L

3Lt DMIEIME SR DT LR b AT

Development of the novel quantification for bacterial

toxins 1n cow’s milk

202348 H

/N A



=

= TP PRV PP PR 3
ABSTRACT ...t 7
BELEE R . cvovrereeererseee s 11

U R(CRL)E BB DHENT ..o, 22
2 T =SSO 22
2-2. FBFB LT e 22
2-3. FERI LB LR s 27
28, FE L WD, 33

H3FE LC-MS/IMSIC L 537 RUEBKE =7 12 k% 2 A(SEA)E &Ik Dk

AR ) S 7 N 36
Bl B S e 36
3-2. FBFEB LT e 36
33 FERIB LB e 41
B-d. L WD, 48
AT RIS £ HCRLE L USSEAD EREGHA....52
= 2 RO 52
B-2. BB T e, 53
4-3. FEFRI L OBER oo, 54
BB, F L 8D e 55
B T e 56
BTEE e 60
G STIR et 61
[X|F%(Figure 35 X TN Table)......oouieieieeeceeeceeeeeeeeeeee e 69



HE

FHITELS PO ERBREME LTAXDRBEEZ XX TEZ, LILARRG, 4
FLIFBYHREL TH L0, MEEBEROGRE ERIIYRT 22N TE
TRV RENEAET S EL T Y RCRLRHOT RUKENELAT ST
7 k¥ ASEANFFLUCERE L2 & C, KB ERA PRI NREA L
T&72,CRL & SEA Z[FIENDE &S HENFABIEIZITENENORENRH Y |
WENLETH o7, FrC, ERINLER 2 SOMEERRZHE T HEH
PEDEWIPHEDR RO b TW e, RIFEOHMNIE, ks v~ 7T 72
7 LDRVE B HTEHLC-MS/MS) Z FHW T, 4+F.H CRL & SEA % [Al— D4t Tt
FELTHEL, BB ERT D & & bIT, DV U TV AL L % 1
HKIpHZ Ll L,

LC-MS/MS IZ L 2 4F#.H1 D CRL DIRIER L OVEEIE AL BHIE LTz, BRIE(RIZ &
DB R GIRBAEZ X > TP O CRL 2 L. 7 h=FU gk d 2
[ OfhH CEUL Lz, 2305 OMBAE DRI I Y | B0 S RHER Y 2 B L,
EMRERAE W2 V=0T v T AT v T HEM Uiz, 51, FBMED RV
TE & MRER A IE IR Do dIC, MR E A ¥ 7 — L TI0fFICAmR LTz, £
DIER, 7T T AT =2 a U ~OTWER/NRIZIMZ, 707 b A AN
7 RWIZ XD CRL OFRIEMNFREE 72 oTz, I T, KHEERIT DFEEE 4% & 5
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5 & K0 ERSNIAE I ER AR A B U, IERERE B A 7o, BIR LT
ARIENTDOWT L 2 i el 2 M R 21T - 72, CRL % 2 {2 (10, 50 ng/g)
TEHINL, 13BREN 1 H 3 0M7T 5 HIFOEINGER A Fhi L7, EOfRR. Kk
XTI Z A L TR, BE 91-94%, DHMTHE 2-5%. BNRE 5-6% T
bolz, EE FIRELOQ)L 2ng/g IZHRE TE T, %/37 A —FIIRIEEDORR
EBAFICHEH SN D RAETBE A BT A VHEAEITHES L, RENHBHRAEC
BN TELOMEREZA LTV I E &ML LT, S HIZ, LOQ D7 r &7 b
A A AT MZEBNT, BN L O—FHRIL T0% L ETH Y, LOQ * ThE
ENOREHRIZIAE « ERET D AREOH ML ML L T2, AWFTIEHBMED &
CRL A7V —=> k&R L, EROBBNEE AT 2 Z & CTHEORGEE
Wo B ERE LT,

(Koike, H., et al. Food Addit Contam Part A Chem Anal Control Expo Risk Assess.
35:2424-2433.2018)

SEA D22 ERNARAERA T F B2 NEEEWE & L THYY, LC-MS/MS (T X
D AR D SEA TEBTEZBHSE LT, AMFFETIT F Y 73 i bk L7z SEA Hisk~
TF RERETDHZ LT, FHLPO SEA ZHEENOKEHEICRHE - EET D, F
T, SEA HETF K% 3 Oi&E L, SEA 2{KD 10%LL DT I/ RS % 1

I HZ LT, LC-MS/MS ZfEH L TRIZ VNI EERET H7-0DRUES



i 7= 9 [FEPERE &2 e R L 7=, YRIC, CRL & [F U LC M 003 1 A Mk L 7= i

INBERTF REFFICHBECE 52 L0, 2 DOMEMERFE R L <l
IZEERICE D2 L Lol AILEITIE, F3.H D SEA % pH i#E L FY /=
a2 FERE (TCA) IHED 2 BEp D7 & 2 CHAE L7z, pHF#EIC k- THEA
ERY BRE | SEA ZiBIRAICIRME L7z, TCA JLEGE T, $5Bl s B4 M
HINZ SEA & X X TEEGRI LT, £, BRL X VT BEO R E
W4 52 & T, M) TV UEEIRERRDORER LT, S 512, BEERE
[Z ko T, BEETRET 25HE 2 D & . SEA HIRATTF N OLRFFRFH]
ZORAE LFBUE 2 m 6O 70, B Lo ARIEIZ DWW T, 45L& b GalBHC 2 4 PR
Z4T7-7=, SEA % 2 JBFE(50, 100 ng/g) THMM L., 1 RABRFEN 1 B 3675 BHIE
DOEINGRERZ FEf L7 & 2 A, FORIEREZA L TR Y HE 80-82%. T
FEEE 13-14%., EWNKE 13-18% CThH > 7-, TE FIRMIL 10 ng/g [IZRE T 7=,

HoNT A — AT EIEORBRIER R SN DEAETEE A KT A v HuE
(G L, ARED BRI S TE DM EREA A LTV D 2 L aHERE LTz,
ARWFFEIEL LC-MS/MS (2 K D ~T7F FRIEIZRe b LA iz BT 5 Z & T,
FATHFTE L O L EREE DO A R T A AR - TEEMEO R SEA & Bk
ZHEST LT,

(Koike, H., et al. Food Addit Contam Part A Chem Anal Control Expo Risk Assess.



36:1098-1108. 2019)

pAYE L7tz AFLSIC T 2720 Ao & 2 2 Fenll A3 2 T
TRINENI AR 2 5266 L 7=, CRL 10 ng/g % ¥R L 7245 % (n=3) TiZ., B 81.1%,
RSD1.6% Cd -7z, SEA50ng/g Z# WM L7238k (n=3) Ti%, BRI L O'RSD
TENLH 788% B LN 9.1% Th o7c, AIEDZUMAMFELT-RIR, 778
RN EDLNZ, S5, CRLEBLSEA OFEFREEDOTAEZ FhE Lz, HAR
BN CERECE 72 13 L7245 14 Fidds KX OMRIRA B A3 8 M IR IC A E % 1 A
L7z WTHLOREND bxfR#EHL TH D CRL & SEA i L7z 7,

LLED Z & AMFSEIL CRL & SEA O 2 SOl F % % [ —? LC-MS/MS
S Cufgl L CHIE T& 2 0B L g Lz, £70. BERAMLEEIZ X 2 K
POREMEOEWEREDARE L 2 o7z, BAJE LI ARIEZ BULHEIN O EREFR A 12
WH L s d 2RI E & FRIELL D CRL & SEA DR & &
Ak L7z, BAFE L7eAREN &P EOR KW E O ECEFEWHRE O ILICFH ST 2
& & BT, ARWFZEN RO B RAECR LRI T D A A O FRAK I F R

T ENHFSND,



ABSTRACT

Cow’s milk is a highly nutritious food and has supported human health. However, because

the cow’s milk is an animal-derived food, it is not completely free from bacterial toxins.

Cow’s milk contaminated by cereulide (CRL) produced by Bacillus cereus and

staphylococcal enterotoxin type A (SEA) produced by Staphylococcus aureus caused

extensive outbreaks of gastroenteritis. The individual methods for identifying and

quantifying CRL and SEA had their own problems and needed to be improved.

Furthermore, there is a need for an analytical method capable of measuring two bacterial

toxins that require differentiation. The aim of this study was to reliably identify the

presence of CRL and SEA in cow’s milk under identical conditions using liquid

chromatography-tandem mass spectrometry (LC-MS/MS). An accurate quantitative

method was also developed with easy and simple sample preparations.

The presence of CRL in cow’s milk was identified and quantified using our validated

method with LC-MS/MS. CRL was concentrated using protein acid-precipitation and

extracted from the precipitate by using acetonitrile twice. The combination of protein

acid-precipitation and extraction sufficiently eliminated the matrix compounds from the

milk and a further clean-up step utilising solid-phase extraction could be omitted. For

robustly measuring the samples and keeping the MS devices clean, the extraction solution



was diluted 10-fold using methanol. Owing to the minimisation of the interferences

caused by fragmentation patterns, multiple reaction monitoring information-dependent

acquisition-enhanced product ion spectra enabled the characterisation and identification

of CRL. Besides the matrix effect (—4%), an external solvent calibration curve was

adapted for accurate quantification. The method was validated using fortified recovery

tests, at two concentrations (10 and 50 ng/g), using three samples daily on five different

days based on the Japanese guidelines. This new method exhibited good accuracy ranging

from 91% to 94%. The relative standard deviations (RSD) of repeatability ranged from

2% to 5%, and the RSD of within-laboratory reproducibility ranged from 5% to 6%.

These standard deviations satisfied the criteria for the Japanese validation guidelines. The

limit of quantification (LOQ) was estimated to be 2 ng/g. On the product ion spectra at

the LOQ level, the library match was satisfactory with a purity fit value of >70%. Thus,

this study developed a practical screening method for quantifying CRL and proposed an

operation model with conventional individual methods for verifying the trueness.

SEA contaminant was quantified in cow’s milk by LC-MS/MS with the use of a stable

isotope-labelled peptide of SEA as an internal standard. SEA was cleaned up in a two-

step process that included pH control and trichloroacetic acid (TCA) precipitation. The

pH control phase eliminated other proteins. TCA precipitation cleaned up SEA without



special equipment. An appropriate enzyme-to-protein ratio maximised tryptic digestion.

A desalting process guaranteed the stable retention of SEA-digested peptides. The

coverage of amino-acid sequences (>10%) clearly identified the toxin’s presence. SEA

was accurately quantified using LC-MS/MS based on a multiple-reaction monitoring

mode. The developed method was validated based on spiked recovery tests at 50 and 100

ng/g conducted with three samples collected on a daily basis for five days based on

Japanese validation guidelines. The new method exhibited good accuracy which ranged

from 80% to 82%. The RSD of repeatability were 13—14% and the RSD of within-

laboratory reproducibility were 13—18%. These standard deviations satisfied the criteria

of the Japanese validation guidelines. The LOQ was estimated to be 10 ng/g. By

optimizing a sample preparation method for peptide analysis by LC-MS/MS, this study

established an accurate reliable method for SEA quantification according to the criteria

of the guideline.

To verify the applicability of the developed methods to raw milk, a fortified test using

a special milk sample as an alternative was tested. In the fortified tests using the milk

samples with 10 ng/g CRL (n = 3), the recovery and RSD were 81.1% and 1.6%,

respectively. In fortified tests using the milk samples with 50 ng/g SEA (n = 3), the

recovery and RSD were 78.8% and 9.1%, respectively. The suitability of the methods was



tested and gave satisfactory results. Additionally, a survey of the actual residues of CRL

and SEA was conducted. The developed method was applied to 14 raw milk and 8 milk

samples pasteurised using the low-temperature, long-time process and collected in Tokyo.

