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Abstract: In this study, the inhibitory effect of rape bee pollen polyphenols on pancreatic lipase was measured by enzyme
kinetics method, and the interaction between pancreatic lipase and rape bee pollen polyphenol extracts was analyzed by the
ultravilolet, fluorescence spectra and synchronous fluorescence spectra. The results showed that rape bee pollen polyphenols
had a certain inhibitory effect on the activity of pancreatic lipase, and the half maximal inhibitory concentration (IC) was
1.670+0.045 mg/mL. The inhibitory type was a mixed inhibition of reversible inhibition. Fluorescence spectra showed that
the maximal fluorescence intensity of pancreatic lipase gradually decreased with the increasing of rape bee pollen
polyphenols concentration, and the maximal fluorescence peak had a redshift from 341 nm to 349 nm. Synchronous
fluorescence spectra showed that the hydrophobicity inside the enzyme decreased and the stretch of the peptide chain

increased when polyphenols bind to pancreatic lipase. The fluorescence quenching mechanism showed that the quenching
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constant decreased from 0.1000 to 0.0743 with increasing temperature, and the binding process was static quenching with

about one binding site. In conclusion, the rape bee pollen polyphenols could inhibit the pancreatic lipase activity by

changing the enzyme conformation, which provided a certain theoretical basis for the mechanism of bee pollen lipid

reduction.
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lipase activity
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Table 1 Lineweaver-Burk double reciprocal curve parameters
[Q](mg/mL) AR R K(mg/mL) Kg(mg/mL)
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1.068 y=37.179x+21.805 0.998 1.829 2.419
1.424 y=39.859x+23.74  0.996 2.040 2.510
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concentrations of rape bee pollen polyphenols
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Fig.5 Synchronous fluorescence spectra of rape bee pollen
polyphenols on pancreatic lipase
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Ig

2 ORFERREE RIS 2 B 55 BRIV BEAH ELAE I Stern-Volmer J5 R HNSONEUth 27 #E S 4L
Table 2 Stern-Volmer equation and double logarithm curve equation parameters for the interaction between rape bee pollen
polyphenols and pancreatic lipase at different temperatures

A (K) Stern-Volmer J7 & BBk T i Kgy (mg/mL) K, (mg/(mL-s)) K, (mg/mL) n
298 Fy/F=0.1[Q]+0.9751 1g[(F—F)/F]=1.02881g[Q]-1.1218 0.1000 1.000x10’ 0.0755 1.0288
308 F/F=0.0743 [Q]+1.0796 1g[(FO*F)/F]=O.59931g[Q]*0.7650 0.0743 0.743%107 0.1718 0.5993




%44 5 22

K A EIMIBO ORI IS DR 2 B B B A I AR 41 -

3 g

ARG EEA -] WL RIS OGS AR
TR AL Ry 22 19 %] T8 U1 1t Fr) 4100 3] 3% P DA EA
JHIS AR, KBS BNy Z2 W GE LA 1 K720 5 1R

BITlELE G, T ELREXT AR I 35 P A — 5 i
TVEF, 5 B PERRAR 50% B 22 15 14 o vk )32 A
1.670+£0.045 mg/mL, 1]l 2& 4 Sy m] 396 4 1 45 Y40
il o seAh, ARG RR2E DO CIE LS R o, B IS
AERY Z I A, IRV P S R AR AL i B RO S
PAIEALRIF AL, T (2 Z PRI L B R A A I
AL, ] W2 A AT EUPRNE Wi R 5k
A4 T 284k, Stern-Volmer BEKHE K, b 75 12 BT}
V)N, RIAGE G R FR SR, HE5 G2
1A LE BT, ISR LR 22 19 X PR 1D Pk A
T RANHIWE, 2 hf el dE—2 e b g
JUs AL, FTE AR IDT AR SR 2 B . ANSEEG
WEAEA Z W O RENR AL A2 — 2L DO REIT A 4L T 2]
Ve, PR AL IO A2 P ) Sl =g e
Aoy Z2 W BAAA AKX R R 7 S A g o iV T A —
H IO F AN TR ST FE R R o
SE K

