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%k
1 1 1 2
(1. 316022;
2. 316022)
(ACE) , Lo(3%) (Alcalase)
(Katsuwonus pelamis) , D101
, (G-25) - (RP-HPLC) , ,
ESI-MS ,
:pH9.5, 1.5%, 50°C, Sh; D101
: 10 mg/mL 1.5 BV/h 75% ;
Sephadex G-25 , ESI-MS Phe-Gly-
Gly-Val (FGGV), ESI-MS m/z 379.50 ((M+H]")
ACE ,
; ; ; ; (ACE)
Q516 doi: 10.11693/hyhz20140600188
(ACE) 15kDa ACE (ACEP)
, ACE ) (D , ; (2)
, e, ) , ; 5 (3)
C , ,
e ), ,
P , , (Liu et al, 2013)
, , ACE , ,
, ACEP (2008)
(ACEI) , ACE , ACE
(-SH) (-SR) (Captopril), 99.96% (2004)
(—COOH) (Enalapril), 0.4 mg/mL ACE 51.4%
(-POO-) (Fosinopril) (2009) Sephadex G-50
2 14.1 (MPP1)
, 12.7 kDa (MPP2) , ACE
ACEI s ICsp 0.88  0.32 mg/mL Fujita (1999)
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* ,2009C03017-2 ;
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6 , 10 DS-1 ( );
IKP LKP IWH LKPNM IWHHT, SC-15 ( )
, ACE ICs 1.2
231 6.9 032 35 24 S5.8pmol/L Enari 1.2.1
(2008) IW, ACE 100g, pH 10.0 —NaOH 500 mL,
ICs 1.2pmol/L  Jae (2004) 5 min, Imol/L HC1  NaOH
; pH ;
FGASTRGA, ACE ICs ,
14.7umol/L Liu (2013) 20 min; ( =19x
, QPGPT 10* Ulg), , 95—
GDIGY, ACE 1Cs 100°C 15 min, , 4°C 4500 r/min
80.67 32.56amol/L  Lee (2014) 30 min, ,
, , (TPAP), -20°C
GLPLNLP, ACE ICs
18.7umol/L Lo(3%
(Katsuwonus pelamis) 1
: 000 %1 EXRBRIHBREENEIAER
70% ( , 2013; Shyni et al, Tab.1 The factors and levels of enzymatic hydrolysis
2014) conditions
50%—70%
ApH B (%) C C) D (b
( 2013 2014y , 1 9 1.0 45 4
2 9.5 1.2 50 5
> 90% 3 10 1.5 55 6
, ( . 122 DI01
2013) ,
) (1) D101 TPAP
ACEP ) 25¢g D101
> 250 mL ) >
R 10 mg/mL
1 TPAP 150mL, 25°C
12 h, 30%
1.1 50% 75% ,
(Katsuwonus pelamis) TPAP D101 24 h,
Sephadex G-25 ,
) (%) = [( - ) ]
; «C ) <100
: s (mg/g) = ( - )><
/
Agilent 1260 ( ); (%) = {( > )[(
U-2800 ( ); Anke — )< 1} ><100
TDL-40B ( ); HD 21C-A (2) D101 TPAP
( ); , 10 mg/mL
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TPAP 0.8 BV/h 1.5BV/h 3 BV/h
; S mg/mL 10 mg/mL
20 mg/mL  TPAP 1.5 BV/h
, Ayo, Az = 0.05
1.2.3 TPAP 3 kDa
1 kDa , : TPAP-1 (MW
> 3kDa) TPAP-II (3kDa > MW >1kDa) TPAP-III
(MW < 1 kDa)
1.2.4 Sephadex G-25 500.0 mg
TPAP-III 5SmL R
Sephadex G-25 (2.6=<80cm) ,
1 mL/min , 5 min , 220 nm
, , 5 (TPAP-III-1—5)
1.2.5 TPAP-III-4 (RP-HPLC)
TPAP-I11-4 RP-HPLC RP-
HPLC Zorbax, SB C-18 (4.6><250mm,
Sum, Agilent, USA); 1 mL/min; 220 nm;
: / ; 25°C
1.2.6 ACE
Cushmand(1971) Toriki(1993)
Sephadex G-25
ACE

0.25 mL
NaCl 300 mmol/L;

(K;PO4 100 mmol/L, pH 8.3;
(HHL)S mmol/L)

