 7077 —E¥E2HWT, Z W= )L19SD % ¥
JBIZEENE TNV I VERIERNT AN F VRN
fi7 I MBI TwbsZ E2HLNIZLTWS
20, RTF LRV TOWRIERZFTT DR TV R,
F2,40L, TNT EREEE L CEBRINKG R EZIT 72
HWPIZ, 30545 1 RHRRE OIS 5l L - T
PUSEASHRE ISR L, WICRIFMGMr o5 2 ki
X0, STROBWMAEITPUEEAIREGT 5 2 L 2P S
PIZLTWEY . ZhS0MANS, & 5EEDMKS
RGN &L o TERENHWPO ADHENEZ 46T 5
SEDPREENT VDD, S TEDINIHUREORIE &
BT 777 —=IIHLNMIEIN TR,

Z 2 TARIIZL, WePEEE AT 5 708 — 1198
I R T F FoEREZHE L, Witkra< b
I 7 ESMEN (LC-MS) % Hv 7z M5 AT % 17 -
7z, FHERZ, VT Y EHWPORXRTF K7Fa 7740
VIRWEKT A ey MY TRTAIZRICLY, B
MK GRS & %2 HWP O — kA i o Wy PG A 0 2 Ak & 3
217,

e YIRS
1. &K

TS — L 19S°1E, R AHE Il kA TR ZE T &
DATFL7Z. 775 ¥ (Sigmath) KROZ V78— )119S
AR T100 mg/mL & %25 & 9 IM Tris [tris
(hydroxymethyl) aminomethane, pH 114] %Nz, #
HEMTHE LA by 7 BREREZRAE L. /2, JUK
PEASIRES L7-HWP & LT, BRMAKG IR % 2405 47 - 72
5 FALHWP (HWP24h) % 08 L7z Bk,
OINSEREHIC 7 VT v A b v 7 BB % IR EL mg/
mL& %2 XAz, 100CHe—h7ay 7 ETHED
FERE (0-24h) TNEL TAT- 72, €0, RBEFRYIC0IM
IKEEAL T I ) 7 2 KA CHRD L CERINIK 53 SO & 45
L7z sy, ZNos—v19S, R ORI 7
RAGIRIZ X 0 T L 72 8 FIHWPs D SDSTE Ak E) 78 7 —
v %Fig. LITRT.

LCMSH v 7V o8, DFICRT FikTiro
2o TVF RTINS —V19SD A b v & BT
fa 7 f#w [7M urea, 2M thiourea, 30 mM Tris, 4 % (w/
w) CHAPS: pH 85] #MZCTH v X7 E & BRI
%, 2-D Quant Kit (GE Healthcareft) #H\wT% >/
sEErERL, TD20ugk MY 7Y UM L

7. Dithiothreitol C#Jt, Iodoacetamide TSHZED 4 v
R¥ T X F VAL % 4T - 721%, Trypsin Gold, Protease
MAX (Promegafl) %Mz T37C THREA v F 2~
b L 72. 10% Trifluoroacetic acid (TFA) #% #% i B
05%& %5 L) MATHELZEIEL, #H5NhzXT
F FZ&/31) 7 4B OMIX Tip (C18, 100 pL) & Tl
L, 01% TFA&GH 2%7 £ = bV IVICHEMRL 72

2. ¥l
- H TR
Thermo Scientifictt# ) =74+ T v 77—
) AN A Ty FRVE &5 RHLTQ Orbitrap XL
I %€ 7 |2 Tyrosine-1,3,6-Standard (CS Bio Co.) %= fi
WCFa—= VL OERRIEERIT - 72,
+ Nano-LC
HTC-PAL* — ¥ ¥ 75 — (CTC Analytics) % %%
fi§ L 72 ADVANCE nano UPLC (AMR)
NIy TN Y
CERIAL#L-Trap (0.3%5 mm, L-C18, 5 um, 12 nm)
< AT A T A
CERI #: # L-column Micro (L-C18, 0.1 %150 mm, 3
um, 12 nm)

