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Toward acceleration of drug development with proteomic and metabolomic biomarkers

Yoshiro Saito®, Keiko Maekawa, Kosuke Saito, Yoji Sato, Takayoshi Suzuki

Biomarkers, reflecting disease states or predicting/assessing drug efficacy or adverse reactions, are
expected to play pivotal roles in effective drug development and promoting proper usage of drugs. To
accelerate biomarker identification and usage, administrative guidance can direct to design appropriate
exploration, validation and utilization studies and show examination procedures. However, very limited
number of guidance or its draft were released from Japanese, US and European regulatory authorities
so far. From 2012, we have been conducting proteomic and metabolomic studies using blood and urine
samples from human and rat, in order to establish draft guidance for sampling/storage of these biofluid
and for extrapolation of biomarker candidates from animals in the non-clinical to humans in the clinical
studies. The results are still partial and the rest of the analysis is ongoing. However, we developed sen-
sitive proteomic system for urine and found large inter-sex differences in the proteomic profiles of rat.
In addition, matrix-, sex- and generation-differences were also observed in the metabolite levels in hu-
man blood, some of which showed over 2-fold differences. We continue this regulatory science studies
for contribution to accelerated novel biomarker findings and its usage by generation of the draft guid-

Special Report

ance.

Keywords: Biomarker, Biofluid, Drug development, Metabolomics, Proteomics
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Yav WY TuFFI 7 AL AMASIRNE L
ZOEBTHETNVT VIZ&EENE VX2 B OREEN RN

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

WRER, WHER EBHT, BHTE SAZE, PHES, BWEERT, TEHT, FERT

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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SL4E, Ik f#/n%E (hydrolyzed wheat protein,
HWP) 2843 2BBERAaROEHRFERICBVT, /&
FERFURBFRTF 7 1 5 F ¥ — (Wheat-dependent,
exercise-induced anaphylaxis ; WDEIA) # 42 L7-%
BIAEE G SN, AFBICTRERHAMEL k- T
WP o7 LV F-REOSEIE, MBAMOME
FARICIRADNET UAF —OBAEEOED - - A¥, HIR
HIZEFNBHWP (28— V198%, Glupearl 198) 12
X o TR - BEENCBIES R, Z0BOSMEOERE
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I YWDEIARZRET A LI 5.

INEY UNRIEDERDSTH BT VT VI, WiEkN
FEYUNRIETHETO T Y EKTHRVELLERORE
BRXEITNLZTY /- VAEEEMCSEShS. Zh
EMARGBRTHE, ¥ 30 BB ST
BHIHKRT L0, BEEPLFHY 2B T5HK
T, Vv 7%t - BEEEARICHWPMER
ENTWaA, Z—N19SIE, METVF v 2 ESH
BRI R U C B S A bRER BT, RS T
BORELRRTF FHRABRELTVWA Y. —&MIzy
YR EENKRGE, ESFIETAILICL Y FOHE
PEIZREE T B L EZ SR TWVEH, HWPIZBWTIZ,
BIAKSEZ L o T/ NVT Y E ) DHREEIH®RT S S
EFELPIRoTWAE Y, BIKGRIZE Y VT
VOB ERT 2EAE LTI, TEtolRIzk
DEBRIBALRT S ZoTWwB I E, BICEBICLD
5 3y BO—REEEICELENEIEL, Filk
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IU b= HFELTVBAEEENEL SN TS, 7
VT vy R BOYBLERNELELTE, £ Ty
ZIRCTINY I VREORT I FEMREREICES LT
WHBIEFHEShTVWAY, &2F, vy I VBB
ERUTRANS X UVBREXFENIYUNT2BETDH
AV87ur7—EEHWT, W= N19SD ¥ 3
THEEINE NG I VBRERDT ANT F VEREMN
B7IFEBSEINTwasZ EZHLAIZILTWS
A, RTF FULANVTOFRERZTbh TRV,
Fhofksld, SVFvEERE UCEBIKSEETo 72
HWPiZ, 30445 1 BEEEORSHRSEIZL T
HEMAEEICHERL, BERHSMEEDL LI
LY, FFROBYEXIHEEIRET A& 2HS
PELTWBEY., ThooMAIS, HBHEOIMKS
REMFIZL > TERSNIHWPOADBTIER2H T 5
ZEMFRBENTVED, FFEIIHIHEREOIEEL
BT 77 ¥ —EHLRIIIRTV RN,

