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1.1 R 5iF

G KBR, AR A AR KRG BR AT . ACE(M
G it H AR IC) | b PR Bk 2 2 1t 4 %R (HHL) |, Sig-
ma—Aldrich 22 7] ; S ALEN Eh R S AL d  BEiR =
TR OBERR AR AR T HEE T b AR R AN
(SDS) B-%i ik 2, s W0 45 | [ 2 4 A1 4k 2% 3 7
A A BIK (LEE 95% ) , s Ak W) B A BR A
il
1.2 EE5ME

JI A WAL (GRINDOMIX GM200), 7 [
Retsch 24 1) ;25 @ #7000l , 18 KA 2An];A-
vanti J-E £ H & &3 & 0L, 32 E Beckman
Coulter 22 ] ;£ES2030 ¥ T4 #L, H 4 Hirachi 2%
A ;pH 11 (FE28 —Standard) , %t = Mettler Toledo
/v W) ;Spectral Max M2 £ Zj fg B X, %
Molecular Devices 23 7 ; Oasis HLB [# #H 2% BUAE: |
% [E Waters 2 @) ; AKTA Purifier UPC10 %& 1 /&
4lifb &4t , % GE Healthcare 2 7] ;HiPrep Q FF
16/10 58 PH 25 7 52 41 Sephadex G-25 Superfine
100g (HIZRMEEE LM G G-25), £ GE Health-
care /A\\ﬁjo
1.3 RKEH*
1.3.1 HBRASRIC 4t KRR v 22 R S U5 15
S SR 7 i o K TR 5 B i s AT D
AL, 3 s/ e R A 2, FRIBCAL R 25 g
P RFEE 500 mL .00, A 100 mL #5222
I (0.02 mol/L,pH 7.0), FH 21 3 MLk 17 20 3% kb
B (% 318 000 r/min, 2K BT [E] 12 s, [] @A ] 15
s), B &SR ISR APIR A BB B
T4CTFHE2h BL(RE 4 C,HLN
12 000x g, B 18] 20 min ) J5 BCHY 13 W, U8 4K
ok VR v 4 i U7 U PR JBE A e T, BE S ) L
A 3 EIRFN 70% 85, KRG WE 4 CF
FrE 8h, B0 (MRE 4 °C, 5.0 71 12 000xg, i [A]
20 min)fF B 2K FIEW . FIEE ERE 25 K A
R85 15 20 22 OB ACRE i 20 SCokAR

55 1

1.3.2 AKWEME 208 Church 25090 J5 350 &
JRHE B 7R B8 G SE T FL AR IR AW,
Seks 80 mg PR W EEVS R T 1 mL H D Bl S
JA 50 mL 875 % % (100 mmol/L) & & 345, i
WWIMA 5 mL 57 & 73 %0 20% SDS #1200 pL B-
i O A B FKESR 100 mL, IR GRS, 46
R W R G VO B A R R 1
me/mL PR EEIAE S, B 200 WL IR S 2 mL
PR _HEHRGWIRG, #OGHE T HIREE 2
min, 7K 340 nm A0 VR 5 R A ROGE . D
i 1% 2R R R AR, R TRV SRR 0,
0.2,0.4,0.6,0.8,1 mg/mL AYARHEE R, 2l
PRl 2, ARG 7 RT3 A A SO 2 KRR
I .

1.3.3 MM BER AL 2 Escudero %Y 5 1k
i Fi] & AH 25 BURE Oasis HLB 20 cc AW EE &L i3 .
e IR 56 H 28 18 K bk % 2 BBORE LATR A AR A, RS
Bt 2.5 mL Z K% (1 mg/mL) LA 0.5 mL/min ¥ 4
AR CRUERE 35 50 30 5 AE U | B 5 4 FH 28
PR KV IO DA PRI B i 58 4l el A A, R oA A
B 345 e Ja FH VB ——R L 50 50%
FH S VRORE b AT A VAR R, R 31 5 mL B0
Hh RV AR 2R R R AR S v R T AR B £
JIR A 20 CUKFFH HI-AT

1.3.4  ACE MG PEN 2 2 M Cushman 552
5 RS B e, e E PR I 4 21 I A R
(HHL) %5 f# %, 8 FH 0.1 mol/L 1 iR £k 2% wh i (pH
8.3) A fiff AL 2= LV B2 Ry 0.3 mol/L, FHIC il 47
VS W % HHL 22 5 mmol/L, 1] 10 mL
WA FINA 200 wL. HHL 3% (5 mmol/L) , #46 3k
AR R 5, I AR 80 L B i ¥ T (K 5
WM 5.0 mg/mL) K HAIRA) & 37 CCI M 3 min,
R H G I 20 pL A8 7K #1535 0.1
U/mL ) ACE &, 1825 H 37 CF I 40
min, B E 45 A5 SEEVANA 250 w1 mol/L 52 %
WLAE O, A 1.7 mL B R £ B, 48 15
s MBER T , AT IR AR B0 (R 4 °C, B0 )
5 000xg,Bf[E] 10 min) , AHBEE R 1 mL {7 F L
JRIEEIR OB, BRI TERL RWARE 4
AR R AR IR AR I 1T mL ZE 4K IR iE 30
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s 0 R FE 0 f 70 D% K 228 nm A0 I 5E W G AE L
ACE #2135 AL,