[1] THAKUR M, NANDA V. Composition and functionality of
bee pollen: A review[J]. Trends in Food Science & Technology,
2020, 98: 82—106.
[2] LIQQ, WANG K, MARCUCCI M C, et al. Nutrient-rich bee
pollen: A treasure trove of active natural metabolites[J]. Journal of
Functional Foods, 2018, 49: 472—484.
[3] TUOHETI T, RASHEED H A, MENG L, et al. High hydro-
static pressure enhances the anti-prostate cancer activity of lotus bee
pollen via increased metabolites[J]. Journal of Ethnopharmacology,
2020, 261: 113057.
[4] #0%, M5, BAF, 5. DR GBS S T AT
BE[T]. RS 5 R, 2019, 35(4): 230-236. [ ZHENG H, LIANG
Q Q, CHEN X P, et al. Research progress of bee pollen health care
function and product development[J]. Food & Machinery, 2019, 35
(4):230-236. ]
[ 5] RZEPECKA-STOJKO A, STOJKO J, KUREK-GORECK A,
et al. Polyphenols from bee pollen: Structure, absorption, metabolism
and biological activity [J]. Molecules, 2016, 21(2): 21732—21749.
[6] Mikak, 30T 3, thvh, 5. b FEEF BB 6 M 2 R I
A ERH R J]. £ &F5,2010,31(3): 79-82. [ YANG J L,
SUN L P, XU X, et al. Hydrolyzed rape bee pollen ethanol extract
qualitative and quantitative analysis of flavonol and antioxidant ac-
tivity evaluation[J]. Food Science, 2010, 31(3): 79-82. ]
[7] XUYY, CAO X R, ZHAO H A, et al. Impact of Camellia
Jjaponica bee pollen polyphenols on hyperuricemia and gut micro-
biota in potassium oxonate-induced mice [J]. Nutrients, 2021, 13(8):
2665-2685.
[ 8] RZEPECKA-STOJKO A, KABALA-DZIK A, KUBINA R, et
al. Protective effect of polyphenol-rich extract from bee pollen in a
high-fat diet[J]. Molecules, 2018, 23(4): 805-823.
[9] LI X Z, GONG H Q, YANG S W, et al. Pectic bee pollen
polysaccharide from Rosa rugosa alleviates diet-induced hepatic

steatosis and insulin resistance via induction of ampk/mtor-mediat-
ed autophagy [J]. Molecules, 2017, 22(5): 699.

[ 10] KLEIN S. Long-term pharmacotherapy for obesity [J]. Obe-
sity Research, 2004, 12(12): 163—166.

[11 ] BIRARI R B, BHUTANI K K. Pancreatic lipase inhibitors
from natural sources: Unexplored potential [J]. Drug Discovery To-
day, 2007, 12(19-20): 879-889.

[12] £, B B3, FRE, . AR 69 MUls b B39 ) 7] %
REI]. FEARHES R E, 2012,33(2): 199-202. [ JIANG Y
Y, LU G Y, LI Y F, et al. Research advances in pancreatic lipase in-
hibitors from plants [J]. Chinese Journal of Biochemical Pharmaceu-
tics, 2012, 33(2): 199-202.

[ 13] SLANC P, DOLJAK B, KREFT S, et al. Screening of select-
ed food and medicinal plant extracts for pancreatic lipase inhibition
[J]. Phytotherapy Research, 2009, 23(6): 874—-877.

[ 14] SUTANA R, ALASHI A M, ISLAM K, et al. Inhibitory ac-
tivities of polyphenolic extracts of bangladeshi vegetables against a-
amylase, a-glucosidase, pancreatic lipase, renin, and angiotensin-
converting enzyme[J]. Foods, 2020, 9(7): 844—857.

