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medicine (TCM) based on biosensors combined with ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS). Using atractylenolides as the research subject, the interaction mechanism between these compounds and bitter taste receptors
will be elucidated through molecular docking and biosensing technology. This approach will achieve a transition from traditional
empirical evaluation to molecular-level characterization of bitterness attributes, thereby providing support for improving the quality
control system of Baizhu (4tractylodis Macrocephalae Rhizoma, AMR). Methods Preparation and screening of atractylenolides-rich
fractions from AMR using D101 macroporous adsorption resin coupled with UV spectrophotometry; Molecular-level characterization
of interactions between the obtained fractions and taste receptors via UPLC-MS/MS and molecular docking; Precise identification of
CQAs through integrated biosensor technology and UPLC-MS/MS analysis. Results In this study, eleven fractions of AMR with
different polarities were successfully prepared. Among them, the 70% ethanol extract fraction of AMR had the highest total lactone
content, serving as an ideal carrier for subsequent studies on taste properties. The molecular docking experiment showed that the
binding of the components of AMR to taste receptor type 2 member 14 (TAS2R14) exhibited obvious advantages, revealing at the
molecular level that the components of AMR have a strong tendency towards the functional characteristics of the bitter taste property.
Furthermore, a bitter taste biosensor was constructed to characterize the bitter taste property of the components of AMR. The results
showed that the binding strength between the components of AMR and the bitter taste receptor TAS2R14 was 49.0 ng/L, which was a
strong interaction, indicating that the components of AMR mainly composed of lactone components have a significant bitter taste
property. This result was consistent with the molecular docking results, enhancing the reliability of the experimental conclusion. Finally,
by combining with the UPLC-MS/MS technology, a total of 13 CQAs related to bitterness, including atractylenolide II, were identified.
At the material basis level, it was demonstrated that the binding of specific chemical components in the components of AMR to the
bitter taste receptor TAS2R14 is driven by these CQAs, providing direct evidence for understanding the bitter taste characteristics of
atractylenolides components in AMR. Conclusion This study employs a multi-technology integrated approach to systematically
investigate the bitterness attributes of atractylenolides in AMR, elucidating their molecular interaction mechanisms and material basis.
The identified bitterness CQAs provide a theoretical foundation for establishing a bitterness-characterized quality control method for
AMR. Furthermore, the proposed technical strategy offers a novel methodological reference for researching the bitter-tasting substance
basis of traditional TCM.

Key words: critical quality attributes; Atractylodis Macrocephalae Rhizoma; bitterness; atractylenolides; biosensor; UPLC-MS/MS;

molecular docking; quality control; taste receptor type 2 member 14; atractylenolide II

24 o B TP 2 NE AR O A, T 2
5 £ JEB 1t BF 9 S 24 ) o Jo R 4 | PR A 4 o} A
i -2, rh 2 PR g rh R 2 BRI 4R 3 R IR
BYERE, HOCH B YRR T SE I 24 i
il B BB . LUK -2 R Atractylodis
Macrocephalae Rhizoma (AMR) NI, HAEARZ
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1 XFES5HH

1.1 Y8R

Agilent 7890B/5977A TS (i G4, itk
IIHTERAT Xealibur 2.1 AR, SEE 2 FECRHATIR
/3]s LTQ-Orbitrap XL B & G AH ta A, S [H
Thermo Fisher Scientific A F]; CHI-660E & Hi{k %
TARSG, L REACERAT PR A 7] 5 22 [ R B 4% SPE
H=GERCHs, SRR (i) AIRAT: T
RURAN-RT WA 6T, BlETohr A R AR .
1.2 ##

ERIS IR, 175 01102412, 465 2203038,
T At R A AR A ], 2dbat 2 250 A R
AL 2 B AN K e S FI A, AREL
TARJBHEY AR Atractylodes macrocephala Koidz. [f]
TR ZE A2 I OB U H] T 2T G 0 R
FARPES TIT (L5 16202, CAS 5 73030-71-4).
HAACH (IS 16298, CAS 5 29883-15-6), it
3 H51=98.0%, T EHEREPHERRAERAR RS A
BRATE: kRN Git'S WXBBS870V, Jii&4y

