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WF5ERILAR RS ACP M EAE . BB 2 i
FECLD [ 77 it v IMP Y R A AR 1 S e

1 MBERE
1.1 #E 5K

Vg iy A0 T A8 B N T K P T 3 ATP, M i
iy £0 i o 25 s RILE R (597%), LigBIHL T
FHEABRA R CFREN . XA EORBEIR — 40 (P-
NPP) Fll 17 il 2 -8 Z5 il i (ANS) (>98% ) , I 1f¢
% e MPH A BR A A
1.2 UF5E&F

MS105DU Hi 43 #r K *F- ,METTLERTOLEDO
3 UV=2550 2240 -0] DWLAr O BT, B v As
AR F HH-6 fE il KA By, B iR E YT AR Y
SR By A BR 2> B 5 Fluoromax—4NiR 26 643 66
B£1t, 2 B HORIBA /A ] ; Circular plus 8 — {556
AN, o [ B ]
1.3 Ak
1.3.1 AEARALFE BRI 0 v 5 £ £ IRCRR 1
WERR T , 4 B2 PEWE IR G (& & 0.7 mg/mL, TR
60.95 U/mL) 5 AN R ¥k JE 1) LR R IR S,
LR ZR AR BT R 0.28 g/mL
1.3.2  FEgIGPEAISN T3 25000 MRS Siddiqua 9
B A Tl R AN T 0 )2 ACP BTG Pk, A8 M1 Bl
ACP K (30 wL) FIAS [A] 4k FE 19 EC R & 1
A), AE 37 CHIK A 5 5 R 0 22 vh TR & 30
min, SR J5 1AL E A A, TR 21 ER & 10 min,
JEAE 520 nm A0 & OGE , X ERAER & EC %
W T35 02 A 1009% , 2 (1) T334 Xl % 1

AHXT B IS (% )=0D,/OD,x100 (1)

X ,0D——&F A EC B ACP WOt
OD,— AR H EC 1Y ACP OB,

KL AT EC 1] ACP % —2F
BF RV B (ICs0) o

A S A R A ) B ) 2 O R
) (P-NPP) ¥ & 10 mmol/L, 078 EC ¥ &, I 5E [
MR Z AR S R B EC B fbEa#, fE ACP
it A FiE R AIE Sz 7 R it 2k 4% 2 it et
WU ET LA Wi Sy w5 4]

A5 Lineweaver—Burk J7 3l H K [ # %L K,
(mmol/L)  Hx K3# & V.. (mmol/L) 130 H # % K,

(mmol/L)!, DR H e B 1 (B R 8 A A | B A2 i
I R R BRI AR bR, 22 ) Lineweaver—Burk XY
{8 18, i 3F 55 R B ) ) 2 4, Line
weaver—Burk J5FE WL (2)~(4) .

1 _K, 1 1 1
P— m . _+r 1+
Vo Vi [S] Vi { K, ] (2)
K
Slope=-—m 3
P (3)
Intercept:v?imx_kvg[mﬂﬁ )

A, V—— i # % mmol/L; Slope #
#; Intercept R [ EC ¥ £, mmol/L;[S]
JEEW e S mmol/L,
1.3.3 546N % J7 7k £ % Farajzadeh -
Dehkordi 4¢"7J5 7% ,ACP By & F1 i % 1 4 0.7 mg/
mL, AR EC(0,0.1,0.2,0.3,0.4 mmol/L Fl
0.5 mmol/L,1 mL) 5% {K4ifb/5 i ACP IG5 .
FEAA ] (¥ b 32 2% 7 T ,ACP 5 EC (0 mmol/L) £y
X, MO A EC W&
1.3.4  ZOWGIENEE ACP WIRPEOEEIE
2% Gong SF I AT INE . ACP [R5 56 6
2 % Mohammadi &80y J7 ik g 4700 & . I H
Stern—Volmer J7 72 (5) i B 1 K H B 28 4L, F W
EC X ACP M HEHE K AT 5 R FBUM BT 74 (6)
W EC 5 ACP A AR Y 4SE & % 8K, fgs &
DL s AR 2207 7 () F1(8) 3l 3153 EC
5 ACP MEAE T2 28 (H HREZE AG, &
5 AH FE7E AS) .,

