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Molecular Mechanism of Targeted Inhibition of Pancreatic Lipase and Cholesterol Esterase by Hempseed Peptides
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Abstract: In this study, we systematically investigated the regulatory effects of two hempseed peptides (APAM and RLPA)
on pancreatic lipase (PL) and cholesterol esterase (CE) activities and the molecular binding mechanism using enzyme
kinetics, synergistic inhibition, fluorescence spectroscopy, isothermal titration calorimetry and molecular docking. The
results showed that RLPA had stronger inhibitory activity on PL and CE with half maximal inhibitory concentration (ICs,)
values of (79.62 = 3.20) and (301.27 + 14.40) pmol/L, respectively. Kinetic analysis indicated that the inhibition mechanism
of APAM on the two enzymes was competitive inhibition, whereas RLPA was a mixed-type inhibitor. Both APAM and
RLPA synergistically inhibited PL and CE with orlistat at low concentrations, but the synergistic effect was weakened
or even antagonized at high concentrations. Fluorescence spectroscopy results showed that both peptides could produce
static quenching by binding to PL and CE, which changed the hydrophobic environment of aliphatic amino acids in the
enzymes. Isothermal titration calorimetry demonstrated that the binding process between the peptides and the enzymes was
spontaneous and exothermic, which was achieved mainly through hydrogen bonding and electrostatic interaction. Further
analysis using molecular docking simulations showed that hydrogen bonding, salt bridges, and cation-m interactions played
crucial roles in peptide-enzyme binding. This study enriches our understanding of the interaction mechanism of peptides
with PL and CE, and provides a scientific basis for the development of functional foods based on hempseed protein.
Keywords: lipid-digesting enzymes; inhibition mechanism; fluorescence spectroscopy; isothermal titration calorimetry;
molecular modeling
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Ser152. His263FAspl 76405, W& 043
TR R TR BRI R T R W PSR MR B T O E
Cys237~Cys26 1L 1 i K, 1fif5kIE76~80F
213~ 217 W TE B AN e /N IR BRI e 3R 1T B 7E 7K I
FEm B RAEM R, AR TR SIEEA NS A .
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U M PLIG IS P o Urbizo-Reyes &5l id 73 1 4 2 &
B, 2K RS SR 5 e Uy i B 2B A LA R 1) S
B, KUK ERAPLIHIHIRE CHE/E R . MIRLPATY
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Tt FH B T () F 472 2 T 055, 2930 minf5 T Fa
ST, R ZIKS B SE A 2 aT i e,

FHARLPL; FAR2. CE. R
11 APAM (A) . RLPA (B) XPLRICER) SR 3D 4 ifi 1%l
Fig.1  The 3-dimensional (3D) surface heatmaps of the real-time
inhibition of APAM (A) and RLPA (B) on PL and CE

#1  APAMAIRLPAMYBMELFEIT LA B PLAICEICS, iR 358
Table1 Physicochemical properties of peptides PAM and RLPA and
their IC;, values and inhibition types against PL and CE

i f

kealimol) 1€y (umolll)  HEER1Cy (umoll)  HEIEE

APAM 540 837 8101226 FHHE 1376442028 e
RLPA 1073 41 9.10 1060+320  EA% 3012721440 it
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Fig.2  Dose-response matrix and synergic distribution of inhibition of
PL and CE by APAM (A) or RLPA (B) combined with orlistat

