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P WRAE R £ ACE i K H 6 e 4 ) 48 1 i A
AT TN 2 5 v ) A R ST Ik R
FLI A AT 5 38 o 57 5 R B 20OC 2R (QSAR) B 2
KW E ACE i ik 59 254 5 HAd PR 9 5 & A
T4 B PR R TR 25 W B9 5 T, ASBIE S i A
N7 ML 5K 5K B B A il (A CE ) 1 ] Ik Fr) 5 i B 5%
A (QSAR)BERY , 455 BB 25 JOIF- il LT R ML A2 U
RO, h 0 2 48 2R KR A O 1B 1 5 A9 2
KA IR, BEATE 1) ) 4 o A5 T S
(75 15 AR o T RO ) 4 o T IR A i R, 3R
W] T AL A8 27 ) B3k B0 T 8 SR et R i 7 B DRV 2R
H BT 8 A= 0 T PR KA T Ak

1 MRERE
1.1 #R5iHF

KA VLA S Z A R A A e
PER G R FOAT B AR G VB AT R g, ROk
FERHHEA R A A e 6 R B (SDS) , Sigma
Aldrich 23 A 4328 Z HEE (OPA) , KGR 40
A6 T ESE BT s Tk Sl BIER (R AL gl e ER IR , R
HET R A A0 A BR A ) 5 B ik L TR T
A A B B A PR 2\ 5 I B K R R g
(ACE) | b R I — 41 % Wt — 5¢ & MR (HHL) | 5 JR R
(HA),Sigma Aldrich 2 F) ;17K & VO R 4 &
A8l PE B BL A A BRA A 5 BB (35 40) 2 (1
W), Bl P R MDA RA R =H S
% (B350 )  BTHL T A AL R B A A BR 2 |
12 UEF5E&E

HL o0 K7, MR -4 R 2 A A IR A
Al spH i1, 28 2 R AL SR A BR 2 w5 e Ve VR B L
HL,Sigma Aldrich 22 F) 5 B8 HIR#E T B FEA , &
TR TR S B AN g T 5 50 U % T 0k K
WM BEE SEE AR ) L AR S KT R A, BT
BRAEBEIT A5 R AOBOAH AL, HAS B HEL
wl kAR G IR A A, SR AR R A IRA ] 5
ST AR B R A B R Y R TR
ML, 745 = Martin Christ 23 6] ; #5 P iE ke, Bl
T A A PR A A
1.3 Ak
13.1 @Kk ACE MK QSAR FERL ) # 57
K HI 4 Rl as 7 2 S8k 430 & B AL AR AR (Ran-

dom Forest Regression, RFR) .3 %% ] & #L (Sup-
port Vector Regression, SVR) K %P 5 1% (K-
Nearest Neighbor Regression, KNNR) . fkifz/N —
ek (Partial Least Squares Regression, PLSR),
X4 FpEE A H R BT B randomForest |
el071 caret \pls 4 LKA, HRLZE AR I
SE KR R J7 R 22 (RMSE ) RATAR Y,

R=1— z(yi_jii)z (1)
22 (=y,)?
RMSE= Z(yni"y") (2)

APy, oy S SEBRAE B A 2
{EL 5y — ML U AFL 5 n, ——FEA SR
1.3.2 JELIEEY]  7E NCBI 48 )% (https : //www.
ncbi.nlm.nih.gov/) A% K BRAZH AT 3 FRIPRABR
gAML AR A E AP S (GenBank:
SNQ451591 SNQ451561 SNQ451581 SNQ45151.1)
F| | ExPASy Prot Param tool (https://web.expasy.
org/protparam/ ) TH 2 I A 2 FE MR 40 . Hix T H
A ghit A5 7 7 Bt | B RR 4N R 2
i Wi Wk fi BOR SR OK MR M A S 8, E
BIOPEP-UWM (http : //www.uwm.edu.pl/biochemia/)
TN A A RS AR A B RS A 1S
PSR A AU P A S M R By Hh AR B AR
KW TEAE WG . FIH ExPASy Peptide Cutter
(https : //web.expasy.org/peptide_cutter/) .BIOPEP —
UWN Xf & [ 247 R AE Y] . 455 QSAR BHARAS
L A TP R 14 T D10 07 5017 30 5 1 B9 2 1 R T
I, B 2 e i Al i 5 SOk P B 3 P
HRIE, RV B SRR T 6 1Y
JRBCHEAT R I d5J5 FI ] Peptide Ranker (http://
distilldeep.ucd.ie/PeptideRanker/) % it 15 ik Bt # 17
TR A Wi PE U, A B 5T rb Ik B B 21 B TR i
By 2~6 A A0 A0 S IR TN AR . B2 1 (B 25 B
RE LA PR, K Peptide Ranker VIl 2575
0.5 A B E L, RPAT: faf T000 1k 0.5 B {FL Ay AR 8¢
bric o B A s
1.3.3  ACE # ] Ik 6 £ 5 4% 2 mg D IR 1R
(HA)FR &% T 10 mL 8172 £ 22 v (100 mmol/L,
pH 8.3, 0.3 mol/L NaCl) H' it & 200 pg/mL )
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HA ARUER, B E 2,4,8,16,32,64,128 £i%,