%0:1+1<S\,[Q]:1+KJO[Q] (5)

lel =L =g gl O] (6)
__AH AS

K =-S5 (7)

AG=AH-TAS (8)

o Fy X BEEH 1 28 ek J& s F——EC ik

B Q I ACP [ 9¢L 58 B ; [Ql—EC I E
mmol/L; K., AR K, AT FYF RO
REROR A 10* Limol K, R 58 K 38 R % 51,10 1/
(mol-s);K; 255 H L, 10° L/mol ;1 PER K
AAEAER YRSy 5 090 T, 20 10 s

AR, A AH—F5 78 kJ/moL; R——

n
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P AR SR H % ,8.314 J/(mol - K) ; AG——75 77

H H18 , kJ/moL; AS 1A% kJ/(mol-K) oy
135 B Z@ENET % 2% Zha M7, " WOJF
T 3o B 3 EC A FIL 199 ACP () 2 4% wE
oA fk . EC LS 9 ACP B9 2 14 H v i Elwfl | 1w
0.5 mg/mL, 4534 1 nm, 7£ 60 nm/min $ 4 *Eg a0 : :
VR 4T, MUSE 190~260 nm 3 K 1 Bl AR = H ﬂ H H ﬂ
[f]¥ BEEC A B )5 ACP B — (i, Jf 315 ACP ol L L L L L L
5 EC 45605 ZRE5n & i EEHH 3k, EC i
13.6 - FAHEWGE T ACP 0 PR 45 bk BV
PDB %4 #& /& (http : //www.rcsb.org/pdb) T 2% , F| F .
PyMol #f4-%F ACP #EAT 24k | 7K FUM R /N 73 o OlmmoiLEC
FEARG A IR AE B pdb 35 L PubChem T oof |7 o
B4 2 (https ://pubchem.ncbi.nlm.nih.gov/) 3K B = © 03 mmollEC
EC B9 2D 254, FERAEM pdb Feak . I 6] o |
Discovery Studio 2017 R2 Client {41773+ jé oal
S B b B 2
1.4 HESW o o e o o
KT Orign 2019 Fl SPSS 26.0 1 & - 3k 47 op oGP IR A
7 225007 ,P<0.05 MR B E . (b)EC FTi 0 ACP
2 %%Eﬁ}*ﬁ §- 24r
21 BB A FESH ﬁit;/_/'/ E 20}
Wi EC LM T, ACP PR AH X il 6 4 2 < S T s
TR (E 1a), EC ¥ 0.1 mmol/L i, ACP g
F4 A K TG 2 52.96% , 1T EC #¢JEE 4 0.5 mmol/L >
i, ACP BUMIXS I 40.48% (1 1a), 261t i s _ :
4 EC #1H ACP A9 1Cs, 9 0.184 mmol/L, % W

L 1 L L L |
-10.0 -1.5 -5.0 -2.5 0.0 25 5.0

EC fEHI ] ACP AYBENG 1L, JF H ACP B I% 1 A

1/[S)/L-mol™
A EC YRR B ACP s ik T, i (c)EC il ACP 27
AR EC WWIE T A AR ot s, 3R W EC 1) b v R 1 LR U R R,
i ACP FLATATSE () 1), T3P 4 3 1 G 5 AGR (e L
FrPEAm AR SE k40 | S 3 S ) AR £ Fig.1 Interaction mechanism of EC and ACP

T, B AR AR Y SE AR 1K, AR Y 3 AL
1 ACP 5 EC 1E £ ik [ 5 B0 8 K R R i

Table 1 Michaelis—Menten constant and maximum reaction velocity of ACP interaction with EC

% ® R JZ/mmol-L7! Lineweaver—Burke 7 #2 K,/mmol-L™! V yu/mmol « L7 K/mmol - L~ R?
0.1 1/V=0.118/[S]+0.975 0.121 1.025 1.025 0.957
EC 0.2 1/V=0.147/[S]+1.167 0.134 0.916 1.197 0.995

0.3 1/V=0.187/[S]+1.250 0.149 0.800 1.200 0.985
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RFE UV, S T2 BB FE 1, BEEEC IRER K,
K, BTV e BHTEAR, AL T8 2 RIR,
W EC #H ACP MIRAFHp S (B 1c), 40l &
K B K, RUIREE ACP T i B A 38
EC #0ifil ACP g J7 32 Wi 38 K . 1R & B4 il i 2
it VA RV A 70 = RN A S SR I A ]
i1 a7/ B N Er e il e o N e
5 Srivastava S5 45 B — 2w XT ACP #
FEAI IR AL
2.2 ACP £5pigpzib