None of the samples was found to contain the target toxin.

In this study, an analytical method that can measure the two bacterial toxins, CRL and

SEA, was developed using the same condition via LC-MS/MS. An accurate and reliable

quantitative method was also developed with easy and simple sample preparations. The

developed method was applied to a survey in Tokyo, and it was confirmed that there were

no residues of CRL and SEA in cow’s milk samples. The developed method is expected

to contribute to the identification of causative agents of food poisoning and the prevention

of health hazards. Furthermore, it is expected that this study has contributed to the quality

assurance of cow’s milk and the strengthening of the inspection system in food hygiene.
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FIE W

KWL ORI GIL, MEMEFHHETH D L7 U F(cereulide, CRL) & 88 ~7 R EK
ET 7 1 hF 2 A(staphylococcal enterotoxin type A, SEA) TdH 5, Wik n~
k7Z 725 ARVE RS HTEF(liquid chromatography-tandem mass spectrometry,
LC-MS/MS) % HW/=4F.H1 D CRL & SEA OMEEBRE T2 Z A2 HME L

TW5,

1-1. 5L OB 3 3R 50 AT O B

R CARE-HE SNV TWDFFITESL O H 5 ZEW O 15T Y (Flannery,
1965), EWEEMAHA L TWOIRMTHD, WEHZAWKETH 54N L
LT LK BOSEMEE AR L, AFHOEREZENI LTS, BAZIZLD,
T AUHREU, A=A T U TEIZBON T, RS KGR ZLOM
FEEHEL UTERIE L, £ OREMZ M IZE B L TV 5H(Okada, 2021); ((MHLW]
Ministry of Health, Labour and Welfare, Tokyo, Japan., 2016), B&E¥ CTl, #EALEE
T TG TDR TRICB T 2 MAEHEZMUE L, S 612, FAOAENLIESE TR
([CHRWTIE, 10°CUL FOMRIRE L AMIE T 2 Z & T REHRROE LY ZEH

BROBFEKNE THLHMET FUKEOHEIE L GRIZKZBRLTWD

(Evanowski et al., 2020); (Feldmann et al., 2006); (Paludetti I et al., 2018.),
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L L2 B, FFITEMMMER S Th 5720 OB OR OP MG YL 4 52 21T
Bi<Z i3 L <, RS E TR MR T B O R IA & L & 78 > T % (Okada,
2021), FRICAARTIEZ, BL U AEREAT RUBKRE S HEMRFIZEALA - it+ 5
M MR R DI LI P EOM R R THEF L2 &R L, TOBRIIEK
BAEIT 1 TAEERDBERDHRE STV 5H(Okada, 2021); (Asao et al.,
2003), Z D& O e KRBURZREM AR FH AR A LIZBRICIE, WEWEZ R E
T D7D BT OMBEMEFERZ 0 L, £ DFEDOREZIEN T 5 LEN H
Do MA T, FHEENSHHET 24T OMBENELELZE=F ) 7L, TOR
BPEERET S 2 &13, BRI K DHE 2B IE U EROMEFRATE ORI
DIRN D, ZIHDOIMRNG | MHE MR O T II R MR J OARAE A7

WCHEETH D,

1-2. FHADOE LT ZAEOIEA E CRL S3HTEDORRE

¥ L A (Bacillus cereus)\3ER B P IA < AFAE L, BYMEDJFIK & 722D Z &
PEILNTEY , ERNORETERHIFRDE & L TRES LTV 2K T
& % (IMHLW] Ministry of Health Labour and Welfare, Tokyo, Japan., 2021), AT
KBTI & MRS S AL, AR TIEIRMA O FE LS BT S
LTV % (Okada, 2021); ((MHLW] Ministry of Health Labour and Welfare, Tokyo,
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Japan., 2021), WEMHTIDOE L7 ZEAETFICBW T, BT AEIC K> TiEA
ST R R (CRL) A R Ah 27554 L, &IPSR 4 5| & i 2 37 (Okada,
2021); ((MHLW] Ministry of Health Labour and Welfare, Tokyo, Japan., 2021), 3%
DOEHFEHEFID LR OEIRTOCRLOR/INHERITN pg/t b EHESNLTWY
% (Andersson et al., 2007); (Ueda, 2013), CRLIFZIEY KR Y — AT F NG REESR
X THAREND KT T 7+ ~X7F R[p-O-Leu-p-Ala-.-O-Val-.-Val]s TH 5
(Agata et al., 1995); (Ehling-Schulz ef al., 2006); (Marxen et al., 2015), CRL D&
& HPE & Figure W, 2 OBRIKAATF PIZWEEEE MG /e pHEE, &5
([Z1Z121°C, 904y DEC LA & % (Agata et al., 1995), CRLIZWE L FEHIIC %
ELEEMETH Y, FHERICE LY AP L TWThH, mRNEMFEL T
BPEFENAECDHIDHRE SN THDEAK eral, 2021), E-T, BLTAED
R TIE7e < JEREZSIEE ZFTCRLOBHDBMLETH 5,

CRL Z#PEAT HE LU AFEITAELL LOFALOHITHIET S Z L RHE SN
TV % (Cui et al., 2016); (Shimojima et al., 2020), FFLOMTIZEB N TR TH
DRBEALET L o THIBEZSERR T 5 23, FMD3 %77 546 2% & 5 (Scheldeman
etal.,2006), EEFHST-HINT NI EALEH D VTELBEETH &< HE.
HGH L ClgM R A PEAET D 2 &N TE D, AT, M#EMEOE LY AL 7°C
LT CORE I HEJE T & % 0 C(Scheldeman et al., 2006), IR L T\ 5
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FHHTEH CRL ZEAT D AEMEDRHDH, BOZEETLH1-OICEH, FHF D
CRL DA A fiB T & 2L KD Hiv T\ D,

CRL DHTiZid, Rx EW PR I SN TE 7o, Ay s L
Tl A 7 UG OEEME: A2 FIIH U 72 fiia 752508k (Andersson et al., 2007)<°
Caco-2 ffifd(Rowan et al., 2001), F ¥ A =— A/ LA X —PIEHifld(Beattie and
Williams, 1999), HEp-2 #fifid(Stark et al., 2013). 7 v bl (Kawamura-Sato et
al.,2005)DHIfEE 2 AW wmERBRE H 5, " AT v A IZESIL B D
FiEiE, Sl titer & o T2 HAL A O TRBEFE(ER~ORE) 2T 5
M, EROFIR & 725 CRL 235 Z LR TE RV, £, Zhb 0w
HIFiEIL CRL OF L HIM+ 2 EMERRFIETHY | fFT 5 CRL B EDE
EoDEERTER,

ZZ T, CRL zHEMRH LEET 70T Rk v~ 7T 7 H&0HE
(liquid chromatography mass spectrometry, LC-MS)X° % > 7 A'E £ 45 T 5t (tandem
mass spectrometry, MS/MS) % H V7L 2F R 1575 BA 7 S 4172 (Biesta-Peters et al.,
2010); (Kroten et al., 2010); (Delbrassinne ez al., 2012); (Yamaguchi et al., 2013);
(Decleer et al., 2016), ZN O DR TIL, MS v AT A BRSE=F Y 7
(selected reaction monitoring, SRM)E— RCffifl L. LC THHBEL /2o 7-5k
MERKy & CRL #XB3 52 Lk - T, BMICEENDH ng/g ® CRL % FHL

14



P < ORI TR T2 Z LR TE D, — 5T, BB TR TOHEEKA A
MR EMEL, K0 EMRICERT 272010, ZERNAE L7 CRL(PCs-
CRL)X> CRL EFM LToMELFFoNY )~ A o 2 NEEERE & L CHIH
LTW%, CRL ODNEBIEEME & LT, BCe-CRL 3N /v A v KD b IEHE
WA TREAZMETES LWV MENH Y (Renning et al., 2015), *Cs-CRL D [
DN—WRHIZ 72 > T B (Bauer ef al., 2010); (Zuberovic Muratovic et al., 2014); (in 't
Veldetal.,2019), L2>L72235, BCe- CRL 1T FFEMTH Y . APTEEE - MiFF
MEELV, HENZAFLH O CRL 285 L. >R i~ DO XS ATRE 22 1
BIRFI 2R T D7D, 7= 7 ax MIIZ2D LC-MS/MS B3FF O

HGE MR LToERIE, DEV A7 Y —= 0 ZTERRD LTV D,

1-3. FHA~DEET FUREDOIEA & SEA /3L O S

T R ERE (Staphylococcus aureus)iZF-OHBERDOERE TH Y | X X7
BOEHETHDHT 72 hF T A-E(classical SEs) BT T 1 bk
% 237 ' SEG-SEIY (newer SEs) % AL U #2843 2 UK T 5 (Fisher et
al., 2018), ZNHD X /X7 EEFOHF THHRIC SEA IZETHICHAEGT 5 5mHE
O T OHEBEICEBET 52HRTH H L@l STV 5 (Shimizu et al., 2000);

(Yan et al., 2012), HATIE, 1980 5 1995 D 16 I E LT R
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VERE BT EHEED O B, 89%LL EOBE T SEA IFB5 L TW e L O®ENH
% (Shimizu et al., 2000), SEA [3#J27kDa Oz > /X7 G TH Y, 100°C, 20 5>
DAL ERE T THLLETH D (Asao ef al., 2003); (Evenson et al., 1988);
(Thomas et al., 2007); (Fisher et al., 2018), SEA O LKA & Fpi: % Figure 2 12 F
& 7z, SEA ITESC pH OZAGIZIE Z R D70 ERSEIRIZ I b BHRNDFRIE L
THEZGIERITZENREIND, FEERITEIENFL IR L7z SEA I X
HRBBEF R R EHE CIE, HET RUKEDIRE SN2 NIZE 0 b 5T,
SEA [IF 472 (Asao et al., 2003), #FXMOFEEUZ X 5 SEA O/ NRJE &I kE~
IRIEENRAE SN TWD, (Gilquinetal.,2017)i%, 50 ug L B SEA 73 b h(IKE
70 ke)lZxf L TR ® 5 &35 —J7. (Asao et al., 2003)i%. #&OEE L 7= SEA
20~100 ng NIHLEMERZ B S Z LIz HE L TV, ZOFEF Tl (Asao et
al., 2003), {KAENAALH D SEA 1Z < ETH Y, 0.1~1.6 ng/g DIREHFEATH
o7z, SEA OFEMFHICFFLOZ M Z MR T H72DITid, BFREH6 CHE
SNTIREE TSEA ZERTE D ITENLETH D,

RO SEA AL LTI TW A DIE, JURPUARL 2 W 7= R
T W 75 75 (Enzyme-linked Immunosorbent Assay, ELISA)Ciis% & 5 5 v 7 A e
)i (Reversed Passive Latex Agglutination, RPLA) & W\ o 725 2 FHETH 5
(Park and Szabo, 1986); (Jorgensen et al., 2005); (Nouri et al., 2018), EU D/ATE
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(Hennekinne et al., 2007) CiZ,ELISA |2 & % SEA BRHIIZHESr . 2 B D RiTALE,
T7bb pHE LB Z1TO, pHIEIZ, SHIZ2 50T v 7| ikl
PR TR STV D, BRMEAL T, FRLICER 2N 2 D rBE 21TV, SEA %
Gl bR EERI Y NI E (DBA V) RS TS5BS 5, PRME T,
B S pH I K - TN X VR B SR RET D, S 5T 24 BEFL
roFEfrE s V=0T v LTHWD, BB EZ 2 BEICT 52 & T, 45
H1 D SEA R TBRMEA 0.1 ng/g IZEXETE D LW ) R ICBEHT 2 FE08H 5 —
JiT O MESE T ECTOMMANA LR D AR END D, 20 EUAEED
FHEMEIZ OV T, 43 D SEA10ng/g & IEFEIZHHE TE 20 & Vo &N
& % (Nia et al., 2016), (Nia et al., 2016)I% ELISA % D& 7 k%2 W CTHHL
H D SEA10ng/g i 2 HERBR A EM L, MY LD TW5bH, LA
BRAT 17 #6RE D 5 B 8 BERH(47%) T SEA IX[RIE ST, At L o7z, -
T, BU AFEEFHIMENR T TRVWEZZ 5N D, AARIZEBWTIZELISA B X
O'RPLA EHIED ERTH Y | EU NEEDORTLELR L OB S R ToH
L5280, EUAEELIBORAN L EEXbND, 22T, lBRRAD
FEE L EHEME 2 m o K2 FIRMEZ IR 2 7210 B O R 72 2
772 SEA EEIENRD LTV,