HPLC kil 5% 448 . o35 48 2% H Waters C-18
(4.6 mmx250 mm, Kt 5 wm) ;i SAHH 75%1)
A 0.05% — IR L TR 1) 21K T 25% 1 (635 % 2
il 21 A5 AR S 30 °C 5 A M 1 mL/min; #F A
10 Wl AU R R AMG I A, A KRR
228 nm,

A0 & ACE 0 i ik % 7% . ACE R fi 1k
HHL, 4= 3¢ HA, W AE A0 i K5 7 246 1) HA /Y
W K HHL AN RN YD, 721 37 °C,
pH Ky 8.3 &M, Mkl HA 148 fk & B n] £5
e ACE & PE 1 /N By T7E 228 nm 1Y
Kl HA A FRAE I d i >R ] HPLC 2460 HA
B 78 Ak g DT 58 400 T A 3 PR R i i T
1 % £ 2% #h 9 (100 mmol/L,pH 8.3, % 0.3 mol/L
NaCl) ", B 20 L #E 5 5 200 WL #9 HHL 7843018
G, £ 37 CKBEHTIRE 5 min J5 A 20 pL
ACE JR 8 e b, 7E 37 CHM TN 4421 EF 60 min,
wJE A 70 wL 9 HC1(1 mol/L) & 1k S I8 . J 1
JE AR 2833 0.45 wm A UEE L UE , 7F Waters C—
18 {08 E i AR R HA, 25 FHZ4E0H 20 pl (9
B R Ak 2% i AR 4 3R R AR TRl B b 3, ACE
PTG (%) R L AR

ACE 1% (%)= (1-84-48)x100  (3)
AT AL A B 9 HA 9 T

FUAA 5 q—— AT HA (e FL,
1.3.4 K= W s A 0 5ok FH B 2R 1 A
il T PR P T JCORRA R I TR AT KR L UK
fit i5F 2L 0.5 mol/L. NaOH 4 5 J i 4R £ (1) pH i,
KA 240 min, F3BE— B B 1 mL K R 00CE T
AT S min K, KEEHWNER 1R,

®1 EQBKBEH

Table 1 Enzymatic hydrolysis conditions

&G i W% i& pH 14 RIERJE/IC
BEE G B 9 55
RHEHE KO B 7 37

1.3.5 JKBFEERIME KRR & Kok o8 ik
K AR — W (OPA) %
1.3.5.1  FrAEm £ dlfE el 5 2 R A W,

T T 28 N R B ORI AR ME TR T4 3 mL 5
R OPA IR % 1R 51 J5 1H B 5 min,
T 340 nm W & H OD i, Dhoe 2 W vk J& by il A
b, OD fE A AL bR 2 il Ar o i 2
1.3.5.2 FEROKMEEEI E R R B KR
W — e A B AT B, Hac IR A 25 BRI o L OD
{8, IFA R 3R i bl g s B i
ﬂéﬁ& @)
A Y—— B & L &, mmol/g; A o
o

MY e A 2 A 52 AR 1 i we/mL; N——F B A%
B 131.17—— S R BR BE IR F A, g/mol s X——FE

M H &5, /L,
IR E A . AR A S B ) K
it

Dm%ﬁ%?imm (5)

A Y ——FF K S R T B
mmol/g; Y FE b K M TR U R e AR
mmol/g ; h,—— F1 1Y JIREE 25 4t
1.4 #HESM