2 _<A )_Aa>
ACE i % (%)= (AL—AC) %100

K A —— N AR R AL FE W ACE
W WG A s A —— SN AR RN SR Al i U, &
ACE ¥ W W't BE A8 5 A —— B 1A AN 35 B i
W S ACE ¥ W1 W B
1.3.5  JUFHERH (5 53 85 22 Bk ol FH ) 2R 0 g e
{8354 Sephadex G-25(5 emx60 cm) #E 17 Z iKY
IYES, TN 2.5 mL/min 504 FHEE T KF
Mr A | B, 25 B KR 22 O o v A
10.0 mg/mL, H] 0.45 pum oL U8 RS 08 R 5 W i
ZRK (2.0 mL){EA @R, A sh LRES 3 A
WK N 280 nm, 7E 2.0 mL/min ik N 28 7K
VML, 30 A R TR I L0 ke o S e B g A W X6
V75 PR B8 () 4 o, Ak S R 22 KR AR AR A, TR
W2V R T8 I 45 20 03 B8 Ak 1) 22 KRR
1.3.6 B FacEigas2Zik 4 20 mmol/L
BEIREE 2 vh i (pH 8.0) LA 2.0 mL/min i 3 - £y
HiPrep Q FF 16/10 3 FH & 1 3¢ #4E (1.6 emx10
em), 5 Z K 20 mmol/L #4552 5 22 v (pH 8.0)
T TC IR MR B 5.0 mg/mL B, &
0.45 pm FALUERE S IR S5, DL 2.0 mL AR s 3R R
VW A« W 2 £ 22 vh M (20 mmol/L, pH 8.0) ; Uk
JBLE B« 7E R R 2% vh i 1 (20 mmol/L, pH 8.0) %
fift NaCl = HHk N 1 mol/L, #EFE)S 418 B ) 0~
100% 4 FE ZE B 60 min, L #E 2.0 mL/min 38,
FEPE A 280 nm A A6 48 S W00 i) W04 A
WA 28 PR JBE 1) A, Ak 5 R 22 ORI | VR O T
PR TR DU R R 253 1 ACE Ml 6E J) .
1.3.7 Nano-LC-ESI-MS/MS 7 B %% %Ll b
4l fk 45 2 1 2 R4 43 i A7 G 4R b 3 75 Nano—
LC-ESI-MS/MS 43 £ %5 3E . fm RO AH 1% HPLC
% AF Aligent C18 3%+ (75 pmx8 cm,3 pm,
300A); s A:0.5% M R ,2% N ,97.5% 8 4l
K WshAH B:0.5% 2 ,90% LN ,9.5%H 4l K ;
BREEVERG . TishAl A h 98%~10%, W shil B N
2%~90% , A 18] 60 min; 20 min [ #f ;20 min £
i, A3 pL FAE, 800 nl/min i #id A, ESI-
MS/MS Ji i 45 14 B b 22 HPLC Yt 3 i v 15t 2%

B TAINER R JF B A L, B AR
TEH 1.2~1.8 KV, BANVE IR B BE R 110 C, B
ASCRE e P Bl A e Om M A 5, e i A1 B Al fi
V5T B AR it At . 0 O 4 o i
550~1 800 amu, #RINREHERE SN 33% ., shaHERR
BEBE N 0.3 min N EZHE, HEERI A 0.4
min, HEBR B 4 u,
1.3.8  Z KA R LAGPERIE  7E BIOPE (http:
/Iwww.uwm.edu.pl/biochemia/index.php/en/biopep )
A W35 R AR 3 X Nano—LC-ESI-MS/MS %
E I 2 JIKPFEAT ACE ) JUK A9 AR BLREAS I Az )
SE UG, ACE i JUK py 95 o s 2 2 ) A B3 AT R 2
ARG L, A 2 IR 21 2 A TE 95% L T . e il
1 mg/mL (2RI, 275 1.3.4 105 ki A7 2 Ik
() ACE I P A
1.4 HEBZITSSH

BAE G 0Tk FH SAS 8.0 34, 5 Z 0
P H One-Way ANOVA, Z & lL#: R H Duncan’s
multiple range test, #JE &R GraphPad Prism
5 2, W KFEN P<0.05,