(15 ] A48, B . 5] ZAFHIRAD MG By Bl 97 4] 75 1k 80 7% 397 )
MGG 5 [T]. & d T kAL, 2009, 30(6): 181-186. [ REN X J,
MA H L. Study on inhibitory screening and mechanism of grape
seed on pancreatic lipases[J]. Science and Technology of Food In-
dustry, 2009, 30(6): 181-186. ]

[16] wi%, X514k, Fl R, 5. H) &4 Mis by B4 4] 4 $2 T
2] &R 5 T4, 2010,31(4): 41-44. [ TIAN Q, WU Z J,
HUANG D R, et al. Optimizing conditions for the isolation of pan-
creatic lipase inhibitive substance from grape seeds[J]. Food Re-
search and Development, 2010, 31(4): 41-44. |

[17] 5kE#H. = =ZHEEH EBROHNERLWHNZEER
B16 afe A4 & WA [D]. R4 B2 T X5, 2016. [ ZHANG
Y X. Preparation of three kinds of bee pollen polyphenols from Yun-
nan and their bioactivity against melanoma B16 cells[D]. Kun-
ming: Kunming University of Science and Technology. 2016. ]

(18] Mtk i EEEFEA By KA S M 49 5 B B 3 BAL & VAR
% [D]. d: P ERLAFKE, 2010. [ YANG J L. Purification of
phenolic compounds in rape seed pollen (Brassica capestris) and its
antioxidant activity[D]. Beijing: Chinese Academy of Agricultural
Sciences, 2010. |

[19] k¥, KAk, 42, 5. BRI &SRB MG B B 7
Hay e [J]. & A5, 2020,41(5): 8-14. [ ZHANG J, M1 J, LU
L, et al. Effect of anthocyanins extract from Lycium ruthenicum
murr. fruit on pancreatic lipase activity[J]. Food Science, 2020, 41
(5):8-14. ]

[20] k&, % % By < Mg By B 75 P o 60 AF R (1], e Tk,
2013, 34(8):168—170. [ ZHANG Z. The inhibition effect of tea
polyphenol on pancreatic lipase [J]. The Food Industry, 2013, 34(8):
168-170. ]

[21] &3y, 25, XAE. A5 BEE /) 0 Jr %6 PR
Bt (7. e g 5 A4 T42,2007,24(8): 72-75. [ JIANG HF,
WANG Y Q, LIU C G. Comparison and improvement of three de-
termination methods for of lipase activity [J]. Chemistry & Bioengi-
neering, 2007, 24(8): 72-75. ]

[22] Z&, Bi&, 30, F. ARFHREhFEGYTHERNGE
Sh-FE AT R I S R B AR AR [T]. iE S RS AT,
2018, 38(2): 494-501. [ WANG Y, LV D, GUO M, et al. Study on
the intermolrcular interaction between perfluorooctanoic acid and
serum protein by UV-fluorescence spectrometry and the establish-
ment of theoretical models[J]. Spectroscopy and Spectral Analysis,
2018, 38(2): 494-501. ]

