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W a—TEM BF (a—Amylase, AMY,8 U/
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(B107324, 4 & =98%) , Bl T35 ( i) A R
NEEEFEE (A =97%) 5 H R (4
i =98%) Pl A (41 =95 %), JbET J&K Bl
FARRAF,
1.2 UEHEE
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1.3 Aix
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R, R A CTAB A, A4 1 1 FH AR 3k
B CI<1, PREVERT ; CI=1, InAIFE L  CI> 1, H5HU4E
M
1.3.3  BRAAIHIFINT AMY 0450 /E 96 61E
St 57 Sun FUN T FEEME S, I E TR
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AMY WZ56 770, 2% Jiang SEWFFE Y 1k
YEBE, A2 A2 (3) A (4) XA [ i
JEN B RO C I AT 24

_ AH AS

K. = =5 303RT T 2303k - °¢ (3)
Koy o (1 _1amge L
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1.3.4  BEAHIHIFINT AMY $0HI1E 09 R 25615
SET 2% Li SFR T REB R, E A=
15 nm A1 AX,=60 nm (AN o3 & F K 5k K 8]
B o K EHE KL Rl 260~340 nm, 3 &G AE
SIS R AE S E B E N 2.5 0m, HESHS
HRSE IR
1.3.5  BEAIHIF R AMY S0 H4E A UV-Vis
G HT Z2% Oghenetega 25 T3 FEE
2 ME AMY A AMY -BRAHIFIE A9 Uv-
Vis i, TP KB A 190~500 nm , S 8] B
1 nm,
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NI AT AR LI LTSGR R R AT
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TERER i/ ME  NVP Fl NPT A6 A 3 48 g
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Fboky 201,301,401 B34 3@ B HH AR i 8 40 1 55028 | (a)
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i 1 8 B T HUE 41 (P<0.05 ) , 3 T S DL i
5 Aca FPAE THBI/EA . 24 Bai/Gen/Isl 5 Aca < 80
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3 AP BRI ST F O AB A ) oIy Bl T PR 49 LR 87

il A IS, TR R RE RN A T i
PEX Gy, MR 298 K Al 310 K [, Bai-Aca/
Gen—Aca/lsl-Aca X} AMY %K Stern—Volmer i
25 R4 U] AMY -Bai-Aca/AMY -Gen—
Aca/AMY-Isl-Aca & & HAA —F K HLE] . FL
GRREAS K EHM K (£ 1),AMY-Isl-Aca
TRZR K, (BB EE T R B AR 2R A
B 3 RG] K, R i T R R IR fa 4
IEH B 2x10° L/(mol -s), FIHHE L5 AMY FERL
BB B IE RS K o Gen—Aca 1Y K, {HFEIR
T 2 A 10 BH IR B B S B XS Gen—Aca 35 Fll

FHA , R A YIE T 3802 Bai-Aca/lsl-Aca F)
K, BRI B TS n, R AMY 62 A
Yk VERE TR THm e . K, {EAE 10°~107 1/
mol BN, 5 BH AMY 545045 & £ F1 Jy ik vp
HATREAT 62, SRR 298 K B, 3 FhERA 4]
TR R 25 A5 B0 K, 8 1sl—Aca>Bai—Aca>
Gen-Aca, £ Isl-Aca HH 5 AMY 454, HK,
ERSE G ERE S G T S A B ] T N N [
BN n BT 1,2 AMY R — g4
i

®1 AEEBEETEREMHEFS AMY HEEANEREH EEEBMESLR

Table 1 Quenching constants, binding constants and binding sites of the interaction between combined inhibitors
and AMY at different temperatures

TR AFp ) F T/K K./(x10* L/mol) K /[x10" L/(mol -s)] R, K./(x10° L/mol) R, n
Bai—-Aca 298 8.284 + 0.218 8.284 + 0.218 0.993 1.491 + 0.279 0.987 1.05
310 8.347 + 0.199 8.347 + 0.199 0.992 1.927 + 0.166 0.995 1.07
Gen—Aca 298 5.714 £ 0.048 5.714 £ 0.048 0.999 0.823 = 0.067 0.999 1.03
310 6.376 = 0.115 6.376 = 0.115 0.999 0.475 + 0.233 0.989 0.98
Isl-Aca 298 6.699 + 0.128 6.699 + 0.128 0.994 4.826 + 0.206 0.994 1.17
310 5.840 + 0.241 5.840 + 0.241 0.998 35.172 £ 0.255  0.993 1.35

A K G) MA@ B HIF S AMY
SRR ESE AR 2, 3 LA EI A R
1 AG<0, ZHIEANTS AMY 4542 A & i
SR, A, Bai-Aca/lsl-Aca K Z& 1Y AH 5 AS 2

MIEE, FWBKAHE AR EZKE T, Gen-
Aca B AH 5 AS $o S(EL, R W SUHEAH ELAREHI A
PRI S AMY 2561 28K 8h 11,

®2 AREBEETEEMHEHFS AMY BEERNRNEEH

Table 2 Thermodynamic constants of the interaction between combined inhibitors and AMY at different temperatures

