Vol. 24 No. 7
2024

7 0 R R A IR
7 A

Journal of Chinese Institute of Food Science and Technology Jul.

3 MEEZEL SRS BEERY M ER R EESHLE

ROHE, RAW, KRS, EERF, N 4, AERD,
(HiBRFREHFL IRFR ITERBLLELERE
B SER P SHe L A AR E AR B R RA TRFLE S TTHN 121013)

kR, AW

WE KR Ao T kgl i (PL) 6 47 5 A5 A R A kb id B A e AR A E R0 TR &, RASFx8ENR
FE RS D P ik AR RSN GERR S BEHH A FHR IR S AR A &5 R LEENTERARS
5 PL 6 25 & R BAUH] 383K 0 i s 47 2 3 b R BR R AL 4 R % & (Bai) ML F (Que) Foid 35 7 (Fis) . & T 4T 424 R
3 A B RS PL #  b4n T ARG AL & Serl 53-His264-Asp177 5k A Wit | £ BAF A Ay A gk A8 AR R A= £,
Bai.,Que #= Fis 2t PL 47 4] & 1 2 35 SR B 2 1Cy) %31 4 49.14,57.78,61.26 pg/mL, ¥ 4% 3h /1 5 & 9 . Bai #= Fis 2+ PL
Fst FARIE w Que B T AR IR, ERKFHMTEAN 3 RIARNES YA PLAERYE THERR, E46FHH

X T 10° 8 F 4,319 Bai.Que ## Fis 3 5 PL YRR EZ G Lo, AAF SRR Bai 5 PLAESZRAMA N A A4
Fa it i2 4 71 ,Que Fis fo PL 25 & T Rl $ikAB ZAE A . AT A A TF A PL 74 7R BE 37 B 3%
KW REE WAL REE RENE; BRI AT, RELH

XEHS 1009-7848(2024)07-0060-10
NEREAAZ Wi Ah 2, 3 25 5 B AR e p
T, g B LA | M GEE A T AR R
B E B, BIE S RE T A E
JIE 7 1) £ ) 2 A PR 1) 2 D PR R 4 gt 72
g IR 5 i (Pancreatic lipase , PL) 28 ®H AL H
T =R e T AT, PR S R PL S MR
il Il = BRI, R SR I R Y T2 SR AR
FAT, BT VR 2 PLAWHIGH RSl 432 LR L
2B I ATV R TR W ) AR AR A
Wy, dn 24 AR e = H i S A A A
FIVAZ Ik i Ao - 55 7 2 7 v 0 B ) 2 U
B 2 AL S W S A AR ) T R R B K
TR, 45 | R S T | A R A A € R S
L TZ A A TR BRSE B YA mh E
il 2 1 G W DXL RE 8% R AL AR T | o R0 JDER [T s 17
N TE TR AR 7 AL EAE Hh 4% o A FH0O, B
%2 (Baicalein, Bai) , #it iz & (Quercetin, Que) |, &
B Z (Fisetin, Fis) W& T H B2 59, Hb, Bai

Yim B 2023-07-05

BE&WB .. AFWHIEF N AE D0 2021 E B3
HE BRI A (21YHO09CXS)

E—1EE ., KR, L, Wk

BEEE: 1ELW E-mail: jinbo_fan@hotmail.com

DOI: 10.16429/j.1009-7848.2024.07.006

JENEEE Ay AR B A T RS AR T, 2h)
FAFEA Bai i, EEACEFE AL N B A H1Y, Wang
S 4 6 B Bai Al LR ¥ B IK PA 4 R
HepG2 ZH L i (9 H il = EE /K A iE AL R, 46
T B8 W AR R ads AR RN 1B I RR SR . AR
Que FHHA R L0 25 mg, Zhou AR SMA T %
B Que 7 i N5 15 it 35 7 1148 BF S A — 45 & A
H RN SRR 45 2 5 mg/kg bw Fl 10 mg/kg
bw, Que AJ & 298 /0 K FRUE 7 W , Que X JIig s i
PR AR R N 2D REFESE 2 h, Fis & WL R
B R AT AEAKCR T AR AR R R RS N ZR R
9 A O 1Y Bl A B Y o EL A e i RN R 22 DR AP AR
FHI

