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fE ARAMEMELL N 5 ACE W (945 & AL, DA R
T R 2R 5 R R 25 A R R A S

1 MRERE
1.1 RS

THOHER, F ks BRE Y F LAY RHE A E

B 4K [ B (200 U/mL) | JB6 2 (4 /#§ (200 U/mL) |
I 5 5K R B AL (0.25 units/mg) HHL (55 %
M2 ) N—[3—(2—1Wk I 5 ) A5 ok |- L— % TN 2 ok — H 2
i —H 202 (FAPAPG) , I it AE W RH AT BR 24 7] 5 F
B N (B o Hrali g ), R B W& A\l 5 =
o H I L W e £ R &k (Tris—-HC1) \3-(4,5-—H
FEWEME-2) -2 5- " R KL PO A MR ER (MTT) Q-3
RVEEERL FF, L R R R AR A H]
12 MNHB{5EH

P A TR B DL (TGL20M) |, Ab 57 v 24k AX
an A BRA W 5 R 725 AL (RE-52A1A), [ 5%
A ALK SR AR T, HS W IR TR BL (SCI-
ENTZ-18N), ¥ b B4 A il 1 A BR 2 7] 5 pH 3
(STARTER3100) , % 5 17 4 & ( b ) A FR A A
iR 1Y (Multiskan Go1510) , FE 2R K /R A28 A R
23 ) s DBS-100 4= H s W dE a1 0 79 43 Ay
a8 T A BRSO AR 3 A (Aglient
1200), K@@ A XA B IEP (Merck
Millipore) , % [E Merck Millipore 23 F ;Q it fig bl &t
JBeAE (s8851), JbRURIEERHLA R 7 ;Easy-
nLC 1200 HPLC 1% .Q Exactive i/ # %A%, 5
Thermo Scientific 23 ) .
1.3 RIEH*
1.3.1 FHIRE A YRS 2 A
G USIY Ty vk 4 BT ISR IR R A, 0.3 mol/L
NaCl 7 075 e 75 0 R CRHRLEE R 1:10), 7K
W FE S g (pH=7.15,30 °C,30 min) , KK K
Wi (40 °C) , FL25 ¥ VR T8 J5 45 20 75 o0 SR 1ot g R
HEM B R KB CRR EE=1:30) , WA
B M (pH=7.8) 213 5 min, /K B fif (37 °C,
2.5h), ZJEMABRE A (pH 8.1)2)% 5 min,
WA KB (37 °C,2.5h),95 C/K ¥ KT 10
min J& , B0 15 min(8 000 r/min) , B i # .
1.3.2 HEREABGY G BIESE SERG
(18 b Y5 9 31 308 2o A T L AR ) 8 108 3R A5 <3 ke

3~5 ku 5~10 ku 73 Jot 2 0 B 0 @ U8 2H 77, B
[F] AR L A3 Ve R T8, 0 I 3 A B 2 43 1
ACE #3524

1.3.3  ACE MR MM E 2 Wang U9 )
2, f#i F pH {4 8.2,80 mmol/L 1) HEPES 2% #hifi
B il 1 mmol/L i) FA—Phe—Gly—Gly (FAPGG) ¥ i
A10.1 U/mL (% ACE ¥ W FIFE SIS, $% IR 10
FE,37 CHUAA 5 min, i B BRACIN 2 25 FLAE I 1
340 nm Ab W GAE, 7 37 CA M T il N 30
min J&, FRIE DK 340 nm AR JG{H . ACE
R E AR .

ACE 012 (%) = <1—§A—é>xloo (1)

A4 (AA = A -AL) I FE b FL I IR K
340 nm Ak 1) W% 5t BE D8 /D 8 ; AB(AB = B1—By) J =3
LI AL P 340 nm A 1O BEDRAMEL ;A I
By 43 i A AL AN A AL 5 min J5, R
340 nm Ak HYWOGAE ;AL F B, 70 5l S A L A S
HAFLFE 37 CJ i 30 min J&, F K 340 nm 4bAY
USRI