RO EFTRHT 272012, BESPFIHMS)IZ LD SEA BHIENREF K

17



& L TR ST & 7=(Brun et al., 2007); (Dupuis et al., 2008), MS % 7= & >
R BEOMB SN 2B 5 70T 4 3 7 2582 B W TIE, MR EREN
IR LIZRICK VR EENRFIERHVORD K)o lz, 2D X H 7

AR DIRE DERITIT THERIER] LW O HEERN T 0T 4 I 7 A58 ClidfED

=~

N5, 2o HHEER] 1%, oVHEESBICEW T ER) ITHEYT 5, KN
LTIE, MS 12X % SEA ODERLIZTaT 4 I 7 2A0BIZBIT A HREED =
ETIEBRLMEHERED Z L 2T LD LT 5, (Brun et al., 2007)3 LT (Dupuis
et al., 2008)DAFFE TRAFE I NT-F1ETIL, in vitro THK LT L E RN IAIE# %
2R\ L7z SEA % H\ 7= E &% (protein standard absolute quantification, PSAQ
ENZHE- T, Mt - E&ET 5, PSAQ IETIL, SEHEICA (LT 2z L R Y
TN A MIE LI EREOR NN FRETH D, LirL, SEA DL H 72
BN D 2 NI EOGHT T, BERNARIER L& NI E b3 & B
REN, MEIZHNDGETH THOMEREHENLEL SNDLZ L b, &l
BRREHOFEE ETHHATHIZENELIHWETH D, S DI, RRELERNL
RIERR L T2 2 v X B OB RICIE BE T OBAPLEL 725, 25 LIz,
[RINAAAE % 2 — BB I i L 7= (stable isotope-labelled internal standard, SIIS)~X~7"F K
Z LC-MS/MS HIiET % & o737 ' O iE &t (absolute quantification, AQUA 1£) 23 &
HEINTE7, AQUA IETIX, # U X7 E% MU 7V b L7227 2 7

18



BB 2 Ff O RTF R ET D720, [MRETDHH "7 BITMEE S LT
%, DFED, AQUAEZHWNITZER TH D SEA L T, BRICHIET 5 Z
ET&E5, EHIZ, LC-MS/MS HIZFE D SRM £— K & AUQA EEMASHHED
ZET, FURTEOKRHEEENTED LB LTV H(Marx, 2013), T4
5 DOHMAQUA EEB LN SRM E— K) 243D SEA /oW L&
™% (Muratovic et al., 2015); (Andjelkovic et al., 2016), ZH 5 DHIETIE, HHH
ENDEEMIIKRE ES o & FHHME O RHE (R 7 (relative standard deviation
of repeatability, RSDr)DfEIL 9~30% & 72> T\ 5, EEMEDO K E 721X 5D E 1T
BT O FIREZ B E L, AR ROGEEMELZHICERN L 225, ADROD 2
STl BATORRAMIE R % 2 DT E A ATV SRB 2 R L T D, 29 L
TPt NE TR R ORI IZ K B T a2 1T 07 <. BRiAiiR 4 —iEls
ROZLVBTERY, ZTNHDOHERZUR L, (65X MA@ E N >HE

PEDEI SEA TEEVEDBRBNEEOMELE 72> TV 5,

1-4. CRL & SEA 73#r 317 2 MIE SO 2@ il & MEae a0 B2

CRL & SEA [FHLZ{5Y - T D alReMED b 2 EE R MIE MEER Th 0 1T
THZENHDH,CRL & SEA [TELE BRICH N & 5 7= ¥ (Agata et al., 1995); (Asao
etal.,2003), B LU AERHEAT FUKEZ AR & L THECE WG E, TRt
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ROMEIRE & Vo T ERRTER TIFEERI T 72, 6o T, H D FE DFREHZ DN T
BAEEEE EOSHT 2T 2B821% CRL & SEA ZEERI L2203 HlE HICERET 5
ZEBEELWY, LLRRDL, ZRETDEZ A, CRL & SEA D4#TiEIL LC-
MS/MS Z W JRI OFRBRIETH Y . FrtED 572 % 2 SOMEMEFERIEFE—0
BESIETHH STV, LC &4 MS DIREAZ —EICRDZ LT, EH
DY 7D CRL 36 LTV SEA Zydife L CHIE L, 7 — Z EREUC I 1T 5 R§f] &
R C& D, EBHITIEL, LC OBENVHAZHL L MS OIREL TR EZE &, 977
ZHIE L 72 AR ME R BIFF T E D, £ 2T ABFZETIL, LC-MS/MS O HIE
S atEb 752 LA HME Lz, 1T, B%E L7z CRL X° SEA DEREED
BHMEICE LT, 220 otrihee Z2 it h LIRGET 2 08N b 5, NEEE M
WTHHIMEDH HFEREZGD Z L I3 L WBLR T, 1RO HIECMEER] &
g 2 VARG, BAJE LT E &IE 2 BRI CTHREIRFET 2 Z & RN ETH —IC

HELZZTIHMTHE L ENBEABEICGHE T2 L & L,

1-5. AKam>C D HEY

AAFFEIE, LC-MS/MS % T 2 FEOMEMERFHR(CRL & SEA) % [Al— D 54
T L CHIE LSRR S EET L2 2 BN E T 5, AFZE T, 43 o
CRL(% 2 &), SEA(EE 3 T)~Dii L 7= ATk 232, £ OMERE A 3R L 72,
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S HIT, BA¥E LTemritz A3l JOELICEM L., 2 FEOM &M

HEZ A L7=(CF 4 ), #

fERR AT U 7=,
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2% LC-MS/MSIZ X3 CRL EEIEDHES
2-1. &5

F1ECTHRAIZEBY BV AENELAT HIEMFETHDH CRL OERITE
FEBERBIOFALFOE=4 ) VIREE TN EEX T, L)L
5| PERDITEITEMERE PN, (FHMEICHEN &V | H 772 E |EIEBJE
BETHDH, KETIE, LC-MS/MSIZ LD CRL DERIELZFHIE L, ZHizon

TRERT 5,

2-2. MBS L5
2-2-1. 7k}

ST SAFE ORI X OV S R 13 SRR i 9 5 il D A FL(EE)
R,
2-2-2. FEYEA

FEHESL & L C, CRLEEMERIK(A ¥ / — VIR, 50 ug/mL, Fujifilm Wako Pure
Chemical Corp., Osaka, Japan) % i fl L 7=, CRL OEHARMZOWTIE, FAEOfE A
MERFER O & o TR R E~OIERETRIR 2 MUK L7z, £7-. CRL (Zfif

NGO BITE O A TP LR 2R LT,
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2-2-3. BIE

HEMKEEPUE >18 MQ)IE Milli-Q water system(Merck, Billerica, USA)% FiV T
BRI L7=, 7& F= b UJL(HPLC grade). 1 mol/L X7  E =7 AIEIE(LC/MS
grade), 99% X FE(LC/MS grade), ¥ilZ(HCI, reagent grade)33 X TN X % 7 —/L(HPLC
grade)! 3 Fujifilm Wako Pure Chemical Corp.?® & ® % Nz,

2-2-4. FEYEIRR IS L OE RS IR

CRL DOFEAESL (50 pg/mL) % A & J —/L CAR L. 5pg/mL OFEFEIZTHE UISEUE
JFik & Uiz, FEUEFRIIONT £ T4 CTIRIE L, 1 EMZETH -T2,

AL ) =V TR ER R 2 AR U &R EE 1 pg/mL OFFEVERSIR %
AHEL 7o, & OREMERR IR 2 i EIGRER 6 K O S ERUIC i Lz, A% /) —
Jb % PV TREVERIR & BEBE AR L. it AR YA IR 2 I L . BRI % 0.1,
0.25,0.5,2.5,5.0ng/g & L 7=,

2-2-5. HijALER

AALEE OB 2 Figure 3 1279, £9. FH.25.0g % 50 mL OEILEICH =
L7z, #AED pH % 5 mol/L HCI T 3.5+ 0.5 [ZFE L7z, #lkl% 3200xg, 4°CT
15 5 LBl . RIGEEBRE L, &I 20mL O7 & b= U AZMA 72
%, IBREMEI L ANLT v 7 AL, 12000 xg, 49°CT 15 sy o mE L=, b
T2 MRRIEE L, Br Ly IcE Lz, 720 oES 20 mL 7 & b=k
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U MIZINZ, AR O & FFET 72, RiEE oMtk s b, 7 h=h
VL TS0 mLIZER LT, ZOMEEDH>H 100 uL & A ¥ J —/L T 10 (52 A
WU, R Z 1.5mL ~4 7 aF 2 —71ZFB L, 12000 xg, 4°CT 5 5[z
DBE LTz, 5o RIEEZ BRI L LT, LC-MS/MS HIEIZ Wz,
2-2-6. A A UALENER O BT

RHEK TN K DA A ALNEA~OEBNT, RO LS ICHM LT, £7°, CRL &
WML CWRWT T v 7 O % Figure 3 1266 - CTHIH L 72 RABRISIKIZ CRL 23
REBMOFRE LS L 2D EIITMA T, 2 OFHLE R % & TR
EFLE SRRy 7 A MEERIR A2 LC-MS/MS W THIE L, BLFOR)»
O AHER ST K DR LRI,

MRS 53 K D 525 = (Sm/Se-1) x 100
Sm : FFLH R & G R EEIR ) B 15 DAV R O &

Se : FFLHR & B E R WVERERRIR ) D AF Do R ERR OB =
EERA 72 7 A KA > (SANTE/11813/2017.,2018) Tl&., AHMERL /12 K 5 BB R 1
£20%UNEHFRHPE LTEBY, ZORUEE L L, A 4 AR~ B8
Ze B L 72,

2-2-7. WE
LC &1 : 43BfilZ AQUITY UPLC H-Class system (Waters Co., Milford, MA)% (&
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ZRWTER L7, 98 H 7 21% YMC Triart C18 7 7 A (2.1 mm i.d. x100 mm, 3
um, YMC Co. Ltd, Kyoto, Japan) & #f¢ L 72, BEVFHIZIE, 0.1%F 54 1 mmol/L
XET =T LKIBIRA)B LD 0.1%FMEHEA Y/ —1LB)Y Wi, 77
TVl MIROFGMEE Uiz £9°95:5 O A/BIRATAEKZ 1 o[EfERE L7-, &I
BFHOREEL 14 77 T45%ETEF L, D% 0.1 5 T95%F T LASHT,
ThE 10 rHMERF LT, RIS, BEMHZOIHMREBICE L, 6 oM itz
1To7=, 717 HIRFEIX 45°C, Ji#iE 0.3 ml/min, {EAEIL2uL & L7z,

