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In silico evaluation of pancreatic lipase inhibitory peptide in camel blood protein
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Abstract: In this study, camel blood proteins were enzymatically digested using neutral protease,and the enzymatic process,
pancreatic lipase (PL,PDB code:1ETH) inhibitory activity ,molecular characteristics of the peptides,and molecular binding
patterns were investigated with the aim of PL inhibitory peptides. The optimal processing conditions were 5% neutral prote-
ase,pH was 7.0, enzymolysis temperature was 55 °C ,and enzymolysis time was 3 h. Under optimized conditions ,the PL inhi-
bition rate reached 42.13% . A total of 533 peptides were identified using LC-MS/MS, of which eight peptides had a Pep-
tideRanker score greater than 0. 8. Among them, ALERMFLGF, GQPAVPVRF,and WDPSKVPPR exhibited significant bind-
ing with pancreatic lipase. Molecular dynamic simulation by AMBER 19 showed that all of them could interact with the resi-
dues in the active pocket residues of PL,primarily through electrostatic interactions , hydrogen bonding and hydrophobic inter-
actions, thereby inhibiting its activity. Among them, CGPAVPVRF stands out the most potent PL inhibitor peptide, exhibiting
the highest binding energy and possessing a greater number of binding sites. The study not only provides a reference for the
development of novel PL inhibitor peptides,but also offers a new avenue for the high-value utilization of camel blood proteins.
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[#i] it BRSO AT, B 70 B 38 4 A0 B i
1, A5 A ) S i 7 8 ( pancreatic lipase, PL) % 14 1]
DA BT A 5 A8 MR AL, DTSk 22 it 15 , T 9
0 T 2 — R R, R
BE ARG B, T T & R R AR R A ) R
Yy SR BRI R IR ILAE

A TR IR PR HOR IR 4 R E0R , O
PR A, NEA SRS, SEASTERN
6. 80 g/dL, MZT# F1 & 404 141. 11 o/L, & T HAl
xE Y HESEMA ISR, i 2 WHO/FAO/UNU
HEREAH S TAE R R AE TG PEROR IR . HE A
WFFCUER], B¢ LA R A 7 W0 A O o7 Bt AL R
IR o PR, DAGE I 8 £ ORI 4 5B
Ui W AR B AT — S I BETE AN A

AHIETE R FH rh v R 1 X B I AR ) AT A
LAJEE R 17 B ] 5 S PRI A , DA i 125, R
BE 5l B BOC AR AT R B TRAT IR R] BT ( matrix-assis-
ted laser desorption/ionization time of flight mass spec-
trometry , MALDI-TOF-MS) MELE M2 55
Ay, I T AR €15 - 57 35 156 A (liquid chromato-
graph mass spectrometer, LC-MS) X} B¢ Ifil 22 ik #1772
SEG T, [ PepSite2 SRS FIN 4S5 (07 51, 1
15318 ) 2 BN O ) 2 IR AT S A AL S
VERITT XB9PEHT, 4 I TR AR 017 86 0 o % 44 Sk 1% O
FARMES | R Be i i & SR FH PR 0 %
1 #8577 =%
1.1 #E5RH

BE AR T 005~ E LA R Y R BELTEE

rhR 2 L (41t Z8031-500 g) (\BCA 4
JE ) & (4145 : PC0020-50 T) I F-Jb 5T Solarbio F}
HAWRA T BRI (#5: 1312625 g) o-FlkE-
4B RER (5 :70990-250 mg, 4 iF =99% ) .
X il 2 28 /) ( p-nitrophenol , PNP) (it 5 ; 241326-50
g, ZHE =99% ) Xf A HE A7 A 2 2R TR ( p-nitrophenyl
phosphate , PNPP) (flt5-: N2752-1 g, 4li & =98% ) IV
FEH Sigma A= PR A FR 2N 7] ; Mass Standards Kit
for the 4700 Proteomics Analyzer i T35 [E AB SCIEX
ONH) s N (A5 1..00029-1 L, 46 =99% ) | = 4K
R (Ht5: 80457-10 mL, 4li i =99% ) Wy T 1 [
Merck 23] 5 HoAt iR 125 4 o3 Hr 4t
1.2 7k
1.2.1 Bh&aeH &

KAREESEIMIMA 0. 8% (W/V) Fr i RREAPTEE,

FH 400 HZbAakuk, I B0 LA (4 °C L4 000 1/
min,5 min) "7’ B2 2 40 BE 00T 0. 1 mol/L
(pH 7.2) BERRER G2 WA IRTE 4 C 25 T izt 24 h,
FE-50 C, 1 Pa Z5F T FL25 V8 ¥R T8 1 B B¢ 10 45 o
K BCA 25 1 e B2 350 & I 45 3¢ 1 25 1 & &
(77.28 = 1.34)%
1.2.2 B4 &-Jefh 3K

W B by i Sk A2 U, e b v AR T R
UE M 25 I A . M 52 S, PR KA 10 min K,
B (4 °C L4 000 r/min, 10 min) , B | 35 W S BE I
HEBHE )
1.2.3 #REFXE