ICso fEL 2 25 ACE il 1 38 509% I #F dh 1 9
B, R LR TFEIE ACE Mk B FE ik a8
4 4.00,2.00,1.00,0.50,0.25 mg/mL 3 5 4~ i &
WRERBRE , PRI ACE 10 i JIK 17 35 4 41 il %
A ih 5 TR B ACE #1036 P 0 2 3 ik
JEH,

1 ACE #I#l Z i ZE hn £ =
Table 1 Sample adding table for ACE inhibition

rate determination

X A A Fs/ul, B xR/l
Ao % 5K F HLEE (ACE) 10 10
FAPGG (1 mmol/L) 50 50
o B3R AL B ) A 40 0
HEPES % # % #% (80 mmol/L) 0 40

1.3.4 5 B B 52 e K J2 M 4l 4k 75 ) SR ACE 11
K SH W S5k, H pH 9.5, kK E
0.05 mol/L i) Tris—HC1 2% % WK ACE 36 P41 il
SR (B U8 2 4y BE A B 5 mg/mL B AE SR
it FH T 5 X 5 B 2 A e AT AT T 12 h, SR
Ji VE £ RE B IF L RE 30 mL, 43 B LAV RS N
0.07,0.018, 1 mol/L Y NaCl ¥ & %F b A A9 #f 5 oF
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ATV, v R U % K 214 nm, P8 B0 14 B
200 mlLL, 5 45 A~ VR 2L 50 (9 ACE Hil %
1.3.5 LC-MS/MS %5€ 75 f & 7 S AL )2 A
oy B AR BN AL 5 F-a VR TG Z4E L REI A=
PIRHEAT PR 2 B I E Ry 41, A
153 BT AL 45 A Easy-nLC 1200 # = A0 R K Q
Exactive 573 #5154 20 A0V 5T 3K ) 2R 4 . (3%
A 5 Trap column, 100 umx20 mm (RP-
C18,thermo Inc.); WA A ¥ :0.1%H BR—/KIH W,
B :0.19% M - ZBE %W Ve B & 12 300 nl/
min, JURE A BT . Q-Exactive (Thermo Sci-
entific) ; B} & T ML " m/z 350~2 000 i i
A4 77 30 AR BRI R A TAEBLUT (Data de-
B2 A (Full
scan) Ji K 4E 58 AY 20 S FE A B (MS2 scan) ;
e, EREREHE % 2 (High energy collision
dissociation, HCD) ;NCE #E i .28 ; sl & HE B B[] .
25 s, MSI 7E m/z 200 B 53 BE %y 70 000, AGC
target B E4 3x10°, fi KT S IF[A] 100 ms, MS2 73
PR E N 17 500,AGC target & E N 1x10°, &%
KEESEFHE] 50 ms

F| H PeptideRanker (http://bioware.ucd.ie/~
compasshiowareweb/Server_pages/peptiderankerphp)
T rb KA T TR A W T 4 . R Innovagen
(http : //www.innovagen.com ) Fil il K [ 35 i )& 1 FH
B4 % BIOPEP (http ://www.uwm.edu.pl/biochemia/
index.php/pl/biopep) 1 AHTPDB ¥ 3l (http ://crdd.
osdd.net/raghava/ahtpdb/pepsearch.php ) ¥ 1] 24 % iR
A QEINDC I e R T6 N R WD LT AN G A T
Mg S R R A BT K S . K B A ACE M
TEPEE AR IR 51, B9 2 BUE - 250 A BR 2 7
K A A G2, A i ACE # Ik (26 BE>95% ) o
1.3.6 R ZLANEIE S R Guan 5517
J315 (KBr JR %) o K 75 SR £ USRS A AT KBr
12100 /Y B A 34 30 BT PR A B S 15 ~20
min, JEH] AL 1~2 mm 3R, 7E 14 kg B9 & T H &
R 1 min J&, 0 A B AR 4 2T A1 A
it 64 U, WHCH 400~4 000 em™, S HE% Ky 4 em™,
PRORSEE 0 0.01 em™ , 850 J5 A PeakFit V4.12 4k
PEHT RGP, AR AR 23 AR 554 — A K A A