MS/MS &4t : MS #2513 QTRAP 5500 (Sciex, MD, USA)Z i fl L 72, MS/MS
DA F AL 7 b r 27 L —A A {tik(electrospray ionization, ESI)D 7R
T4 T TV, BE LI/ T A—X % Table 1 (/857 , AR THEAT 5 MS K
Hi %5 (Sciex fHH)TlX, SRM E— RE L EXILE =4 U > 7 (multiple reaction
monitoring, MRM)E— K &9 A3, AARE &S T2 HEE(BAREET T
£ 2020)I2 S5 % SRM Oft—FKitd: Lz, S5, &#{k L7z CRL @ SRM
N7 Vv a sk Table2 ([ORT, o, TRF T M T U AT Y L E2GDTCD
(2. SRM-information dependent acquisition (SRM-IDA)E— NZ HW\ /-, ZAF ¥ >
A — KX m/z = 100 7>5 550 % T% 10000 Da/s IZF%E L7z, Q0 hT v FixA
Yo LIT 7 4 VB A NE 100 ms ICFRE LT, T BX 7 b A2 AT MLV DER
FFIRFIZIZ, 10 eV IR T 3 DDOEZET R /LF—(73, 83, 93 eV)&H\ 7=, SRM I
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L OV SRM-IDA £ — FE[FA—D WA 7 LN TIT o 72,
2-2-8. 24 PEFHAMRAER

PHIE L 72 3 T DG S (Accuracy)id, JEA @& D E D2 TR TH O =
OHTENY T —a > HA RZA > ) (IMHLW] Ministry of Health, Labour and
Welfare, Tokyo, Japan., 2010)(Z #EHL U TFEM L 72, Figure 4 (27”73 4 DOMERER T
A—24  BIRME(selectivity) 3 L OVEEE(RIUL SR, trueness), #& & (precision), E& T
FRAE (limit of quantification) & IR D EER R BRSO, HA KT A > OIEHEME & g
L7,

CRL i &2 & &2 AL CHERR L7240 25.0 g 12 250 uL OAEYEAIR %
WL, ATy 7 2 TR L2, Figure 3 139 FNAIZHE > TRERTAK O M
riToT-, 2 FEOEEJN0 BXO 50ng/g)xHW T, —H 33474 5 HREAT
STy THH 15 DFEITICONWT, [A—HD 3 ITH 1 LT 5 5 HENDRDH
EE L TC—Iohl@E oot 2 5 Lz, B, OMTRE, |EPRREIZOW T,
JEASBE DA BT A > DFEFRITEESVT(MHLW] Ministry of Health, Labour

and Welfare, Tokyo, Japan., 2010), UL FOXTHERH L7,
LI (%) = (FRBRAS R (n=15)7> B AR T (IR EE) < 100
D THIEEZ(RSD, %) = o, /GERERAE R (0=15)7> HIFTHREE)) x 100
FINIEE(RSD, %) = /o2 + 0 /(GBS F(n=15)7> S 1572 #8 F44) x 100

o, 15D E B (=15 DM TEE HE(R 2=
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0q A BICBT DRBEERO=3)D % | SOELEHARL,
5 A OFEHE(R 7
ROT-EER XOHMTHE ., ENEE % Figure 4 (IR TRAETBHEOT A R
Z A > (IMHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan., 2010) D %
RS L, ThZnlE LW D0l L7,

FEHRIIRICR T 5 DORLR LA THZ LK VIRE LTz, FA—
T —D vy NN DR BEREE AL 2 BRIR, A — 0 — DN B D Ry SRR A
3L 3 MR % -, & FBR(limit of quantification) i, fc#&IEE2Y 0.1, 0.2, 0.5,
1. 2, Sng/g 2725 £ HIZHEHT CRL 23R L. S/N LAY 10 28 2 2 fie /N D

L LT,

23, fERB LB
2-3-1. HIE S DML

CRL I7 vE=v A A iZEmWEifttzRoztnmbohTnb
(Delbrassinne et al., 2012), MS/MS /XT A — & % fwfb L7z #5 5, CRL O 7T > &
= LA FUNUE [M+NH4] " TH D m/z 1170.7 (T DRV A A TRE 2580
oo ZOTHET A F % CRLOT Y I —Hh—AFUVIRELTZ, bR

B "AF U EBRET HT20, MS/MS A% v & Efi L=, (Bauer et al., 2010)
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DFER L —8+ 5 CRLIZHEM /2 6 DT X7 ~A F 2 %8BI L 7-(Table 2),
B b A A VBREEDHR m/z 1170.7—1125.7 2 EEA A2, s >O7 v g7 k
A F > (m/z1170.7—172.2,314.2,357.2,385.2and 499.4) % EMEA A & Lz,
BEE 72 WA R A > (Codex Alimentarius., 2014); (SANTE/11813/2017., 2018) Ci%
LC-MS/MS TWEZRET 27-0121X, 7V h—V—1HLTaX s b4 2
ERLEL LTS, AFFETIE, ZOKEHEALZ LTV, CRL iR
ET DI LEMNABETH S, Figure 5 1X(A)CRL FEHEEZ(0.5 ng/g) & (B)CRL 10 ng/g
ERIMLTEABNSE LN LC-MSMS 7 1~ F 77 A Th %, CRL DEVEE
Bk & BAFIREEDGF HALTEI Y | WiH ORFFRERNIC T2 o 72,

CRL ORIEMREZED D20, SRM-IDA T— KiZLb7 X/ b4 DA
X ¥ > (m/z1170.7—100-550) ZHf5 L7z, m/z1170.7 ICEB Lic 7 a X s A 4
VAN RV % Figure 6 (TR, HZETRLF —Z it L. m/z 100-550 & L
7RG, EBHEICHWD 5 >O7a X7 b A A2 (m/iz 1170.7—172.2, 314.2, 357.2,
385.2 and 499.4) DK E A =672, Figure 6A IE(Bauer ef al., 2010)& — L TH& 5
N5 o507 a Xy MM A OiEL T, EAE T (Figure 6B) & A/ XA 747
JV(Figure. 6C)D X —/7 > F MS/IMS AXJ "Ma T A 77 VIRBEEDT L3
ALEFH L LIZE 2 A, BROFEEILIBI%D —EHETh o7, /DO H
ERAE T, —BR 70%LL ERREDOH v hAT7HEELTEDTHRTVD
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((Lynch et al., 2010); (Xing et al., 2016), X7 M F 2 A F v =N KD ED
—EERITFI PO CRL ZEREICFAETELZ LA R LT, EHIT, b DR
FiZ, FIHFOKHER DD CRL DT T T AT — a8 F — IR & I
B 2N EEB LN LT,
2-3-2. AiALER

LR OMEMFER AT 5 FE L LT,  (Hennekinne ef al., 2007)i% pH

LD H R BB ESHE LTS, 2O TliE, 4B 2 0 2 304 B

tl\

THILET ALV EOTEE Y LRIy ENHEL, MR T rHEHEE
RiEL TS, 22T, ZOHEEZHR L, 45405 CRL Z&RICHIE T2
ATALERYE D BRI A 8O 72,

ATALER D55 —BERE T do D RMHEAIC & D & v XV B IR O CRL D% Eh % Heqs
Uiz, ZOREFE. BUKMED CRLIFAF T O FE 2 N7 HE L HITIEEB L T
Wit EAE2NS CRL 2T 272012, AMIBIETH L7 F=F UL A X
J =V G L B e TR A2 R E L 7e, Figure 7 I3 L 912, 7k b=
FUL 20mL ZHWEGE AL ) —L i LT CRL @ A=A A L7z,
T b= UL EHWZRIREREZ S SICH LSS D00, W& L HHE
BEMa Lz, 40 mL O7 % b= b U /W32 RICHIE R BB 2 5 2 72705
7273, 20 mL i % 2 [A19T 9 Z & TRIERIE 100%a < £ TEA L, RSD % 2%
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IR TE, LoT, 7B r=RMI BRI 2 BIZEH L,

—J7. FHUS OB IEKRLE OO T )26 CRL 24 2 BRI,
A ) — VIR VT B (Bauer et al., 2010); (Decleer et al., 2016), Z 5 L
oA TR BAICHRT D ERA R E(IRE R AEFHEE)D CRL OIEMZR LC-
MSMS HIEZWET 5, ZOWBEZKBLT 272012, 7 F=FI LD
FRARE B0 DAY EEIC K 5 Al n-~F o 2 WU 2 R L7 TR AN
T CThoTo, AL TIX, ¥ o XV BRI L 7 b= b U K D A A

BOEDZ LT, AALICHRT DIHMER I 2 FRE LIz, SIS, K0 IMEkD %

i

IR L 2R O3 I E 2 72 DI2 A Z ) — b e IO T AR DR (AR =R 10 £5)

ol

Rt LT, 77 0V AHOKMR T EER LT h— 2 VA F U A F v
(total ion scan, TIC)D#E R % Figure 8 /79, filitlikza A % / —/L T 10 fFIZHRT
HT LT KM RE L, AKX ) — VIR L RIRREDOA AU REEZSD 2 &
DT ET, —HEORTLEIZ X DA A AR RO 5B A £ 7213 R) &2 #H 9~ 2
T2 DI, MR L DR Z RO T=, FHOIMER T K 5 HEFIL-3.6%
Tdh V. (SANTE/11813/2017., 2018)IZ788 H AL TV 5 A T H5+20%LL N
Thole, TIHDI LiX, AOHNETIL, CRL OEE~DREPR/NI N &
wR iz, DEV, BREITEZEKL, 43P0 CRL ERICENTE D Z EMN
RENT,
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CRL D B FEHEAIR O 5 JRFE(0.1,0.25,0.5,2.5,5.0 ng/g)lZxf L, B —7 i
ML zhzn7 vy F L, REREZIER L 72 (Figure 9), &ML ERME 2R
L. HHEIMRENE 0998 ThoTo, Fio, KHEIIZ K D ERIT-3.6%TH Y,
FFLUICHRT DHHER I FIE FCh EMROBE IIEM Ligh T, Zhbo

. AOHE T TliX, CRL OE®RITK LT, KHEE D DB DI &
R Lo, 16> T, RMEEIKIZ KX D EROMTIRER ER) %2 CRL OE &I
HT&EDZ &R,
2-3-3. B MEREAT SR

AARTIE, BaCEELDOZ AT OEFEMEZ R T 5720, HH D W ITHE
EFRSCBU R E A TR & O R AEMFITAT. L2 DAl o> B ehss A BB I L% M <0
Bege. Rk, BB FNASE BT 5 i (E PELIE = FLE(Good laboratory practice,
GLP)IZ S W =B A E K CEEEOMELZ R+ 52 LN EDLNTND
([MHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan., 2004), Hf5 L 7%y
M7 —2 25 EERAIZIE R S 5 72012, B >KBIRICEH TE S GLP
WZHISs THAG LT — 2 ThH I L 2T 2MERSH D, ZO7DIZiE, [#
YRR S LT odriE) ZHWAD Z & DS ZESH T H 5 (SANTE/11813/2017.,
2018); ((MHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan., 2010), A

TliX EES@E DA RZ A > (IMHLW] Ministry of Health, Labour and Welfare,
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Tokyo, Japan., 2010)IZ HEHL U T2 Y MR 24T > 72,
2-3-3-1. FHRUE

23012 CRL 10 ng/g s L T & & o #iAlfy72 LC-MS/MS 7 i~ ~ 7
7 L% Figure 10A 127”73, CRL &[A UORFFRFAIICIW T, RHEE — 27 0n[ i T
XDV T FIUSIN E)FMH S ie oz, 2F 0 APt cixbslicH
kg2 ARHER ST IE CRL OEMER L OVERICEE LR\ EAVREN, T OER
HIX A A RZ A > (IMHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan.,
2010)DEHEIZ A LTz,
2-3-3-2. HE(EUER)B LUK E

