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e A Pyridinium Derivatization Reagent for Highly Sensitive Detection of Poly-

(carboxylic acid)s Using Liquid Chromatography-Electrospray Ionization-
Tandem Mass Spectrometry; J. Am. Soc. Mass Spectrom., 33 (2022) 1492.

e Quantification of Casein in Baked Food Products by Selective Analysis of
Phosphorylated Peptides Using Fluorous Derivatization with Liquid
Chromatography-Tandem Mass Spectrometry Method; Chem. Pharm.
Bull., 70 (2022) 19.

o [BAAEIRMEEMZERHWNZ7TFILOY DEELEMDTE ST, 2 TEE,
70 (2021) 261.
e Multi-dimensional HPLC Analysis of Metabolic Related Chiral Amino Acids -

Method Development and Biological/Clinical Applications-;
Chromatography, 40 (2019) 1.

o THTATLvVIOREHNRKRZFA T DLIREEERILIKZDHPLCOBEDHT, £
#1E%E, 65 (2016) 729.
e Liquid Chromatographic Determination of Microcystins in Water Samples

Following Pre-column Excimer Fluorescence Derivatization with 4-(1-
Pyrene)butanoic Acid Hydrazide; Anal. Chim. Acta, 755 (2012) 93.
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e A Pyridinium Derivatization Reagent for Highly Sensitive Detection of Poly-
(carboxylic acid)s Using Liquid Chromatography-Electrospray Ionization-
Tandem Mass Spectrometry; J. Am. Soc. Mass Spectrom., 33 (2022) 1492.
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7



¥ fiih A

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

FTHRT DRI

(2) LC-ESI-MSIZH THE BREL &R

<OV ER

SAEMRERE
0D w0 =O-0%
1,2-PP TMP-TBAPC

+ )=
HNQ—@—N\ / /_\ HO OH

(0]
100 - B B O 100 A /
;\5\’ 5 ;@ vnzﬁﬁ
X L= b}
.I]\, 50 - 'T 50 -
°Y M N U
= HN\_/N—(N;\> 7
= . &
0 0
1,2-PP TMP-TBAPC TPP-TBAPC 1,2-PP TMP-TBAPC TPP-TBAPC
KABRHEE | + | SVBUKMYE | = | ESI-MSIZHEITHEEBREDM L

S. Kawasue, et al., J. Am. Soc. Mass Spectrom., 33 (2022) 1492.
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,,JJE*‘J% o o oh_
(@) O O O HO
OH
HO OH
OH OH OH HO OH (@) OH

FFER (AA‘) JOEA B (PA) ﬁ%ﬁé%l(BA) TOVEE (MA) O\ (SA) /yzplgég (CA)
\ J
SR iRk HE LK B o1 LK B 3t 71 LR 2 B,
Sample 15 pL
IS in 95% DMSO 5 pL
4-Dimethylaminopyridine in DMSO 20 pL
50 mM TPP-AEP in DMSO 50 pL
100 mM DMT-MMY in 90% DMSO 50 pL
Stand at 40°C for 60 min
v 5 mM Ammonium bicarbonate in 50% CH;CN 200 pL
Reaction mixture ~
Iryect 0B RE ddiridgelMonospin CBA) WEIZELT.

Wash with 5 mM Ammonium bicarbonate in 50% CH.CN 400 uL . -
. . _ 3 Ul BEIEREORSE
Elute with 200 mM Ammonium formate in 50% CH,CN 150 pL 4£RE (2177 2
\_ Eluate _J I ~-1TA

1) 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride 11




ETLLE BT it DRt

EEEHIERBEOSRMZ O K9 S5 A

Derivatized AA 461.25>308.20 CE -40.0 —
Jkﬂ Derivatized PA 475.35>308.20 CE -41.0 o %E,r 7'|_ > %
>\ . . = . -
2 G
c
Q Derivatized BA 489.35>308.20 CE -45.0 —
c
4 . .
§ Derivatized MA 453.40>308.20 CE -35.0 %E,r 7.|_ s/ %
J Derivatized SA 460.25>308.20 CE -40.0 2R
k Derivatized CA 465.55>308.20 CE -35.0 — ¥H A A > %
(I) 1|5 min 31ﬂﬁ -G Jﬁ Hj
- LC-MS&H#
Column : XSelect’™MCSH C18 Gradient program : 1-5 min 20% B, 5-25 min 20%—80% B
(50%x 2.1 mmi.d., 2.5 ym, Waters) 25-30 min 20% B
Mobile phases : A 0.1% X E (Ki&i&) Column temperature : 60°C
B 0.1% XE(7tb=FJJLiB&) Mass spectrometer : LCMS-8050 triple quadrupole (Shimadzu)
Flow rate : 0.2 mL/min lonization : ESI (+)

S. Kawasue, et al., J. Am. Soc. Mass Spectrom., 33 (2022) 1492. 12
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HO O o 0 HO 0 (0] O
(0] (0] 0
HO N OH
OH HO
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OH OH (0] (0]