T CABIRIE, BOHEEEET S 8= 0198
B LZRTF FOBFELENE L, Hitkya< by
5 7 HESHE (LCMS) 2 HW BRI 1T -
7= A, FUVF Y EEWPORTF FTR 774
VU RREBTAYVay NIRRT I ZRICEY, B
KSR & ZHWPO—KEEOWHELFENELZ I
gLk

RETTiE
1. &K

7 Nos—v19SPiE, MRAKHF b TER R &
Y AFELZ V7 v (Sigmath) RUTZV/8— 1198
BRICEBEETIOO mg/mLE %25 L5 1M Tris [tris
(hydroxymethyl) aminomethane, pH 114] %Iz, #
BERTHBELA My 7RERETARLL. T2, HE
PEASIREE L7-HWPE LT, BEEMKS#H%E 24 M 1T - 12
K- TILHWP (HWP24h) 2B L7-. BEIDKSRIE,
QINHEREHRIZ VT VA by 7 BB L RIEE]L mg/
mLELbLoMmz, 100CHe—-rTay 7 ECHED
WM (0-24h) MBL TiTo 7. Zo#, FBEFHIZ0IM
TKERALF MY 7 AOKEHCCHA L CERIK SR BUS % 18
L7 VT, Zhos—19S, RUTRERR 22 BRI
KGR & D AR L /- BEHWPsOSDSER KB/ ¥ —
> %Fig. LIIRT.

LCMSH Y 7 IVofEEE, DTIRTHFETH-
Pz TNF Y RUZ A= VISHR by 7 BEBRICH
BEBMEIE [7M urea, 2M thiourea, 30 mM Tris, 4 % (w/
w) CHAPS: pH 85] #IMA T ¥ "I HeBBIEL
#, 2-D Quant Kit (GE Healthcarett) ZHWT% »i8
JHERERL, T020pgk MY TV UEHBCHL

7z. Dithiothreitol C#&7G, Iodoacetamide TSHZE®D # Vv
KEF T RAF VL%E T o 728, Trypsin Gold, Protease
MAX (Promegatlt) #MMZ C37C THREA »Fax—
N U 7z. 10% Trifluoroacetic acid (TFA) % % K
05%& %A L) MACTHERISEFEEL, BohirT
F FE2Y 7 HAHEOMIX Tip (C18, 100 pL) 12 THiE
L, 01% TFAEE 2% 7= MY VICHEBERL.

2. ¥@
- EESHTE

Thermo Scientifickt ) =74 F ¥ +F v 7/ 7~
) TN T v FERVEESHEILTQ Orbitrap XL

#l 58 B I Tyrosine-1,3,6-Standard (CS Bio Co.) % H
WCF a—n VI RUEERERZTo 7.
» Nanc-LC

HTCPAL% — b¥ 75— (CTC Analytics) %%
% L72ADVANCE nano UPLC (AMR)
A & Rl )

CERI#H®L-Trap (03%5 mm, L-C18, 5 pm, 12 nm)
- AT A T A

CERI #t # L-column Micro (L-C18, 0.1 X150 mm, 3
pm, 12 nm)

LC-MS/MSS&t:

4 # YiEIZiXCaptive Ion Spray Y A F A &AL,
SE D> 4 4 {LIXESI positive ion mode (A 7V —8BF
16 kV)IZ& YT o7z, MSAXZ b WVIAFT analyser (4
f##£30,000, Il HEHFm/z 300-1,400, Lock mass= 7
VBT IFUAFIIVRT YO FY >, Profile mode)
12X Y EUE L, XCalibur data dependent modelZ & 1,
AF¥ ¥ VBT BAF VBEORWIEOY -7 ZIHK
BIRLTAA YT 9 FICEYMS/MSARY MVl
%€ L7= (CID, Normalized collision energy 35 kV, Acti-
vation time 300 ms, Dynamic exclusion duration 60 s,
Centroid mode). HIEMFRIZIS00M & L, flEH5I#
BEAELTLIMA 4 Y OMS/MSA~RZ bVIZHlEL
TWEHIRELL.