X

pendent acquisition, DDA),

1.3.7  BERNAMEIR B J12 0000 X G Uk o
0 v B R AT I 2 HR He S5 O ¥4 6
R EEFL A ACE #0130 71 22 #4753 87 . # ACE
9 (FAPGG) Fie il 4 1,0.5,0.25,0.125,0.0625
mmol/L B . Fi I8 1.3.3 T RSN E P 5 7 1%
HEAT RN 5, DA B2 0 3 258 4 (81 (1w ) S 90
A bR 5O Pk BE BB (1/S) S R AR bR 2
Lineweaver—Burk XU 45 &, 115K [ H 50 (K,) #
e KA 2 T2 (V )

1.3.8 MTT iK% =% Mosmann™ % J5 i, #i 1
W0, F HepG2 4 i 3 % 2 b Ak K, 78 Horp
A 0.25% 1 JoE & I AL, T Ak 58 5E 05 ) o
A AT A9 DMEM K5 98 3% I 1 FH i 0%
HepG2 4t M 43 #5541 M B, 2 )5 4570 T 96 4L
Me, HeRSREFLAGEE N Sx10%mL, 55374 P 55 9%
(37 °C,5%CO, 1 A1 BE ) 15 5% 12 h, 25 P ab B4
A3 BN A [ 5 & & B (% Ik PGDVF:1,0.5,0.1,
0.01,0.005 mg/mL, 53 B AN 245 1) 2H FIAS 42 7 4 i
()25 0 IR AL, BEFL A 20 L B9 MTT ¥ (5 mg/
mL)#FE 4 h J5 , BFLINA 150 WL —H JL WA, %
fift 45 &, T EEARALAE P K 570 nm &b (FRAR 10
min) WOGAH , BN MREER 6 AL, %X (2)1t
A2 AT R

20 A 15 % (%)=

%%ﬁiﬂ ODWOnm_iit%ugi r__'éﬂ OD570nm XIOO (2)
XFHEZH OD 00— 181 25 FH 4 ODs70m

1.3.9 4 FXHEH AR ACE K2R 5K 454 (PDB
ID: 108A)E 3244 B HA ACE 0l 35 4 i ik
FEHIME M ECAR . T 3 ACE K 8K & 1K 45 #9 (PDB
ID:108A), fi i Pymol2.3.0 Z:BE HK /> 7 4B 7
LR EAR B o, BHE5HESA
ACE 46l 3 1 %) B P %1 I 4% 2= HPEPDOCK #17
X% B A A5 S A LIGPLOT (v2.2.4) #E 47
IR, S BC LA R A XA
SR RN E RN 32, KRS HA R Bk
B BT o dh i G R G B R R A A A
% 5 ffF Pymol 2.3 X245 9B 47017
1.4 HiELIE

gh Ll SPSS 26.0 #Ef5 i, RN ER
J5 2253 B A Bonferron 4t 112 & 4 LA i€ P<0.05
(00 22 5 . BE DL 3 W 21 P S AR 1
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2 ZBR5HW
21 AEERAHH ACE #HI &5 7
4 T ) 2 B EE 8, RAE 5~10 ku,3~5 ku
FI<3 ku 4 Jot it 1) B AR AL 0 K LR VR TR IR
43 ) TS R R R 4.00,2.00,1.00,0.50,0.25
mg/mL BRI, 5 He ACE 410 5 A 1Cs 18,
i1 & 1a ATHT, 7 SR WA 0 00 43 5 BT iR
A, H ACE 0 16 vEth R ), L —2 ka3,

100 =

- <3ku

80 -

60 [~

40 -

20 -

ACE ¥ PE 4 i 5
ACE activity inhibition rate/%

0.025 0.50 1.00 2.00 4.00
Jo v
Mass concentration/(mg/mlL,)

(a)

I3 7 20 3 i ACE 0 0 3% PR 58 T 55 0 T IR
20 G 5 TR — 43 o e AS () S v B B ACE 1
TS WS S IE MG, <3 ku B9 ACE 3% 7% 70 1 %
Hefm, WEA5 RS Lin 208 45 R —30, mE 1b
AT, <3 ku 2153 1) 2 300 4 v B 5 2 4 4 A L B
WAL, AIRER IR A5 o F IR RAR, IkEE
J&i, 2SR BN B8 S ik A ACE 15 1 1148, AT 2
A5 ACE BYMEALTE PR, [N L #EFE <3 ku 4140 1Y i
il A T i — A 1 43 B AliAk

10

1Cs 18
1Cs value/(mg/mL.)