EC X ACP 84N WSO 15 i 52 M an 151 2, A in
EC B, ACP 7£ 280 nm &b — /> 5 [ W Wi i | 3¢
FIEM ACP W & 82 (Tyrosine, Tyr) H1€f 2 &
(Tryptophan, Trp) FREEMAIF m—mr* BRIT 7 A=
FIUT B EC eI ACP 48 AN T2 1 i
VLM EC J5 ,ACP H11 Tyr fl Trp 5% 3 5 85 T
KA IE R EC-ACP E 5%, 530 ACP ik
FR, A5 ACP 2EHMR I 58  Moradi 55
fiFF 5 2 WA 6 e 4 in A ACP 7 34 280 nm &b 1)
SO TR 5 AR RS R 3

FOCHE
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Fig.2 UV-vis absorption spectra
of ACP interaction with EC
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Fig.3 Fluorescence spectra of ACP and EC interaction at 298 K(a), 303 K(b) and 323 K(c)
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A AR AR G A AR T R Bk SRR A
RENEFIAB-FLERET P MA 4 FILER
[EC . & #E & F LA & (Epigallocatechin, EGC) L
X R W B TR IR (Epicatechingallate, ECG) %% %
& F LA R ¥ B T R BS (Epigallocatechingallate,
EGCG) )5, 43 B-3LBR 4 F1 1y 9 IR 52 't oik B2 1
REAR, B K98 e 5 e 35 2 HE 2188, R W Trp Bk
BRI R AU Trp BR AL AL BT K R4 . K
3a~3c RWIHIE EC W LRI K, ACP B KPE
JA 0 I RS B EC AT LLE ACP /Y Trp
5 Trp 5l 5 i [l A A% Pk AR, B K M it | i — 20
W ACP ) Trp B¢ Trp 5% B2 100 53 4% 1Y 0 ] T
ik, WA R S CRERA -2, ZhT
ACP 543 B-FLIRE A 454 f7 76 22 5 . Moradi
LRSI g R 7 e RE Al ACP R A e K, B A=
WML, ARG RS Moradi %9058 45
A
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L
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ek
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% 24 3 1R 5% 2 A8 kAL =15 nm Fl AA=60 nm
Bf, )20 9 S % 43 ) s 8] BT Tye A1 Trp
FRILIHRRAEfE B, mE 4 010 B 5 EC MR
HAhn, Tyr 1 Trp 0263 2 BRFEIE S, R
HE—2E UL EC il ACP 286 R AETER . LR
R ERE , Tyr ZSOG AL B B, Ui 8] EC fili
ACP & HE K B 45 A 0 05 7E Tyr BRIEFHET, X —
S5 X4 R —B, ACP 19 Tyr 5 EC DL
O &5 A o X IKPYE 4 13 25 1 (Bovine serum
albumin, BSA)H Il A JLAS W 5, BSA 197K
G FEREAR, B R RS 9Ot kA I G %
WL ZS K2 4 RE 1 BSA fY 42 5L R 5% it 1 1
RO BRI . RN EC B, ACP H Tyr fil Trp
5% L 1Y B KRR AR W % 7E 305 nm Al 348 nm /7
1i Bt EC BIHA, Tyr A1 Trp 5% 3E7¢ 6 M i %
AEBIRE, B EC fff ACP 1Y Tyr 1 Trp 5k 5L
Ji LA A P R AT, i /K M R i ()25 5 8 B AR
5 RS RO R —2

300000

ALGO
3 —— 0 mmol/L, EC
20000/ 1" tmtol Be
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Fig.4 Synchronous fluorescence spectra of ACP and EC interaction at 298 K