Nano-LCOBEHICIE, ABE OQI%FBEF2%T
Ehr=bYN) LBEE 100%7E=MYNV) B
L7 @&#EIE300 nL/mink L, ¥ 7vEA (10
pg) A - T2 FHL T 19D
720 OB WMBFRIZIS00E L, U T VEAE, 040%
B/125 min — 40-55% B/130 min — 55-100% B/135 min
—100% B/145 min—0% B/160 min® 7' 3 Y . b 7O
7 ATHEMLL.
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52 BEyYEEHE
3. HEREE
3.1. Yay b Hr7u5rF I AL AMBENLE

By 8y BB

TWT YV RUTNIN—VI9SOMST — % 13 % 2 |
OWMBL, &F—F#IRUBYV 7 by x7T (X547
V7uFFAa—7) 7y 7u—FL, Mascot/Uni-
Prot/NCBInr (Taxonomy; Green plants) ¥ — % N —
AL By U EEE, MS/MSANZ FVHEMIC
EOE—I=yF /L RERBEEZT) 2 LICE
h, ¥R EORBERMBITZITo7.

3.2, ZFWR=NISOXRTF FEERBERLTBRT 3

FiLo#Et

NRTF FiEE&OBHEMITICIE, Proteome Discoverer
V7 by 2T ETOMascotii B G OHALBRRESL
“None” &L, REEN/RTF FEHIDH HLEEA b
V7Y ORI T WERIIK A RIZ L AT VS
DYWOEEEEM LIz,

Bi7 3 ML a#7izid, Mascot#idR it D variable
modificationF E |2 “deamidation (NQ)" Z3&EmL, Wi
7 3 Mg s hizR7F FERIELL.

3.3. ZEEMITICL B 7 N— V19SIZRE#Ag 22

7F FORE

TNVTF ¥, TN— V19SS KR THWP24h DO MSF — %
705t —LEBMEATY 7 MY = 7 Progenesis
LC-MS (Nonlinear Dynamics#t) 27 v 71— FL,
Swiss-Prot (Taxonomy; Green plants) F— % ~X— X2
LB UNRIERE, A A-VBNCIBE—2<oF
Y7L RFFHREELZTY, 3V YT VEERTF NE
— DV TFVBEERRELL. ¥R ZEOREIR
Proteome DiscovererY 7 b = 7 (Thermo Scientific
#) MM LA Mascoti®®E (NCBI nr7— ¥ X— X,
Taxonomy; Green plants) % I¢47T L CTAT- 72,

3. 4. de novo sequencinglZ & A 7F FEFIDHEE

de novo sequencinglZlZPEAKS Studio v6.0 (£ > 7
I ht) BEELA HEEBERESL “None” &L
T7I 7 BENOHEEIT> . TLC (Total Local
Confidence) H360%PAEDA T TEERLAT7 I/ BE
Iz BEEOBVWT— % L L, Z0HE%)%NCBI
protein-protein BLAST (blastp) # %& (Taxonomy;
Green plants) (2L 7=,

SR
1. SDSBERFBICL 55 TFEOILE
FWF Y, TNS—=19S, R UHRERRY b BEINK 5 iR

X DHFABMLL SHHAWPsDSDSBR kB Ny — U %
Fig. WZRT. FVF rCIERY 2 B RN
Y FRIZER AL (ane G), Z V28— L19STiE
BARE 8 FIdEE® 509100 kDall Fiz 5 4 — R /<
¥ —rHEH 5N (lane 19S). BEY R EEHNIK S #E
WX DFBLU-HWPsTIZ, OShiAKRA AT NI —
WIS L FIRRIZE ST HEBIZS F—RONX VY FEELT
Wie TR TR OREEGE & IS ¥ —HMESTFEEIC
37 L, 24hiFBHZICI315 kDall LB 3> FAS
EEITHE LI

Acid-hydrolysis (h)

198

3 s

M G 0 05 1 6 9 12 24

Fig. 1 SDS-PAGE pattern of gluten, Glupearl 198 and
HWPs

Gluten, Glupearl 19S, and HWPs (25 pug 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