<3 3~5 5~10
3
Molecular mass/ku

(b)

T AN/ 5B 7R 28 5 35 (P<0.05)
B 1 AEASHERR ACE M FIiE M (a) Fn#l & 5K H) R E (b)
Fig.1 ACE inhibitory activity (a) and semi inhibitory concentration of inhibitory peptides (b)

of different components in prickly blueberries

22 ERBFIHHEERNIBHEN

WE— 4 4l AL A %E <3 ku B2 T B AT ACE #il
il 16 A AL A3, SR B S T A e 1 — 2 A
afi 4k, 76 A 9 K 214 nm, Ve Ll 80~220
mL,520~580 mL,650~680 mL, Pt it ik & 8 e ) 4>
>4 0.07,0.18,1.00 mol/L,

W 2a BT 7R, <3 ku 2043 B Tl e 4 440 56 B 5
TR AEZEM 0BG E 3 B AVERIE (F-a,
F-b,F—c), W4k 3 A~ H ARG 478 VR T
o ACE i 2250 1Cs 18, 2585 5 &l 2b Fi &l
2¢ fitn . 3 4 H bR 06 S M4 AR L3 AN H
B 0 () ACE 90 ) JIK A9 35 14 390 1 32 7E 0.25~4.00
mg/mL 78 [l P A0 i 0T o U 3 1 4G i B 5, HL VR
Jii g F—a B9 ACE 406 R 5 5, 1Cs i/ (ICs =
0.159 mg/mL), WY AK T 18] 5 440 T i 43 it 5t <3
ku 8 JE W (ICs = 0.380 mg/mL) , P 223 Q-BiiflR

T R 5 B 2 AT P AR AT ACE 35 M4 i R o 5 1
B - S N2
23 BHRRACEMHMHNEERFILEE

Jy itk — W F—a H o3 BA ACE #0ii%
P K BEZS | i 3 LC-MS/MS 43 #r F-a #4143, 3t
W F) 4 KT % . YVPFI LGPGGLT . TGGLW Al
PGDVF , i#f — 25 X} H A7 A= W) 06 P vF 43, L Ak
TR R L 2,

15 17 A5 OV 0T 5 3R T AR S MEPE 43 = 0.5
B, ZHCH TR B A RGN JF BRI
ACE # BB F T 1 W e, B2 2 M 25 1 n]
4 Z5Z IR A PTG PEVE 43 ¥ KT 0.5, vl W AR ]
RE LA B AYTETE . 2RI BT —
TR LAz 1 HAE BEVE M B oE R, B Bk
FTHREMZIEE SRS ACE 454, JF A
ACE #0 Ik 38 0 3 2~20 D& IR, T P
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FERIMZ IR ACE #0615 M 5 FLsi K P A G
i ACE 3P rfty 2 B K, BAT SR K 2 IR
HMES IR LSS S, BT LA A BT KM 2K
B U0 6 P A 5 . an g 2 Fraw , BK PGDVF #4453 F
J /N KRG R K M R AR TIE B B AR K
VWO T 5 Tl 3 PR R A, PR I
K PGDVF A GE &V TE ) ACE 35l Bk (&l 3a Sl %

SE BRI g A . it — 2 B IK PGDVE

() ACE il & M, SR FH 1 AH & B0k & Bz Ak, 3
— i K HPLC 46 B 43§ an 181 3b F1 &l 3¢ fr
N, IR K 1Cs fE 8 0.56 mmol/L, fit F Vil
ladéniga %5 a—FL 118 114 2 19 ACE # il ik
GYDTQAIVQ (ICs = 1.00 mmol/L), W24 F Liu
SR ORI E2 BR 405 A 2R Hh 4 ACE 41D
il ik HLHT (1Csy = 0.46 mmol/L) .