R H WPS Officel1.1.0 TFRE A L, JFH
R (versiond.1.0) AT A A B 1Ak 3256 BT A 0 52 %X
P39 3 UOFATIR IS . i/ Microsoft Office
2010 Origin 8.0 A/F X EHE #AT R HL AR

’

=X
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2.1 HERIMERE

A K 0 B AHTPDB %4 4fs 2 A 2 & 2% SCik
T B I EE T ACE 400 i K 0 S0 4 | 4 43K
A0 5 K B A R FE R 5 LA R LI 6 1,
BRI e, e BE T 728 AR Y K P B R AT R
W B s AR B AL 3 A 4 L IR AR (75% ) Ak
B (25%) , N5 R H R A | It 46 A Sy i Ak
{14 F AN Sh 6 T AR %) ok S R A T SR AR R
H B3 SR AT (6L 4E SVREW,AA index F
VHESH-VSTPV), Pk K Bfi Bl £ AR (RF) | 3 5 1] 2
BL(SVM) K 5 4B i 58 % (KNN) | i f /s = 3fe i
(PLS)4 FpFEvEL, JFil i 49728 LEiF g 7 12 4
B Ry T AR U M R AE RN D RESC &R R AL Oy
25 LM T | B BT I R AR A AT



146 hoE

o R 2023 445 12 ]

AL UEFAGHE L . TR A BRI S5 R Y R
i 2 T OSIKE L) Mg AR B2, 3
RANDTERNGRME 1 R, BEBEERHE
FH(R?) F¥J5 iR 2 (RMSE) R AT

K la FPREARFRACER 3 BhRAAT , D0 AR b5 o bk
E ZB(R) W B, B IR AT Y 4 FhL & 27
AT A RBO R R TRm . B EAERIZIK
PO A B v A A FR AT Y 4 B RETERE S 8T 1b A

. 8 knnr e plsr s rfr &8 svr
g 081 3 y 7 1%
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< 04
Hs
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EipaY
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Descriptor

GE
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Fig.1 Histogram of model result
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P2 (149 °F- 35 1g (1Cso) 1B, AN [F] 20 €A R AN ) 28 1 11 24
LR (R0 3278 07 B R A JE R , 4146 3R R Mg 17 5 44
HR, BORRRIEEILR, W EFRrEE L
TR, #y(aRoR & BRI AR IR , B0 RR O il = Ak
MR, SO n @ AL ) o B I 2 T, Ik C il
LR Ay K M 2 R R RN O A Tk A R IR I 1g (ICs)
(B /INED A # 1) ACE BIHI7E H

Phe %I ACE #0 il 7& PEA ARK DT#k, X 3 A2 AR
J& T 05 A A RO A e R M aE i, —
JIK C i B2 KL TR Ry it 7K P B R TR R O 7 e e B T
AR E) ACE MHIVE . Wu SEPIR A FEIESE T
. C R¥ii 47 Trp, Tyr #1 Phe () K& R &
Wi o — B T i AR W BT C A S 7 B 1
BE TR M4 /N KE 23 52 0 ACE 410 1 v e 3k
LR SR EE IR B, A QSAR FRAIE SE
K C v R R Ry i K P S R RN D A A R TR

PR T 25 0 . K C AR Iw0 Tep, Tyr, A B ACE I 7EH .
kI
HE -~ BE c HE . EE C BE v
ES o B8 ¢ E3 v HE R BE W
ES £ BE ' HE N E3 s B8 v
B r BE <« BE P B3 7
§§3- ﬁééi
1 4

Mo P

ZRkC

Dipeptide C-terminal amino acid
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V A D N K Q E T S5 &

SRR

00 — BR300 1 53 4 B

Fig.2 Analysis of factors affecting dipeptide inhibition

23 EBABSH
QSAR #5 B 25 SR 3 WA #5117t /K 1k 22 2 1 A
95 B R A BL TR W 5 F 52 R ACE ) Ik ) i 4, A

SCHE PR AT AT R B R #ROS Y KO H T S R
g L R A B o A . % B )T 81 i A ExPASy
ProtParam W #E1TE LR A0 HT , 45 3 UL 2,