Citric acid Isocitric acid Citraconic acid Mesaconic acid Itaconic acid
(0]
o} OH Q
OH o HO (e} o OH O, (0] (0]
AN
~ HO. & OH 0:<_>*0H M
o OH OH 3 — HO OH
O
cis-Aconitic acid trans-Aconitic acid Maleic acid Fumaric acid Malonic acid
(0] (6] OH O (0] (@]
(0] (0] O O
OH OH HO
HO)‘\/\’( )J\/\)J\ Ho)‘\/\/\’( )J\/\/\)J\ \H)\(H\OH HO)‘\H‘\OH
HO OH HO OH
o) ) ] OH OH
Succinic acid Glutaric acid Adipic acid Pimelic acid Tartaric acid  2-Hydroxymalonic acid

o OH o}
HO OH 9 Ho 0
HO HO OH M HO
OH OH OH
0 0 OH HO OH
OH o) o} o}

(e}

Malic acid 2-Hydroxyglutaric acid 3-Hydroxyglutaric acid Citramalic acid 3-Hydroxy-3-methylglutaric acid
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Tartaricacid—>~_ <+~ Malic acid

< Glutaric acid

2-Hydroxymalonic acid—> ~

<— 2-Hydroxyglutaric acid

<— 3-Hydroxyglutaric acid

\4— Citramalic acid

20 min

2
o 2 MaleicM K Fumaric acid
Malonic acuL <+ Succinic acid 2
£
© o
& Mesaconic acid —
raconic aci <« Itaconic acid
<= 3-Hydroxymethyl glutaric acid Citraconic acid —> aconic acl
L cis, trans-aconitic acid— ~\_
Adipicacid—> ~ < Pimeric acid < Citric acid
Itric acl
Isocitric acid —> A\
| T | | T
Pine- Pine- Grape- Grape-
Apple? AppleB Grape? Grape® Orange® | Orange® apple? apple® fruiE:A frugB
Citric acid 137 104 826 391 1990 2100 207 182 2260 2170
(mg/kg)
Isocitric acid 20.4 15.7 133 60.3 287 352 419 496.3 837 552
(mg/kg)
Fumaric acid 128 205 27.9 8.03 17.2 11.3 6.99 14.1 353 5.45
(mg/kg)
Maleic acid 567 512 572 342 211 476 478 496 122 393
(mg/kg)
Aconitic acid 315 27.1 140 63.7 557.3 543 548 537 551 570
(mg/kg)
— - . {ge - N
Suz:rﬂg;ﬁge;md 3.70 38.7 16.6 177 73.7 463 26.2 232 12.3 128 A:#EYTEHAT
—— B : mEREHE IR LA
Ta(r:gg;:kg;:ld N.D. N.D. 883 375 N.D. N.D. N.D. N.D. 0.124 174 T ARiiE R
Malic acid 853 o8 ) 6 . o a8 . J”;EE), FE29[Eloavhkco ST r—
5 7 71 577 465 771 764 789 563 .
(mg/kg) SR TDL (202256 8).
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Minced fish 20 mg Residue (A part of Sample F) Sample ForT
CHCls : CH;OH=1:2 75m 3 M NaOH 2.5 mL 1 mM HCI in CHCN 20 L
‘w
Vortex for 1 min g Vortex for 1 min 10 mM TPP-AEP in CH3CN 50 uL
o
Centrifuge at 800 g for 5 min f Stand at 80°C for 30 min 50 mM DMT-MM?Y in 90% CH3CN 50 pL
v L
Supernatant 7 mL 4 M HCI 25 mL Stand at 25°C for 90 min
0 : .
CHCl; 5mL Vortex for 2 min ) 1% formic acid in H,O 130 pL
8% NacCl 2.5 mL Reaction mixture
CHCl, 2.5 mL
Vortex for 1 min _ Load to SPE cartridge 200 pL
Vortex for 1 min (MonoSpin C18, GL Sciences)
Centrifuge at 800 g for 5 min . _
Centrifuge at 2000 g for 5 min Wash with 5 mM AF in 40% CH,CN 200 pL
Remove upper phase
Remove upper phase Elute with 1% formic acid 200 pL
Evaporate and dry up v in 90% 2-propanol
under reduced pressure Evaporate and dry up Eluate
v under reduced pressure . _
Residue —> Sample F (Free) 2 Inject into LC-MS/MS 2 HL

Residue —} Sample T (Total)

BARD, AAELLH43E2 (202353R). 15
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- Horse mackerel (#2)

- Amber jack (FE/\)

F F T
i i /\
o pi ~ EPA
2} o | & IN 7 7% RV
| /L 1 | )ﬁ I\ DHA
° | N \J N ad ) /) L2k
— — . ~ — | 7SF UK
3 4 5 6 7 8 4 5 7 8 3 4 5 6 7 8 3 4 5 6 7 8
- Red snapper (#3) Tuna (#8)
F T F T
i i
@ I\ W EPA
N - S N 7 5% KB
| | | - DHA
U - u N ) LB
_ A — — NN 75O
3 4 5 6 7 8 4 5 7 8 3 4 5 6 7 8 3 4 _Z_ 8

RF143F R (2023F3R). 17
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34.6

44
7.0

OFIT (GEEBtERE frEs /-
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0.00

Horse mackerel (#)

211

30.6

SRES) L

0.7

13.0
31.3

34.9
138

6.2

Amberjack (FF/\)

0.4
9.1

29.4
54.1

3.0 4.0

Red snapper ()

B, #I0EoOVIIS7r—2 2204 (202356R). 1g

EPA

DHA

Arachidonic acid

Linoleic acid 14

Oleic acid

Arachidic acid 250 6.5
1.8
11.6 53.7
Tuna (#8)
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O,N

\+/\/O
N
ase: s | 2R S
= N, NH,
Anal.Biochem., 537 (2017) 26. Anal. Chem., 93 (2021) 10075. Anal. Chem., 90 (2018) 3512.  Anal. Chem., 80 (2008) 9042.
[BA] [FPE] [[E] (A5 ]
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