012
0.10 = - F_a
0.08 |- <«F.b
2
= E 0.06 =
R 3
= § 0.04 = ;
= “—F-c
< 002}
0.00 1 1 1 1 1 1 1
0 200 400 600 800
TR R
Elution volume/mlL
(a)
< 10 [ o Fa 03
T
. E gl |- FD -
=
— S —&— F-c = 02
£ E £ 0.
£ ’é 60 - fm %D
= o =3
B - 01
< T 5
® 20 =
=
2
0 1 1 1 1 1 00
0.25 0.50 1.00 2.00 4.00 F-a F-b F-c
T (o)

Mass concentration/(mg/mL)

(b)

TE A R/NG SRR 22 53 .3 (P<0.05)

2 A NaCliRET QFF M4 B R (a) R A B RBIER S KR E ACE #IH i (b) #1400 &) BL B = HI 1R B (c)
Fig2 Separation efficiency of QFF under different NaCl concentrations (a) and ACE inhibitory activity of prickly blueberry

with different absorption peaks (b) and semi inhibitory concentration of inhibitory peptides (c)

x2 MEBEHMER

Table 2 Physicochemical

properties of peptides

Bk 71 i% EMEDT L wmas wms kmn R maa
BN B2 (keal/mol)
YVPFI 0.770510 637.3475 5 1 KB E +4.04 638.3553 For-3
LGPGGLT 0.511719 613.3435 7 1 K E +9.24 614.3514 P2
TGGLW 0.795743 532.2645 5 1 KM £ +7.11 533.2714 PoE-2
PGDVF 0.757739 533.2485 5 1 K ST +10.66 534.2578 PoE-2
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2.4 Fk PGDVF B - & &R
L A A R, R T AR =95% 1 A
Bk PGDVF, HAH B 27 Ak 25 5 LA 4
8 L 27 S 5338 T LA 22 22 BKAE B AR ST
B a0, ZIRTEAN TR B K OB AR E T A

i 7]
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(c)
3 PGDVF WZHRiEE (), —RRiERUFENK (b)FILEE (c)

Fig.3 Secondary mass spectrometry (a),

primary mass spectrometry, chemical formula (b),

map (c¢) of PGDVF
[F] Y 25 427 WO R 1.600~1 700 em™ [ U4 Sy
MERE 145 (Amide 1), HXFF 8 F B/Ik 454
B 5 B A M, o120 BT B B4 A AT M
0] 35 iy A4 9% K43 50 A 1 .650~1 660, 1 600~1 640,
1 660~1 700,1 640~1 650 cm™®_ H & 5 A %0, Jik
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PGDVF (W W b = ZEAE I 1 A va N, HAlA
T oM T U, — Mk, WM T s m o i il Fo
PN AVE 3 A S BV N R A o = A S N N
PGDVF BN T o ik AN [F] O 1L 1Y)
WS i TE R, B 2 K PGDVE 19 250 o
H2ifE (20.28% ) B-HT5 (6.21%) B-5E A (31.55%)
FITCHL I 2 il (41.859% ) 2 1
2.5 Bk PGDVF B9l HI s hZE 07

il Lineweaver—Burk XUk & , #E — 25 F W7
IK PGDVF *F ACE iy #0 i #5220, H 45 R &l 5
Fis

TE Lineweaver—Burk X2 % & i | #5238 w0 H B
12 Y il b 3R sw e PR A A AU AR X i
T R AR TE A PR RO, B B S RT3 Ak ELEAH
ZF X Al — &, FHIIK PGDVF X ACE ZJE3%
e AR B R I 3h ) 2= S8 K, A
WA,V (8 BE G RV B 0 3 i AS W7 0
B, W] PGDVF & — Rk 3E 35 4+ 1k 4 40 il
o 33X 55 7R TP R KR 2 R O K PW
DA Lu P AE i w42 B 22 K I — %, 488 T
A58 A M I 5
2.6 |k PGDVF 3 HepG2 #J#7 %l 1€ B