$=99.9%). FEE (LS 151871, R %$1=95.0%)
3 BB KRB (RED FRAR S Ky, B
BE 95.0%, MR CRED ERAIARAR;
TAS2R14 A, 155 IDMPIC-29, #i% 100 ug, Ji
B H=80.0%, TR EAEVE AR R
Al D101 RALWEMAE (15 A832686, #t's
C15777990) . Jo/K =& A8k (Ht'5 C16534580, CAS
5 7705-08-0, FiEE 99.0%). 3-HiFE R (3-
mercaptopropanoic acid, 3-MPA, #t5 BCBX028, Jii
HH=99.0%) EiEEFRIE (5 C15723718, CAS
5 5470-11-1, FREH 99.0%) BREE — 0% £h R
2 [ 1-(3-dimethylamino propyl)-3-ethylcarbodiimide
hydrochloride, EDC, #t5 5006M12X, i &%=
98.0% 1 S0 bifg 22 se AR AE AR B A R 2 7 5
N-F25T —BEE#Z (N-hydroxy succinimide, NHS),
fit'5 WXBD1766V, Jii &3 %1=97.0%, & Sigma-
Aldrich A7) Jo/KZEE, W E RETH KRR
J7s JoKHEE, W E I EREAYRHA R A
aifboK, MET M EE RS R R AR
2 FESHR
2.1 AEIHFRMEBAREASHS EHESIFIE
211 AFEWEARA S EHE B EAR
RO 42 R (rp [ 24 ) 2020 SRR R ORI (450
it A, A 40%0d DY S50, FREX 1129.92 ¢,
O 10 f5 & oK L, 230 0.5h, BIFHEE 1.5h,
E AP RERI, B FL 7% 2 e i 25 A R JES
Brh, JKIRIREE 30~40 C, JUEWRYE 2dE 8, K
WAETE, WMARZSTERFETE 480 5, DU
TRRash, O 1 h 5, FRE, RIfSERD EOREEHRY;
o 10 fsE4ifb K, =i 0.5h, HRIRI 1.5 h,
R AAMPEATAKIRI, FVEE T, BIAE AR
KR, Hh/KiRE R E N 50~60 C.
SAFRELLL | 2 RIS R, WS, 1
kg ) D101 RALWBHB EAE, 23 10% 30%-
50%- 70%- 90% L EEBEME 5 AR ARIRARFA, ik
FIREAE 30~40 mL/min, WS A VLB, [
HHET R, T RIS 11 ADAFEER EARA
gy, SERNE 1.
212 AFEWEARAS P EANESENE SR
SCERRIE TR, SR R R RS BRI R S T
FEHHREL A AR A EE I135.0mg, BT 10mL &3,
ITe/K OB R RE R ZI B, EP4S 3.5 mg/mL
W, BHMRERI TR RERE, 750 4 mL 2T
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Table 1 Information of preparation results of AMR
components with different polarities

P BhE FHEE/mg #BE/mg HIHRE%
1 K HARKIEY  8086.2 31.96
2 10%ZEE 252983 15732 6.22
3 30%LBE 753.3 2.98
4 50%ZE 505.4 2.00
5 70%LE 282.3 1.11
6  90%ZEE 152.4 0.60
7 10%ZEE ARERY 68327 4734
8  30%LFE 144327 1521.7 10.54
9 50%ZME 24279 16.82

10 70%Z.HB 413.8 2.87
11 90%Z.H 301.2 2.09

20mL BEEWEH, IitERE 2mL, £ 70 CHY
KB E IR AR 30 min, T E B HZERE, B
SRYASHIF 2, N 0.4 mL 10% HCL #1 0.2 mL 1%
FeCls, HIG/K ZREAE s A0 IR, ZEK 518 nm
AR T, SRR () {EJRIFIE . LA
TR IR B AREALRR (X0, A AR (), 155
[FH 7 FE Y=1.726 X—0.5704, R2=0.9994, 455K
B AR B I 7E 0.4~0.9 mg/mL k145 R R 1f.
2 77 00 AN TR R P AR 40 B S P T
2, SHSTEMEERNER 2, ARERY 70%
CIELH 4y () S R TR o B 4 BN 22.43%, AHERT HiAth
o IR R, MOEPSZA D VE AT TR A .