Xof HR P P ) D TR S ) R A L
Mgt pH AT 5 PR R 50, LA IR I 1t 410 ) 52k 4
o, W R B 2R A ) TR A o 4 o T O
55 °C, Flgf pH 2 7.0, BRI E]) D 4 h, 500 Bl i
B 7K AL 5 R (E/S, W/ W) 1% 3% 5% 7% .
9% , 5 ZL 1 FH 5 6 B 1l 22 UK I 1S 105 1t 410 7] 32 14 52
Wiy o 42 ol P 5 5%, Bl pH g 7.0, ik A ) ()
N4 BEE BRI A KA B2 23 33l O 40 .45 .50
55.60 .65 C, 55 it fifk- 1 X7 B i 22 K JB Al U7 Tt 40
AR A S A5 Bl ] R 5% , T AU BE A 55
C,BERI TR 2 4 h, BE B pH Y 2K P46 5 53 531)
96.0.6.5.7.0.7.5.8.0, FLRHf# pH XFFE 1M 2 ik
IR O 5 T 0 ) 3R B S e S ol Tl R 5%, Tl A
L R 55 °C g pH Ay 7. 0, 150 B IR i) () 7K 57

BRIEESTSI 0 1.2.3 4.5.6 h, BRI (A X GE 1 2
JURABR IS i 410 o) 3% B 520
1.2.4  vfp oL EARAL XIS

AR B PR 2R D A P ) R 7 o 1 i
figt pH =ASPER, LUBRING 1 B0 1 3 g ey 1oz £, 31
17 A6 A 0 07 T 3BT (I3 1)

&1 MRz R I E =K

Table 1  Response surface test factor levels
% Factor

KF A TR L B ik ] C s pH
Level Enzymolysis Enzymolysis Enzymolysis

temperature ( °C ) time(h) pH

-1 50 2 6.5

0 55 3 7.0

1 60 4 7.5

1.2.5  JEAG W B ) 7 PR ad # )
i 0.1 mol/L(pH 7.2) [BERRER 2% v s W
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fi# 1 mg PNP JF2 45 % 100 mL, 15550, FiHcbh B
FR , BOERRE 10 min J5 , OSSNV A PNP % TR
200 wL F 96 FLAR T , FH AR A A2 78 410 nm K
TR, L 0. 1 mol/L( pH 7.2) Ay b 22
PP S YR . L PNP I B A A A, IO i
ARl br o 2 (LI 1) A5 55 R Y =
0.499X 0.055 8,R>=0.992 5,

30

25

0 1 2 4 5 6

3
PNP ¥ ¥
PNP concentration (ug/mL)

Bl 1 PNP#RAEH &
Fig. 1 PNP standard curve

PNPP Ji& 4 i L il : #] X 30 mg PNPP % F 10
mL 5P, BRI RLAF K (0. 09 g) it 4 E R £
(0.2 g) #7T°90 mL 0. 1 mol/L R4 22 i W h IR
AR R T EE 2 h BRI Z RS 5 mg/
mL (45 AE 7 i 72 37 C AR 1 h, B AR Y)
PNPP T 37 °C F J i 20 min,jil] OD,, f&5""" .

I=(1 —H) x 100%

S, 1 BB 22 RO 50 J e ) 3, AL % R
SEEGAH WO o A, X IR A ROGRE . Ay FE
i SERG IO o A, RS ARG
1.2.6 MALDI-TOF-MS 4% F &0 &

FE R FAR HEARUE S Calibration Mixture 1 E47
SR — R E , — T (MS) Ju [l 0 ~5 000 m/z
15000 ~20 000 m/z""

1.2.7 2095 x

XFYEI 2 IR AT U8 SPE C g #EBR R QR T
PSR LC-MS %738 . WAH A 0. 1% R /K i
W, B 0. 1% MR LG KWW (i HELL 95% 1Y
AT R 20 A O 1 BRI B 0 ~ 50
min(4% —50% B) ;50 ~ 54 min(50% —100% B);
54 ~60 min(100% B) . ¥l £ k% Q Exactive Jii
F24% ( Thermo Fisher) ¥#E47 4341 60 min, #5175 = .
IEE T I MaxQuant 1.5.5. 1 515 2

B 5 B B AT R
1.2.8  Zk) 5 ToF ik 5 4 a4 S

{#i F PeptideRanker #& ¥ ( http.//distilldeep.
ucd. ie/PeptideRanker/ ) X fifi 176 75 F| ik 31 #& ¥E 47 ik
255, LLO. 8 AR TG PR T B {8, Y 22 ik F
1303 KT Z AW, AR H B A AR 6 v, i
Peptide Property Calculator ( hitp://www. innovagen.
com/ proteomics-tools ) , 715 filF 15 22 ik (9 JHL 8 A0 % 4
SR AR P ToxinPred
T2 (http://crdd. osdd. net/raghava//toxinpred/ ) Xif
HCo AE 15 Pk AT B . A PepDraw (http://
www. tulane. edu/ ~ biochem/WW/PepDraw/ ) ?EAk 2
N e e < B | https ; //npsa-prabi. ibcp. fr/
cgi-bin/npsa_ automat. pl? page = npsa_sopma. html
X 3t 0 22 ik — Gk 4544, i) Pepsite2 (http://
pepsite2. russelllab. org/) s A5
1.2.9  5F3h A 5H8m
1.2.9.1 4%t