[23] LIX,CAIJJ, YUJL, etal. Inhibition of in vitro enzymatic


https://doi.org/10.1016/j.jff.2018.09.008
https://doi.org/10.1016/j.jff.2018.09.008
https://doi.org/10.1016/j.jep.2020.113057
https://doi.org/10.13652/j.issn.1003-5788.2019.04.042
https://doi.org/10.13652/j.issn.1003-5788.2019.04.042
https://doi.org/10.3390/nu13082665
https://doi.org/10.3390/molecules23040805
https://doi.org/10.3390/molecules22050699
https://doi.org/10.1016/j.drudis.2007.07.024
https://doi.org/10.1016/j.drudis.2007.07.024
https://doi.org/10.1016/j.drudis.2007.07.024
https://doi.org/10.1002/ptr.2718
https://doi.org/10.3390/foods9070844
https://doi.org/10.13386/j.issn1002-0306.2009.06.106
https://doi.org/10.13386/j.issn1002-0306.2009.06.106
https://doi.org/10.13386/j.issn1002-0306.2009.06.106
https://doi.org/10.13386/j.issn1002-0306.2009.06.106
https://doi.org/10.3969/j.issn.1005-6521.2010.04.012
https://doi.org/10.3969/j.issn.1005-6521.2010.04.012
https://doi.org/10.3969/j.issn.1005-6521.2010.04.012
https://doi.org/10.3969/j.issn.1005-6521.2010.04.012
https://doi.org/10.7506/spkx1002-6630-20190620-234
https://doi.org/10.7506/spkx1002-6630-20190620-234
https://doi.org/10.3969/j.issn.1672-5425.2007.08.022
https://doi.org/10.3969/j.issn.1672-5425.2007.08.022
https://doi.org/10.3969/j.issn.1672-5425.2007.08.022
https://doi.org/10.3969/j.issn.1672-5425.2007.08.022

- 42 - £ Tl B4

2023 4F 11 H

starch digestion by coffee extract[J]. Food Chemistry, 2021, 358(6):
129837-129843.

[24] LINM Z, CHAI W M, ZHENG Y L, et al. Inhibitory kinet-
ics and mechanism of rifampicin on a-glucosidase: Insights from
spectroscopic and molecular docking analyses[J]. International
Journal of Biological Macromolecules, 2018, 122: 1244—1252.

[25] ZHENGL, LEE J, YUE L M, et al. Inhibitory effect of pyro-
gallol on alpha-glucosidase: Integrating docking simulations with in-
hibition kinetics[J]. International Journal of Biological Macro-
molecules: Structure, Function and Interactions, 2018, 112: 686—693.
[26] #FAm, THT, D4, 5. Aleit % oyt s by oo 5] 15
AR EAR, 2021, 37(1): 192-196. [ HUANG GL, WANG
Y N, MA J J, et al. Inhibitory effect of loqual flowers polyphenolics
on lipase activity[J]. Jiangsu Journal of Agricultural Sciences, 2021,
37(1): 192-196. |

[27] HUANG Q, CHAI W M, MA Z Y, et al. Antityrosinase
mechanism of ellagic acid in vitro and its effect on mouse mela-
noma cells[J]. Journal of Food Biochemistry, 2019, 43(11): 12996~
13005.

(28] FRF&E, IR, & A0, REIRIY B R BB A7 5] 3h /1 5
Bl a7 (1], 8B A4 Tk, 2017,47(6): 317-321. [ CHEN
Y X, ZHANG K, GONG S Z. Tyrosinase activity inhibition kinetics
and skin irritation of extracts of Poria cocos extract[J]. China Sur-
factant Detergent & Cosmetics, 2017, 47(6): 317-321. ]

[29] EM&, SRR, KIE. KAEF P g Joy B o) ) 3R I T 2 &
MR H R [T, & e T A4, 2004, 25(2): 85-87. [ WANG
Y F, GUO G X, ZHANG H. Inhibitory mechanism studies of pan-
creatic lipase inhibitor derived from rice germ[J]. Science and
Technology of Food Industry, 2004, 25(2): 85-87. ]

[30] &8, dm-F, Wik, . ERAMABRARNY =LKL HES
AESF RN, k5 5 35547, 2009, 29(7): 1925-1928. [ LI
Z, SHANG L P, DENG H, et al. Extraction of characteristic parame-

ters of three-dimensional fluorescence spectra of tyrosine and trypto-
phan[J]. Spectroscopy and Spectral Analysis, 2009, 29(7): 1925—
1928. ]

[31] #Fsh, ZE % MikkS 4ok a&atmaimesn
7). 54k B £, 2009, 28(7): 78-82. [FENG S L, YUAN D Q.
Study on interaction between piperazine ferulate and bovine serum
albumin[J]. Chinese Journal of Analysis Laboratory, 2009, 28(7):
78-82. ]

