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1.1 #RERH

PL (J&MER, 15~35 units/mg) , 4-FHHE2E TR
fig (4 —Nitrophenyl butyrate p -NPB,98% ),Nar
(98% ), Bl T A AL BHE By A BR A 7 5 Gen
(98%) , b2 SOMRA AR B A A BR A W) 5 —H
SR WER AN, MR AN (X el
), K K2R R FR A A 5 8- 2K
F—1-Z5WE R (8—Anilino -1 —naphthalenesulfonic
acid, ANS) , b2 e Mk A AL BRAA W) 5 HT R
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A ;Evolution 201 $84h-TJ WAy T, EHE
Thermo; F=7000 %¢ 3430606 BE 1 . S-480 4
e, HAH 37 B B AR 7] TR-Tracer—10 5 B
ARHRET AMEIEAN, B A A H () A R D
X B R AT HMY, HASFE2E 3 ] 5 Q2000 22784
fiEHIL, EHE TA 24 5] ;Brookhaven 90 Plus 4
KRLREE BTN, 38 AR i SCAXER 23 ] 51260
Infinity TEAH (AL, ZHERBH AT IR AR FD-
1A-50 B EZS R URTHEHL, JUat T Ee B SR 2%
HIRAF,

1.3 FHik

1.3.1 %E6iE B Zhou S 7 2 I+ R 1k
&2k, 0~70 wmol/L B9 Nar/Gen 5 PL IEHRIR & .
7 298 K 1 310 K N 3B 30 min, R & %
KAZE N 280 nm, KEHTIERKBEE N 290~450 nm,
IR AR5

132 AEfRSTRe RS PL & G Fndm il 57
W SOGTE FE 4y S, ITRE A A AR R AT BE AR RS B
T R ROR RN ZE A B B T AR M Forster PSS 7 2
(1~3)1eR A5

6
o 570 (1)
Fy R, +r°
R, = 8.79x107 NpJ 2)
S FO)e(A)AAA
I= 75 F0 A (3)

K E WAL F R, 205 A T
BEAK I 9638 B | au. ; < A - B AR BEAIL 23 A7 Y
WU, 2135 Ry h E=50%H 1 R ES A 50 K
PL B T 774 0.118 ;N A T 5 % |
1.336;J M LiEEE S ,nm* - 1/(mol -cm) ;6 (A)
SHBCARLEDE A N A BE IR W R 2, L/ (mol cm)
F(A)R PLEJE K A AL ZOE5RIE  au.,

1.3.3  mE RO 3% (HPLC)  FREX Gen/Nar
XoF R it O VP s ik, o) 48 T = R BE R 50,
100, 150,200,250,300 we/mL A% IR ATR , T 4
CHRIEE , BT HBLKIRIE, WA 05
mg/mL PL AW 1 mL, Mymfl%E, & T 10 mL
Gen/Nar BRI OB, THREBITASR &R, {f
A9 AMBIAEST , B I EE  Gen/Nar 7535 M 4%

N AMEBIBHAFAT . Gen/Nar 5 FHIISE & AL
K 72 (4)35K1%

1A = 1A 1ot 1/(A XK XxC) (4)