F2 AEMREBARASHEHNESENELER (X5,
n=3)
Table 2 Determination results of total lactone content in

AMR components with different polarities (X = s, 7 = 3)

55 Hoy SR/ %
1 HAR K2 7KH 55 5.75%0.01
2 HAARIKIEYT 10% LEELH 55 2.39+0.23
3 HARIKIZEY) 30% 2 EEAH 4y -

4 FAARKEED) 50% L EE2H 53 436+0.23

5 FAARKEED) 70% L EE2H 53 4.114+0.87

6 FAARIKEED) 90% £ EE2H 53 15.214+0.70

7 HAAREESEY) 10% LB 5y 12.18+0.93

8 HAREEIZEY) 30% 2 BEH 45 -

9 HAREEIZEY) 50% 2 EEH 45 13.86+0.37
10 HAREEIEY) 70% 2 EEH 45 22.4310.04
11 AAARBESEY) 90% B4 5y 13.74+0.54

“=7 FORARRIE L N BRI o

“=” indicates that no total lactone components have been detected.

2.2 EF UPLC-MS/MS 59 F3HERARKBARA
¥ H. ERFAEAR

221 Pl RELEAREEEY) 70% CBEH 518
&, alinJoK R R, B 30 min, 28 0.45uL
T FLIEIESERL, BITS 6 mg/mL FIAREEIRY) 70% 2
B 20 43 SRR S A TR -

2.2.2 UPLC-MS/MS %% &

(1) UPLC %f4: Waters Acquity UPLC HSS T3
iER: (100 mmX2.1 mm, 1.8 pm); #:E 35 C;
AFRE 0.3 mL/min; BEFEE 5Spl; WaIAHN 0.1%
HIRKIER- N, VelibhfE: 0~5 min, 10.0%~
30.0%Z.1E; 5~18min, 30.0%~70.0%Z/E; 18~
28 min, 70.0%~90.0%Z.f; 28~30min, 90.0%Z.
i: 30~31min, 90.0%~10.0%Z .

(2) FUilstE: B A TR, B
B, BTERE 350 C. IEETARRT: BE
JRHE 40kV, BHAERE3SY, EEFEHE 110
V; BT EEIERE-3.0kV, BAER
535V, EiEEHRIE-110V; MEftE 35eV;
SAEB IR R $0>99.00%); #5 <
T 40 arb, BN SRE 20 arb; Al SRS (R
340>99.99%); T SAAFRLE 15 L/min; filf 4 H
JE 6~10 Vs — 2 ik I3tk 5% {8 R I AR 3 i 7 %
SR RERREE m/z80~1200, %
HE2R 300005 2o v SR FH A OB R T4
2.2.3 T UPLC-MS/MS AN AR 45
it AEIE BT, SR UPLC-MS/
MS HARX AARE 5 #AT ST, BREIE. R
HTRE, ERLE 1 BERE AR M
BRUO-121, ML B A PR e BT
X WD TET RIEF ) SRS EREN
7 AR AN 2 0 B R T 00 o A o 1 o0 A A
Xcalibur 2.1 Xf AR5 (1) — e ol ] . — 2 o vl ]
HATHARAL R, i 5 B AR 2 B S O P L
X S AHSRSCRR AT, SLAEHT H R 53 35 b2
gy, FERNNBRER T SRR, SR E 3.
224 BT PNEEARBBAARAS ¥, H. HK
RAERTT BN K EIRSZAK TRPV, HIRSZ /K
TASIR2. TASIR3, ¥ WR3Z4K TAS2R 14 1E A FEXT
%, 7£ PDB $#i % . UniProt $¥E 22 b N 33115,
B BT (13248 5 N3 MOE 2020 R, 2=
KATEE, BIEG, AR, ¥ “22.27
T AT I AR 225y, 3 AE] MOE 2020
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Fig.1 Total ion flow chromatograms of AMR components in UPLC-MS/MS positive and negative ion modes

MR A, LN RS, IR O Rl
1T minimize %514 ¢ f /MU AL BE o R AL B ) /)N
5y VAR SR 244, 7E MOE 2020 ki A4 ik
17 TR, B, 8IS dummies site £
WS G AL R, TG B 52K receptor atoms, FLiA
4 ligand atoms, FFF NTALBE 5 ) 52 44 5 Bl AR e,
W B XS HCN triangle matcher. rigid receptor, T
437519 London dG 1 GbBVI/WSA dG, #ithi# %
BIBEE N 10, KN FRCAR SR SR T 4o
ISAERAM R 53 B WS ARA BAE
RS 8 WK 2, AARHADH¥EWRZIR TRPVIL
(8GFA) ¥y S 73 BB N-6.057 7+0.705 1; HH
k2 & TASIR2 (QSTE23) HIF¥) S 7%l R
—5.8538+0.5272; S5H k14 TASIR3 (Q7RTX0)
(K735 S 7 BB N—5.748 7+0.698 2; S RZ4A
TAS2R14 (8XQS) [V S 43 %fli N—6.338 6+