M RCSB PDB & [ i #¢ #& /&£ ( http://www.
resh. org/home/home. do) # 2 3K 15 iiE g 5 fifs ( PDB
code : 1IETH) F4 R 4EHy , 3% F] Maestro 13. 4 B {44y 78
=AKBS LETH pgh 58, i LigPrep FEER
TR = SRR BAE AR BRERE R A i A IR 25 K B A AR
G, R Maestro H (%) 2 1 HE #5155 ( protein prep-
aration wizard ) XF 1ETH 347 Be A K 4y 19 &
B, nUsir, i OPLS4 Jy 37 Ak 4548 LA 2 Bk 43
FlalifE . #E—25, R Maestro FP 32 {4 o5 1 A5 A5
Ht (receptor grid generation ) A= i Xt 422 0 48 (4% SC T
1, DA AR GE A4 fr) e o 150 A 1) JB O DA 3 M 1 e
L, A28 30 nm x30 nm x 30 nm A9KS SO0, B, I8
if Glide XZARAY SP-Peptide XA T T X%
1.2.9.2 5373177

K AMBER 19 504" %6 1= 3 X6 32 3R 45 A ik
B5 LETH &5 W) 53 5 64T 42 J5 143 1 8l ) 2 8
o B4, @id antechamber #53Hl gaussian 09 4% 14:
i Hartee-Fock ( HF) SCF/6-31G »* 3134 ik B 19 L i o
ZJr R GAFF2 /Ny 1 F1 35 Fl {1148V 8 1 H)
1020045 %o B B R 1ETH #E47 #6534, R ] LEaP
BEHR IR T, 7E R &R 10 nm B 25 40 5 #8719
NI TIP3P 355 &, JFAE IR & s Na™/ClH]
TP A ZR AT, O TR R RIS RO
SR L H ] 2 500 2P By BE R FE A 2 500 2P 3t
BEREEEIEATRE UL . FE IR R YRR 298. 15 K
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(25T, #647 500 ps (Y NVT LA 500 ps 1Y
NPT P40, fc o, 76 A 3 P 26 1, R AT
100 ns(50 000 000 #) i) NPT Z L4, % A PME
VAR TR R AT TR ' A 0 R I s 1
1 nm , GBS y 50 2 ps™ KR KSR 1 atm, 1
O3RN 2 fs, BB 10 ps CRAFEEE , X 3507 MR i 22
( Root-mean-square deviation, RSMD ) , MM/GBSA %%
B REHAT T
1.3 HiRAhE

BS54 35 B SPSS 20. 0 Fl1 Microsoft Excel 2
019 AT 4L 704, fi JHl Graphpad prism9 21l [,
KA g H A =R, R ] ANOVA #E47 Ducan 22
ST, P <0.05 Rom B G2 e
2 HRESW
2.1 BRESAAEEHDHIAAHI B R E R
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P 2A AT, B Tl 12 0 3 0, TR Al s k41
HilRE S TR T B @E S, YEG A E 5%
N, JBE I Tl 4100 1) 3 g 27 46% |, il JH e Ak 22 14
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H22.84% , il BEARSLIE N, B G IE , BE AL 2 BR
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2.1.3 ®f# pH

TErh PR il s pH Y LN 158 KT B
B RS pH 3SR, BE 1l 22 K i) JER i oy 41 o) 32 2
Se b FE PR (ILE 2C) . MEf# pH 7.0
BF, vk AR A R T R R
20. 81% , ik B 5 K, b 2 T4 A Hofth pH 504 F
Tt e 700 ¥4 T i 7 Tt 00 o 9 1 o OB A A 1 T A
pH /7.0,

2.1.4 BEgfgeta)

FE— Bl Afe S Y Tl A B () o i 4 22 G HE %2
MIVERT . HH & 2D RI RN, Fif o 6 A s ) A 185 o, .
Z KA IR AR T WA ) e 208 B S PR G, 5
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Fig. 2  Effect of enzymatic hydrolysis conditions on PL inhibition rate
T AR F R TR TEAS R S F B 7= 4 64 JBE R i e 1 R 0 22 5 i 3 (P < 0. 05) Note ; Different letters indicate significant differences

(P <0.05) in the PL inhibition rates of the hydrolysates under different conditions.
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2.2 FRASRAEEHN AL A9 0w Az A4 iR 58

F)FH Design-Expert v8. 0. 6 {4 %f4h Hik 7L
JCIRNELA 45 20 6 1l 22 BK i J5E g D5 Bl 40 1 22 (Y)
St a] (A) (B R B (B) (B % pH (C) J7 %
J7:Y =40. 83 + 1. 994-0. 64B + 1.23C-2. 52AB +
0.51AC + 1. 27BC-12. 954>-8. 19B*-7. 63C* ( Il 3=