2. Yay bHTAFFIZAKKB T A= 198
ETNT Y ORRBERR Y 3 7 HEIILR
FNIR—=N19SE VT v E ORBIZBWT, Bk

FROBERTED L D BB v 737 BIZELPBELT

WERPEBELMIT B, Yav b rSarFt—a

B ET 7. TVF Y RUTNVIR—N1SH MY T

YEY X DB LMS/MS¥—% %, i-RUBYYV 7 b

¥ = 72 TGreen plants® ¥ Y82 HF— ¥ R—ANT

BMBELLEZA, BBERBOMRLERL Y NI EOBK

BiX5074ThH o7, 20H b EBHRHBEOBE Y 82

a4 2FHarEE (Triticum) ELE T A, 954D

Y UNRTEERYALIIE ST, IROERY VP E

DI3L, FVF U ETNNA—LISL DB ORBEEAS

B EFRRIAUTTHAH S v 87 Hid268 (28.1%)
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Tholk. BICWNR % a2 X (Triticum aestivum,
common wheat) &L, B 7 EBFOEEEZ BV
7228% 8 OB % Table 11587z,
TWFERBLT, FAS—=VISIKBITHY 7 F
WEBIBUTIZBALTWSE ¥ U237 EHIZ2TTH
D, -7V TYY, LMW-Z V5=, HMW-Z V5=
CEDEBERNETVNS VI YR IERETATY
feo =K, FNFERBLT, ZFAo8—V19SIZBIT
Y7 FVHEMBSEU MUY Y BRI DT
»1THY, Z0¥ )37 HEidHistone H4TH o 7.

3. TANR—NISONRTF FEARRROET I Fik
D5
BWEIR LY ay My Fusrt—Af@rcit, 7
VT ZIZBVWTHREENAE M) 7Y VbR TF FD%
BTN =NISIZBWTRBER S 2o, D
ERE LT, HWPRZ V7 ¥ OBk SEERICBE W
T, NT7F FHEEOHFBERNWTRAERL I VY I VERE,
TANGFVBREORT I FIEIE L TV A REMENE
Abhiz, ZITRTFFHEEGORRET VY I VB
¥k TANSEUYBEORT I FMLeo+540, b

)T Y VAR TF FOMS/MSHRE O HLEERE
£% “None” &L, NCBIard X U'Swiss-Prot7— ¥ X
— A (Taxonomy; Green plants) PITHF— ¥ RX— X
BMEZTo. FOER, ZFV—)19STIZ LI
TFEFey bL, EO)HERTF FOREF M) T
VERRNEE (Arginine, R; Lysine, K) DA 7 3 VB
BE, 0% DEBENIUM IR TWARTT FORE
11353 (387%) TH-o7z. —F, HWP 24hTld 24967
TF ey bL, 209 H29IXTFF (603%) HK
WASIEREERIZHB SN TWwWAB T EBHL I ko 72
(F—%mR&7).

T, IV IVRE TANSFUREORTIF
WEH2FETAEHNT, T R—ABELEHD
variable modificationf% £ !Z “deamidation (NQ)" %i&
mL, vy IVETANRTFUORT I MLo@ETE
fTolk. ZOHE, Table WIBETFOhIZNEDEET
L W % ~ (High molecular weight glutenin subunit,
Gamma-gliadin, LMW-m glutenin subunit, alpha gliadin,
Alpha/beta-gliadin) 12BWT, BEOH 7 I MMLisHh
DN L= 8 & BOFA—ORTF FEFIHVFAE I
72 (Table 2). L7 3 FALIBEIERALE D 2 WARTFF

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

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 gi|l147883548 alpha-gliadin [Triticum aestivum] 0.008 3 91.80
3 GDA9_WHEAT Alpha/beta-~gliadin MM1 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 [Triticum aestivum) 0.040 5 154.19
7 gi|32400762 AmiB [Triticum aestivum] 0.050 5 138.05
8  GDA2 WHEAT Alpha/beta-gliadin A-11 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 gil162415987 high molecular weight glutenin subunit [Triticum aestivum) 0.107 7 180.66
14 gi21749 unnamed protein product [Triticum aestivum] 0.107 7 180.66
15 gi|4007846 beta purothionin [Triticum aestivum) 0.114 2 71.28
16  gil170743 HMW glutenin subunit Ax2* [Triticum aestivum) 0.114 11 179.43
17  gil133741924 gamma gliadin [Triticum aestivum] 0.136 6 348.99
18  gil21743 high molecular weight glutenin subunit 1Ax1 [Triticum aestivum] 0.141 9 129.82
19 gi32400760 unknown [Triticum aestivum] 0.141 2 66.43
20  gil663263 15kDa grain softness protein [Triticum aestivum) 0.157 3 139.48
21 gi[238800252 low molecular weight glutenin [Triticum aestivum) 0.159 8 41125
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 gil169788569 putative puroindoline-like protein [Triticum aestivum] 0.180 2 58.79
25  gi221855615 gamma-gliadin [Triticum aestivum subsp. macha] 0.182 3 110.61
26 gil148508784 glyceraldehyde-3-phosphate dehydrogenase [ Triticum 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 H41 WHEAT Histone H4 variant THO11 OS=Triticum aestivum PE=3 SV=2 5.700 5 100.12
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FZEDWRU LRI VT VIZBWTHREBENR-DIZH
L, B7 3 MBSl 1l o2l EoR7F FizEE LT
TR —=N1SIZ BN TR & .