LC-MS/MS&

4 % ¥ JFEIZ1xCaptive Ion Spray v A7 A &AL,
Ko A4 F+ Y {LIZESI positive ion mode (A 7L —&EHF
16 kV)IZX V7572, MSAXZ MVIZFT analyser (45
#1E30,000, 5 E m#iPim/z 300-1,400, Lock mass= 7
FNVERY TF AT VIR Y aF4 2, Profile mode)
12 & D HE L, XCalibur data dependent modelZ & 0,
AF ¥ VBT VBEORW 3O Y — 7 2K
BIRLTAA Y T TIZEYMS/MSANRY bV Z
s€ L7z (CID, Normalized collision energy 35 kV, Acti-
vation time 300 ms, Dynamic exclusion duration 60 s,
Centroid mode). HIsEHFEIZ150% & L, Al%ceH sIH%
BEZ A LC 1Mt A 4 > OMS/MSA~XZ hVIZifllE L
WL HICEE L.

Nano-LCOBEIHIZIEX, ABE 01%FHEA2%T
r= MUV EBEE (100% 71 =Y L) &M
JA L7z #2300 nL/min& L, ¥ ¥ 7 g A (1.0
pg) 3A— M T I—2MHLTITo72. 1 45HdH
720 OFEMERIZ1500 & L, %y T EAE, 0-40%
B/125 min — 40-55% B/130 min — 55-100% B/135 min
—100% B/145 min—0% B/160 min®> 7 7 Y T 71
77 ATHB L.
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3. HERIRME WX WAL 72 SMHWPsOSDSEXRIKE) /8% — > %
3.1. Yavy A YTusF At Iy A X HMEN LR Fig. LIZR$. VT ¥ TIN5 » 787 B WIRE 208

%5 o8 BB R

TNVTF Y RO NN —=V19SOMST — 7 1345 2 [\
OEFL, &F—F%IRUBYV 7 b7 27 (X547
V7uast Aa—7) 27 v 7u— KL, Mascot/Uni-
Prot/NCBInr (Taxonomy; Green plants) 7 — % X —
AL By 7 EE, MS/MSAXZ MVAEEIC
HoO =<y F U 7 ERFEREMMIEZIT) 2 LT X
0, &7 HOHE SRR 21T - 7.

3.2, ZUR=NISOXRTF FREEHZEL OB T 3
2k )

RTF NG O BZENTIZ1E, Proteome Discoverer
V7 727 R TOMascotMi® S DI LEE R R &
“None” & L, ME@ENRTF FEHIDH KA b
) 7 CYIWTEAL T R WERIIKR R & 2 RT T FisE
DOYWrOHEEE B L7z,

Bi7 3 FALD 5 HTIZ1E, MascotBi % 4 @ variable
modificationiZ 12 “deamidation (NQ)™ ZEML, B
73 ML S/ 7F P FE L7z,

3.3. ZEEMITIL D7V N— )V 19SIZHEAY 7 R

7F N OB

TNT v, TN —=)V19S K 'HWP24hOMS 7 — %
7uar 4t —LE®mMNY 7 7 = 7 Progenesis
LC-MS (Nonlinear Dynamicstl) 27 v 7ua— KL,
Swiss-Prot (Taxonomy; Green plants) 7 — ¥ X— Z|Z
X25 U ERAE, A A=VEICEAE—0 <y T
V7L RREIRRMIE 21T, 3V U TVEENRTF R E
— 7DV T FNVEERILE L. &7 HOEEIE
Proteome DiscovererY 7 b7 =7 (Thermo Scientific
) %A L 7z Mascot#® (NCBI nr7— % X — A,
Taxonomy; Green plants) % 47T L THr- 7-.

3. 4. de novo sequencinglZ X X7 F FEH| OHEE

de novo sequencing!Z1ZPEAKS Studio v6.0 (£ > 7
+axtk) A L7 HALEEFRREEZ “None” & L
T7 X/ BREY OHE %17 > 72. TLC (Total Local
Confidence) 2%60%LL D2 a7z R L7727 3/ BRI
eBHEOSWT—% LIl L, o5 % NCBI
protein-protein BLAST (blastp)
Green plants) (ZftL 7-.