®2 EOREEBRAMSN

Table 2 Analysis of amino acid composition of proteins

R A& KRA= & & R B8R40 %% R A& KRA= & & R 8R4 %)%
Ala (A) 6.70 Lys (K) 2.30
Arg (R) 10.50 Met (M) 2.60
Asn (N) 6.20 Phe (F) 4.00
Asp (D) 4.30 Pro (P) 3.70
Cys (C) 2.00 Ser (S) 7.50
Gln (Q) 8.00 Thr (T) 4.10
Glu (E) 7.90 Trp (W) 0.70
Gly (G) 6.50 Tyr (Y) 2.70
His (H) 2.30 Val (V) 5.90
Tle (1) 4.60 Pyl (0) 0.00
Leu (L) 7.40 Sec (U) 0.00
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X JRA R AT A i R 0 oW, B R
F1 5314 A BIOPEP-UWM 7 28 #5 4F rp ik 47 F00
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B 0.3995, W EAE W TE M 0.01269 , 2 BH KRR
=8 FAE R ACE 30 K 28 15 R U6 5 A 3% PR
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25 EHERIERE

F| Hl ExPASy Peptide Cutter il BIOPEP —
UWM 75 54 X5 JORRA— 28 1 #E 47 1 0088 U, Ex-
PASy Peptide Cutter #1345 29 Fh 4 (H /g o] #E17
PEFE , BIOPEP-UWM A 34 F 8 4 fif§ n] 2 £ , bR 2%
A E AR IEARIE QSAR HAIZE I T 8 iR
I REXT KRR 2R LT B LREY) . ACE $fI BR 2L
FERBRIFEEZBUN TSR, R A~ 25 F R
B U1 5 77 HE Y A~ oS IR G T 45 R LR 3,

M & 3 iR B A HIR B 2 IR B S B (i
AR ) M B ARNIRANE, A 501 TR AR
PARGEU) b R b, B 2 T A T T R 1 RO
JNEE H G TE 8 Fh AR H g 15 3 BUIKB R — &2
NI Z o DU R Sl AR 506 LR A 1 e
A ZF N HKTE Peptide Ranker 34 i 178 7 4=
PridE o, s ARKBOT A A5 B A P
e WO 0.5 A Y IR &S A 10 S B A T
P 6 B AR 0 PR 0 IR BEBGEE AT e 5 A5 )
%3,

M1 3 A4S, JORA 2R FIRE A B 5 1
PEREWI IR, B A 28 5 e S A 1 /K ik 2 1
75 3 A= 15 A O L A9 S ey AEL DR Gl U0 6 i b
7 A K B O D TR G AN 8 A R AT A ) 45 ACE
TR o AR, I I FUAS 2T BR1 2 1 il 7K fiff 2
b AR T A E MR RS AR, Ry TR X L AR TR
T [ R 2 1 K AR B ACE 10 BR 9 05

Enzyme
B3 mEMEURKEESITE
Fig.3 Statistics of virtual digested peptides

*3 EFEMEMKREITR
Table 3 Statistical table of bioactive peptides

KRA= T G 2 2 6 P IR B

3oL g
5 /%
ek 5L @ 8 30.00
WHE G 19.18
B % & 8 (pH>1.3) 27.94
B % 4 8 (pH>2) 21.87
W & 5 22.55
HEFAE S 23.05
ok % G i 21.81
AINE G B 23.41

P, Z58 SEPRAE S TP 2R BT U ks ) LR 2 A7 SCHR AR
T R T A A KRR R T A i A
15, ANBIR ST R R A AT A R AR et
7 7€ 1) il % ACE i Ik ity 350
26 EAKBENS&E

G ) 326 P B B 1 R AR AT T K
JRA— 25 1 BEAT 7K ik, DU 2 7K A% B2 (DH) I 22 i K fi
22, K A 2 45 58 DL IRT 4 oK f h 2 mT g, B
A KSR S T 8 58, 2 11 I K Sk JBE S K A
IR gAY, B K i R S T B bR B ] 4
¥ | K fiff e 3532 W A2 2%, B K Sk e 391, KAk EE A
BN X SR BT A 2R AT T 3 W 2 R T
FTB o KA R g AR SR 2 1 5 20 TR DR 22 11
Bogiz, T AR E A BB AL A
[e] ) oh 28 1 A AR T 3 B4 K Ao S5 AR L, (HRE 7K
R EANAT 22 5, 0 o TR S P A A
PESE T K S A v R 1 R B SR ) R
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Fig.4 Hydrolysis curve