0.646 3. HLZRT 552K S 73 BUE /N T-5, &
AL 22 By 5 SRR A B FHDY, H S 4y
BN, AHEAE R SIRT R, AR H
TR AR S, Hh S TAS2R14 1)
g, RIWHHEBARS, ETFENER T ARA
oy BA R G T R 8 1 (R A TR o
23 ETHEPEREARS UPLC-MS/MS #ARK B
ANAHERXEREBMIHRAR

T Ik A A TR (R S T TR 5 SR B ) v
YR B AR ELAR, SEEL TR A SR AR AR
30T 5, I B2 AR BC AR B RRE S AR AR A
M ZHFE SR R B AR B, BERIRRER
PG G, KRR 5254 &
MR e 4 B4R ok, U B HoAR S bk,
S 255 Mk 2 rp ORI B R MR I R AL
2.3.1 TAS2RI14 HEHEWSI% H TAS2R14 H5H
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Table 3 Analysis results of chemical components in AMR components

e ! e DR A AR R R Tl 57
min W WE (X107
1 128 46-—HH33-"HARNEE I CisHpOs [M—H]™ 281.1394 281.1400 5.797 263.130 58,237.148 88, 219.139 05, 163.11203 A2/ %
2 7.08 6-(3-hydroxy-propionyloxy) CisHzOs [M—H]™ 333.1344 333.1329 -1.095 261.134 67,203.143 80 SN
atractylenolide III
3 832 MAR CoH;INO3 [M+H]" 182.0812 182.0815 1.814 155.04703,141.958 82, 113.964 23,89.904 57  HAhk
4 839 BEANM CiHis0x [M+H] 1911067 191.106 8 0962 173.096 39, 162.067 55, 149.953 16, 145.101 44, Pfis/iizk
119.049 81, 117.070 12, 107.086 22, 105.963 50
5 8.64 Frht JEH CisHzO  [M+H]' 219.1743 219.1746 0950 201.163 97,177.127 61, 145.101 36, 11.085 63, ik
123.080 88, 119.085 91, 105.070 38, 95.086 14
6 934 RAEE AR CisHi60s [MAH]" 2611121 261.1124  1.128 189.055 18, 131.085 92, 117.070 51,95.086 16  AER/MEZE
7 999 B-vatirenene CisHp  [M+H] 203.1794 203.1797 1293 161.13278,147.117 10, 133.101 49, 121.101 64, %
119.085 98
8 10.18 AARARE VI CisHn  [MAH]" 203.1794 203.1797 1293 175.148 30, 161.132 74, 147.117 11, 133.101 44, #k%
119.085 99, 105.070 43, 95.086 19, 81.070 63
9 1037 AANE I CisHu03 [MAH]" 249.148 5 249.148 7 0.718 231.138 35,213.127 72, 185.132 83, 161.132 74, W EER/MEH
147.080 72, 119.085 98, 95.086 18
10 10.76 8-FKFIAPME 11T CitHnO0s [MAH]™ 291.159 1 291.1594  1.045 275.200 56,223.132 60, 189.112 32, 161.095 98, &R/
151.112 05, 147.117 14, 133.101 56, 121.101 69,
107.085 91,95.049 71, 91.054 92, 79.055 04,
62.982 64
11 1137 (AR K458 L CiHrO  [M+H]* 197.096 1 197.0963 1.108 169.101 32, 155.085 80, 153.070 13, 129.070 36, Ak
115.054 73, 91.054 87
12 1151 DE% AR CisHu03 [MAH]" 249.148 5 249.148 7 0.638 231.138 32,203.143 63, 185.132 58, 163.075 59, W EER/ME%
135.044 45
13 11.92 WeWE-Ff CiHnO [M+H]" 229.1587229.1590 1214 214.136 26, 173.096 07, 133.064 93, 121.065 16 %
14 1227 B-RE-ARAE 1 CisHxOs [MAH]" 249.148 5 249.148 7 0.718 239.384 57,231.138 32,213.127 58,203.143 49, /2%
189.091 16, 163.075 61, 135.044 34, 105.070 37
15 1249 ARHESI CisHis02 [MAH]" 231.1380 231.138 2 0.838 213.127 49, 185.132 74, 163.075 50, 143.085 83, &R/
105.070 40, 69.070 67
16 12.59 atractylmacrols E CisH4O  [M+H]* 221.1900 221.1902 0760 203.179 79, 135.117 10, 111.117 34,105.070 39 ik
17 1291 HARAERE CisHiON [M+H]* 230.1539 230.1542  0.952 215.131 04, 185.132 80, 174.091 57, 160.075 99, %
138.091 64
18 13.63 2-[4-(2-hydroxy-ethoxy)-1-isobutyl-  CisH3Os [M—H]" 3132384 313.2392 6.047 295228 12,277.21771,201.11292 HAh
1,4,6-trimethylhept-2-ynyloxy]-
ethanol
19 13.71 8p-ZBH AR NE 111 Ci7Hu05 [MHH] 277.1798 277.1799 0393 231.174 59, 189.163 77, 187.148 15,159.11700, A&/
137.096 28, 121.101 57, 91.054 95, 81.070 58
20 13.86 2-(2-hydroxy-4a-methyl-8-methylene- CisH»O3 [M—H]™ 249.149 6 249.150 0 5.776 205.160 28, 180.911 51 %
octahydro naphthalen-2-ylidene)-
propionic acid
21 14.17 methyl-atractylenolide II CiHnOz [MAH]" 247.1693 247.1694 0.702 229.158 95, 187.148 61, 149.132 43, 125.060 07 PRI/
2 1564 TAF N CisHw02 [M+H]" 233.1536 2331539 1.173 215.143 45, 187.148 42, 131.085 85,105.070 39 B2
23 1583 AW I CisHu02 [M+H]" 233.1536 2331539 1.130 215.143 39, 187.148 42, 177.091 28, 151.075 64, W ERZR/EZ