2) o MR T AT « WA E] 3 b AR UL
55 °C \Wgfig pH 7.0, B fi 22 JIK A JDR AR A5 g 410 ) 4% it
WME A 42, 13% o 5 T3 B2 30 0 2635 26 11K
JI S 52 SR R A P B 5 AT 0 36 AT, D6
WA B it P BRI 22 SR T 5 T o S8R R4

x2 WEERELER
Table 2 Response surface test results
BERE ST W i pH W %
Sample No. HZYMOTySIS Enzymolyis temperature Enzymolysis PL inhibition rate

time pH (%)

! 1 1 0 14.75

? ! 1 0 26.07

: 1 1 0 18.34

! ! 1 0 19.59

: ! 0 1 19.17

o ! 0 1 19.83

7 1 0 1 19. 64

; ! 0 1 22.34

’ 0 ! 1 25.13
10 0 1 1 21.47
! 0 1 1 26.01
12 0 1 1 27.44
P 0 0 0 41.19
14 0 0 0 40.78
P 0 0 0 40.16
10 0 0 0 39.58
i 0 0 0 42.13

[l U5 77 R 7 22 A0 BT 2 R L3 3, el ) A Y 2 S
WBFEP<0.01) , RfUIi2EHF AR E(P>0.05), H
R* 50.988 6,4 0.974 0, W] [ 75 55 50 {4
Z AR 5 R I 35 A 5 S PR 28 SR AL R4
LG E 5 TN AE LT — 2, IE B 0 SR A i
P 3 a] 1,3 A R 2R ) 58 B AR G B i 22 KB g

TRV A1) 5 (4 52 14g L2 4 9 e 2R, L 1 PEL O 1 1)
IO SRy i AR SR R L R X PN E
Ao FLRFY TSR S 18] A A 17 25 R 2 AR AR B 08 1A
PR FRF 1F9) o B 11 22 A TR 175 R0 1 3 A 52 i 5 Ay
F (P <0.01) o itfire it 1] 5 P gk 58 194 58 LA IS
T 1t 22 SRR i TR0 1) SR Fr) 52 ) 2 (P < 0.05) ¢

®3 EAEAFTBAESN

Table 3 Regression equation analysis of variance

Ty ZHR 5 A ¥in FAE P
Source Sum of squares df Mean square F-value P-value
7 Model 1 446.80 9 160. 76 67.51 <0.000 1
A 31.72 1 31.72 13.32 0.008 2
B 3.28 1 3.28 1.38 0.279 1
C 12.08 1 12.08 5.07 0.059 0
AB 25.35 1 25.35 10.65 0.013 8
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#25% 3 ( Continued Fig. 3)
J5 22 K18 SEIr A F %75 FH PAH
Source Sum of squares df Mean square F-value P-value
AC 1.04 1 1.04 0.44 0.529 8
BC 6.48 1 6.48 2.72 0.143 1
A2 706.55 1 706.55 296.71 <0.000 1
B? 282.18 1 282.18 118.50 <0.000 1
c? 245.06 1 245.06 102.91 <0.000 1
2% Residual 16.67 7 2.38 - -
ST Lack of fit 12.53 3 4.18 4.04 0.105 6
2lii% 2 Pure error 4.14 4 1.03 - -
EET Cor total 1 463.47 16 - - -

RS

B. i .
B. Enzymolysis temperature ('C

AR I 3R
PL inhibition rate (%)

e At AT ) 2
PL inhibition rate (%)
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6.90

C. fiffigpH ¢
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.70
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wE
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30
o E X
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250 350
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E
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§T:
S5
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J
250 3.00
. A. T [ A A
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T X 52.00 54.00 56.00 5800
6505000 1) B. Rt o B. i fif i BE
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Fig. 3 Response surface plots and contour plots illustrating the influence of factors on PL inhibition rate
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2.3 EmMEMHSFE

MALDI-TOF-MS J2&— Ffi 7 5 51 i 25 it i e R
T IRA %50 T8 AR IE s T
(AR AR =X ARG B 1 22 K 43 7 i 32 B4 R #E 200
~2 000 Da, %3t Fil A BKBE itk 98.06% |, 1568 1tk
URSE L2 B AR RAOR R4, 72 A T R/ IR B

1126, 639
1223, 739

1239. 723

683, 393

912, 580

572. 342
796. 184 1355. 717

1616. 906
1474, 832

211. 945

367, 8
322,174 1367. 808

1956, 195

159, 280

2102.315

e 4 Fros,500 ~ 1 500 Da 43—y il P A% IR B 4
2, BB T79.77% . H,683.393 912.580.1
126.639 .1 223.739 1 239. 723 B F AN F= B 45 5
VRRAIZ o ot 1Y) S 5L 2 1 2 4 5 7E — B 1 I B A
2 B R0y s 107w VR

2800. 544

PO | (| — | - ik

0 500

1000 1500 2000

2500 3000 3500 4000

m/z

E4 el AkEy MALDI-TOF-MS J&i% &
Fig. 4 MALDI-TOF-MS mass spectra of camel blood peptides

2.4 EMBKETE

I 1M 22 IR 2 HY B BKBEAE UniProt Camelidae %4
PEEEP AT XS o FHFR 4 T, 0 533 R 2K,
it 1633 &, ETIFEFIMLE A 0G5 LR
A EE A, 5 ARk 57.78% (12, 84% 9. 26% .,