KOoHTiEEZ AW & 2D CRL OEE R L UONEEZ B L7ofE5E % Table 3 12
T, B 90.5%0°5 94.0%., DHTHE 4.7%LL T, WK 5.6%LL FToH Y,
WD /NT A —F 4 Figure 4 (2T JEAET#E TA N7 A 2 (IMHLW] Ministry
of Health, Labour and Welfare, Tokyo, Japan., 2010) D S HE(ELFE 70~120%. D TH;
JE 25% A, SEPHEEE 30%A0m) G L7z,
2-3-3-3. & N RME

AROWTETHR GIZ CRL D E— V7 {iifg DX—2 T A /Zxf LT, SN HAY 10
ERATREGER FIRE) 2R 72, TORE, &' FIRMEX 2 nglg TH-o72,
& FIRE T ORMIEGERER(n=5) % 1T o 72 fE . [FUNER L O TREEE 132 4
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Zh 83.9%. 6.6% Td -7, Figure 10 IZE & FIREOEERIKB)I L O L
T724EF(C)D LC-MS/MS 7 i~ v 7' T KT, ZHOFERN S, RONTiERT
FHF D CRL ZE & FMRIEE THIEICERTE 2 Z ENEIEES T,
AFLOEBEE S CRL Of/NEIER( pg) % B2, ROWEDOE R FIRMEZ2 %5
295, ARICBIT 524 OBEREIT— AL 08 200mL EHEE STV H O
NATEOEN S P ERBLEAE, 2015), D F V. CRLSng/g IZiFR SN T-45%
#1200 g BHLT 2 L RIET D Z EBMEEIND, Theb b, ROVHEITIER %5
SEZTHIFT DO CRL 2+ TEOMEELZHA L TWVD Z LRI,
2B, ARBFFEOISHAMENBEICFEZIES LTV 5, (Shimojima et al., 2020)1%, HAD
FFHNS CRL ZEAT 2 LU AEZ 0BE L. AWFFED 775 T LC-MS/MS {4 T
CRL #E& L7z, BV AENEA L CRLOT B X7 hAF U AT VT
RS OZ i E—E L, FHH CRL % 3~80 ng/g & E® LT, FIHLOBEE
200mL & L72FE, CRL Of/MIERLZ R DIRE L ARIEIIRAAIRETH O |

g EZEZ L 95 CRL OHBIOERICSHARETH D Z LR ENT,

2-4, £+
ARETIX, LC-MS/MS % AW HIEIZ L D43 HI25E 325 CRL O3 HTEIC

DWTRRFT LT,

KIHEDORBIIRD 4 HTH 5,
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O HFICHKT DMK SO T EIMA 722 & T, CRL ICFFRNR T 0 s
M F AR MV RIS LT, BEMERE N DR B D AT bV L kT
5T LT, —BER 70%LL EOKAEZ - L, CRL Z#EFEICFET 5 Z LA
ARE L IR o T2,

@ 4HH D> CRL % & 7 EEELBIECIRME L, 7 & b= KU Lz VT
L7, ZOMAEGDEICE o T, FFHROEHERIHER S & KIFIZFRE
L7c, TORER, EHLEHO TREZAK LT,

@ FHOFHERR T K DA A MCNEA~DEEIT-4%TH V) | 7R HFH(E20%LA
MY Tod D72, WEEEWE 2 A\ 2 Bsstis X 0 b fE 72/ R ERR 26
AL, W EREESD 2 ENAEE oo T,

@ JRAETIBE D EI ST\ D R RIS REBIE O Z LRl T A R Z A >
(&7T)] ([MHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan., 2010)(Z
Hil> T, ROPEICK L TREELZFHN Lz, FHIEE TH 2D NERME, =
s LORSEE, & FIRME ) 1 3ERE SN EEITHE LoD T, Kotk
KR ORI HIS FTRE L 72 5 72,

ARETIE, PRSI Ui BRE i A2 LC-MS/MS BIEIC WD Z &R TE

HEREEZREEE LT, i 1-2 CIR_72" BRI EILF O CRL ZBEHL L, 7v o

BHFEMEA~OXIG TR AR AR T 27-DI10T, Fr=r7ax I
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MZ 2> LC-MS/MS MFFOMIHEE MR LI ERIE, DEV AT Y —=27
ERRO LN TNE"E VW) FBEICOWT, UUFOBENG, ERTEZEERX
bhvbd, EAEEEEZ228MICE LT, BEROMEIE (Baver ef al., 2010);
(Yamaguchi ez al., 2013); (Zuberovic Muratovic et al., 2014); (in 't Veld et al., 2019)73
LR E T2IXEE D 7 L5582 & ZARETIIIN G A EETNE
13 DEHEMAZ T, MA T, BEROFEETIE, HHETd > 72 BTALELRC B AR UE
WV L D AR A R b L, L Lic, — i, S LREOZ S
XSO DFRKR L7220 XSO ENERT L 2 & T, RBCR RO HFHMEME
725, BAF LAl EEDEE SIIREOBERMEERD L K LR oTND
I LTz, ARETHZE L2 oo MR IZE BRI KR &7 % /K HE((MHLW]
Ministry of Health, Labour and Welfare, Tokyo, Japan., 2010); (Codex Alimentarius.,
2014); (SANTE/11813/2017.,2018)IZHE S L T RO L S ITHAE L TW5D, Ziuh
OPEREFRIIATEAMR AR D B 5 GLP IS E L TH Y . ERRICASIIEITHR
R 2T v 7 — CORMEAEREEB ICRA I TV 52023 48 A
REA), A%, ARIBIXERR A7 ) == 71 LTHEATTRETH 5, & BIC,

L E RN AR i 2 WD 2 & T MBI U CEE ORGEZ FEfiT 5 &

IEMNEZZDBND,
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HIE  LC-MS/IMS IZ L 5 SEA EBEDWEN & B)ofhK

=
FH1IETHERZEBY, HEOT FUKENELET L2NENLMEEREETH

nu[

% SEA DEEIZBTERAEMB I OFALOT=X ) V IREZEITbN, L&
ZTze LInL. TERDIFIEITENERR L ERMEICIREN B U | iz 72 & EiER TN
HETHDH, IHIT, #HITHE CRL OEREIZEIT 5 LC &0 MS DR
JE &2 HE LT 2 & TV 7t CRL 38 KUY SEA ZillE % =

LIIERTH D, AETIL. LC-MS/MS I L5 SEA DEREZHE L., ZhIC

DWTCFER T 5,

3-2. Bt L O5IA
3-2-1. A
2-2-1 LARRIZ, Hr Stk ORETE KOS RIS 1, AN I i@ T 2
MR O4FLEE)Z e,
3-2-2. ARHEA
SEA OFE#ES, & LT, Sigma-Aldrich Inc. (Saint Louis, MO, USA)?D % ™ % fifi
M L7z, SEA OEARMIOWTIE, T AN MREE O & W o 72 0i R

FEDOIFEETIIREZMIE Lz, £72. SEA ([Tt 72 35p 088 BT A A4 CLst
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LR BE LT,

SIIS 7T R(7 X / lEkid 5| SELQGTALGNLK)IE Sigma-Aldrich Inc. D HfiE 5
Wz, C KD U ¥ (K) & ZERMAERR L7270, HEAEL 8 Da TH
%, B U7 (proteomics grade)id Promega Biotech (Stockholm, Sweden) D & ® %
JiELAY
3-2-3. B L O R

BRK, 7 h=F U XY E=U LK. KRR, R, A X —id
223 LEED B D& AW,

HEE2(99.5%, LC/MS grade), [kEE/KFET > & =7 L(proteomics grade), ¥ T4 A
LA k—/L(DDT, reagent grade), =F L > U7 I VUK —/KFE _-F MU U A
(EDTA-2Na, reagent grade), = % ./ —/L(SAl grade) . YqlE 7 7 = (&AL grade).
93— K7k 7 X RIAA, proteomics grade), /KEg{t.F K~ U 7 A (NaOH, reagent
grade). 100% (w/v) & U 7 v v BEERIRIR(TCA, A4S grade)33 LTV 99% ~ U 71
7 v BEERYATR(TFA, HPLC grade)i. Fujifilm Wako Pure Chemical Corp. D % 0 %
W,

DC protein assay % = [ [J Bio-Rad Laboratories (Hercules, CA, USA)D & @ Z H
7=, F7=. GL-Tip SDB F »» 7'Id GL sciences Inc. (Tokyo, Japan)® & D & fv 7=,
0.1% (v/v) TEA #i%i%, 100 uL @ TFA % 100 mL OKIZIEFI LR L7=, 100
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mmol/L JREE/KFET =0 LR (pH 8)IX., REAKET »E=U L 0.79 g /K
100 mL (ZEfE S8, SR L7=, 0.1%FERIX, 100 uL O FFE% 100 mL OKIZIE
FOLFABLL 72, 20% (v/v) TCA &1L, 20 mL @ TCA % 80 mL D /KIZIEF Ll
L7, 0.1%FBERT 2 F= kU LiE, 100ul OFEE%E 100mL 7 & k= k
UVIZIRFI LR L 7=,
3-2-4. FEYEIRUK IS L OEAERS IR

SEA DREUE S (FLERKI R 100 pg)% . (Bao etal., 2012)I2HE-> T, 2mL @ 0.1%
(v/v) TFA VB AR L. 50 pg/mL O BEIZFREE UAEHEIRIE & L7z, BRI
SHTE T-80°CTIRIE L, | FRIZETH T,

PN SEA BEHEVRTR A . 100 mmol/L JREE/KFET T =7 LIRIE(pH 8)%
W CHEHEJF R 2 7R L. BofC R 6.25 ng/mL (CFHHL U 7=, SEA BEUEIAIRIE-20°C
T 1EMRIE LT,

T DFEHERIR 2 R INENERER 3 K O AR BRI L7z, 0.1%F 2 v
CHEVE IR 2 Be P A IR L I ot AR VRIS IR 2 R U BcIREE % 100, 250, 500,
1000, 2500 ng/g & L7,

SIIS ~X7"F FEZEH R 1 nmol)% 1 mL D/KICIAEME L. 1 nmol/mL (1.24 pg/mL)

LL7boE v,
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3-2-5.SEA I[ZHIRT X7 F FO@EIRTTiE

E B 70 & 2 R0 T — Z ~_— A T3 5 UniProt Knowledgebase (UniProt, 2019)
N5, SEA DT X/ EEESI A EUE L=, Skyline ¥ 7 b7 =7 (MacLean et al.,
2010)Z AWC, 72 JEESIZ U Uik L, SEAICHET 5T F KD
UARZEAER LTz, £ LT, SEA IZHRT LT F FELUTOFIETEE LT

(Kamiie et al., 2008); (Lange et al., 2008); (Steen and Mann, 2004) ; (i) MS {2 X 5l

W

ENTED 8B 20DT 2 JEEESITHD Z & (i) FIRFZBEMC—HELE

\

BRI T AF =2 (R) £33 K OEERRSIA 20 (i) Y 7 R 7 7 (W),
AFF=r M), AT A (C), EAFVr (H) BEEEZEFEHOXTF FaEK
<, (iv) 6 HLL LT X WEBdS % BlastP f#fT L7,
3-2-6. HifLE

SEA ORI DOEE % Figure 11 12~ 9, £9, %250 g% 50 mL Ok
B E L=, 3B pH %2 Smol/LHCI T 3.5+0.5 |27 L 7=, ik & 3200xg.
4°CTC 15 syfdlim Doy U, B2 8 LW ICHY 431F . pH % 5 mol/LNaOH
T7.5+0.1 IZFHHE L=, k% 3200xg, 4°CTC 15 pfilm DBt L, EiEaHiL
WIEILEACER Y 3T T2, BREHZZ B D 20% TCA Va2 Nz, 4°CC 30 4y ] EfiE
L7z, #EHE 12000xg, 4°CT 5 i Bl . HiGEZ2BEEEL7-, JE&IZ SmL
DK ) —)VEIMZ, Z v E L7 L, 12000xg, 4°CT 5 45EE 4L 72, b3
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HEREFEL, 5070 EEIC 5 mL OEAE(EH 8.5 @ 100 mmol/L  ~ U AHEEA,
Tmol/L 77 = HER X OV 10 mmol/L EDTA) &2 Nz, & > /37 BRI &
L7z,