[32] seak, FEN, A, F AR EMTRIRERE WE
WrdgAn ZAE A [J]. & e 5 & BEAL, 2017, 53(6): 106-110. [ FAN
J B, LI X R, GE C H, et al. Study on the interaction between chloro-
genic acid and pancreatic lipase by fluorescence spectrometry[J].
Food and Fermentation Science & Technology, 2017, 53(6): 106—
110. ]

(33 ] ek, Zwes, X, 5. AR EH ook il b5 Wi
W5 B AR ZAE A [J]. Ao Tk AH3, 2017, 38(2): 152-155. [ FAN J
B, WANG X L, JIANG H J, et al. Study on the interaction between
caffeic acid and pancreatic lipase by fluorescence spectroscopy [J].
Science and Technology of Food Industry, 2017, 38(2): 152—155. ]
[34] KRB, 0, k. M7 Mg by 8 o 39 ) A ) B AR
1. & 8 X5 FM(EZHRR), 2021, 45(6): 545-552. [ ZHANG G
W, LI S, ZHU M. Inhibitory interaction and mechanism of chrysin
on pancreatic lipase[J]. Journal of Nanchang University (Natural
Science), 2021, 45(6): 545-552. ]

[35] AR, B, HoR, 5. RigF 55 F a8 oMty
X 4T 5 Bk ) 4F R AL a9 B it R ). AR B oA,
2021,39(3):337-347. [ ZHOU Y D, DAI S X, TONG B, et al. Re-
cent progress of the interaction mechanism between biomacro-
molecules with ligands based on combining spectroscopy analysis
with molecular docking[J]. Imaging Science and Photochemistry,
2021,39(3): 337-347. ]


https://doi.org/10.3969/j.issn.1000-4440.2021.01.025
https://doi.org/10.3969/j.issn.1000-4440.2021.01.025
https://doi.org/10.13218/j.cnki.csdc.2017.06.004
https://doi.org/10.13218/j.cnki.csdc.2017.06.004
https://doi.org/10.13218/j.cnki.csdc.2017.06.004
https://doi.org/10.13218/j.cnki.csdc.2017.06.004
https://doi.org/10.3969/j.issn.1002-0306.2004.02.032
https://doi.org/10.3969/j.issn.1002-0306.2004.02.032
https://doi.org/10.3969/j.issn.1002-0306.2004.02.032
https://doi.org/10.3964/j.issn.1000-0593(2009)07-1925-04
https://doi.org/10.3964/j.issn.1000-0593(2009)07-1925-04
https://doi.org/10.3969/j.issn.1000-0720.2009.07.021
https://doi.org/10.3969/j.issn.1000-0720.2009.07.021
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.3969/j.issn.1006-0464.2021.06.006
https://doi.org/10.7517/issn.1674-0475.201204
https://doi.org/10.7517/issn.1674-0475.201204

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 油菜蜂花粉多酚的提取和含量测定
	1.2.2 蜂花粉多酚对胰脂肪酶活性的影响
	1.2.3 油菜蜂花粉多酚对胰脂肪酶的抑制类型判定
	1.2.4 油菜蜂花粉多酚作用于胰脂肪酶的紫外-可见吸收光谱分析测定
	1.2.5 荧光发射光谱及同步荧光光谱分析测定
	1.2.6 荧光猝灭机理和结合常数分析

	1.3 数据处理

	2 结果与分析
	2.1 蜂花粉多酚对胰脂肪酶的抑制作用
	2.2 蜂花粉多酚对胰脂肪酶的抑制类型
	2.3 油菜蜂花粉多酚作用于胰脂肪酶的紫外-可见吸收光谱分析
	2.4 油菜蜂花粉多酚对胰脂肪酶的荧光光谱
	2.5 荧光猝灭机理和结合常数分析

	3 结论
	参考文献