¥ #% (Taxonomy;

R
1. SDSTERIKENC & 570 FROILE
TNT v, TNoR—)V19S, B OSREIRRY 72 BRI K 73+

Y FIRICEHN DR L (lane G), Z7V/8—)L19S T
HHREZ2 /8 o FIZRED 5137100 kDalLl P25 ¥ —tko /3
7 — Ui 57z (lane 19S). FEWFAY 70 BRI K 5517
ICX DB L 7-HWPsTIX, 05hMKG A 7 v 78—
JV19S & [AlRR IS o FHEIRIC 5 ¥ — RNV FER LT
W7z, KGR OREEFRE & $12 T 57— MK T IS
7 ML, 24h#E#%1213215 kDall EOBBE 2N 2 A%
SEAITH I L7
198

M G
II

Fig. 1 SDS-PAGE pattern of gluten, Glupearl 19S and
HWPs

Gluten, Glupearl 19S, and HWPs (2.5 pg protein/lane) were
separated in a 10-20% acrylamide gel (D.R.C. Co., Ltd.) and
the gel was stained with coomassie brilliant blue. Lane M,
molecular weight marker; lane 19S, Glupearl 19S; lane G,
native gluten
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common wheat) & L,

WIHAST/BLAT I
FVT VY,

D, v

3. IR )LI9SORTF PG

BIEICR Lz ay Ny TFas+— AR Cclx, 7
VT 2BV TR S/ b
SMTNIS=NV1SIZBWTIEMH E 9o 72,
FIKE LT, HWPIEZ VT > ORIKS B
DOIFWRRAER TV S 3 VR,
T ARG X VERIEOBLT I MMEH A U T B gtk %
FITRTF NS
3, TANRGF VRO T I MEE G T 5720, b

T, XTI F i

Ay (WAl

Table 1 Differences in the protein expression between gluten and Glupearl 19S

TR % 3 5 F (Triticum aestivum,
gl 7 > 23 7 B O TR & B
7228% ¥ X7 OFEHIL % Table 11Z/R L7z,
FIVTF v ERBKLT, V= )VISIZBIFL Y 7
WML TWBE Y X7 -EBIZ2TTH
LMW-Z7 v5r =,
y%mi%&d\i?wvlf 5 NI B E
= IV T EREELT, 8=V 19SIZ B
é‘/ﬁﬂ‘]lzkl:#MiU\J: IEML S o B I b T
N1THY, TO¥ N0 H

% % “None”

WE 2T 7.

HMW-7" Vv 7 =
FhTwn

hERR

7|3 Histone H4 T - 7. W ASIERE R Y
(F—=FmR&T).
FRR BT I F1iE ¥/,

FeEE, O F ) IEREFRI
13353 (38.7%) Td -7z,
7%Fﬁtvbb,%@5%%%%””5%%%)®$
UM ENRTWD Z EHH S H

V7Y VLR T F R OMS/MSHE S O {HALEE %
& L, NCBInr# & OFSwiss-Prot 7 — & X
— A (Taxonomy; Green plants) WT®D 7 — ¥ X— 2
ZORER V8=V 19STIE4911 X
TF Ry ML, ZDH)HLXTF FOEND
RY¥%3: (Arginine, R; Lysine, K) DAt 7 3 B
UMW SN TV 2R T F KO

YT

—7, HWP 24hTi342496-X

ezt 2 5§ 2 H T, 7—

) 7Y VAR T FD%
hall?))
Bw

mr, 7y 3
o7z,
|1

Alpha/beta-gliadin)
DRZEE 7V E I UK

72 (Table 2).

variable modificationi% &2

2%z

Ty I UEREE, TANRGFUREOBT I K
g N — AMRFHRMED
“deamidation (NQ)" %38
YETANTELORLT I FMLOMFT &
ZOAER, Table WX O NT/NELDOTET
(High molecular weight glutenin subunit,
Gamma-gliadin, LMW-m glutenin subunit, alpha gliadin,
IZBWT, BREOR T I Fbissb
DN L= g3 ¥ &b DOE—ONRTF FEFIEE S
BT 3 MBI 72w TF F