133.101 38, 81.070 69
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®3 &
/ - S W TRRm) RE - ‘
e ! s HER BT KR BB ) 1
min wEOE (X109

24 16,03 3p-FIEEAE

25 1753 8p-FEEAARNE,

26 17.57 1-(4-hydroxy-pen-tyl)-2,8a-dimethyl-5-
methylene decahydro-naphthalene-
2,6-diol

27 1891 MEARAE

28 19.80 ARF —FER IE TR
29 20.79 3p-LBEEIEE AT

30 21.52 2-(3,7-dimethylocta-2,6-dien-1-y) 1-6-
methylcyclohexa-2,5-diene-1,4-dio
31 2245 AR

(3-hydroxy propyl)-13-methyl-1,2,6,7,
8,11,12,13,14,15,16,17-dodecahydro-
cyclo pentafa]phenanthren-3-one

33 24.08 BAFESE CisHx

CiHnOs [M+H]" 275.1642 275.1643 0287 247.13324,229.122 71, 187.112 05,

CisHwO [M+H]" 217.1587 217.158 8  0.498 161.096 28, 159.117 00, 90.977 29
32 24.06 11-(4-furan-3-yl-phenyl) 17-hydroxy-17- C3iH3e04 [M-+H]" 473.268 6 473.266 8 —3.985 45535095, 336.171 02,242.127 66, 174.308 53, i

CisHx02 [M+H]" 233.153 6 233.1539  1.045 215.14342,197.133 00, 187.149 45, 177.091 35, 2K

159.080 76, 151.075 68, 133.101 41,
131.085 80, 105.070 38, 95.086 17

CigHnOs [M+H]" 263.1642 263.1643 ~1.556 245.153 64,231.138 26,217.159 13,213.127 59, FEER/ER

203.143 49, 189.091 22, 175.075 67,
163.075 55,149.059 95, 135.044 30,
105.070 34, 69.070 72

CisHn0s [M—H]™ 2952279 2952283 5.076 277.21777,195.138 53,171.101 76, 113.096 07 2%

CsoHss0s [M+H]" 463.2843 463.2833 —2215 445.229 89,295.226 99,245.153 84,231.136 89, PIEER/HF

183.078 37,167.013 06, 145.101 61

CisHnOs [M+H]* 279.159 1 279.1592 0338 279.232 12,241.034 81, 205.086 30, 149.023 67, HAhk