: I mL (
), 0.15 mL ACE (5 mmol/L) , 37°C
30 min 1 mol/L HC10.25mL,
1.5mL ,
, 100°C
20 min, S 3mL S
, 228 nm
, ACE
ACE (%) = [(A—Acontro)/A]x100%
, A 1mL 3 Aeontrol 1mL
ImL
2
2.1
pH
(E/S) ,
(Pihlanto-leppéld, 2001;
Ranathunga et al, 2006) ,
pH ,
3 , ACE
Lo(3%) , 2

T2 WBHECHBRSHEEAEAFEMERMNER LWL R0n=3, c=10mg/mL)
Tab.2 Orthogonal array design matrix Lo(3*) and experimental results for optimized the enzymolysis conditions of alcalase
(n=3, c=10mg/mL)

ACE (%)
ApH B (%) C (°C) D (h)
1 1(9) 1(1.0) 1(45) 1(4) 4234133
2 1(9) 2(1.2) 2(50) 2(5) 55.742.15
3 109) 3(1.5) 3(55) 3(6) 51.941.89
4 2(9.5) 1(1.0) 2(50) 3(6) 57.842.19
5 2(9.5) 2(1.2) 3(55) 1(4) 483138
6 2(9.5) 3(1.5) 1(45) 2(5) 64.923.25
7 3(10) 1(1.0) 3(55) 2(5) 46.341.57
8 3(10) 2(1.2) 1(45) 3(6) 44,6233
9 3(10) 3(1.5) 2(50) 1(4) 57.942.45
ky 149.9 146.4 151.8 148.5
ka 171.0 148.6 171.4 166.9
k3 148.8 174.7 146.5 154.3
R 22.2 28.2 249 18.4
R , R A,B;C,D,, pH 9.5,
B>C>A>D, 1.5%, 50°C, 5h
, A,B;C,D, 3 , 10 mg/mL
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ACE 71.43%+5.19% 300
5 $ ¢ ——43
2.2 2 200
2.2.1
ﬂw”iﬂ 100
D101 §
04 A A . L L ;
0 1 2 3 4 5 6
1 2 , 2h t(h)
R 2h 2 D101
, (n=3)
88.11%+4.25%, (228.5+8.5)mg/g Fig.2 Absorption c.apacny o.fDl.Ol macroporous adsorption
resin at varying time (n=3)
fo0 ]
i 2.2.2 DIo0I
g 75
"E‘:;t 50 3 . B}
% 25 R 15.27%=%1.23%; /
ol . A . , . , , 15%
o 12 t(3h) 4 5 6 87.44%43.29%,
R 75% , 82.83%+
1 D101 4.38%
(n=3)

Fig.1 Absorption rate of D101 macroporous adsorption resin at
varying time (n=3)

R3 AREIRERTI S8 A E B EERY A RIRER(n=3)

Tab.3 Effect of different eluents on desorbing protein hydrolysate of tuna ground meat from D101 macroporous adsorption resin (n=3)

25% 50% 75%
(%) 15.27%1.23 31.17=%1.51 59.34%3.71 87.44%3.29 82.83+4.38
2.2.3 D101 2.2.4
) (5, 10,
D101 20mg/mL) D101
4 5 : ,
0.8BV/h 1.5BV/h 3.0 (26.75%1.59)mL  (20.47==1.24)mL
BV/h (28.33£1.13)mL  (24.57£2.17)mL (15.32=21.08)mL, D101
(19.45%1.36)mL, 31.3%; D101 , ,
(7.310.41)mg/g (6.41%
0.25)mg/g (4.17%0.32)mg/g, 43.0% , 10mg/mL Smg/mL
' ’ 4.10 mg/g; 20 mg/mL 10 mg/mL
’ ’ D101 2.34 mg/g, ,
1.5 BV/h ’

D101
x5 FTRREREEHREBRAEOBBRYARNFES

PRFRFOOR B 2 (n=3)
Tab.5 Volume of breakthrough point and adsorption capacity
at different concentrations of protein hydrolysate of tuna
ground meat (n=3)

x4 ARAFEMNEHREEAZABEYERNFTESNK
FRAAOK B 2 (n=3)