233 BEFEK MGG SHEER 298,303 K Al
323 K i}, ACP 5 EC # HAE M1 Stern—Volmer 1
BEERWE 5a, HIE S ATH, FY/F R[Q]Z R AFTE
RAEFRILRIESE R 3 2 AT, BE 25 5 (0 TH
EC 5 ACP # EAEH M K, fH M 0.036x10* L/mol
K F] 1.662x10* L/mol, A[FEE T ,EC il ACP
FHEAE M K, 7 KT & K &8 K HE R
2.0x10" L/ (mol - ), Z5 460 EC 5 ACP JE WL T
KAFEEY, HiXE— 1o &H Kk, 298,
303 K 11 323 K B ,EC 5 ACP A H. 1 F ) XU 5k

55 LK 5b, EC 5 ACP M EAEFR K, A1 n {0
F 2, 2 2 v B R E W THE L EC 5 ACP
HAEA B K, M 1.455%10° L/mol 3 K %] 2.882x
10° L/'mol, 8 EC 5 ACP M AE FH 1Y %€ Y61 K
KAV B RK hF, #— LU EC ik
ACP B RS E M B o AR EE 1T LA R
K5 BSA AHTAEHM n (EY4E 1, LWL
RERLBYAE BSA E45 G A mEf S 1 D2,
2 "L, EC i ACP 1454 i3 1:1, $iB] EC
TE ACP LS G0 s —1
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Fig.5 Stern—Volmer and double logarithmic plot of interaction between ACP and EC at different temperature
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Table 2 Combined and thermodynamic parameters of the ACP interaction with EC at different temperature

Kq/lO'2 L- K/10° L- AH/K]J- AS/J - AG/k]-
2 AR = Z /K K./10* L-mol™ n
mol ™5 mol™! mol™ mol™ - K~! mol™!
298 0.036 + 0.004 0.036 0.971 1.455 1.38 -12.441 -0.055 -3.463
EC 303 0.600 = 0.066 0.600 0.976 2.817 1.28 -4.864
323 1.662 + 0.030 1.662 0.999 2.882 0.95 -5.215

234 MOESHER ACP 5 EC HEAEH
1) AG AH 1 AS W32 2, i3 2 W A1, K [A)IR EE 4%
R ,EC 5 ACP M EAEH ST 1 AG R ifH,
Uil EC Fl ACP &5 &t B2 A & iF47 19, EC M
HAEH ) AS A1 AH {8 43 i 24 -0.055 J/(mol - K)
F1-12.441 kJ/mol, V¥iW EC 5 ACP M H 1E i ##
W AR ¥ O AR AR 2 g R
Y5 Song SFPWFSE Y £ 5 B UM B R 0 32 B4R
EPIESE S
24 BE-BiEER

] — 0 i 32 B S B BT RS, o R

FELE TR I 208 nm A1 222 nm AL A P> 17 11 B/ T
Wbk, 7E 191~193 nm b —A> 1F A9 B K i
M B-Fr B AE P 215 nm kb A — 4~ G 19 fe /N U
W TR 195 nm A A —A TE (9 e KW | T8
FI 2 ih 7 D% K 200 nm 22 A A — A B R IR
W R AR aE Rk 3, K EC B ACP 1
- SR WE & & 37.8% 8- & & it 7.9% ,B-5 il &
i 15.9%, TGl & 31.1%; SXT A,
A EC J5 (0.1~0.4 mmol/L) , a— 125 & i 7t & , 8-
B B-Ee TR Bt ARG, R Y] EC REfl
ACP 5 H s T R % fa e A JEC W

%3 pH 50,298 KTTACP 5 ECHEERAN _REMEE
Table 3 The contents of secondary structures of ACP with EC at pH 5.0, 298 K

28 %) K % fmmol - L a—¥2 7% /% B & 1% B-# /% R AN 5 /%

R 0.0 37.8 79 15.9 31.1

EC 0.1 39.3 7.6 15.7 30.0
0.2 40.7 74 15.5 29.3
0.3 39.2 7.6 15.7 30.1
0.4 42.0 72 15.2 286
0.5 39.0 7.9 15.6 31.5
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0.5 mmol/L, a2 JiE & & F+ i -4 & B-F4ff .k
R h & AR K, BESCRMRY TR I EC
el B-FLBREE H 850 & AR o 7T | a—MRE
TR B A T ARG R S H 4
RA—F, a2 T ACP 543 B-FLEkEH =
HHE S A 22 5 TS
25 SFXNELER