121.028 78

He

[
159.117 10, 145.101 61, 105.070 94

CiHnO2 [M+H]" 259.1693 259.1694 0.554 217.159 03, 177.947 88, 151.075 70, 137.060 24 2K

=

%
%

puy

114.092 01

[M+H]" 2031794 2031797 1.342 161.13277,147.117 03, 133.101 46, 121.101 57, %

107.086 03, 95.086 17

34 2546 1-(2-hydroxy-2-methyl-propyl)-2,5,5,8a- CisHu0; [M—H]™ 279.2330 279.2334 5.634 261.22293 S
tetramethyl-1,2,4a,5,6,7,8,8a-octahydro-
naphthalen-2-ol

35 2827 KM CaoHyOs [M+H]" 4412424 4412404 —4.672 424.29291,246.158 54,109.101 73 Ak

100 pg, B TEOLEH, A 1mL0.01 mol/LPBS,
Bt B % 100 pg/mL Y TAS2R14 FEEBEW, £ 30 uL
IyHEE ], —80 CUKFH T itAF .

2.3.2 RV I %

(1) EARZ 73 B A T : FREE AR EBESEY) 70%
O sy E R, ALK, TN DMSO B
CHE N 400.1%), #7530 min, £ 0.45 uL
MR FLIEREIERE, HIRk 1 o/L MVERAE N B, K
JAE A KFRRE 10 5, 153 11 DAF R EIR
PR B HRE S, TREIR AR R 1X10°~0.1
ng/L R

(2) 3-MPA ¥#ifi: FEZFREL 5.3 mg 3-MPA B
F s mL &, FHaitbKEmitess, BN 10
mmol/L 3-MPA ¥ -

(3) EDC & : 5% AR 38.3 mg EDC BT 10
mL EJfid, HAbKERIFES, BIPY 20 mmol/L
EDC ¥ -

(4) NHS ¥ : A% I 57.5 mg NHS BT 10
mL S, HAifbKERIFE, B2 50 mmol/L
NHS -
2.3.3 TAS2RI14-SPE AWML ML &S ME O
SPE 38 7 [ TAE AR I 60 uL 3-MPA &, T
FIR TR 24 h, [FHESH FEREmRE (Au-
S). @M ZF/KIEYEE, ¥ EDC 1 NHS % 100 pL
RAIE], FEHL 60 L INEE M TAE MK B, F
I TSR 15 min, 28 AE 2 BSR4,
TSRt . @R 4gKIEESF TIERM,
A30uL ZEH, B 4 CABUZ S 2 h, B3 TAS2R14-
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N
¥
Lo L 1 1 1.1

— N W A O 0O

S E
~4.64

—5.36

= —6.08

= —6.80

-7.52

L]
TASI1R2

L]
TRPV1

1
TAS1R3

T -8.24
TAS2R14

F L IR AR
B2 BREASUERSSE. . ERIAEEER S SHERE

Fig.2 Heat map of S score values of interactions between chemical components in AMR components and receptors for

pungent, sweet and bitter tastes

SPE “EWf% IS o

2.3.4 FET TAS2R14-SPE ‘EWfE AR AR 45
SR A EAE BT B H AR, %
AR R E R S SR ENIT, KK m
TAS2R14-SPE A% B 10 TAE e db e, idbp:
B 60uL, 4 CNXMEFACY 5min, PA4EfLKAE
AN, ] CHI-660E Hi Ak 2% T A sl R
HEATHIH, SR A AT )% (amperometric current-
time curve, I-t) HEATFERAGI, $ZHRA (1) ~ (3)
THEAMEER MRS (Kp) H, B hRIEH
R 53 50K Z AR SRR TR .

[4b] +[Ae]e-Ab-Ag] QD)
K=Ka=1/Kp=[Av-Ae]/[Ab][e] 2)
[Ag]/AI:[Ag]/AImax+KD/A1max 3

SR LA RS, [ANRER IR, K ] Ka NESE
FH, Ko HRESHEL ALRHRFAS AL, Alma N HFE K
A

FEREWRE 0.1~1X10° ng/L I (AR 575

RS2 A4 TAS2R14 HAH BAE 45 5 LK 3. 4558380
7E 0.1~1X 107 ng/L B}, Bl#E FARH > FEIKREN
AN, FIA R AT P A

PLAARA S REIRE I E (g0 AR AR
(XD, PAHIRAWAIHEUT— D)/ o AR (YD, i3
ITERMEENE, M UETFEN Y=-1.9725 X+2.4819,
R*=0.9299, ZRFWEARASE 10~1X10*ng/L
R EWE TGN 5 TAS2R 14 HEIFHILIER R .