AR, WF9E & B2 W %t PL HLAT 90 35 1
R R M 2 A A W 0 B S AL L s 2
R AHE AR, TEAR KRR I e H S 25 A 10
SRR B IE YT IERE 24 4 5 B A el A
HEIEATFBCE R E RO LN, % AR A
VRT3 BOR YT TP, A8 SCLL B2 Ak B 0
F AT S PL AN S0 T B A 8 i 431 O
TR 0 25 G 00, SR T Bl ) 2E R IR R
GG DTN HIFINT PL 8945 S0, L I ix
T2 e 5% e iR 52 1) A2 A



24 4 T

3 3 B AL B X MRS P Bl 64 A ) AF R R 25 A AU 61

1 #MEFE
1.1 R 5iF

JER NG i g (F& R, 15~35 units/mg) \4—fiff F&
R TR (4-Nitrophenyl butyrate,p—NPB 98%) .
X i 3 5 1 (p—Nitrophenol ,pNP 98%) , I ¥ il 37
TAACRHE B A FR A F 5 Bai (98%) \Que (98%) |
Fis(98%), i AR AR A F ;K S
B WA A N BEIR A (Tl ) , R T
B[ =3 1 S 7.7 ) A
1.2 {5 E&

PE Victor X3 ZYJReRbRi, 145K B A
A B (B ) A PR B 5 ZD-2 TR #E H 3 i AL
1, AR B A BR 2 w5 F-7000 7%
o OB, HA H Sr @i F AR A A
1.3 Hik
1.3.1 PL #fI ARSI T4k PL G HEAL A
B AR R0 AR A1 i e 127 R ER S b &4 4R
P F7 53 pRBON w25 B AR UK HE S PR BE T 3 067 B4
FIH AutoDock 4.0 XF %2 ¥ 43 87 Bai Que Fis LA
KIEY) p-NPB Wnfal 5 PL 254 PL(ID: 1ETH) 1 3
FPEC AR Bai (CID:5281605) .Que (CID:5280343) .
Fis (CID ;5281614 ) 1 {1 25 74 43 51 I 2 1 5048 T2
RCSB PDB il PubChem T %k , 78 43+ XJ £z i X 52
REALEE . RoKnE, MRS E R 81 Ax61
Ax131 A, VA7 35 PL A 16 P07 45 R TR Ak 4 |, ok
FHE X AL, e X e S B R /o BRI
SR PR AT A R TR ST
1.3.2  Bai.Que F Fis %} PL #4013 090 € PL
TN E 2% George 5 I i JERIME B ML, B
1.5 mL & .08, MKk A PBS 2% #h % W (pH
7.4),5 mL/mg ) PL i ¥ 300 wL, FA (160~
200 wL,150~200 plL,180~220 pL)1 mmol/L F4 3
HAFIFE SR (B fR ), PBS 22 vl WG B
% 850 wl,37 C/KW 15 min J5, 2 BIINA 10
mmol/L. p-NPB 150 pL( E ), 0 iR &
RN 1 e ZAR TR B RN B A 15% ,
WEIEN 1 mL, B85 78 4 R, FRR 37 °C
KV 15 min J5 20k SO, B SN TR A ) A
B2 96 fLEFIR AL I, BAFLESZ 3k, FEHEK
405 nm AL W SR . PL 306096 2 (%) 35 5K
mr.

IR (%) = Ai‘ﬁ” % 100 (1)

o AR R T BRI 0 OGO B
F) 5 AT SRy A7 300 00 B 55 4 g % B2 W o B 2 2%
i #f GraphPad Prism 8 2 il 2 P [0 )9 fh 261+ 5
ICSOO
1.3.3  Bai.Que Fl Fis Xt PL # I SR 0 & R
FH OSUAS) 503 I 7 o o) 2 A, R RV R 5
ml/mg B PL, BE S B 1Cs, I UE , FeJa A
WIE N 4,5,6,8,10 mmol/L. p—NPB, ¥ A& LB
O 1 mL, B8 1.3.2 IR A AT RO, A
BE S AR X B AL, MR 4l pNP AR HERHZE ¥ =
0.0072X+0.0404 , R?=0.9993 5. [z v i %

1.3.4 Bai,Que M Fis 5 PL #H B AE 29661

3 LA R PL AR AR 5 SCIR 20180 15 1%
M, BUT SR 9 S mL BRSO B I E IR AR
J& 5 mL/mg 4 PL 43550 i A ZIAS [a] v B2 1) 3 Fh A
a1, PBS 22 th 3 MR B %2 3 mL, 7E 298 K Al
310 K F 36 S 07 30 min, SR ECH 3,0 %9
JES . WUk FUR SR 5E 55 B R 2.5 nm il 5.0
nm; #§ & P 280 nm, FR1F 290~450 nm 2 EE
2 A (2) AT AL IE , LATH Bk 28 % N I Xt Bai
Que F Fis B 520020