200 uL O X X7 R EKE 1.5 mL =y X KA 7 F 2 —T Il
(Mawuenyega et al., 2003)IZHE > T, X XZEHDIEIL « TAXNMEEITo T2, &
PEEEZH 378 % 100 uL @ 1.2 mol/L JRFEEA 0.1 mol/L b U A (pH 8)
R SE, N 7Y o a2z, 2o, M) FU v RE VR IERED
b2 1:100 &725 K9SB L, 37°CT—Ba(l6~18 BEfENIE & 9 L7, #BHC
2uL OXEAEMZ, M) T UEbEELL, ZNETT NEKE LT,

01%FMEH 7 h=hKU /L 100 pL, KIZ 0.1%FEE 100 uL ZHWNT=2 7
4 a=r7 L TEWE GL-Tip SDB IZX7'F RERE2EAN LT-, fit\ T,
0.1%F g 2 VTS L, BJE F(10 mmHg) T 3 /MW g2 LT, RFSE7-
ANFF RL 01%FEEETE h=FVU /L 100 pL ZHNTHEHSE, 1.5mL —
R RV T F a—TIZEIR LT,

ZOWHIREELE L=, A 0.1%X 08 100 pL ([ZiafiE L, sBRisim s L
7o I Z HPLC /3 7 VIZ AL, ZAUZ SIIS X7 F R &2 fAKIRE 6 ng/g &
RHEINEMAT=bOZERBRIAKE Lz, 20X 5 IR LBz % LC-
MS/MS HIEZ =,
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3-2-7. WIEE

LC-MS/MS £efi%, 2-2-7 L [RIBRIZFEHME L7, fedfb L7z SEA ICHIRT 5 3D
DOXTF RBLSUS ~7F RDOT X/ EhdSIE SRM kT 23 =9 % Table
417,

3-2-8. %R AR

SEA 23R SN2 2 & 2 RIETHER L7 2F31 25.0 g 12 250 L DA HEIA IR %
WL, AT v 7 ATRM LT, Figure 11 (23 FNRICHE - TREREE O
I A AT o7, 2 FHEOEEGO 3L 100 ng/g)z HWT, —H 3#fT7%4 5 H
AT o7, oI Rz —ChE BT L, SR N T A —F ZRD, TA
N7 A > ®OF#E (MHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan.,
2010) & bk L7e, & FIRMEIX, RA&IREEN 2, 5. 10, 25ng/g 2722 & 5 1TEk

BHZ SEA ZURII L. SIN LY 10 22 5B/ OWIE & Lz,

33, FERB L OB
3-3-1. XT7F RO & E O

1 ODF NI EZ2 N) T T 2 & B bEEORTF RS
L5 (Picotti et al., 2008), ZAk72~XT7'F K& @& D> DR RAYIZ LC-MS/MS JI &
THEICIE, #—F vy b T HXTTF FOBRMNEE L 72 5 (Marx, 2013),
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UniProt Knowledgebase 8 D ifii K. —#xH)72 SEA T® %5 ETXA_STAAU
(Accession No. PO20L2) &2 24 L7, 257 HO 7T X /[0 6 72 551 % Figure 12A
Rz S

ZORHNE I, NTTF REERL, SEA ICHKT D 3 DOXTF REEIR
L7, BRL7=ZXTF F%& Figure 12A ODKFT TR L, BEOESNZBIT DT
F ROALE % Figure 12A (2”3, SEAICHKET D 3 2OXTF FO/RFHT 2/
BEIE 34 @ THY, LD 257D 5 H 13%% /83— L T %, LC-MS/MS %
FHLTRMZ VAN EERET DDA L LT, World Anti-Doping
Agency Laboratory Committee (World Anti-Doping Agency Laboratory Committee.,
2010)1%7 X VBED 1 83— 10%LL EZ 3T T\ D, ROFZE Tt E L7z SEA IZH
K95 3 OORTF FIZOEMEZT3ICHZ L TR, EHEKEZ-HLT
SEA Z[RIEFAHE L 72 > T 5,

I BT, LC-MS/MS HITEIZ IR 245 /3T A — 2 Zefgiift L7 2R % Table 4 (2
~Y, Figure 12B IZREBEW T F K270y s M A OEERT, 1
ODONTF R LT HEDOWHMER 4 >O N TPy a v ERETHI LT,
NRTF ReREIRHT L2 ENARTH H, <7 F FORFRHESE— 7T
We A A eE L, SEA ZEET H7-O D7 F F% SELQGTALGNLK (Z
WEL, SORIMHEEDI,
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SEA & CRL % [Al—DRIESRMETHNT D720, 5% 2 BiTR L7z LC-MS/MS &
% SEA ICHKT 5 3 DOXTF NG TEDNEREE LT, ZHE TOH
£ (Muratovic et al., 2015); (Andjelkovic et al., 2016)) CTi%. SEA I[ZH KT BT F
RZ 0.1%FMAKE 0.1%FMEATER=RrILDT TV MITHEEL T
7. ZOKRMEBEMAIC | mmol/L DFERYT E=U LZILTzE Z A5, SEA
CHKRT D 3 DOXTTF FOGBEHCFHIIAONLhoTz, 22 TESHIT, A
WIRIEOBEMHE LT, 01%FMEATE =R L& 01%FBERA L ) —
NEHEE LTz, 01%XERAY ) — LV EHWEEZA, =7 &S - mEDHE
%R 7=, Figure 13 |Z SEA FEHEVRTE(A) & SEA IRIFREHBYDREN 27 0o~
N7 T DERT, RFHREIR O — B & BAT2 ©— 7 FRIRDMG DAL, BAFR 0 HEA AT
9 EMTE, £ZT, HPLC OB#EIFHLE LT, 0.1%FEEA 1 mmol/L 2
TUEZTLKE 01%FMA X ) — )V E M Uiz, LTeh > T8 2 BT T CRL
(W2 LC & ZHWT, SEA ICHRT D 3 DOXTF REREREL 7o
77
3-3-2. RiTALER

SEA OFTLBRIZIX, pH W% & BT H W 54T & 7= (Hennekinne et al., 2007;
Andjelkovic et al., 2016), Z L5 ORIALESETHW LN BT —FEdH DI
A2 BRI ORI 239 %, (Muratovic et al., 2015)1%. BT Z [RAMEEICZE H
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LR FERE 2 o 7, Lo L, BRAMEIRIRIZ # X7 RS Lo\ 2 &Il
LT B BZDOY T NLENRRELSITIEOV WS ERH -T2, £ Z T,
ARG TIZ, Z oI BEFRICED D TCA IREEZ A LT, TO/RRE
LT, pH il#E%Z D LEHKIND SEA ZHET DL LN TE L, £, 2o n"IH
LB - TR 5 2 & T KRR T WM IRE (7 A 7 1 L) EmHR
EWVD T IRy R ET H N TE L, DI, HEMT HikE% SmL &
EDDHZ LT, {EROFTIEL Y b IEMARRTAIEI FRE & 2o T2,

REOKIRIGIE, SEA 2 M) 7V U B L TAE LT F RThHhDH, o
T, MU TN K HTHERh=D SEA HEEZ AT 5, — RIS, BEE L
REORLTH IMEREINBRUSHELRTE ST D ENMHNTEY
(Stryer, 1988), kU 73 L H{EZhHRITIS VT & [AlEE T & 5 (Northrop, 1922), Sz
T, FRAIT B Y 7o ABERICTHW T D8RR 0 3 E E TV e AT,
BRHRIRE Lo "7 F ROEAEMET T B2 007, oz & aBE
Z . BEFRFVE L 1:25, 1:50, 1:100 (W/w) D 3 S=AFIZHOWT R Y 7o bR &
AETHZ L & L7, SEA100ng/g ZIRIN L7432 W T, SR REE Ick W
T.n=3 ThU T bz L, LC-MSMS JIE L7z, EEICHNWDINTF R
& SIS <7 F RO v — 7 gt L OPHMTHEE 4 Table 5 12" §, & HFRITHW
T, =7 mEEHIZBN T, £220%LL LD 2o T, o, Ny o2 7T v
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R A ROBERBIMI AR SN2 o7, DF D PO & o7 BEF MK
K DHEBSTWEMTZBO LT, ) I UHRIRITLEL Tk
T U7z, BRE L2 3 o T, B — 2 WO TEE 03 /D 4% Th -
TeBERAEE L 1:100 ZERH L, S bR oMt a D7,

RTF KR % 3 [BlEEE L C LC-MS/MS JIlE L2, SEA ICHKT 5 3o
DT F R ORI N Z EH 7, (SANTE/11813/2017.,2018) D R HEETH 5
TRFFREHIE0.1 P AN Z B2 B L=, ZORKE LT, HBERICE Eh HEkx
PRHASC LN T F RIS LC I 7 DO BEEIE L T D LR LTz, 2
D X 5 I E & AR D 72912, GL-Tip SDB % W 7= i ALEE DO &h R & Figt L
7z, Figure 14 245D TIC (m/z 55~650)% 1~ 9, BLHEAEE A fiE S 72V F R
FIR(A)F KOV % Jit L 7= 3 BRIEIR(B) D 7 m~ 7T KT 5 & i
B Z 35 2 L TR—=R2T A » EOWHRR AN A 7 3 BRE S, TIC Lo
AT Ny 7 7T 0 AT DO T 720 BIIE Z 1 E T 2 IR DR
LERLTWD, 61T, ABREKEZ LC-MS/MS HIliET 5 &, SEAIZHRKT D
3ODNRTF RIZH BIVIARFFRFFR O BB L2 < 72 0 | ZE LICHIED WEE & 72
-7,

SEA (ZH k3 5 ~X7F N(SELQGTALGNLK) & [6] U E L 22/ 2 26 8 &2 ok 3
SIS X7 F ROEYLEFEE VT, BIEARE TRIZ X 28K Z5HE L7z, SIS X
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TFRERMUTZT T > 7 WAIR(6 ng/g, n=3)D IR R L OMH TR IL. 92.6%
BED 09% ThHolo, LEDORIES | FHEMED H 5 HE % wHEIC T 5 I
HeddorZ b Lz,

SIS X7 F FEZNHEEYE L LT, SEA ITHEKTLHXTF K
(SELQGTALGNLK) D k& #1 2 1ER% L 7= (Figure 15), SEA ICHET 5 S F K&
SIS X7F FORE,Z x e L, B—27HEfEkz yiihe LT, Ymy L
FER. A RERRIEZ R L, FBIMRENT 0.995 Th o7z, SAFEHERITHE VT,
A F el Table 4 ISR TAEDR20%UNTH 572, ZILHD T ENE | REHRO
HPAIZHBVT, SEA A fEHEICER AR TH D Z &R ST,

3-3-3. MR AR

2-2-3 LRI U< TR AFIT DUV T, AROHTED 24 PEFHE 21T - 7=,
3-3-3-1. IR

SEA OFFYES I L OV SEA 10ng/g Z RN L7243, 77 v 7 3 7o il
72 LC-MS/MS 7 1~ ~7'Z L% Figure 16 (Z7°9°, SEA & [A] UARFRRERTIC I U
T, K — 7 ROFHTE DT 7 TSN STt S e notz, 2F 0,
RS CTIEAFLIC 33 D A HER /3 13 SEA D EMER L OVERICE B L
ZEVIREI, EORBRMEIIT A T A O HAE(MHLW] Ministry of Health,