Glupearl Peptide Max
Hit Title Description 19S/Gluten Protein
. Count
Ratio Score
1 gi|32400748 seed storage protein [Triticum aestivum] 0.002 3 104.74
2 gil147883548 alpha-gliadin [Triticum aestivum] 0.008 3 91.80
3 GDA9_WHEAT Alpha/beta-gliadin MM 1 OS=Triticum aestivum PE=1 SV=1 0.010 2 94.08
4 NLT2G_WHEAT  Non-specific lipid-transfer protein 2G OS=Triticum aestivum PE=1 SV=1 0.017 2 29.09
5  GDA7_WHEAT Alpha/beta-gliadin clone PW8142 OS=Triticum aestivum PE=3 SV=1 0.024 5 130.97
6 gi|94315065 1Bx high molecular weight glutenin subunit [7riticum aestivum) 0.040 5 154.19
7 gi|32400762 AmiB [Triticum aestivum] 0.050 5 138.05
8  GDA2_WHEAT Alpha/beta-gliadin A-II OS=Triticum aestivum PE=2 SV=1 0.053 3 103.12
9  GDAO_WHEAT Alpha/beta-gliadin OS=Triticum aestivum PE=2 SV=2 0.077 2 93.49
10 GDBO_WHEAT Gamma-gliadin (Fragment) OS=Triticum aestivum PE=2 SV=1 0.087 2 61.19
11 gi|209971843 gamma-gliadin [Triticum aestivum) 0.096 11 316.23
12 gi|110341796 Y-type HMW glutenin [Triticum aestivum) 0.098 8 136.29
13 gi|162415987 high molecular weight glutenin subunit [7riticum aestivum] 0.107 7 180.66
14 gi|21749 unnamed protein product [ Triticum aestivum] 0.107 7 180.66
15 gil4007846 beta purothionin [7riticum aestivum) 0.114 2 71.28
16 gi|l170743 HMW glutenin subunit Ax2* [Triticum aestivum] 0.114 11 179.43
17 gi|133741924 gamma gliadin [77iticum aestivum] 0.136 6 348.99
18  gi|21743 high molecular weight glutenin subunit 1Ax1 [Triticum aestivum) 0.141 9 129.82
19 gi|32400760 unknown [Triticum aestivum] 0.141 2 66.43
20  gi|663263 15kDa grain softness protein [ 7riticum aestivum) 0.157 3 139.48
21 gi|238800252 low molecular weight glutenin [ 7riticum aestivum] 0.159 8 411.25
22 gi|164470672 LMW-m glutenin subunit 0877L13-M [Triticum aestivum) 0.162 7 390.57
23 GDBB_WHEAT Gamma-gliadin B OS=Triticum aestivum PE=3 SV=1 0.162 5 254.97
24 gi|169788569 putative puroindoline-like protein [Triticum aestivum) 0.180 2 58.79
25  gi|221855615 gamma-gliadin [Triticum aestivum subsp. macha] 0.182 3 110.61
26 gi|148508784 glyceraldehyde-3-phosphate dehydrogenase [T7iticum aestivum] 0.195 3 129.82
Glutenin, high molecular weight subunit DY 10 OS=Triticum aestivum
27  GLTO_WHEAT GN=GLU-D1-2B PE=3 SV=1 0.198 18 391.19
28 H4l1 WHEAT Histone H4 variant THO11 OS=Triticum aestivum PE=3 SV=2 5.700 5 100.12
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EZFD0%LL EATIVF L IZBWTHRB SN0 x)
L. B7 3 FALBHEE 1 O EoRTF Fiz3e LT
TN IX—V19SIZB W THRH S -,

4. BERFPICE D 7N 3= VIISICRHEN X T F

FOB#
WIS, TN =19SD L ) 12V EEE AT 5

HWPIZHR BN X7 F FEHET LI L2 HE L
T, ZNVT v, ZU8=)V19S, KRUOPUEMEZ RS Zewn
HWP24h 51 5 N7z R TF ROMST — ¥ % £ % &R
M X DL, V38—V 19SI2 D AU B B4
LRI FOBEEAT- 7.

Progenesis LC-MSY 7 b7 = 72 HWwT 3% 7
BOMS' O ¥ — 7 50 % Wik L7z, B S 72327494
D=2 X0, VT v KEUTHWP24ho ¥ — 7 58D
TWR—=V19SO Y — 7 HED 1 %R TH 5179KD ¥
— 7ML, By U EELCHERET S EE 2
SNBI0KDY — 27 % 78— )V 19SIZHEBY 2 X 7 F
K& LTHKYIAATE (Table 3).