2, DL S 15T S FE AR AR AR (X0,
DU BT 5 A E I LR E A AR (YD, i
ITERYERNA, B2 Y=3 X 10°X+0.147 1,
R*=0.9999. #& Kp HITHA X, /B AARH S 5
RS2 TAS2R14 AHHAEHH) K {E M 49.0ng/L, J&
TRAH AR . 45 RR AR > B W21k
JEYE, %GRS s R HLEIE .
2.3.5 £ UPLC-MS/MS EOR ) AR R B T &
JEPEHRR SR “WBE” 3T, BIJeH PBS
B2 SPE & LR TAS2R14 456 1)
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E

Fig.3 I-tsignal changes diagram of interaction between AMR components and bitter taste receptor TAS2R14

FRAfFFFHEERAE S CERBR GREN |1
mmol/L) ¥ 5 TAS2R14 Z54 1 K5 76 4+ B e R ok
K FH [ AHZE IR AR bRk, SR FH R I 5 TR ) g
FRER R e 2, IR B LIRS LA 1600 r/min 12
ITESOWRYE, FWIGT AN A S HIAFE Vs, i
0.22 um FUFLIENE, #5728 2 AHRERE, #E1T UPLC-
MS ki, FiiERE “2217 BUR.

fEIE. E TR, KA UPLC-MS/MS
FEAR X AR 338 A A= e B A7 B 4, 15

IERTHN

FIE. S ETRE, SRE 4. @i AE SR
K ERA S TS TR, SSETEaRAS S
TAS2R14 #RZAAM AR L&A 13 4, Bl
HNERHF W ER T EEE, S5RIE 4. 17
WSS R TR 52 T T e 5 A AR RS G 1)
i, R\ EARA D 5 EERZ A TAS2R14 4565
AEABAR, T2 HIX LEOCRE JE M BT Ok, BRI T
WA “ SZAR-BO R ” A ELAE PR AE 44 v 25 B
BRBMEM AT, FN, EF MR ERH

t/min

4 BRESS TAS2R14 ZREEIERER K UPLC-MS/MS IE. AiEFREXTEEFRE
Fig. 4 Total ion flow chromatograms of eluent from interaction between AMR components and TAS2R14 receptor in UPLC-

MS/MS positive and negative ion modes
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F 4 BAREDS TAS2R14 ZIMEAER X ERERE M RIZHEITE

Table 4 Mass spectrometry analysis results of CQAs related to bitterness in interaction between AMR components and
TAS2R14 receptor

D2 KX 4
FJR E(mlz) (X 107%)

R

R BT (m/z)

FF5 t/min 5 p Ay ERR
12 12.28 EARAER T/ E % A BR [M—+H]"
3 12.34 BRI RS20 [M+H]
4 1247 13-BE-AARNE I [M+H]*
5 1318 AARWAES 1 [M+H]*
6 1337 AARHBHE [M+H]
7 1411 8B-ZEHEAARAES 1T [M+H]*
8  14.30 2-[4-(2-hydroxy-ethoxy)-1-isobutyl-1,4, [M—H]
6-trimethyl hept-2-ynyloxy]-ethanol
9 1594 | KE PG [M—+H]"
10 16.13 AARNEE I [M—+H]"
11 17.80 1-(4-hydroxy-pen-tyl)-2,8a-dimethyl-5- [M—H]"
methylene decahydro-naphthalene-
2,6-diol
122039 46K —HR_1ET I [M+H]
13 25.40 1-(2-hydroxy-2-methyl-propyl)-2,5,5, [M—H]"

8a-tetrameth yl-1,2,4a,5,6,7,8,8a-
octahydro-naphthalen-2-ol

249.148 6 0.357 231.138 29, 203.143 34, 213.127 58, 185.132 69,
163.075 55, 161.060 01, 147.080 17,
135.044 25,119.085 84, 95.086 23

229.1589  0.865 214.135 50, 173.096 30, 133.065 05, 121.065 19

249.148 7 0.638 231.138 31, 189.091 19, 163.075 53, 135.044 20,
105.070 40

231.1383  1.314 213.128 22, 185.132 93, 143.086 01, 105.070 27,
69.347 16

230.1542 —1.387 215.130 46, 185.132 23, 174.091 57, 160.075 59,
138.091 57

277.1798  0.068 231.174 68, 189.164 64, 187.148 33, 159.117 13,
137.096 22, 121.101 52, 91.054 73, 81.070 58