2 ZHR55W
21 R-HHBEBESBESMK

JRUST HEBH 0013 2 1) A () RS AL ) 68 e A
VR [ e A0, AR 4 53 18 453 0 F ot 1) R/l
TIP3 B, ANgr—F ROSE R T B e JoUk: ) A e i
ABEE AL, 43 03 B /)Nl 3 ) ol L AR
2 Ve WA B v BT 28 ask ) S AR R 7 ] A e
i B T R 20 28 RS HE B €0 3% 2 U8, 4 e K R
Z K B RN TR 1 BT AR R A e A S R
3N A B.C.D A5 KX 4 Ao WA 5 JBT
fife g B B R 2 mg/mlL B BKIE W, I 5E H: ACE
IsRE S, anfE 2 s, 414y C 9 ACE il 2R &
FE T HAM > (P<0.05),i5%] 31.8%;B 4151
ACE #0125 K, o 13.2%, 414> A.D ) ACE #
il PR TG 2 25 5 ACE #1041 43 51 22.6%
H125.1%, W& WS T4 B 1 ACE il 2
AREEREWY], GEERAIEH VRN LRI C 4306
PEf R, PRI v 1, 415 C o F i /T
A FI B, FEJGEr B alifbrh U4l sy C b & kT
A= 3 P RO 3%
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Fig.1 Separation of Jinhua ham peptides by size
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Table 1 Peptides identified by LC-MS/MS TR 5k B R B AE 2~22 Z (8] 7E ACE 09541 45
in the fraction €2 \ Fa b His=Glu-XX~His 1% ¥ 02 405045 F G C F
gy omams T MRET N e g g e R AN T
ER ER S N SEIER RGP TR

1 IESDLERAEE 1189.5 1189.4 i \ N
 VCTICHVDHG 9905 990 TN A G, /AN T IKEAT BN o T 45
3 LLLLLAH 004.6 004.6 ), N 25 5 5 ACE 454, 182> ACE X if &
1 NIDVE 588.3 588.0 SR ER T AYPEFT, AT A 2 50 G PE 0 127, Cao 2512
s DAVLPA 5844 5849 M2 B B R R B Y 31 O RGL-(Hyp)-GL 5
6 GGLQAH 581.3 581.8 RGM-(Hyp)-GF i ACE #l ik, 4> By
7 NLLPP 552.3 552.9 e 55 2 W RGM—(Hyp)-GF nJ #{ 1 # #£ ACE ¥
8 DEP 360.1 360.2 WP 42 b T RGL-(Hyp ) —GL W] 38 2o B A1 B 45

B, He 1 i A F 300~1 200 w Z Jil, M
oy B /NI KB DEP, 43 5T i e K K
Bty TIESDLERAEE, % 3~10 T2 IEMA ML,
X 8 ANIREB LG A& 5 B . 8 S 1 3 Y
8 & Z JIKNIF HI4E Biopep A Wi M MK EHE 2 (hitp ./
www.uwm.edu.pl/biochemia/index.php/pl/biopep) H
KR R AR 8 SR MKBUF I RYH AR B B A
UCHE TE A5 B A 22 JIK PP 51 J2 8 e B 04 A s PR K
AOTFERW] AP PR IK A DI AE 5 H A B R |
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Fig.6 ACE-inhibitory activity of synthetic peptides
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Angiotensin—converting Enzyme Regulatory Function of Bioactive Peptides in Jinhua
Dry-cured Ham and Its Isolation and Purification

Xing Lujuan, Hao Yuejing, Zuo Qingxiang, Zhou Guanghong, Zhang Wangang
(College of Food Science Technology, Nanjing Agricultural University, National Center of Meat Quality
and Safety Control, Nanjing 210095)

Abstract In order to investigate the hypotensive function of bioactive peptides in Jinhua dry—cured ham, the bioactive
peptide components were extracted from Jinhua dry-cured ham, and the bioactive peptides with angiotensin—converting
enzyme (ACE) modulating function were identified by isolation and purification. The results showed that after separation
by Sephadex G-25 molecular exclusion chromatography, the bioactive peptides of Jinhua dry—cured ham could be divided
into four fractions, A, B, C and D. Among them, the ACE inhibitory activity of fraction C was the strongest, reaching
31.8%. After fraction C separation by ion exchange column, the Jinhua dry—cured ham peptides could be divided into
four fractions, Cl1, C2, C3 and C4, among which the ACE inhibitory activity of fraction C2 was significantly higher
than other fractions, with an activity as high as 49.0% (P < 0.05). Eight peptides were identified in C2 by Nano-LC-
ESI-MS/MS, and the sequence IESDLERAEE had the highest activity with an ACE inhibitory activity of 59.1%. Conclu-
sion: Peptides derived from Jinhua dry—cured have had good effect of regulating ACE activity in wvitro, which lay the
foundation for further research on its blood pressure regulation function in vivo.

Keywords Jinhua dry—cured ham; bioactive peptides; ACE inhibitory activity; isolation and purification