KRB BE A 7E 8 ~25 AR FER 2 (8], Hoh 10 ~ 11
AR IR B IR i 20 405 7%, 12 ~ 13 4>
SRR B BRIk 2 o0 331 4%, kBl 6 ~9 A4
BRI 5) RN ZHALS , S i R
TREERREIR, X TR B MRE A A

x4 ERHMEHMEZERER

Table 4 Identified peptide and protein information
o
1 EI4R med
. . . eptide
Protein ID Protein name Peptide type

number
AOASN4E196/S9XBS9/S9XR87/A0ASN4E3YS8/A0A6J0B233 TEERE 15 24
AOASN4DSC6/S9WX48 a-1B B 1/ al -FR TR 1 14 18
AOA5N4CXD3 a-I 217K A E R 3 6
AOASN4EKQ6 B-1 &JREEREN 5 5
AOA6J3BOW7/A0A6J3AFKO/AOA6JOAW6T *MAE C4/ CO-X2/%MA 1-X3 5 5
AOA6J3B2X5 FEHEF 4.1 R X15 7 8
AOAGI917P0/TOMGLA LT ANPIEAE (10 7/4.2 WAL 2 10 12
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%3¢ 4 ( Continued Tab. 4)
L3k
1 E4 R meg R
. . . eptide
Protein ID Protein name Peptide type
number
AOA5N4CF27 HERM L 18 21
SOYTS3/TOMIA6 Wsh&E A (M) /Lsh & A g R AT 13 18
AOAGJOAU98/AOAGI9IFO0 PUEALER M 4 WA X2/ PiA LR 6 7 8
AOAG6J3AZG1/SOWPLY ; SOWID1 WS EN o-1C B/ ISR A B HE 12 16
AOA6J3A6K7/S9W7KO0/S9XCM5/TONTZS KFAEMTE AT 26 43
AOASNAEFL2/S9Y2MO ; SOXXW2/A0ASN4EI69 YRR o #5/8 55y §iE 85 150
AOA5SN4E636 HFiEEH 5 6
P63106/S9WA55/S9YCX3/S9YCX7/A0A6I9ISTO I £T 2K 4 W 3 166 936
AOA5N4EFPO I & 78 208
AOASN4EINO/A0A6I9ICI3 MsZEH B i 26 36
AOA5N4D4V3/S9W3S8 BIEFac i 31 52
AOA5N4C8W1/AOASN4CTE3/PODOC3/AOA5SN4D305 ST M A-/A-IV/E/H 6 5
AOAGI9ILA3 ¥ Z )5l (NADPH ) 1 56
2501
205
200 200
173
5 158
W —E 150 138
§ E 114
(]
= ol
= S 1001 95
(-9
75
58
so- 44 30
32 23
21 14 20 29
0

BS5 X%

15 20
JKB A BE
Peptide length

30
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Fig. 5 Length distribution of identified peptides

2.5 MERFEESH TR

FIH Peptide Ranker X2 Kk ¥E AT K 22 58 ¥ 4%,
T 35 AR LT R A X 2 KA T T R S A
IR (W3R 5) o S5 F ,PF5KF 0.8 (1) PL
M Z A 8 4%, 4r F i 7E 970 ~ 1 600 Da 2
6], PL FEAEPAE 9 ~ 11 Z[a], i fof EEEPLE 1
~3 Z ), BiKPELE 8 ~ 19 Zja], g H EE LI
W B RAFAE . X455 Mudgil "™ | Tian"™ 251
SE A .
2.6 TemERSRERBEENE SR