E— 2L R K g L MR AR LA K A il 2 A AR TR
KA B K AR S F T 0N ACE 1 3% ) LA F
— 5T,
2.7 NBRIZE B%l& ACE %I BkiE a9 il £

Y B B 1 R A T TR 1 K SR )RR
R ARESR PEAT R T . SEIUAS [ K i B R T4
i ) A R M B R 1 mg/mL (ORI E K SR
B ACE MR g5 F &l 5 i, & S %, sk
it B A O 1 JCORRA 2 LM 2208 5.50%, 3L
A KA KRR LA ACE B4 3 M 5 Bl %
KA B LT, KO ER K AR ACE )
il W T o KORRAT R R B B G A K
FELEIK IS R 21.94%F ACE 4 5% 33.75%
e R B AR K AR K AR R 19.26% 0, 7K
fRFER) ACE 431588 32.65% . 15 30 i =% 5 = 1l
PP Foft KA AR 0 G TG0, 25 SR LI 6, AR 5T 6
IARLA il 238 T LA B 2R 1 B K R O

40r1
351
S 30} 7
E z 20} 2 0
20 -
ok

0 4.4 747 9.86 15.64 21.94
Ik fige JEE
Degree of hydrolysis/%

() B 2 1 T /K e PR 2R 1A [RD K ik B 7= 0 11
ACE 41 il %

il 8 B K AR FE R 1Cs, HARZE R W 4, thk 4]
o KRR B UK B RE R ACE 0 i P 5541, ax 7]
RS2 T JORRA 2R P E K T 7 A B I B, T
FEPIRN AR IR D, BE AR R KR R R AR
2 B BE S OK R, A5 B A9 RE S BE 05 A R0
ACE Myi&HE

B A R RO T TR AR K 6 e O R
Sk AR R ECRIE A A KB R £
HOR M KA 2 (45 = A2 19 ACE 10 il IR % 4
5 o TLEAFINH o ORI R A ACE 90 K
(SR A HEATAR R, R Y R 0P 2 1 it A
FFE 0 B 11 5325 WA DO B LI, iR 3R
PR R A s L Orio S5 B4 FH G i KORRA—
HATH A ACE $IHIBK, 15 21 3 25 H A s vE i
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Preparation of ACE Inhibitory Peptide of Hemp Seed Protein
Based on Quantitative Structure—Activity Relationship

Liu Mengqi'?, Liu Chang'?, Liu Bohao'?, Yin Yuqi'?, Zhang Hanlin'?, Zhang Yinghua'*, Dong Yan®
(’Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Harbin 150030
“College of Food Science, Northeast Agricultural University, Harbin 150030
‘Daqing Branch of Heilongjiang Academy of Sciences, Daqing 163319, Heilongjiang)

Abstract High blood pressure is a major risk factor for cardiovascular disease, and frequent use of blood pressure med-
ications can have side effects. Therefore, safe and efficient food—borne antihypertensive peptides have become the focus of
attention. In this study, a quantitative structure —activity relationship (QSAR) model of angiotensin —converting enzyme
(ACE) inhibitory peptide was established to determine the relationship between the structure and activity of ACE in-
hibitory peptide. The model results were combined with computer virtual enzyme digestion to determine proteolytic sites
accurately. Suitable proteases were selected to hydrolyze hemp seed protein to prepare ACE inhibitory peptide, and the
inhibitory effect of the final hydrolysate was determined. The results showed that the SVM-AAindex model based on
dipeptide had the best predictive performance (R*> 0.81, RMSE 0.53), and had a strong ACE inhibition effect when the
C—terminal amino acids of dipeptide were hydrophobic and aromatic amino acids. The analysis of protein components
showed that hemp seed protein contains 34.60% hydrophobic amino acids and aromatic amino acids, which is a good
source for preparing ACE inhibitory peptides. The alkaline and subtilisin, which produced more short peptides and bioac-
tive peptides by virtual enzyme digestion, were selected for directed hydrolysis of hemp seed protein. The ACE inhibition
values of the final hydrolysates were 1.89 and 2.30 mg/mL, respectively. In this study, an efficient and accurate method
for preparing ACE inhibitory peptide from hemp seed protein was established, which has a good application prospect in
antihypertensive drugs.

Keywords hemp seed protein; ACE inhibitory peptide; QSAR model; directed preparation