Labour and Welfare, Tokyo, Japan., 2010){Z# 5 L 72,
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3-3-3-2. HEE(ENNER)F L OFEEE
RoHEZE Vo & 20 SEA OEER XORE AR L% Table 6

(R T, LB 79.6%0 5 82.4%., TR 14.1%LL T, ENKE 184%LL T Th
D, WTIDO/NT A —HF Y Figure 4 (IR TIEEFEETA N7 4 DIHE
(IMHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan., 2010){Z5# & L 7=,
3-3-3-3. & & TIRAA

KOHETHE BN SEA DE—J HifEDN—2 T A Ik LT, S/N AN 10
T RE(ER FIRME)Z RO, £OREER, E& FRMEIX 10ng/lg TH- T,
E & TR T ORMEBEIGUR0=5) 21T > 7o/ H. FUEL X OIHMTRE XS
ZI78.8%., 9.1% T o7z, fham 1-3 TH7= L 512, SEA O BRI AL
LEMMEROTZDIITET B TRESNTCREEI TSEAZEETE 52 L
MOHHEIZRD BN D, ZOZ LB LT, BEHO SEA f/MEIERE X 0.1-1.6
ng/g T H(Asao etal.,2003), RNEOERE FIRMEIZT Nz RS2 LD, &5
IRORBE EDNMBETH D, — T MR L2 5E1213, & TIREICE
LTRSS -7, PHII TV D SEA MHEIIHURPUAR S %2 iV 5 ELISA
RRPLA & W o T2 EHIEE T ITEEIETH D (Park and Szabo, 1986); (Jergensen
etal.,2005); (Nouri et al., 2018), Z L5 DEVE EEEEIZEES < SEA DEMEEH
BIIARMIEO FIED L9 I EiE &I TEE R EOBLE PO ERICIZE RS b
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DThHD, EMIEEITERELIERE L T 518ED SEA OmEtEEH & &
L T. 20~100 ng (Asao ef al., 2003)=> 1 pg (Food and Drug Administration, 2012),
50 pg (Gilquin et al., 2017)E L TWAH EOHRENRH Y, b & ARCBIT L4
FLD 1 [Eld 72 ) OFHUE 200 mL(fE & PE LIRS 2015)4 5% 2. SEA DFIE
BEZTFHET D L. 0.1~250 ng/lg LIRWVRERPH & 705, — T, (Niaetal,
2016)i% ELISA {ETIXA43LH @ SEA 10 ng/g % EMEICHH TE LW EHRE L TEH
D, ZHETICHE SN TET SEA ORIEREITEE > TWD LITF R RV,

Lt EREETHHARELEROTFIEZMAYE, RP#HFHID SEA FRRTRE %

RHDHZ LT, FEHERISIERENH LM E D Z ERH/REIN S,

34 £

ARETIE, LC-MS/MS Z HW=IEIZ & 545 5 SEA O Tikic
DWTHRFRT LTz,

KOWTEDFHBIIIRD 5 K TH 5,

O AL, BEAZRSRM F TP a itk - T, SEAICHET S 3 DD
7T N 2N T D, ZORER. X NV ERIKOT I B &
10% L B "—4 2% 2 & T, EHESR 72 K % (World Anti-Doping Agency
Laboratory Committee., 2010) % it 7= L, 3L @ SEA Z[RIERFETH D,
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@ CRL JERFEFIU LC G2 L > T, SEA ICHKT 5T F RE4HEL .
MS/MS IZEATEL Z L&aEX D, ZICEY ., EHT REHEERE
F & [f—® LC-MS/MS STt alee & 72 o 72,

@ FHH D SEA % pH ¥ & TCA ILEBAED 2 B 7 & 2 ThiH - H8L L
2o pH A TIX, FHFTOEDL X RIETHDLIEA L ERE LT,
TCA ILEIETIE, oIV EEA#EZ 52 L TIELDE 2 MA . SEA 3R
AIIZINEE L7z,

@ MU TFU b EERERIET HZ & T, JEXNSRO SEA [ZHKT H T
F REmKRICH -, 512, WETRZIRD AfL, SEAHILXTF FO/H
BMOH 508 EB Lz, M) 7V U RICAET 2 TREZ RiE{E L, 1E
WE7R TE RIS DR MMDETE LT/ T —~ v A& Heffk LTz,

® BEAETEE D BB STV D VR RIEGEREE O G T 4 FZ A
>(2Z5T)) (IMHLW] Ministry of Health, Labour and Welfare, Tokyo, Japan., 2010)
WZHI> T, ROPHEIH L TREMEZa i L7, FHMETEE TH 5 TERME,
B LOREE., E& FIRE) 13R0E SN EEICEG LoD T, Kok
7 FER OB A E)S FTHE & 7R 5 T2,

ARETIE, PRSI Ui BRE A2 LC-MS/MS BIEICHWD Z &R TE

LEBEZMEE LT, —E ORI TERREIC RO 55 GLP IZHG LT
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BU | 2-4 L FRRICARATIE TR R 22 25t o & — T O R TR A
BICERH ST 252023 4F 8 HIER), mfgE D HHIMED SV SEA ERIEN
FAELZRWNE WD R 1-3)%2, AR TR T 52 &N TE R Lizon
T, TOEREZEL LIz, AEIT pH %O LEIKRD D SEA 5L O IRIE
T 57201, TCA IWBIEABRA L, BIRMICED =X R B a2 FER LE
BT 52 LT, RBAREZZE S, AT LRI 2 BB Z )Tz, Al
7k @ 2 #(Muratovic et al., 2015); (Andjelkovic et al., 2016)i% ELISA & D4 5211
FIETHOW B ATAELICHE T 5 FIETEE L T\ 5, BERISITENT & RS
IR A FHWTWD, JURZ G S M T 2 508 PR FIE TR, R Tii 2
B % o To AL ERERE CIE, BIEREME T LT L E 5729, SEA ORHEIN
B 2 WITPUARE BIAL O LIS 2 HERF T 5 LRI~ A L R FiEE L D456
MNE, —J5, PURBFEA TERWIZE SEA BENTHNTH, XFF RKDT
J BEBCHIAMETE S TOAIEAEIL SEA & L THRINTE %, JIEDKEICOW
T, RO 2 M TIEOATHEEZFRIE L LT 9~30%CTd > 7= DITK L TARIFIEIE
13~14%TH Y X6 2EEKY0 & T HMBEDOESRNH Y | BNREE L Loz
MR A A KT A > OFEEFFIUNE > T D, RHIROFHEZ R L, LC-
MS/MS ([ZTRTF Fafithd 2 Z LI LCAi B 22 2 & T, 5%
ITIFFE L 0 b EREE N O FBIEDE W SEA ERIEZMNTHZ LN TE LS
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2712,

—im & LT AR S T S B B 2 B e UBHR AT - BITALERE -
BRHECOKETREMHELFETHETHDL Z ENEE LV, AHFFETIIBR% L
7= CRL JE &L & SEA ERE DRI IR T2 TH Y . CRL & SEA OHIALER
TRZLEETE Ao HBE LT RO 3 HmE2BEXLTWD, #H—IZ, CRL &
SEA 1370 T ENEH L B2 b, Figure 1 BL 2 /-3 KL 912, CRLIZSEA @
K127 D+ ETH D, FH T, CRLITY VYV —AITEF LR WBRIRS T F R
Tdh %, CRL [T—RIR_TTF N 2RIV R T F R ThHY | #
YoRZBETIERY, I, CRLIZEAEM TIIME DN RWD RO T X/ RA
GATRY, Wiy R EThD SEA ERTIHRLZMWETH D, 95 LIk
PEDEE pH FHIESC TCA LB E & W o 7 BT TREN TH—IT/EH L 722
72 RTHEMEDS S U . CRL & SEA ORTLEE TREZ FE I IBb TE o7 b B 2
72

L LR B, AWFZEITEMETE & LC-MS/MS et % 3@ bk L7 E Bk 2 #
HNLT B T ENTE, JEROIERIFERTE XV bR OESRD & - 7=, AU ZTE
MU HFH D CRL & SEA x4 & LM ERBIENER TELLEE XL

iz,
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AT Y EIZEENSD CRL B L SEA DEREFE
4-1. i

ARETIX, BT LI 2 DO0HTiELE Wz CRL & SEA O FEREMAIZ D
WT, b5,

SINTIEDBRFIZ BT, & DL MEZFMT 572010, BIEX S Z IR L7
& 2, — T CRL & SEA B4 HLE L OV 215 YL L= B R B34 03,
HARTHE SN TW5 (Okada, 2021) ; (Asao et al., 2003), D E 0 . KA L5
QIR 2R ET D72 0I21E, o TRe R AT AL ELOME TH D Z LN
FLW, ZLT, A EEHLITKRD 3 ABRLD, B2, AFIIRMEADI-
D, FH LY L ENMEEZA LT D (Quigley etal., 2013), 5 12, 43I
BB ILER T 1 0 BESRTEME DS LB — T B0, AFLITHE % TH 5 (Quigley et
al.,2013), & =12, FFLUTNEMIERORE S NHEL I N TWHDIZHR LT, A%

Lv-

HFHD]I

IFEE AL & TV 72V (Argov-Argaman. 2019), & 9 L7zl DWW 2 < %
751795 CRL & SEA IZF¥ L, RIALEE TS LC-MS/MS JIEIZHEL 5. 2 5
AIREMED N B Do T DT BFE LI ATiED AEFITKE U Tl TE 2 034 2
DD D,

AARENIZBWT, REEOAFLITIREE L TV, &fhé LTAFENR

HLWEALORDY L LT, doRsketilzB i, LEES GLAOILE W
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DRGSR T 28 5) Tl FEl43l S < BULHEEDOFF A 2 %2 1 7o figk
fEIN-EFHELLCIRGEIND DO EREHFA E LTV 5 (MHLW]
Ministry of Health, Labour and Welfare, Tokyo, Japan., 2016), #BI4EFLIC X, Bk 72
B S E B E (R B A LR IR B 3 D FT AT % 52 T2 il g CHEER) & Bl oy Bk (2
FLETE S 8.5% LA EXRFLNENI 4> 3.3% LA E) R ED LAV TV D, FEBllFHLD 12
IR E B T O S, BUEE & RE VT A R0 TR AR - Ioe
SNTWD, ZORHIAFFLOME - CEERTE M, NENIERITERLOZ D LI
TWNDZ et RS LT, BRZE LIc B AR FLICH S T & 5 & MRk
L7z, & LT AR I, Wil L TV D 4R35 & AR Cd 2 A FL A %4212, CRL

BIXOSEA OEEOFEZTHE LT,

4-2. Mkt LU L
4-2-1. #E

AEFLOREBRLE LT, BURENIC BT 5 IR ORI A FLGRBER B B LU0
YREY 2T A ) T,

2-2-1 &AERIZ, FEREFHA I, ARCEE IS itii 9~ 2 i iR 0 A= FL([E )8 Mfk %
Mz, £, HEEWICH 2 -GN 6 7Y 7 LIe ARLCRR
)14 Bk % FERER A W =, FERER A OFEH 2 08T 9~ 2 BRI, WRANEIIY
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P TNEBATE L HDHVNE 2 TR, AL JOMIED TREHEE S L
77
4-2-2. ML X OV~ IS EREA

552 B L OVE 3 B CB% Lo/ triED AR FLICHE IS AT e &2 3R T4 3 CHn
EINGERBR 21TV, ZORREFE L7z, £, e LRl 43250212, 2-2-
8 }5 L O 3-2-8 L [ABEIZ CRL 10ng/g. SEA 50 ng/g % [RIRFCERMN L, AIALEE 24T
S7, 1 ODHF 7 Iuh 6 CRL 3 LUV SEA 43l %5 C, RBRIEIK & [7]— d LC-
MS/MS Gt TRIET 5 Z & T, [BIERES L O TREEE 2 Fi U 5FAf L 7= (Figure
17A), 53 HriE O PR B e 2 2R T7 @8 D 7 A R A > ((IMHLW] Ministry of
Health, Labour and Welfare, Tokyo, Japan., 2010) D —&8T & 5 BN R 70~120%. f