g I it A2 — i IO AL K e = R A
A A ST R A 25 AR DR L T2 DEIH Ak 50% ~T70%

P SRR o G IR I 4 PL IAE Jhy e AEL ] B 1fi A
TR P A7 L 51 W ) X S 0D 0 A i . WF o 3R
B, PL AR LA AL B rp i R 6 A R B LR AR O
Hl Ser153 | Aspl177 . His264 . Phe78 . His152 Fl Phe216
YR T T R A Ak — RN AR W v AR I 45
s AL T o R, T 22 Tk S ey gt kg A
(R 285 G BV AT 3] 15 TR R BT I 30 2% . R4 PepSite 2
i 45 B W 41, ALERMFLGF, GQPAVPVRF I
WDPSKVPPR = 2% 2 Ik 55 [ i Js il 7% 1 o7 o33 b 25 485
B 6) o XIEH T = 4 AKE T8 i K & iR
YL AL, PL JE—Fp o fabEm , ik, e 1T IR A S
5 g g 7 il 0 T P S 45 A, DT LTS
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Table 5  Activity evaluation and molecular characteristics analysis of camel blood peptides
TRE
y S o FHA . Sec / structure
A Fi e R Secondsry siructure
KB 5 55 Isoele- ¥ H fuf N
Peotid EH Peotid Molecular tric Net Water Hydrop-  Fiilll L _ TCHLI
epuce Source eprice weight etne © solu-  hobicity Toxin- BRI BT E B-Fesm L
sequenice protein ranker (g/mol) point charge bulity (kcal/mol) pred @ B- B-
€l 0. 1y bt
scor (pD) Helix  Sheet  Turn Ranr.inm
coil
ALERMFLGF 121 28 il 3 0.87 1083.31 6.93 0 E= +8.40 0 0 0 100
LQAAYQKVVAGY N A
z pid} =
ANALAHRYH ML BRI 2 0.84 2280.59 10.1 2.2 % +18.41 k#9524 0 0 4.76
GDAGDAFDGF FUEE R y B 0.83 970.93 0.53 3 . +19.85 Jo# 0 0 0 100
GSKVLNSFGDGLN .
7T bid - ==
HLDNLKGTY AK MLTEATIEBHWAI2 0.82 2 548.8 9.61 1.1 . +26.85 J#FE  79.17 0 12.50 4.17
GQPAVPVRF (G- & 0.81 970.13 10.84 1 % +9.78 I 0 0 0 100
EE"WVYPWTR' M1 76 5 B RETE AL 2 0.81 1662.98 11.82 3 % +6.94 E#H 0 0 0 100
LLVVYPWTRRF METFE AW IE B EEW R 2 0.80 1449.74 11 2 2 +3.98 i 0 0 0 100
WDPSKVPPR W EILEEF(NADPH)  0.80 1081.22 9.99 1 . +14.48 Joi 0 0 0 100
F6 D% AKSREASAIEE(PDB code:1ETH) & & i m B T
Table 6 Prediction of the binding site of camel blood peptide to pancreatic lipase (PDB code:1ETH)
S A A7 b
ik B 7 5] PePsite2 Hligﬂ\],t o m%“ 5 TETH {H {4
Peptide sequence (P1H) cactive residue Bound residue in 1ETH
in peptide
ALERMFLGF 0.030 36 R, My F, L, G Fy (71-y77 N Phe78 “ . 11e79 Tyrl15, Serl53 ™ | Leul54 ., Prol81 | Phe216 * |
His264 *
GOPAVPVRF 0.024 95 G, Q, PV, F,y Gly77 ., Phe78 * ;Lys81 . Tyr1'15 . I;I15152 * . Serl53 " | Leul54 | Glyl55
Alal79 \Phe216 * | Trp253  His264
WDPSKVPPR 0.017 W,D,V,P,P;R, Phe78 * | Tyrl15, Hisl52* | Serl53* | Phe216™ | Trp253., Ala261 .

His264 *

T R AR ) 70 AR 285 o2

Note: * Binding sites for known pancreatic lipase inhibitors.
2.7 SFRNFE
2.7.1 RMSD a4 %

AT T =% MKEB S 1ETH 43 1-3) J) 274
#1100 ns B H3E A RMSD {E, DLks 56 & R F2 e
P, R NE 6 Frn. KBt ALERMFLGF 78 B30 i
e SR AL ISR 0. 22 nm, I Sl AH X ER
BB E NS A, KB GQPAVPVRFE
WDPSKVPPR 7400 i 9 R 2k 20 8% e R 2, )5 39
FFEETE 0.15 ~0.2 nm Ju B N8, XG5 REW, =
F KB ARG B S T R o
2.7.2 #bAHadkeit i

BT 5 T 3h SR BT, SR F MM/ GBSA
T T KBS S 1ETH (945 &6k, %45 1]
DL Ay o A b f 25 5 3R, WnER 7 iR, AL-
ERMFLGF/1ETH ., GQPAVPVRF/IETH fI WDPSK
VPPR/1ETH 9454 6843 ~-31. 00 +3. 55 -36. 68

+2.77 f1-32.22 +4.10 kcal/mol , T =KL 5
VETH Y B A A4S 6 71, i@ e i o, £
DUER 1 o L RE YOS TR AR R HTRE , a2k
WA EH]
2.7.3 HTFHELHERX

5358 1 AU AT LIOKS R0 KA 14 Ik B
HIEE A7, L, ARF 58 o 100 ns 19457 F 30
FIFAR AL T IR BERD TETH (1 25 & 8 =X (L
7)o SRR, =R IKBIARE o I R A
PE4S H kB ALERMFLGF 5 1ETH | /% ASP206
R BAEMN (BRHA/EN), 5 Phe78, Asp80,
Asn213 [ Asp206 & A S EER, 5 Alal79  Prol81
Tyrl15 KA 5 KAE . KE GQPAVPVRF 5 1ETH
A Asp206 KAz #HLAE ] (BRERAE D) , 5 PheT8 |
Tyr115 . Ser153, Asp80. Val260, Asn213 . Asp206
Lys233 . His264 ,GIn234 & 4= S #1EH , 5 LEU214 |
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Fig. 6 Variation of RMSD of peptide/1ETH complex over time during molecular dynamics simulation

R7T MM/GBSA itH AL
Table 7 MM/GBSA calculation of binding energy

fiEfE{H Energy value( kcal/mol)