4. BERWRIICE B 7N — L I9SICBRNE X T F

FOBEHR

WIZ, TWR— 19SS L) IZRWIiESE*ET 5
HWPIZHBMNERTF F2RZETAZEEENE L
T, FIVF Y, Th—=n19S, RUBEHREZRE 2V
HWP24hh 5B 5 hizRTF FOMSTF— ¥ ¥ S L BR
BICEDIEEL, 78— L19SI200 RSB RS
LERTF FOBEREIT- 7.

Progenesis LCMSY 7 b =272 HWT 3V 70
BMoOMS' OV — 27 8Ex B L. Bl &8 h 72327494
DEE—2 XY, FVF ¥ RUHWP24hO ¥ — 7 B A
TNIN—N1SO Y — ZBED 1 %KM TH H179RD Y
— 27 RHBL, B2y YN HBEDICHET L EE R
SNBIOADY — 7 % 7 Nos— VI10SIZEBB T+
F&LTHKYAA (Table3).

Progenesis LC-MS_E TMascoti3E (F— ¥y N— % :
Swiss-Prot, Taxonomy: Green plants) #{To /=& Z 5,

2ERDARTF FE—2Z7 %Puroindoline A (#6) RUa/
B-gliadin clone PW1215 (#8) L FE L7 (Table 4).

% 72, Proteome DiscovererV/ 7 b7 = 7 % fiwv 7z
Mascot#i®k (5°— ¥ ~X—2A : NCBInr, Taxonomy: Green
plants) 217074 2%, BIL2ADRTF FE—27 %
HMW glutenin subunit (#1 RU#5) EMETAHIE
o/, INLAKRONRTF FEFNZIE, BL7 I FLBA
RO LN

BY 6 ADBERY — 2120w TId, £h5HMS/MS
7 — % #PEAKS StudioV 7 b7 =727 v Sa—FL
Tde novo sequencing® &A%z, TLCA 27 60%LLE%
BEEOBWT—5 LHEL, 2FX0oX7F FEF (#
SRU#9) 2FMTHIZES7 (Fig 2). ZoOFHIE
5| % protein-protein BLAST (blastp) BFEIC#4 5 2
XY, A xR LXE (Triticum) O 7 H
DER5BEF) T dH ANADP-dependent malic enzyme 1 (#
3) RUWIR1 (#9) #kw» bL7% (Table 4). &Y
DAEDOE—27 (#2,#4, #7, RU#10) EMS/MSD
BB HAL %L, TLCA 2 760%U EOEEEIZE W
T, TNHORTF FEFIZTFHTEILIFNTEL Do
7z