Progenesis LC-MS_I: TMascottts (57— % X— 2 :
Swiss-Prot, Taxonomy: Green plants) Z47-72& Z 5,

2KDNRTF F¥—72 %Puroindoline A (#6) Ko/
B-gliadin clone PW1215 (#8) & W@ L7z (Table 4).

% 72, Proteome DiscovererV 7 b7 = 7 & H w7z
Mascothizg (57— % ~X— Z : NCBInr, Taxonomy: Green
plants) {7722 5h, BIZ2AKDORTF N7 %
HMW glutenin subunit (#1 %X O#5) &REZET HIZE
o7 TNHAKRDONRTF FRINIE, BT I FLisan
HRRD BTz,

Y 6 KDY — 7122w Tid, 1 5HDOMS/MS
7 — % %PEAKS StudioY 7 b =727 v 7u— R L
CTde novo sequencingz kA 7z. TLCA 7 60%L. L%
BHEOEWT—% LB L, 2AKOXTF FELsl (#
3RT#9) 2 FMT5HICE-7 (Fig 2). ToOTFHRE
5] % protein-protein BLAST (blastp) MZIZHE5 2 2
WXy, A AR I AFE (Triticum) ©Y VN7 H
DER5HEF T & 5 NADP-dependent malic enzyme 1 (#
3) RUWIR1 (#9) ot v F L7z (Table 4). %&1Y
DAKRDOE—2 (#2, #4, #7, R UO#10) EMS/MSD
PSS % {, TLCA 2 760%LL EOEIHEIZB W
T, TNHLONXTF P ZFMT LI ENTELho
7z.

Table 2 List of representative deamidated peptides in the major wheat allergens

Compositional

. . Peak
Peptide Peptide sequence L) — Count Charge m/z retention
ID Glupearl .
Gluten time
198
High molecular weight glutenin subunit
2426 KL AGSFYPSETTPSQQLQQMIFWGIPALLR.R 3 97 33 3 1056.208  104.5
4225 K.AGSFYPSETTPSQQLQQMIFWGIPALLR.R + 1Deamidated (NQ) 91 9 33 3 1056.537  106.9
1055 K.AGSFYPSETTPSQQLQQMIFWGIPALLR.R + 2 Deamidated (NQ) 95 5 33 3 1056.863  107.5
50 K.AGSFYPSETTPSQQLQQMIFWGIPALLR.R + 3 Deamidated (NQ) 99 1 33 3 1057.192 1113
3535 K.AGSFYPSETTPSQQLQQMIFWGIPALLR.R + 4 Deamidated (NQ) 99 1 33 3 1057.522 1143
Gamma-gliadin
3671 R.RPLFQLVQGQGIIQPQQPAQLEVIR.S 2 98 14 3 952.8804  70.6
4406 R.RPLFQLVQGQGIIQPQQPAQLEVIR.S + 1Deamidated (NQ) 87 13 14 39532072 713
1397 R.RPLFQLVQGQGIIQPQQPAQLEVIR.S + 2 Deamidated (NQ) 100 0 14 3 9535348 726
36  RRPLFQLVQGQGIIQPQQPAQLEVIR.S + 3 Deamidated (NQ) 100 0 14 3 953.8628  73.8
6220 R.RPLFQLVQGQGIIQPQQPAQLEVIR.S + 4 Deamidated (NQ) 100 0 14 3 954.1912 74.4
194  R.RPLFQLVQGQGIIQPQQPAQLEVIR.S + 5 Deamidated (NQ) 100 0 14 3 9545197 753
3200 R.RPLFQLVQGQGIIQPQQPAQLEVIR.S + 6 Deamidated (NQ) 83 17 14 3 954.8472 76.8
LMW-m glutenin subunit 0877L13-M
1665 K.VFLQQQCSPVAMPQSLAR.S 9 91 81 3 6873517  58.0
273 K.VFLQQQCSPVAMPQSLAR.S + 1Deamidated (NQ) 98 2 81 3 687.6814 632
1456  K.VFLQQQCSPVAMPQSLAR.S + 3 Deamidated (NQ) 100 0 81 3 6883355 622
345  K.VFLQQQCSPVAMPQSLAR.S + 4 Deamidated (NQ) 100 0 81 3 688.6638  63.6
Alpha gliadin
3707 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.L 0 100 4 4 1045279  75.1
8911 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.L + 2 Deamidated (NQ) 95 5 4 4 1045765  73.7
5960 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.L + 3 Deamidated (NQ) 95 5 4 4 1046.014  80.3
7138 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.L + 4 Deamidated (NQ) 87 13 4 4 1046260 829
2715 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.L + 5 Deamidated (NQ) 37 63 4 4 1046505  84.1
3776 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.Q 0 100 4 4 1045279 751
13628 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.Q + 2 Deamidated (NQ) 95 5 4 4 1045.765 73.7
10675 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.Q + 3 Deamidated (NQ) 95 5 4 4 1046014 803
7256 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.Q + 5 Deamidated (NQ) 37 63 4 4 1046.505  84.1
Alpha/beta-gliadin
2402 R.NLALQTLPAMCNVYIPPYCTIAPFGIFGTN.- 0 100 3 3 1119.559  100.9
3825 R.NLALQTLPAMCNVYIPPYCTIAPFGIFGTN.- + 1Deamidated (NQ) 90 10 3 3 1119.884  102.1
1257  R.NLALQTLPAMCNVYIPPYCTIAPFGIFGTN.- + 2 Deamidated (NQ) 97 3 3 3 1120.213  103.4
6282  R.NLALQTLPAMCNVYIPPYCTIAPFGIFGTN.- + 3 Deamidated (NQ) 99 1 3 3 1120.543  104.6
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Table 3 The specific peptides in Glupearl 19S