HE
Energy ALERMFLGF/1ETH GQPAVPVRF/1ETH WDPSKVPPR/1ETH
Iy ptiAk ab
T ARAE e -53.95 + 3.85 -52.90 + 6.66 51.91 = 8.74
Van der Waals energy
Hh ok
ﬁ@ﬁﬂb. 217.58 + 7.24 -331.79 + 8.87 -250.26 + 9.39
Electrostatic energy
o b
BAERRAER , 248.31 + 6.67 356.72 = 3.37 276.62 + 6.75
Electrostatic contribution to solvation
PR X
BRI ) 777 £ 0.41 8.71 £ 0.31 6.67 = 1.21
Non-polar contribution to solvation
s
- -31.00 + 3.55 -36.68 + 2.77 32.22 +4.10

Binding energy

Phe78 Tyr115 Phe259 %A Hi/KVEH (WLE 7B) . Jik
Bf WDPSKVPPR 5 1ETH [ Asp80 % A e /£ i
(FRAVEA) , 5 Glul80 Phe78 &£ A HAE . Uk
AN, B Ala261  Phe78 . Phe216 11210 % A= 5 /K {E
MWK 7C) .

PEOFFEHE , PL iy N-oR i il C A i 45 14 B 20
JI, T N- S 285 48] Sl 2 0 M A7, 0 5 e A =
2 Serl53  Aspl77 il His264 , L) 2 S Wy 45 4 5% 3t
Phe78 .11e79 . His152 . Phe216 . Trp253 F1 Arg257, i%
G5 R S5 T A7 A M A R 10 22 M BT T Al il Ak
TR MRS ; C uinZ Il (FR AL 337 ~449) F: 85
55 55 A B Rl B 8 1) B3, 2 45 v S T
RN G AR AU i 0 0 B4 R o T A
J05 it A A A FE A D, N - 25 4 Sl B 2 T LA 9%
PSR A, T2 B — A D R 9 U B 1AL T
PR B A G s H I A S O A B Y =

S5 IKB AT i o i SE BH AR N s A B (i Ak )
Y FFE A, BRI B D B A DO B , R X H il = ER Y
T AL A, DTG B35 Lk A RT3 B IO 1 % A2
1A, Ngoh 2528 43 | 31147 i 22 45 & 7 5 1 K, 1%
JOR P 0 o6 355 P AR 5, 4N, GQPAVPVRF W] fig
7 W SR A TR D5 e P RS SR A R — 2D
L1108
3 4ig

IR I Tt P A1 T A Sy R T g i e
H LRI T IRz — o A5 5ET IEAR Wi
I 355 P 30 e PR 2 R o 7 TR S 3 XoF v R 1
IK e ) B S I JERE i s Tt 40 ) B 7 T 204 T T Ak
TEm AR AT, B 1 22 Bk 0y JE B 7 B 40 i 232 R
42.13% , 1t MALDI-TOF-MS LC-MS L)}z /= W5
SBARNE WAt 7= Wy A7 93 B, e 2 88 5E H ALERM
FLGF .GQPAVPVRF ,WDPSKVPPR — 4% 5 Jifi i )7 i3
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middle figure shows the 3D binding patterns,with the yellow dashed line indicating the hydrogen bond ;the right figure shows the 2D binding patterns.

WELEGHKBL, T3 e B B, = 5%
JRBE 20 o S KA AR TS PL S S
(2 SE R IR LS & , WINPTl N - 45 44y S 5
ZBE, I HE M. b GQPAVPVRF By &4

MfERH 100 ns N RZ, BIREEMES
VETH AYZ55 5%, A RN RS 5 7t 00 1 790 1 7 o
BTSRRI BT TR D JB i U e K
AR . SR, FE AR BB 45 RAF R — 52 B R FR 1 , 4>
Ja i it ZE IR BEIEA T K B PR AT AL RUE PR A A
N R 8 AR R A S 36 i LA g6 e i i

AE IR o

&% 3k

1

Wang C,Dai XY,Gong LH, et al. Effects of emodin on lipid
metabolism in zebrafish with hyperlipidemia[ J ]. Nat Prod
Res Dev( R0 5T %) ,2019,31:1873-1879.
Rudel LL,Lee RG,Parini P. ACAT2 is a target for treatment
of coronary heart disease associated with hypercholesterol-
emia[ J ]. Arterioscler Thromb Vasc Biol, 2005, 25; 1112-
1118.

Adisakwattana S, Intrawangso J, Hemrid A, et al. Extracts of



2060

KIRF=YIBE R 5T K

Vol. 35

10

11

12

13

14

15

16

edible plants inhibit pancreatic lipase, cholesterol esterase
and cholesterol micellization, and bind bile acids[ J]. Food
Technol Biotech,2012,50:11-16.

Liu LJ,Yi L,Li T,et al. Process parameters for the prepara-
tion of antioxidant peptides by enzymatic digestion of camel
blood proteins[ J]. Food Sci Technol (& fiFF) ,2019,44 .
119-125.

Wang NL, Liu Y, Liu YF, et al. Analysis of the amino acid
composition of camel blood peptides[ J]. Amino Acids Biotic
Resour ( & J: M8 f4E Y%7 ) ,2016,38 :11-14.

Liu LJ. Preparation and characterization of antioxidant and
hypoglycemic active peptides from camel blood[ D ]. Hohhot
Inner Mongolia Agricultural University ( 52 5 &l K%42) ,
2019.