(A, +4,)12

F.=Fe (2)

AhL R, FVE RRCIERT . 9 GIH A, Fl A,
S AE P 280 nm Al 290~450 nm 4b (1) 48 A 1%
1H .
1.3.5  [FXEZOtismmE  WE 3 4Ure R 25
PEICIERS, FHPE KN Ar=15 nm M AA=
60 nm, & HFEHEIC SR TE 240~340 nm,, 7EFHI AT,
3 HRE AR R 30 min, B S EE ROEHE K
g AH A
1.4 HELE

WIS EE 3K, BRFRN P EHLR M
27, i ] Excel 178G BE , 2 J5 6 ] Origin
2018 Fil GraphPad Prism 8 #f{F2z 14,

2 ZBR55H
2.1 Bai,Que #1 Fis 5 PL &> F3t#E4& R

Gy F RN LR AE S TR B R LA S
PL Z [a] (4 A0 B AE 4k — o] Ly . EAR
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B RS AL, S5 ReTT a0 3 AR JEFEFE Phe216 YT S5 Que 454 . MK 1c

Bai (-10.7 kcal/mol) ,Que (=9.9 kcal/mol) \Fis (-9.8
kcal/mol) , Bai.Que 1 Fis 5 PL 8975 4 #r H 1 GE
G -44.79,-41.44 ,-41.02 kJ/mol, fift B¢ T 45 &
FI BB, BC AR 5 A2 A i 2 BB e ™, i 18]
la W1, 4 5 PL 4545 10 Bai ¢ His152 il id S0
42 [, Tyr115.A1a179 Pro181 .Phe216 Phe78 Ala261
B 3 i KR ELAE AL . di BT 1b AT, Que
# Phe216 \Tyr115  His264  Ala261  His152  Phe78
6 A BRI E, 32 KA B
55 Phe216 Tyr115 Ala261 #1 Phe78 45 & , 45K HY

PHE-216
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(c)

Al AL Fis 7] FF 58 o g1 K A0 B OAE B 5 PheT8
Ala261 Phe216 Tyr115 454 . X WERE T W& &
A 3 A B RE 22 S U R B AL, B Ld AT IR
5 5% 3 Phe216 . Pro181 Tyr115 His264 Ala261 i
it K AR EAE AR G, 5 8R4 Ser153 (1
TN A, B KB PL AL 55k Ser153-
His264-Asp177% ) HRYEXF 8245 5 | PL 1% P A7 5 B
T B LR Ser152 il His264 25 THEAEH ,
I, PL G YRR AT BE S5 AR BAE H i R b 45 5 1Y
KPR S IR AR LA G
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B 1 Bai(a).Que(b).Fis(c)# p—-NPB(d)5 PL & Fxt#: 3D #1 2D ¥ & &
Fig.1 Bai (a), Que (b), Fis (¢) and p—-NPB (d) docking with PL molecules 3D and 2D conformation diagrams

2.2 Bai.Que # Fis Xt PL B &l iF 5 FE 4 £ P 91 03 265 T 3 Bai .Que F1 Fis 11 1Cs, {H
Bai,Que Fl Fis XF PL 4 il R 45 5L an &l 2 pr 435 M 49.14,57.78 ,61.26 wg/mL, A B i 25 1k
/N . Bai \Que il Fis XJ PL 00§l 75 14 52 750 A0 a6 1 GW 5 PL Z A EAR 9 A B AR .
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Fig.2 The inhibition curves of PL by Bai, Que and Fis
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Fig.3 Lineweaver—Burk curves of Bai (a), Que (b) and Fis (c¢) against PL
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RN ) | IX B R Bai A Fis 0] LIS A4 35 1
TG A EAE R BRI E A Y Y s T
SRR A AT R AT 0 A AL T8 MR, 7 Que
PR AR R, P B A T2 BRI, Que
4 K, {64 13.37 mmol/L, V., {64 8.03 wmol/(L-
min) , % R4 K, {8 J9 9.07 mmol/L, V... f » 10.10
pmol/(L-min) ,K,, Fl V., {6 AH X F X B4 % A= A8
k., FW Que XF PL MMl ZIR A5 %, Martinez—
Gonzalez SFPWF 58 HAIESE T Que XF PL &R A #Y
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Fluorescence emission spectra of Bai (a,b), Que (c,d) and Fis (e,f) binding to PL
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K F1310 K %/ F Bai.Que fil Fis Xf PL ¢t & 4t
JEE L, H AT B AR K 334 nm BRI AL 5L
K SHERR, EERIET Trp M Tyr 585, 1fii Bai,
Que Fl Fis 7E UL AT (922G H 7] Z0% , 7E 0
A 3 FhEER AL A W, PL I B R R R A0 18 i %
WREAR , IF ELBE % Bai 1 Fis 3N, PL &5 %
AFEFS T Que WM, PL KA, 5 6B
FWX 3 MR-G5 PL &5 G, S BUE TERE
%, I L BCAE T Wl 5 P B AR S 1 R
K 4x107° mol/L B}, = 35 [ 258 S PR K F R/ Ny
Bai>Que>Fis, 5l & 1Cs AT —3, #F 298 K,
Bai ,Que I Fis 1Y Jit & ¥ J¥ ik %] 10.81,12.09,
11.45 pe/ml BF = 3 1 258 648 K 2R 5 il