XA NEE AR, pg/mg; A L HIRREE G,
we/mg; C AR R S | we/mL,

a3 o5 . C18 RAHEIEHM:; WEhHH A.0.2%
Eﬁ@fUK;B: Eﬁ@?,bﬁ'ﬁﬂﬁ%ﬁio~2 min, 10% B;10%~
25% B LVEBSE 2~4.5 min;25% B,4.5~7 min;
25%~90% B LEMERAE 7~22 min;22~24 min, 90%
B;24~25 min K& 5] 10% B; £ 25~30 min, 3
i 30 °C;#FEEE 10 pl,
1.3.4 =450kt S Chapleur & 77k
FHE, [B5E PL B LA Gen/Nar, 15 € A 5%
KAL R 200~500 nm, [EFEHR 1 nm, AWK
200~450 nm, [8]fF 4 5 nm, FAHEHEE 7 1 200 nm/
min, Ml PL M INABCRSG PL ) = 4E5¢ ),
1.3.5 KgAK E  H ANS 2GR EH 5
Gen/Nar Xf PL ZHE /K PE 52U R S 0~
50 wmol/L, [f] 4 mL f) PL Fl Gen/Nar A5 & H)
JA 20 pL. 8 mmol/L ) ANS i# , 1R 215 e
O 15 min, BEE L MK 380 mm, HH#§# % 1 200
nm/min, M & ANS [O2EHRE  FRTH BT K TR 5L
(So) A& B X 28 vk FE AR Ak Il A i 5 .
LIRERR
1.3.6 (HEMLIMNERENE S5 RS
2%, ¥ Gen/Nar f1 PLIR2), £ 37 CF XN 10
min, ¥R T B AF A S KBriR2 R, LL 4
em™ [ FEFAAHE 400~4 000 em™ FULLAMERE, H
32 K, #REIEECH 1700~1 600 em™ HILLAMEG
B FH Peakfit 4.12 RIS 5T
1.3.7  ZERARENE(DSC) Wik TS FE
A AR BT, R S R S A
ZH, 755 Cmin WERHEE T, HEHRES
B IR FE N 25~100 °C™ 3775 DSC &l Kk g
1.3.8 X SRS (XRD) 2 BRI A 420
I, AR TR SN FE 25 CCF 45 24 h, H
XRD M5E 45 ettt . F i  FLUIE 53 ) 22 45
kV 1200 mA, H Cu Ko 5 4% (A = 0.154 nm) #£47
s AT, R AR I T 5°~50°(20), HEE 5°
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min, AXTEE SRR (5)THE
HARFZE AR (%) = (A~A,)/A X100 (5)
A R A, AR,
1.3.9 KiAEME K 0~40 pmol/L Y Gen/Nar 5
PLIR G, & LN 15 min, R Ok
T REASL, A3 s i BRI KIS | IR R R 25 °C,
fHIR 300 s PEATI &,
1.3.10 i F B (SEM) S BUR %1
W5 RE AL, [ E E SEM 4 & 1, FIvE B ER s
ZAKEN B4 5 BT SEM 245, 7EnE i
JE T H4  WUEAE Sl 45 4412,
1.3.11 Giitorth "M RARmES 3 WK EdhRR
N “xs”, JH IBM SPSS Statistics 26 #E17 25 53 5
FE b, 225K P<0.05, JH Origin 2021 #
PeakFit 4.12 $EATEH /BT FI LA B
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Fig.1 Fluorescence emission spectra of Gen (a), and Nar (b) combined with PL
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Kl 2 & Gen/Nar 5 PL B9 i5% B Sl 28 AR PE
A (D)~ GB)IHEW E J.Ror fE 1L 1,Gen Nar
5 PL B HE GRS JE N 2.65x10™ em? -
L/mol H1 2.93x10™ em®+L/mol, Z5 & 1E S r 4351 K
4.95 nm F1 5.22 nm , KA H 15 FLE (8 nm) P9 1
TE 0.5R<r<1.5R, JulH N , 5 %W, Gen/Nar 55 PL
LGB E IR e %R, B >R, i —
R Gen/Nar 32538 o i S KK FRAK PL 19
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2.3 HPLC &

RO AR 5 T A B B T S RS Al R
B ISR S B DL S R AR R R
AT HIR S EATRAR EAEFPLE] . LA Gen/Nar Jit
TR B AR A AR W TR O PN AR AR A T R 4347,
ZERILIE 3, Gen etk T 2 1y = 26.703x-173.853,
r =0.9977 ; Nar & 2 .y = 8.998x-8.666,r =
0.9993, PiEAE 50~300 we/mL JFHifk 5 £t
R,
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Fig.2 The overlap curve of the fluorescence spectrum of PL and the UV-vis absorption spectrum of Gen (a), Nar (b)

#1 Gen/Nar 5PLHEEBRS(J) GHRES(R,) ARES (1 UREEEBRE(E)
Table 1 Overlap integral (J), critical distance (R;), combining distance (r) and energy transfer efficiency (E)
of Gen/Nar interacting with PL
[T E J/(ecm?+ L/mol) Ry/nm R/nm
Gen 0.25 2.65x10™ 4.12 4.95
Nar 0.21 2.93x10™ 4.19 5.22
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Fig.3 The linear relationship curve between Gen (a) and Nar (b)
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Fig.4 Double reciprocal curves for the interation of Gen (a), Nar(b) with PL at different temperatures

%2 GenNar 5 PLIEAMGEAEH

Table 2 Binding constants for the interaction of Gen,

Nar with PL
B Ak BEIC MK FRH  BAFH/(L/mg)
Gen 25 0.9619 42.394
37 0.9983 18.234
Nar 25 0.9776 22.574
37 0.9996 1.566
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Fig.5 Three—dimensional fluorescence spectra of PL and its two complexes
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Abstract Exploring the inhibitory effect of small molecules on pancreatic lipase (PL) has become an important method
for screening active ingredients with anti—obesity effect in vitro. The binding reaction and mechanism of genistein (Gen)
and naringenin  (Nar) with PL were studied by fluorescence spectroscopy, non-radiative energy transfer theory and high
performance liquid chromatography. At the same time, three —dimensional fluorescence, surface hydrophobicity, X -ray
diffraction, infrared spectroscopy, particle size, differential scanning calorimetry, and scanning electron microscopy were
used to characterize the structure of the composites from different angles, and their influence on the structure and prop-
erties of PL were comprehensively clarified. The results showed that the quenching of PL by Gen and Nar was static
quenching, and the binding constants were 42.39 L/mg and 22.57 L/mg, respectively. The addition of both reduced the
a-helix content of PL, increased the content of B—turn, B-sheet and random coil, and increased the crystallinity from
25.60% to 32.77% and 38.00%, respectively. The surface hydrophobicity decreased and the thermal stability decreased
(the denaturation temperature decreased from 76.04 °C to 65.00 °C and 65.05 °C, respectively), and the PL changed from
a smooth sheet structure to a rod-like particle. These results indicate that Gen and Nar significantly affect the structure
and properties of PL, providing new ideas for the development of new PL inhibitors.

Keywords multispectral methods; genistein; naringenin; pancreatic lipase; inhibition mechanism