MTT b €875 2 — i A 5 28 i A6 0 20 B A7 1
MK, EhEe) AT AEDEERNF
)T P AR I 245 49 O 35 R 4 o e R A Y

Ik PGDVF TEA [A] it 2 ¥ B2 T X HepG2 4 Y
TEHER & 6 Fros, 7E BT E 5 pg/ml~1
mg/mL B X 5] P, HepG2 4l il i 77 1% R HR1E 90%
PLb gt Ui B K PGDVE 78 i 5 % <1 mg/mL
i, Xt HepG2 4 At i) A5 4 35 6 B 5% min , B A5
Bk PGDVF 7 Jii 2 ¢ & <1 mg/mL B, X6 41 g i) A
KICHEE .
2.7 ETHFxEMEMK PGDVF 5 ACE B %
KIS N

g itk — 1 5 PGDVF () ACE #1136 1 |, 78
PDB %4 2 (https : //www.rcsb.org/) T % ACE K 5&
f AR S5 H (PDB 1D 108A) 34 K H 5 & R MR ¥
5| b A% % HPEPDOCK #E4TXF 4%,

PGDVF 5 ACE & WX 45 Kl 7 pr
7R 4 Santiago SFPIRYHRIE R AT, X A5 R T R T
S A I X E R, $ s e AR 2 AR 45 45 e

14 — S|
— 1
12 F
1.0 |
o
<
o5 08
R L
o3
X Z o6}
=
0.4 |
02 F
0.0
1600 1620 1640 1660 1680 1700

g3
Wave number/cm™

E 4 PGDVF #{EErtrsr g E
Fig.4 Fourier infrared spectra of PGDVF

= 0 mg/mL
® 0.5 mg/mL
[ 24000 | 4 | mg/mL

1/ S
1/[V]/(min/AA )

e IR
L 4000 1/ e 2
1/[S/ (mmol/L)

B 5 Bk PGDVF 3t ACE B Lineweaver—-Burk &

Fig.5 Lineweaver Burk plot of peptide PGDVF
on ACE
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41 A A1 R
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20

0 0.005 0.01 0.05 0.1 0.5 1
Jo v
Mass concentration/(mg/mlL.)

ARG PR FOR 22 57 R 3 (P>0.05)

E 6 PGDVF# MTT il %R
Fig.6 MTT experiment results of PGDVF

Mg X SE 4k A W) nT RE EL A TSR B B0
PGDVF 5 ACE & H &5 X 3T 40 165711,
46 o 35 R ] g 235N e JTORT HR & B ) I
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Isolation, Identification, Structure Characterization and in Vitro Activity Evaluation
of ACE Inhibitory Peptides from Prinsepia utilis

Zhang Lu', Gan Yuyan', Zhong Yuwang', Li Yiyan', Fan Jiangping'?, Wang Xuefeng'*
(‘College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201
*Yunnan Engineering Technology Research Center for Processing of Livestock Products, Kunming 650201)

Abstract In this study, ACE inhibitory peptides were isolated and purified by ultrafiltration and strong anion exchange
chromatography, and their peptide sequences were identified by LC-MS/MS. Fourier transform infrared spectroscopy, en-
zyme reaction inhibitor kinetics, MTT assay and molecular docking technology were used to analyze the secondary struc-
ture characteristics, in vitro activity and binding mechanism with ACE. The results showed that the activity of < 3 ku
ultrafiltration fraction was better (ICs, value: 0.380 mg/mL), and the activity of F-a fraction was the best (ICs
value: 0.159 mg/mL) after ion exchange chromatography. Four peptide sequences were identified by LC-MS/MS, and
bioinformatics analysis further confirmed that the peptide PGDVF was a potential ACE inhibitory peptide with an ICs, val-
ue of (0.56 £0.1) mmol/L. the secondary structure analysis showed that PGDVF was composed of a-helix, B-sheet, 8-
turn and random coil, and its inhibition model may be mixed. The peptide concentration less than 1 mg/ml. was basical-
ly non—toxic to HepG-2 cells. Molecular docking showed that PGDVF could be closely combined with ACE enzyme
through hydrogen bond and hydrophobic force, thus effectively inhibiting ACE activity. In summary, this study can pro-
vide reference for the development and utilization of Prinsepia utilis decompression peptide.

Keywords Prinsepia utilis; angiotensin —I converting enzyme inhibitory peptide; liquid chromatography —tandem mass

spectrometry; secondary structure; molecular docking