IR RILE 6, K 6b R LUE Hi ACP
5 ECHEFEN FEAELR K Tyr, K AR
(Arginine, Arg) . 75 & B2 (Threonine, Thr) . H %
2 (Glycine, Gly) Fl H i 2 [i# (Methionine, Met)

(a)EC 5 ACP M HAE K

& o
2,63""‘
1 g M
4 s M
= N/ suts @
A:93 / \ 82
VWP
. 2 2
g > Tﬂ\ : H-Bonds
A222 ¢ \\193 e
e 9 0 3 o Donor
& ©
GLY.
a221
—
B e e vts o e l
— s . e Acceptor

(¢)EC 5 ACP M HAEH 2D K

& N 6¢ PR LLE H EC 5 ACP A E AR HHE
5 AEHE(O-H-X) , ¥ i S B SR A Tyr,
Thr ,Met | Arg v Gly, AR 9 2.63,
2.43,2.68,1.93 A f12.03 A; & 6d F~ I &
() X 3, Horp O ACP B EC, S8 i AN AT 3
WA e e D4 — HE BN, FRidcg
HB o3 2 FL R 40 Arg Gly 145 24 Bt i (Glutamine,
Gln) %5 IE i EfE4E J7 45 A Moradi 55T
GERARRE B0, RATE S ACP ML 45 A1t iR
T R B R A AR T

(d) & f 1A

E 6 EC5ACP#HE( RS FXHEE
Fig.6 Molecular docking diagram of ACP and EC

3 HFig

SR GG 2 R o T 9T T R LA E R
P B TR G 140 A LA LB, 36 L 2% 25 B 1 1R 1k
WA I ) 95 A, SEL I ) 28 R R TR A R o L L2
W E N 0.1 mmol/L B, 1 % ¥ (K;) A 1.025

mmol/L,1Cs {4 0.184 mmol/L, %843k e W] %
LS 25 f i A Wl A A R 6 06 B 5 % A oAU
PN 32 B 2R L AT 2 RE (1 198 1 s 1 Tl kA 9Ok
FER NER TR EREK , 75 298 K T, R M
PR i () &5 & 8 8 (K,) N 1.455%10° Limol, H H A
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Analysis of the Interaction between Epicatechin and Acid Phosphatase by Multi—spectroscopies
and Molecular Docking

Li Yingchang', Li Yuanyuan', Dong Gaoyuan', Yi Shumin', Li Jianrong"”, Yang Qing®,
Wei Zhengpeng?, Wang Mingli*, Fu Yunhong’®
('College of Food Science and Technology, Bohai University, National and Local Joint Engineering Research Center
for Storage , Processing and Safety Conirol Technology of Fresh Agricultural Products, Jinzhou 121013, Liaoning
*Taixiang Group, Rongcheng Taixiang Food Products Co. Ltd., Key Laboratory of Frozen Prepared Marine Foods
Processing, Ministry of Agriculture and Rural Affairs, Rongcheng 264309, Shandong
‘Penglai Jinglu Fishery Co. Ltd., Yantai 265601, Shandong)

Abstract Acid phosphatase (ACP) is a key enzyme involved in the degradation of flavorful substances inosinic acid
(IMP). Therefore, inhibition of ACP is very important to maintain the flavor of aquatic products during storage. This
study investigated the interaction and inhibitory mechanisms of epicatechin (EC) on ACP by UV-Vis absorption spec-
troscopy, fluorescence spectroscopy, circular dichroism and molecular docking. The results showed that EC could effec-
tively inhibit ACP activity, and the ICs value was 0.184 mmol/L. It was reversible inhibitor of ACP, and the inhibition
mechanism was the un—competitive type by kinetic analysis. The inhibition constant (K;) was 1.025 mmol/l. when the con-
centration of EC was 0.1 mmol/L. The fluorescence of ACP was quenched by the interaction with EC and the quenching
mode was dynamic quenching. The binding constant (K,) of ACP was 1.455x10° L/mol after adding EC at 298 K. The in-
teraction of ACP with EC was driven by hydrogen bonds and van der Waals forces. EC altered the secondary structure of
ACP, resulting in an increase in a-helix and a decrease in B—folding, B—turning and random coil. This study provides a
new idea to inhibit the degradation of IMP in aquatic products during storage.

Keywords acid phosphatase; epicatechin; inhibitory mechanism; interaction; fluorescence spectrometry