Tang QW. Biopreparation technology and stability study of
pig blood protein-derived antioxidant peptides [ D ]. Chang-
sha;Hunan Agricultural University (#1554l K2%) ,2016.
Tavares TG, Contreras MM, Amorim M, et al. Optimization,
by response surface methodology, of degree of hydrolysis and
antioxidant and ACE-inhibitory activities of whey protein hy-
drolysates obtained with cardoon extract [ J]. Int Dairy J,
2011,21:926-933.

Zheng CD,Duan YQ,Gao JM,et al. Screening for anti-lipase
properties of 37 traditional chinese medicinal herbs [ J].J
Chin Med Assoc,2010,73.:319-324.

Mudgil P, Kamal H, Yuen GC, et al. Characterization and i-
dentification of novel antidiabetic and anti-obesity peptides
from camel milk protein hydrolysates[ J]. Food Chem,2018,
259.46-54.

Su N, Yi L, Jirimutu. Preparation and characterization of cam-
el milk protein alpha-amylase inhibiting active peptide[ J].
Food Sci( & iiB#) ,2020,41.57-166.

Beverly RL, Underwood MA ,Dallas DC. Peptidomics analysis
of milk protein-derived peptides released over time in the
preterm infant stomach[ J]. J Proteome Res,2019,18:912-
922.

Soleymanzadeh N, Mirdamadi S, Mirzaei M, et al. Novel B-ca-
sein derived antioxidant and ACE-inhibitory active peptide
from camel milk fermented by Leuconostoc lactis PTCC1899 .
Identification and molecular docking[ J]. Int Dairy J,2019,
97.201-208.

Gupta S, Kapoor P, Chaudhary K, et al. In silico approach for
predicting toxicity of peptides and proteins [ J ]. PLoS One,
2013,8:€73957.

Tu ML, Qiao XY, Wang C, et al. In vitro and in silico analysis
of dual-function peptides derived from casein hydrolysate
[J]. Food Sci Hum Well,2021,1:32-37.

Li J,Hang BL,Qin AJ,et al. Preparation of bovine blood red
egg white protein peptides and study of their weight loss

17

18

19

20

21

22

23

24

25

26

27

28

29

function[ J ]. China Animals Husb Vet Med ( {7 [E & Hir &
&) ,2017,44.59-64.

Trabuco LG, Lise S, Petsalaki E, et al. PepSite : Prediction of
peptide-binding sites from protein surfaces [ J ]. Nucleic
Acids Res,2012,40.W423-W427.

Salomon-Ferrer R, Case DA, Walker RC. An overview of the
Amber biomolecular simulation package[ J]. WIERs Comput
Mol Sci,2013,3:198-210.

Wang J, Wolf RM, Caldwell JW , et al. Development and tes-
ting of a general amber force field[ J]. J Comput Chem,
2004,25:1157-1174.

Maier JA ,Martinez C,Kasavajhala K, et al. ff14SB ;improving
the accuracy of protein side chain and backbone parameters
from f99SB [ J]. J Chem Theory Comput,2015, 11;3696-
3713.

Sagui C,Darden TA. Molecular dynamics simulations of bio-
molecules ; long-range electrostatic effects[ J ]. Annu Rev Bio-
phys Biomol Struct,1999,28:155-179.

Wang L. Preparation and study on weight loss function of
peptide from egg white protein[ D ]. Xi’an; Northwest A&F
University ( PYILAARBHE ) ,2019.

Zhou MH. Preparation, purification and structural identifica-
tion of hazelnut peptides and study of the mechanism of lipid-
lowering and weight loss[ D ]. Changchun: Jilin Agricultural
University ( 7 Ml k27) ,2019.

Ayyash M, Al-dhaheri AS,Mahadin SA et al. In vitro investi-
gation of anticancer, antihypertensive , antidiabetic, and an-
tioxidant activities of camel milk fermented with camel milk
probiotic: a comparative study with fermented bovine milk
[J].J Dairy Sci,2018,101:900-911.

Tian YQ,Liu CC,Wang SH, et al. Efficient screening of pan-
creatic lipase inhibitors from cod meat hydrolysate through
ligand fishing strategy[ J]. Front Nutr,2022,9:969558.
Birari RB, Bhutani KK. Pancreatic lipase inhibitors from nat-
ural sources ; Unexplored potential [ J ]. Drug Discov Today,
2007,12:879-889.

Hermoso J, Pignol D, Kerfelec B, et al. Lipase activation by
nonionic detergents. The crystal structure of the porcine li-
pase-colipase-tetraethylene glycol monooctyl ether complex
[J].J Biol Chem,1996,271:18007-18016.

Ngoh YY, Choi SB,Gan CY. The potential roles of Pinto bean
( Phaseolus vulgaris cv. Pinto) bioactive peptides in regula-
ting physiological functions ; protease activating, lipase inhibi-
ting and bile acid binding activities [ J |. J Funct Foods,
2017,33.67-75.

Zhang B,Deng Z,Ramdath DD, et al. Phenolic profiles of 20
Canadian lentil cultivars and their contribution to antioxidant
activity and inhibitory effects on a-glucosidase and pancreat-
ic lipase[ J]. Food Chem,2015,172.862-872.