ITREEE 25%A0 & L7z,

4-3. FERB L OB
4-3-1. KB435 T OUINBIILGRBR RS 5

R iEZ R ARSIz & & O HVREY 7, LC-MS/MS 7 i~ b7 T L%
Figure 17B 127”779, Z DK, CRL DEIERI LOPHMTREIL 81.1%. 1.6% Th
D . SEA DENXFHER L OVPHTIEE X 78.8%. 9.1% Th > 7=, Fehll4-FLH Do i
%5378 CRL & SEA O3 & TH £ I3 E L54 . BIEROHECIE S o &
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MRKELSBRBZENEEINTZ, 1 DOV 7L BH47- CRL B X O SEA 45 H]

DR B ONIAFEIX, Z 00 B HTRF D[RR 73 & NI FE & kb

L. REEDbnot-, - T, RFHRIMIZHB VT, CRL BILUSEA ITZ£1

THUCTH LW Il L, Aoz LI bS5 2 & & LT,

4-3-2. FEHEFRATHE B

WL DORIRD 5 4 CRL & SEA (3t SN2 doTz, £z, [RBIZERK L7z

TREEHEAOTEMEI Y > 7 BT B EINEREIT 70~120% O &HiFHN TH - 7=,

ERERAZ T SERIC S o OmBEIIFEHS N TEY | R/ TIRIEE TIIE

FEPED B WAE R A RGE L 72,

4-4. £

ARETIE, BF LT 2 SOSHEZEFLIZEIS PTEENE 9 2 EMEEL, CRL

& SEA DOFRBYFEREA 2 Fhits L 7=,

RFLR L O ER-ROE IR D 2 5 TH D,

O AFROMREL LTHWIZRRIFALEx5 L& LT, CRL & SEA OWRINFANNGK

BraiToTc, A2l & LSRR EFFORIRBGF O, BFELTZ2 2D

IINTIE DX G & EFLITIER T2 Z E N AfRE L 7e o 7,

@ BAZE L7z 2 oDk a UMb RL 8 fikds L OVERL 14 BRIRICRT L,
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Figure 1. Structure and features of CRL. Adapted from
“Chemical structures of cereulide” by Garcia-Calvo et al. 2017.

69



Figure 2
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Figure 2. Structural image and features of SEA. Adapted from UniProt
Knowledgebase, available: https://www.uniprot.org/uniprotkb/POAOL2/entry
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Figure 3

Sample (cow’s milk) 25.0 g

Adjust the pH to 3.5 = 0.5 with 5 mol/L HCI

Mix on a vortex
v Centrifuge(3,200 X g, 15 min, 4°C)

The pellet

Add acetonitrile 20 mL
Mix on a vortex
Centrifuge(3,200 X g, 15 min, 4°C)

A 4

v
The supernatant The pellet

Add acetonitrile 20 mL

Mix on a vortex

Centrifuge(3,200 X g, 15 min, 4°C)
The supernatant

Dilute to 50 mL with acetonitrile

\

y
The Extract solution 100 pL

Dilute to 1 mL with methanol
¢ Centrifuge(3,200 X g, 15 min, 4°C)

The Examination solution in a glass vial

\ 4

LC-MS/MS measurements

Figure 3. Sample preparation method for analysis of CRL.
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Figure 4

Performance characteristics of single-laboratory validation study

1. Selectivity
2. Trueness (Recovery)
3. Precision
-1. Repeatability
-2. Within-laboratory reproducibility
4. Limit of Quantification

Selectivity:
Good separation of the peaks of target compounds from the peaks of matrix.

Trueness, Precision

Precision
Fortification level Trueness — —
(ng/g) (%) Repeatability Within-laboratory
(RSD, %) reproducibility (RSD, %)
= 1 70-120 30 > 35>
1<X= 10 70-120 25 > 30 >
10 < X = 100 70-120 15 > 20 >

Limit of Quantification: Signal-to-Noise = 10.

Figure 4. Criteria of performance characteristics of validation study in the guidelines of Japanese
Ministry of Health, Labour and Welfare.
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Figure 5
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Figure 5. 1. LC-MS/MS chromatograms (m/z 1170.7—1125.7) of (A) CRL standard
solution (0.5 ng/g), and (B) the sample spiked with CRL at10 ng/g (0.5 ng/g in the vial).
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Figure 6
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Figure 6. (A) The scheme shows proposed fragmentation pattern with tentative
structures for the product ion of CRL. The fragmentation pattern was adapted in Bauer
et al.(2010). Results of the product ion spectra analysis of m/z 1170.7 in (B) CRL
standard solution (0.5 ng/g) and (C) a sample spiked with CRL at 10 ng/g (0.5 ng/g in
the vial).

74



Figure 7
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Figure 7. Comparison of the recoveries of CRL among the different
extraction procedures. Error bars indicate the RSD values of repeatability
(n=23).
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Figure 8
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Figure 8. Total ion current chromatograms (T1C, m/z 600 to 1200); Blue line shows
the TIC of the blank solution (methanol), red line indicates the TIC of the blank
milk samples with the 10-fold dilution process, and green line indicates the TIC of
the blank milk samples without the process.
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Figure 9
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Figure 9. Calibration curve data from the standard solution of CRL. The
calibration points (0.1, 0.25, 0.5, 2.5, and 5.0 ng/mL) were analyzed twice.
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Figure 10
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Figure 10. Chromatograms of the quantitative transition (m/z 1170.7/1125.7) in (A) the

20.5

21

215

blank milk sample, (B) the standard solution of CRL 0.1 ng/g, and (C) spiked sample with
CRL at the LOQ level (2 ng/g, 0.1 ng/g in the vial).
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Figure 11.

A Sample (cow’s milk) 25.0 g
Adjust the pH to 3.5 = 0.5 with 5 mol/L HCI

Mix on a vortex
v Centrifuge(3,200 X g, 15 min, 4°C)

The supernatant

Adjust the pH to 7.5 £ 0.1 with 5 mol/L NaOH
Mix on a vortex
+ Centrifuge(3,200 X g, 15 min, 4°C)

The supernatant

Add equal volume of 20% trichloroacetic acid
Leave on ice, 30 min

4 Centrifuge(12,000 X g, 15 min, 4°C)
The protein pellet

Add 5 mL of ethanol

4 Centrifuge(12,000 X g, 5 min, 4°C
The protein pellet

Add 5 mL of ethanol
1 Centrifuge(12,000 X g, 5 min, 4°C

The protein pellet

Add 5 mL of the mixture (100 mmol/L Tris-HCI with a pH of
8.5, 7 mol/L guanidium hydrochloride, 10 mmol/L EDTA)
v Mix on a vortex

The Sample buffer

Figure 11. Sample preparation method for analysis of SEA; (A) The method of
collecting protein and preparing for the sample buffer and (B) the method of trypsin
digestion, desalting, and preparing for the Examination solution.
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Figure 11

200 pL of the Sample buffer

\

y

Add 5 pL of 1 mol/L DDT

Leave for 90 min

Add 12.5 pL of 1 mol/L IAA
Leave for 90 min in dark
Methanol chloroform precipitation

The protein pellet

A

y

Add 100 pL of 100 mmol/L Tris-HCI with a pH of 8.5
with 1.2 mol/L urea
Mix on a vortex

Add trypsin (enzyme: protein =1 : 100)
Leave for 16-18 h, 30 °C
Add 2 pL of formic acid

The peptide solution
\4

GL-Tip SDB column

A

Pass through
Elute from GL-Tip SDB with 100 pL of 80% acetonitrile

, containing 0.1% formic acid

The elute

Dry with nitrogen
Add 100 pL of 0.1% formic acid

¢ Add SIIS peptide

The Examination solution in a vial

LC-MS/MS measurements
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Figure 12
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Figure 12. (A) Amino-acid-sequences of SEA; bold/underlined = selected peptide for
AQUA,; bold = selected peptides; italicised = signal peptide. (B) Product ion spectra elicited
by the doubly protonated peptide (m/z 615.8/773.5 of SELQGTALGNLK) in the

standard solution at a SEA concentration of 1000 ng/g.
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Figure 13
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Figure 13. Comparison of sensitivity in LC—-MS/MS chromatograms between (A) the
standard solution of SEA 500 ng/g and (B) cow’s milk spiked with SEA at 50 ng/g (500 ng/g
in the vial). Each of the peptides were eluted at the same retention time: (left) the quantitative
transition (m/z 615.8/773.5 of SELQGTALGNLK), (middle) the transition (m/z 564.8/686.4
of QNTVPLETVK), and (right) the transition (m/z 693.4/972.5 of NVTVQELDLQAR)
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Figure 14
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Figure 14. Total ion current chromatograms of blank milk samples (m/z 55 to
650) (A) without and (B) with the desalting process.

83



Figure 15

y = 0.0469x+0.002
r = 0.9995

Ratio (Analyte Are / SIIS Area)

0 6.0 12.0 18.0
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Figure 15. Calibration curve data from the standard solution of SEA peptides. The
calibration points (100, 250, 500, 1000 and 2500 ng/mL) were analyzed twice.
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Figure 16
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Figure 16. Chromatograms of the quantitative transition (m/z
615.8/773.5) in (A) the standard solution of SEA 100 ng/g, (B)
spiked sample with SEA at the LOQ level (10 ng/g, 100 ng/g in
the vial), and (C) the blank milk sample.
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Figure 17

A Milk sample, 25.0 g

Sample preparation
(pH adjustment, acidication)

The pellet The supernatant
CRL fraction SEA fraction
LC-MS/MS LC-MS/MS
measurements measurements
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Figure 17. (A) Schematic drawing of the approach for the analysis of CRL and SEA
in milk samples. (B) Typical LC-MS/MS chromatograms for the milk sample
spiked with CRL 10 and SEA 50 ng/g: (left) CRL transition (m/z 1170.7/1125.7 at
the retention time (RT) 19.7 min) and (right) SEA peptides transition (m/z
564.8/686.4 at the RT 11.3 min, m/z 615.8/773.5 at the RT 13.5 min, and m/z
693.4/972.5 at the RT 14.5 min).
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Table 1. Parameters of MS/MS detector.

lonisation mode

lon spray voltage
Vaporiser temparature
Enhance potential
Curtain gas pressure
Collition gas pressure
lon source gas pressure 1
lon source gas pressure 2

Positive-ion ESI*
4500 V
600°C
10V
15 psi
8 psi
40 psi
40 psi

*Electrospray ionasation
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Table 3. Validation results for cereulide in cow’s milk.

Fortllg:;:;tlon Trueness *PreC|S|on _ 100
(ng/g) (%) R=D: RSDwr (ng/g)
(%) (%)
10 94.0 4.7 5.6 20
50 90.5 2.4 4.7

"RSD of repeatability
“RSD of within-laboratory reproducibility
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Table 5. Trypsin-to-sample protein ratio

Trypsin-to-sample

orotein ratio Signal-to-Noise Area/lS RSD,*(%)
1: 25 650 1.11 5.8
1: 50 758 1.02 7.6
1:100 860 0.94 4.2

*RSD of repeatability
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Table 6. Validation results for SEA.

o Precision
Fortification level Trueness LOQ
(ng/g) (%) RSDy* RSDwr™* (ng/g)
(%) (%)
50
82.4 12.7 12.7 10.0
100 79.6 14.1 18.4

*RSD of repeatability
**RSD of within-laboratory reproducibility
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