K HSynergyFinder 1 v1 1 5] =] At A1k (¥ 751 &
B, A8 FHZIPYE 2 BR8P [R]85 S AT 134 a2
fion,  BLUR|F 5 APAMIYI 20 & % PLAICE ¥ iy 5] 40 1] °F
B 3 01 83.207H12.726, FH 2 ik B R At X PLAICE
AN AT REAEAE A INTE ™Y AR, 24 APAMATBLF]
) At A AR AR B o P T A R PP 4 T 10, R B P b
W) )5 AT R A LE AN AN B[R R AR A . T BE S 2 KR SR
FMHAR TR, ZIPREIRN P 3 R, BRI T
0 73, X2 A SR R A i A AR e R EE R P4 T 4
PUAEA, UL APAM S B & Aih (¥4 F A7 s50RE R BRAH I .
Li Xiangxin%5 " [FIFE1E 2 Wy 5 BUR| =] A 6 PLAICE R B A
H g2 R T IX— % . MRLPA S BUR| &4t BB A4 PLAT
CE V- ¥IME 55 48.753F18.183, i BH B I AT T REA7AE b I+
PIHIER, XAl feAEF e A0 S A e A F,
TR 2 M 5 R W AU PLH ] [ R A7 AR RN, Rl
22y 55 BRI B At 45 A AEPLAS [ (R 1 A
213 JKRTPLAICERIHIH 5 /)2

2 ANEKIEHAPAMAIRLPAMHIPLAICER ) J1°7 5 5

Table2  Kinetic parameters of PL and CE inhibition by different
concentrations of peptides APAM and RLPA

i Jiﬁfg/ Km/ -1
LIRS EZS (pmol/L) (pmol/L) Vials
200 12.1101+0.264 0.057£0.002
150 10.270+0.274 0.05740.002
APAM 100 8.220+0.373 0.05610.004
bL 0 5245+0.118  0.057+0.001
200 11.13240.341  0.065£0.004
RLPA 150 9.872+0.104 0.0734+0.001
100 9.626 £0.460 0.078 £0.006
0 9.051£0.255 0.08240.004
200 34.2774+0.251 0.18610.006
150 31.7404+0.309 0.19440.008
APAM
100 27.00440.307 0.19240.009
CE 0 22.0734+0.387 0.20240.013
200 10.464+1.361 0.0661+0.013
150 9.186+0.228 0.08140.004
RLPA
100 8.230+0.274 0.10140.004
0 7.42340.326 0.11140.006

R T L b A AR 3 5 R K6 PLATCE (1 # 4E FH
BB T B DA HI AL . B S B 2 4 Fi
KA. TP, EESTE. RESERRAMED. XK
FIMichaelis-Mentent R i E Rl 5) /1% S8 (R2) ,
2| Lineweaver-Burk P A 5 #1255 . Wi B3 AT,
WE 2 KR B R 3G b, 1/ VAT /(ST 2 B Y R AT 4 v
KFR. FFAPAM, A M&EYHMA. X FPL, F
HLZ MR E RS, K M (5.2454+0.118) pumol/L1
% (12.11040.264) pmol/L, V,, WH REZETL.
XERWIKAPAM SPLZ [ A7 1658 e M IME R, 384
PEH 5 B 45 A T8 A HI155- B 2 & . [RIFEHL, APAM
X CE I il [F) A 52 B0 58 4 PRSI AR T, 3R APAM
A B 5 0 PLAR LA AL s R AR CER IS 1 o 1 X
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804 A, * PL+ 100 umol/L APAM
70 4 vPL
£ 604
£ 504
= 404
304 ey T
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Fig.3  Lineweaver-Burk plots of PL and CE inhibition by
APAM (A) and RLPA (B)
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271 4565.691676.62 0.9997 4.57£0.68 3734.99£162.30 0.83£0.02 0.996 5 —19.02£0.02
APAM 298 3825.95£409.31 0.999 8 3.83+041 3126.28+147.11 0.8610.03 0996  —1039+0.39 31.18%1.33 —19.68+0.37
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Table4  Thermodynamic parameters for binding of PL and CE to
peptides APAM and RLPA

Bk 2 K/ (10 molll) n AH (klimol) AS/ (JJ (mol*K) ) AG/ (Kl/mol)

APAM 1495006 126001 —1054£0.15 57.08 -2755

Pl Rip 1003 w005 22864020 1731 —28.02

=55 R g APM 300 098+0.10 —1653£025 3004 —25.48
RLPA  400+0.16  0.80£0.00 —2413+027 327 —25.10
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