313.2392 5951 295.22778,277.217 99, 201.112 81

233.1538  0.787 215.143 36, 187.148 48, 131.085 92, 105.070 34

233.1538  0.787 215.143 43, 187.148 44, 177.091 38, 151.075 73,
133.101 38, 81.070 56

2952284  5.381 277.217 68, 195.138 49, 171.101 94

279.1593 —1.197 279.093 75, 205.086 12, 149.023 68, 121.028 77

279.2335  5.957 261.224 52

oK, I AT B PRI AL O L (A BH S5 S PR G v
iy, WAL T AR R AT 13 ANk
R B E M AE Y 0 s RN AHIE TR R N AR
AR A RS R A3 B R SR AL T S A B DI
HEHE .
3 g
RAZPEIIS TR “ME” 5 IR B
DRI O . AR RIEIR T 246, H “i
B, WK H” B2 PERHIE S (g R IR I PR ) 2
BEMR. AHARET AR AEEES S 51k
RERRE, HHWRM BRI ARG E. DUE &
P B 20 ) AR L2 RE T4, DA R S R
BHEMENZL, EHIEDEEE AR, UPLC-MS/MS
Koy FREAR, Mg T —E 2k R fkp
T, R 22T B BB R i B T
P FiE e BT EAR N EEE R BA R A BRI

— RGN, EHRPEN TG R SRR
a2, & TSt X e T
FLAE K AL B AR A IR EE AT, AT 5 e i
AR 13 S B0 B8 o A 58 R FH (R R FLI AR
B2 AR, IE SRR B P 22 R 1 ARALLAR I
JREE, 5 E AR N B RS I5r T 45 M R AE = B
Ho HEARMHIERES R MR E5HEAR
Hi 5 A0 R AR AR DGO, FEAL 2 2T, AR N
i, WM BEATRE, AR AEEIRE 5]
NBEFER 5, Fase v B E T A2,
AR 3 B F TR 2 R = AR Ak, AR
W BESS TRE S 1 45 A IR 328 TAS2R 14, 7 FHRIE
TR DR A I IR REERID URAE N8, BEFF &
R “UOfE 2GRN P, REEE R T IS
FER A & ISR RS AR TRE R . AR A
MHEARTBS ORAR S EREG . YR EREARE
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TR SZ4A TAS2R14 INRefb AL s, GemsEr
SR AR ABEE R S, SRHHRE o, H
AR 53 %) A 25 P Ve S 58 B 05, I B AR T A
AERRE R, R R TR iR A T ]
7. 1 UPLC-MS/MS HAREMHmREES
SYEREST, MIhEEH 13 AN SEMA R FIAR R
a5, ONFRET TR VIR IR ML R . X —
g B S R UL T kR OC RIS e
FE—8, UESE T AARWNERE B2 AR R )
Bt MIDROCER A T, AR N BRE R v i
IS TAS2R14 524K, 3T NE Ca®™f5 Sl i,
ek T Z R i 5 i LU 4, T 3 i S gl
A S HEE T RS, SR ) 24 BRSO

OGRS T I B, B — 2
JRBR M. B, AT XS R 2 AR TAS2R14 JRFF
T, RATHHE RS AR o 52 A4 % 22 2 A 1) [F)AFE
XPPERR T REA o IR, ANBFARIRAIRS “ iR
J& Y I R S A LS, SRR T4 A AR
2. RERR AT SRR, W R R e
P AR 48 B AR . A AR e .
BEAh, A FAN S AR PSR R A3 AR A1 v iR v
PR, HARN AR =P T R FF i RS 1% A 5 KT T
R SR 1) 7 33— 2D 4 & 28 11 % 51k R 7L
HATIAE . SRS AR R HFRE 13 ik SCHe i =
JEPERIR L ECE VR, VAT RO 1 SEBR A (R A
MFE: Fr, TANZLEEE. ZEHEET AR S
FRAT I PERR B I, R “PE-BR-RRAT- TR (e R
ATEMLE, DA o 24 o s i A R AR A S I R
1 FH 253 (e B IR S Y E R A

FBAR FAVHEHFEFARGEA TR

T

BE 3k
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