74.54% ,68.20% ,61.45%
25 WHEXNEBSHANZSH
251 ZIEHERHLIEL 2T KR 1 o Mol H
T VU KA T4 5 W8 T2 S8
ARG S RE AL B RCK . MR IE Stern—Volmer J7 2
(3) JHill J7FE(4) A7 HEARR,
FyF = 1+K | Q1=1+K,[ Q] (3)
lg(FyF-1) = 1gK +nlg[ Q] (4)
2 By F R T 5 R R SR 5 A S e 5
A G PL 2GR 2 LK, K, o~ PLOFIHC PR 7 K
AR BN SE G W 81 2970 1078 s [Q A PR
J¥ (mol/L) ;n NESANLEEH

&1 Bai.Quef Fis 5 PLEEMERAMNEREN EAEHMEGHS

Table 1 Quenching constants, binding constants and binding sites of Bai, Que and Fis interacting with PL
LN T/K K./(L/mol) K/[1/(mol-s)] R K./ (L/mol) R® n
Bai 298 6.32x10* 6.32x10" 0.9941 361x10* 0.9989 1.393
310 6.38x10* 6.38x10" 0.9934 169x10* 0.9923 1.319
Que 298 3.75%x10* 3.75%x10" 0.9823 70.5%10* 0.9994 1.284
310 4.54x10* 4.54x10" 0.9900 101x10* 0.9955 1.436
Fis 298 3.55x10* 3.55x10" 0.9791 14.0x10* 0.9917 1.135
310 2.81x10* 2.81x10" 0.9738 35.2x10* 0.9978 1.245
R WTTREB) A K, AHC R B R AT (4) A K, R E
MR LSRR 1 FioR, £ 298 K f1310 252 HOdmRs @l oS80t — 4

K I, 3 ol g i S Ak 5 0 05 80 (K ) Y R T K
W HUHE 2.0x10"° L/ (mol +s) , 2 B Bai ,Que F1 Fis X}
PL W7 AL Ry 0 A58 K B FEAS [ IR BE 45T
THE AL n ERAET 1, A R 3 R BT R
KA S PL AR B LN 1:1 E S
Yy, IRl 525 W 255 F BUE X KT 10° Limol , i
— RS A RIS ST, T, BEE K,
R, ZEWREm A, 458KV Bai>
Que>Fis, 576K FOGIE o R —2,

5% T Bai.Que 1 Fis 5 PL #9454 77 3, Rl #4
J12E T R (5) F(6) WA [R]85 26 ' B4l
HEAT 43 BT,

In(Ky/K,) = AH(1/T\-1/T5)/R (5)

AG = AH-TAS=-RTInK, (6)

ALK K, N T (298 K) T, (310 K) Ay 45 &
HHGR AT 255 UE L 8.314 J/(mol - K) s AH K
S5 7% kJ/mol ; AS IR 7E | J/ (mol - K) ; AG k35 i Hir
H g, kJ/mol,

% 2 Bai.Que #1 Fis 5§ PLIBEERNRAAZEH

Table 2 Thermodynamic constants of Bai, Que and Fis interacting with PL

Be Ak T/K AG/(kJ/mol) AH/(kJ/mol) AS/[J/(mol-K)]
Bai 298 -37.412 -48.667 -37.768
310 36.959
Que 298 -33.364 111.191 485.08
310 -39.185
Fis 298 -29.357 59.105 296.85