Tab.4  Volume of breakthrough point and adsorption capacity

at different flow rates (n=3)
(BV/h) 0.8 1.5 3.0 (mg/mL) 5 10 20
(mL) 28.33=%*1.13  24.57=%x2.17 19.45%+1.36 (mL) 26.75%1.59 20.47%1.24 1532=%+1.08
(mg/g) 7.31%0.41  6.4120.25 4.1720.32 (mg/g)  5.13#0.29  9.23%0.63 11.57%0.85
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DlOl 10 mg/mL 3.0y TPAT-III-3
2.2.5 ACE 251 TPAT-III-4
’ % 20
7 TPAT-III-2
1.5 BV/h s et LI
. o s = TPAT-III-5
1.0 &
> [
R 65.35%=% 05k
3.05% R 00
10 mg/mL ACE 71.43%+ 11 16 21 26 31 36 41 46 51 56
=3 AN
5.19% 81.76%=24.38%, BEh
2.3 4 TPAP-IIT  Sephadex G-25
(TPAP) Fig.4 Gel filtration chromatography of TPAP-III on a Sephadex
G-15 column
3kDa 1kDa . : TPAP-I
80
(MW > 3kDa) TPAP-II (3kDa > MW >1kDa) TPAP- e3mg/mL  m5mg/mL
IIT MW < 1kDa) 3 5 mg/mL s <60}
TPAP-I TPAP-II TPAP-III ACE M 40
65.38% =3.53%  85.81%% = 2.85% 96.33% =+ i?f
3.07% TPAP-III g 20f
O TPAP TPAP. TPAP. TPAP. TPAP. TPAP. TPAP.
100 I} 111-1 -2 w3 1-4 -5
. m5 mg/mL &10 mg/mL E
£ 80 — 5 TPAP-TII  Sephadex G-25
% 60 - ACE (n=3)
= = Fig.5 ACE inhibition ratio of fractions from TPAP-III
& 40 =
< —
. X \ — 3001
TPAP TPAP-I  TPAP-Il  TPAP-III 270} 9.735
240
3 ACE 210+
(n=3) > 180}
Fig.3 ACE inhibition ratio of TPAP and its fractions by E 150}
ultrafiltration (n=3) 120
90r
, 601
30r
’ 0

(Pihlanto-Leppald, 2001;

Ranathunga et a/, 2006; Wang et al, 2012) , TPAP-
111
2.4 TPAP-IIT  Sephadex G-25

4 : TPAP-IIT  Sephadex G-25

5 : TPAP-III-1 TPAP-III-2
TPAP-111-3 TPAP-III-4 TPAP-III-5 5
ACE 5 3 mg/mL 5 mg/mL
, TPAP-111-4 ACE ,

43.4%=%1.75%
2.5 TPAP-II1-4
TPAP-III-4

73.25%=%*1.83%

RP-HPLC ( 6),

8 10 12 14 16 18 20 22 24
min

2 4 6

6 TPAP-III-4 RP-HPLC
Fig.6 RP-HPLC chromatogram of TPAP-III-4

Edman
TPAP-III-4
Phe-Gly-Gly-Val (FGGV), ESI-MS

m/z 379.50 [M+H]" ( 7), 378.42Da

ACE ,
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100 , , , 2014.
90t 379.50 [M+H]
80+ ,38(1): 143—148
701
2 60} , . , 2009.
g 50F . ,9(4): 76—81
e gg Cheung I W, Nakayama S, Hsu M N et al, 2009. Angiotensin-I
20+t converting enzyme inhibitory activity of hydrolysates from
1071 L oat (Avena sativa) proteins by in silico and in vitro analyses.
0 I L 11 1 il ! L L L . .
200 300 400 500 600 700 800 900 1000 1100 J Agric Food Chem, 57(19): 9234—9242
m/z Chi C F, Wang B, Deng Y Y et al, 2014. Isolation and
characterization of three antioxidant pentapeptides from
7  TPAP-III-4 protein hydrolysate of monkfish (Lophius litulon) muscle.

Fig.7 Mass spectrogram of TPAP-III-4

, R
s : 15%, pH
9.5, 50°C, Sh D101
10 mg/mL 1.5BV/h 75%
ACE Phe-Gly-Gly-Val
(FGGV)

(Wang et al, 2012, 2013; Luo et al, 2013; Chi ef al,

2014) Phe-Gly-Gly-Val (FGGV) R
, Cheung (2009) ACE
C
( ) ;N
(
)
, Phe-Gly-Gly-Val (FGGV)
ACE
R R , 2004. ACE
, 23(2): 49—53
) > , 2013.
(Eleotridae) . s
44(4): 1073—1077
, , , 2013.
(Eleotridae) F
, 44(4): 906—912
, 2008. ACE

s s

, 8(2): 58—64

Food Res Int, 55: 222—228

Cushmand W, 1971. Spectrophotometric assay and properties of
the angiotens inconverting enzyme of rabbit lung. Biochem
Pharmacol, 20(2): 1673—1675