A H A T/K AH/(kJ/mol ) AS/[J/(mol-K)] AG/(kJ/mol)
Bai-Aca 298 16.42 154.1 -29.5249
310 -31.3741
Gen—Aca 298 -35.19 -23.9 —-28.0642
310 -27.7774
Isl-Aca 298 127.25 535.6 -32.4391
310 -38.8663

2.4 BEEEIHEFIN AMY BRI 5 RG4S
FIH 256t — W 5E Bai-Aca/Gen—Aca/
Isl-Aca {KZRXT AMY 256 s A TEME RS2 >
1€ AA=15 nm 4b, Fi# Bai/Gen/Isl-Aca 1K R ¥k
RGN, WS 2 B I i 5 H8 , 3R Aca AN A 32
T Bai/Gen/Isl X} AMY H Tyr 5% 3 J&] Bl i 4 55 1Y

SO T Tyr GR AT 2 M B BE | K PR3 R (&
4a 4c¢ 4de), TF AA=60 nm At , Bai-Aca/Gen—Aca 1
RGN LR, R W] Trp J&] MO S5
M3 5, K PR AR, SRk M3 5 (18] 4b 4d) . T
Isl-Aca {2 W51 W H , 30 Trp FkBLTH 22 4 7%
5  BUK RS 3 (18] 46)
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Fig.4 Effects of Bai-Aca (a, b), Gen-Aca (c, d), and Isl-Aca (e, f) on the synchronous fluorescence spectra of AMY

and comparison of RSFQ in complex systems with four inhibitors
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UV-Vis G ] LU RAE 2 B A 2 G W
AR, WU AR AL T DL RAE B A P sk AR A,
o B A% sh R B TR & SRR SR L A BE A5 B
KRR K’ 5 B AMY 5 3 RS A
FM UV-Vis 284k, W] LIE 75 AMY
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AMY BB (T A FIIL) , LABPAY - e AR 40
AR, Horb Wt 1387 (1 700~1 600 em™) %
S C=0 sl , Fm s s I 508 40 mT T
Er kG2 2 S EE R AR AR, A Bai-Aca/Gen—
Aca/lsl-Aca J& ,AMY [FBERE T 3547 (A M 1 654
em™ S HIEEE 1651 em™/1 641 em™/1 641 em™ (&
6), HHMHF 5 c=0 ILAMENEM , 51EL K
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RAVER, SEAMY 4587354k, BERE A HP IR
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Mechanism of Three Flavonoids Combined with Acarbose in Inhibiting a—Amylase Activity

WANG Kunshan, ZHAI Yingao, YU Zenghui, ZHANG Xuan, ZHOU Suzhen, FAN Jinbo"
(College of Food Science and Technology, Bohai University, Jinzhou 121013, Liaoning)

Abstract (AMY) by three flavonoids

[baicalein (Bai), genistein (Gen), isoliquiritigenin (Isl)] combined with acarbose (Aca). Through methods such as inhi-

Objective; To investigate the mechanism of synergistic inhibition of a—amylase
bition rate experiments, combination index (CI) analysis, fluorescence spectroscopy, ultraviolet spectroscopy, infrared
spectroscopy, and molecular dynamics simulation, the inhibitory effects and action mechanisms of the combined inhibition
on AMY were systematically studied. The results show that the inhibitory effects of Bai/Gen/Isl combined with Aca on
AMY were significantly enhanced at molar ratios of 2:1, 3:1, and 4:1. Among them, Bai—Aca and Isl-Aca exhibited a
strong synergistic effect at a molar ratio of 3:1 (CI< 1), while Gen—Aca showed synergism only at a molar ratio of 3:1
and under the specific condition of 0.3 < Fa < 0.9 (fraction affected). Fluorescence spectroscopy analysis showed that the
combined inhibitors bind to AMY via a static quenching mechanism. Among them, Isl-Aca exhibits the highest binding
constant (K,) with AMY [K = (4.826+0.206)x10° L/mol at 298 K; K, = (35.172+0.255)x10° L/mol at 300 K], and its
affinity is significantly enhanced with increasing temperature (P < 0.05), indicating that the complex formed by Isl-Aca
and AMY has the optimal stability. Thermodynamic parameters indicated that hydrophobic interactions were the main driv-
ing force for Bai—-Aca and Isl-Aca, while Gen—Aca relied on hydrogen—bond binding. Synchronous fluorescence and ul-
traviolet spectroscopy showed that the combined inhibitors regulated the activity of AMY by changing the microenviron-

ment of tryptophan (Trp) and tyrosine (Tyr) residues, with the inhibitory effect of Trp residues being dominant. Infrared
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spectroscopy and molecular dynamics simulation further revealed that Bai-Aca and Isl-Aca promoted the transformation of
the secondary structure of AMY into a more stable B—turn, while Gen—Aca induced the formation of a-helix. However,
the free—energy landscape of the latter complex presented a dispersed energy cluster, indicating weaker stability. In con-
clusion, the Bai-Aca and Isl-Aca combined inhibition systems significantly reduce the dosage of inhibitors through multi-
target synergistic effects, while maintaining the high stability of the AMY complex. This provides a theoretical basis for
the development of novel diabetes treatment strategies and functional foods based on flavonoids.

Keywords combined inhibition; baicalein; genistein; isoliquiritigenin; acarbose; molecular dynamics