310 -32.919
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s AH >0 A1 AS>0;AH <0 A1 AS < 0;AH
<O FAS > 0, F W & 2Z 8] = 2 AE F 1 2570 43 5
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KBRS GIE A RIEITH, Bai 5 PL F24E
FHZE A Ry SV ATE 7 AR J) ,Que F1 Fis 5 PL AH B
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Fig.5 Synchronous fluorescence spectra of Bai (a,b), Que (c,d) and Fis (e,f) binding to PL
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=15 nm 1 AX = 60 nm &b A9 2608 B AL, B AY
Tyr Fl Trp #25 THEAEH . B 5 /T LUE H,3
Rl AL A W TE Ad=60 nm 40 %K PL # B B | 3X
—2E LGS AT Trp BRI K, /N 45
G AL E LT Trp, Bai Que Fl Fis 75 AA=60 nm
B, 2351 & AR 21 8% (277.8 nm—283.2 nm, 278 nm—
282.6 nm,277.8 nm—280.8 nm), 1M AA=15 nm B}
ASACNBR I, fR e n] DU 32 LT G Trp 5%
LRI IREE, M bEsE AN, Trp SR ILEHE L BT
Bt ZE TR 3 R AL A S RS
P b i Trp B HEAR B4R, 48 i % |, OF ek
AT WA G

3 it

ARV T Bai Que Hl Fis % B i 5 12 i
4 DG B A PL A 90 1 P P B AR T BILR] | 25 R 5k
B, 3 Fh BRI & W %t PL ¥ 3% B0 H 5058 114 4 i
YER R UCH Bai>QuesFis,, i 3l 112440 r 9
Bai #l Fis Jy 5 4 BN 10 Que Jhy VR A 7L 0 ]
R o 3 FxEEE BRI T 2 S R W] Bai &
i i S, Que A Fis 3 220 i 5 K AR HAE 5 K
Yrse 4 455 %) PL TR PEG, BT PL A AL TS
P IR R AEANRIVE L AN, =3 5 PL A ALY
GEA R, SRTES A W AN 25 S n] R T AT
YERARTRI B, ZEiE—25 RAE T 3 F #
FAb APy ST K ALE S PLIE A &9
55 G RE T AL S 45 Bai \Que Al Fis X
PL B4 B A B ST SR A T 7 LK . IR B B 3
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Inhibitory Effects of Three Flavonoids on Pancreatic Lipase and Their Binding Mechanism

Zhang Yan, Kang Zhu, Su Dongyu, Zhang Yingxin, Ban Chenyu, Liu Yi, Zhou Suzhen, Fan Jinbo
(College of Food Science and Technology, Bohai University, Food Safety Key Lab of Liaoning Province, National &
Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh Agricultural and
Aquatic Products, Jinzhou 121013, Liaoning)

Abstract The inhibition of small molecules on pancreatic lipase (PL) has become an important model for screening an-
ti—obesity ingredients in wvitro. In this paper, the active constituents with strong binding effect were screened from
flavonoids by molecular docking method. The inhibitory activity and type of inhibition were studied by enzyme kinetics,
and the binding reaction and mechanism of active constituents and PL were studied by fluorescence spectroscopy. Three
flavonoids were selected in wvitro: Baicalein (Bai), Quercetin (Que) and Fisetin (Fis). Molecular docking results showed
that the binding of the three flavonoids to PL was located near the residues of Ser153-His264—Aspl77 at the catalytic
site, and the main forces were hydrophobic interaction and hydrogen bonding. Bai, Que and Fis showed dose—dependent
inhibitory activity on PL, with ICs, values of 49.14, 57.78, 61.26 pg/mL, respectively. Inhibition kinetics showed that
Bai and Fis had competitive inhibition on PL, while Que was mixed inhibition. Fluorescence spectroscopy showed that
the quenching of PL by the three flavonoids belonged to static quenching, and the binding constants were all greater
than 10° orders of magnitude, indicating that Bai, Que and Fis formed stable complexes with PL. The analysis of ther-
modynamic parameters showed that the main binding forces of Bai and PL were hydrogen bond and van der Waals
force, and the binding of Que, Fis and PL was through hydrophobic interaction. This paper will provide new ideas for
the development of novel PL inhibitors.

Keywords baicalein; quercetin; fisetin; pancreatic lipase; enzyme kinetics; fluorescence spectrum