Normalized abundance

pelsf)ide m/z [Da] charge tl}:lteel[l;:(::]
) Glupearl 19S HWP24h Gluten
1 652.821 2 32.59 50890 297 191
2 652.821 2 34.24 45905 220 285
3 500.759 2 56.88 37989 309 9
4 324.121 2 50.77 32961 97 275
5 486.297 2 4597 32003 134 176
6 763.804 2 40.89 27374 194 120
7 566.723 2 32.95 8217 30 17
8 513.800 2 53.25 5804 0 2
9 518.250 2 53.16 5119 0 50
10 446.245 2 88.20 2964 0 0

Table 4 Sequences of the specific peptides in Glupearl 19S identified by bioinformatics

peptide Ion AM

No. method Sequence Score  [ppm] Accession Description

1 MS/MS ion scarch Q*YEQQPVVPSK 32 <170 gi: 162415987 igh molecular weight glutenin subunit [Triticum
aestivum]

2 - not identified - - - -

3 de novo sequencing TMYKPVVY 65 ABY25986.1 NADP—dependent malic enzyme I [Triticum
aestivum]
638 MYTPV 642
192 PVVY 195

4 - not identified - - - -

5 MS/MS ion search LVAVSQVVR 33 <116 gi 14329763 Digh molecular weight glutenin subunit y [Triticum
aestivum]

. Puroindoline-A OS=Triticum aestivum GN=PINA
6 MS/MS ion search GGCQELLGECCSR 47 -1.75 P33432 PE=1 SV=2 - [PUIA WHEAT]
7 - not identified - - - -
. Alpha/beta-gliadin clone PW1215 OS=Triticum

8  MS/MS ion search NLALQTLPR 41 -1.53 P04726 aestivum PE=3 SV=1 - [GDA6_WHEAT]

Alpha/beta-gliadin clone PW1215 OS=Triticum
NLALQTLPR % -1.53 PO4T26 estivum PE=3 SV=1 - [GDA6_WHEAT]

9  de novo sequencing YRCYAFR 70 CAA61018.1 WIRI [Triticum aestivum]
70 YRCY 73
126 RCYAFR 131

10 - not identified - - - -

* Modified residues are represented in Bold (Q, N: deamidation, C: carbamidomethylation).
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Fig. 2 Collision induced dissociation spectra of two de novo sequenced peptides from Glupearl 19S

The results of de novo sequencing of the peptides #3 and #9 using PEAKS software are shown.

The upper panel (#3) showing the fragmentation of TMYKPVVYamide and the lower panel (#9) showing the fragmentation
of YRCYAFRamide. The b- and y-type fragment ions and the theoretical fragment ion masses found in the spectra are indi-

cated in the spectra.
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