Enari H, Takahashi Y, Kawarasaki M et al, 2008. Identification of
angiotensin [-converting enzyme inhibitory petides derived
from salmon muscle and their antihypertensive effect. Fish
Sci, 74(4): 911—920

Fujita H, Yoshikawa M, 1999. LKPNM:
ACE-in-ihibitory peptide
Immunopharmacology, 44(1/2): 123—127

Jac Y J, Pyo J P, Ji Y K et al, 2004. A novel angiotensin |
converting enzyme inhibitory peptide from Alaska pollack
(Theragra chalcogramma) frame protein hydrlysate. J Agric
Food Chem, 52(26): 7842—7845

Lee J K, Jeon J K, Byun H G, 2014. Antihypertensive effect of
novel angiotensin I converting enzyme inhibitory peptide
from chum salmon (Oncorhynchus keta) skin in
spontaneously hypertensive rats. J Funct Foods, 7: 381—389

Liu X, Zhang M, Jia A et al, 2013. Purification and charac-
terization of angiotensin I converting enzyme inhibitory
peptides from jellyfish Rhopilema esculentum. Food Res Int,
50(1): 339—343

Luo HY, Wang B, Li Z R et al, 2013. Preparation and evaluation
of antioxidant peptide from papain hydrolysate of Sphyrna
lewini muscle protein. LWT-Food Sci Technol, 51: 281—288

Pihlanto-leppdld A, 2001. Bioactive peptides derived from bovine
whey proteins: opioid and ace-inhibitory peptides. Trends
Food Sci Tech, 11(9/10): 347—356

Ranathunga S, Rajapakse N, Kim S K, 2006. Purification and
characterization of antioxidative peptide derived from
muscle of conger eel (Conger myriaster). Eur Food Res
Technol, 222(3/4): 310—315

Shyni K, Hema G S, Ninan G et al, 2014. Isolation and
characterization of gelatin from the skins of skipjack tuna
(Katsuwonus pelamis), dog shark (Scoliodon sorrakowah),
and rohu (Labeo rohita). Food Hydrocolloid, 39: 68—76

Toriki H, 1993. Inhibition of angiotens inconverting enzyme
by Bacillus iicheniformis alkaline protease hydrolyzates
derived from sardine muscle. Biosci Biotech Bioch, 67(1):
921—924

Wang B, Li Z R, Chi C F et al, 2012. Preparation and evaluation
of antioxidant peptides from ethanol-soluble proteins
hydrolysate of Sphyrna lewini muscle. Peptides, 36: 240—250

Wang B, Li L, Chi C F et al, 2013. Purification and
characterisation of a novel antioxidant peptide derived from
blue mussel (Mytilus edulis) protein hydrolysate. Food
Chem, 138: 1713—1719

a prodrugtype
derived from fish protein.
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PREPARATION AND CHARACTERISATION OF AN ANTIHYPERTENSIVE
PEPTIDE FROM PROTEIN HYDROLYSATE OF ASKIPJACK TUNA
(KATSUWONUS PELAMIS) GROUND MEAT

ZHANG Peng', HE Mao-Su', CHI Chang-Feng', WANG Bin?

(1. School of Marine Science and Technology, National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean
University, Zhoushan 316022, China; 2. School of Food and Pharmacy, Zhejiang Provincial Key Engineering Technology Research
Center of Marine Biomedical Products, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract In this text, the conditions of alcalase hydrolysis on askipjack tuna (Katsuwonus pelamis) ground meat and
desalting process of the protein hydrolysate were optimized, and the antihypertensive peptide was isolated from the
hydrolysate by using ultrafiltration and gel filtration chromatography, and its structure was determined using ESI-MS and
Procise Protein/Peptide Sequencer. The protein hydrolysate with high ACE inhibition ratio was gained under the optimal
conditions of temperature 50°C, pH 9.5, enzymatic hydrolysis time 5 h, and amount of enzyme 1.5%. The condition for
desalting process was optimized as followed: loading sample concentration of 10 mg/mL, sampling flow rate of 1.5 BV/h
and 75% alcohol as eluent. The fractions and purified peptide from desalting hydrolysate were prepared by using
ultrafiltration and Sephadex G-25 column, and a tetrapeptide with high ACE inhibition was isolated and identified as
Phe-Gly-Gly-Val (FGGV). The present results suggested that the protein hydrolysate, fractions and purified peptide of tuna
ground meat could be used as natural antihypertensive drugs, foods or additives.

Key words askipjack tuna (Katsuwonus pelamis) ground meat; antihypertensive peptide; alcalase; macroporous
adsorption resin; angiotensin converting enzyme (ACE)
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