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

Compositional

. o Peak
Pe{:[t;de Peptide sequence Gluratllo(/o) ----------- Count Charge m/z retention
Pearl Gluten time
198
High molecular weight glutenin subunit
2426 K. 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 RRPLFQLVQGQGIQPQQPAQLEVIR.S 2 98 14 3 9528804 706
4406 RRPLFQLVQGQGIIQPQQPAQLEVIR.S + 1Deamidated (NQ) 87 13 14 3 953.2072 713
1397 RRPLFQLVQGQGIQPQQPAQLEVIR.S + 2 Deamidated (NQ) 100 0 14 3 9535348 726
36 RRPLFQLVQGQGIQPQQPAQLEVIR.S + 3 Deamidated (NQ) 100 0 14 3 9538628 738
6220 RRPLFQLVQGQGIQPQQPAQLEVIR.S + 4 Deamidated (NQ) 100 0 14 3 9541912 744
194 RRPLFQLVQGQGIIQPQQPAQLEVIR.S + 5 Deamidated (NQ) 100 0 14 3 9545197 753
3200 RRPLFQLVQGQGIQPQQPAQLEVIR.S + 6 Deamidated (NQ) 83 17 14 3 9548472 768
LMW-m glutenin subunit 0877L13-M
1665 K.VFLQQQCSPVAMPQSLAR.S 9 91 81 3 687.3517 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 1045.279 75.1
8911 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLRL + 2 Deamidated (NQ) 95 5 4 4 1045765 737
5960 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.L + 3 Deamidated (NQ) 95 5 4 4 1046014 803
7138 R.DVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.L + 4 Deamidated (NQ) 87 13 4 4 1046.260 829
2715 RDVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR 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 1045765 737
10675 R.IDVIVLQQHNIAHESSQVLQQSSYQVLQQLCCQQLR.Q + 3 Deamidated (NQ) 95 5 4 4 1046.014 80.3
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 1009
3825 RNLALQTLPAMCNVYIPPYCTIAPFGIFGTN - + 1Deamidated (NQ) 90 10 3 3 1119.884  102.1
1257 RNLALQTLPAMCNVYIPPYCTIAPFGIFGTN.- + 2 Deamidated (NQ) 97 3 3 3 1120213 1034
6282 RNLALQTLPAMCNVYIPPYCTIAPFGIFGTN.- + 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 g;?l[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 45.97 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 50
10 446.245 2 88.20 2964 0 0

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

peptide

Ton

AM

method Sequence Accession Description
No. Score  [ppm]
1 MSMSionsearch Q*YEQQPVVPSK 32 -170 gi: 162415987 :;i‘i,jnmﬁwm weight glutenin subunit [Triticum
2 - not identified - - . N
3 de novo sequencing TMYKPVVY 65 ABY25986.1 VADP-dependent malic enzyme 1 [Triticum
aestivum]
638 MYTPV 642
192 PVVY 195
4 - not identified - - . N
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 acstivum PE=3 SV=1 - [GDA6_WHEAT]
Alpha/beta-gliadin clone PW1215 OS=Triticum
NLALQTLPR 25 -L33 - POAT2S e tivum PE=3 SV=1 - [GDAG_WHEAT]
9 denovo sequencing YRCYAFR 70 CAA61018.1 WIR1 [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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#3: Scan#5990, m/z: 500.7585; z: 2; Mass: 999.5099
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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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Biomarker Exploration and Its Clinical Use
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Novel Foods and Immunochemistry, National Institute of Health Sciences;
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(Received August 30, 2013)

Biomarkers are useful tools as indicators/predictors of disease severity and drug responsiveness, and thus, are ex-
pected to make drug development more efficient and to accelerate proper use of approved drugs. Many academic
achievements on biomarkers have been reported, but only several biomarkers are used in drug development and clinical
settings. We first show our results on the pharmacogenomic analysis of the anti-cancer drug irinotecan and of Stevens-
Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN). UGTIAI*6 and *28 were significantly associated with
altered pharmacokinetics of an irinotecan metabolite, SN-38, and with increased frequency of severe neutropenia, HLA™*
58:01 and HLA-B*15:11/HLA-A*31.:01 were associated with SIS/TEN by allopurinol and carbamazepine, respectively.
Our papers have been cited in the package inserts of irinotecan and allopurinol. In addition to these genomic biomar-
kers, metabolomic biomarkers, which can reflect the disease phenotype and drug responsiveness, have been exploring for
12 major diseases in Japan, as a part of a multi-omics team with multi-national centers. In animal models of dilated
cardiomyopathy and Alzheimer’s disease, we found several changes in lipid metabolite levels in the diseased tissues.
Moreover, two oxidized fatty acids were correlatively changed in the brain and plasma from Alzheimer’s model mice be-
fore its onset, and thus, could be candidates for predictive biomarkers. Finally, we propose/discuss several key issues for
academic researches on biomarker discovery and development, especially for newly coming researchers in the field of
pharmaceutical sciences. We hope that this review would help novel biomarker identification and qualification in Japan.

Key words——biomarker; pharmacogenomics; metabolomics; adverse drug reaction; human leukocyte antigen
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Table 1. Associations of HLA Alleles with SJIS/TEN in Japanese Patients Administered Carbamazepine
Patient Number of Allele frequency in Population allele Odds ~
HLA type number* carrier patients case patients (%) frequency (%) ratio p-value
B*15:02 0 0 rare
B*15:11 14 4 14.3 1 16.3 <0.0004
A*31:01 5 17.9 7-12

* contained typical and probable cases.



