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Estrada et al, 2007)

( ;
2012)
(2003) ; ,
(Anthopleura anjunae)
; (
) ;
G-25 , MTT
DU-145
1
1.1
(Anthopleura
anjunae)
; F12 Gibco ;
(FBS):
CF16RN L8900
; Agilent-1260
; ALPHA1-4/LDplus
; Forma 3111 CO,
Thermo ; : OLYMPUS
; BioRad
1.2
( , 2004)
( , 2011) ,
-20°C 12h,

>

(10000r/min, Smin),

, 4h ) ,
—20°C (Anderluh et al, 2002)
1.3
1.3.1 GB 5009.3-2016
; GB5009.4-2016 ; GB50095-
2016 ; GB5009.6-2016
132 BERERBAMARIESN
GB5009.124-2016, 6mol/L
s L8900
1.4
10g 50mL ,
1000U/g,
pH C D
) 15min,
R 4°C  12000r/min
10min, 0.45um
, pH=7
-20°C
x1 BREH
Tab.1 The conditions for enzymolysis reaction
pH O
1 4 37
2 8 37
3 7.5 40
4 9 45
1.5 MTT DU-145
DU-145 10% F12
37°C 5% CO, R
70%—80%
MTT (2015) s
DU-145 96
3 s 24h 200uL 10% MTT
PBS , MTT )
DMSO R A,
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(IR), : IR=( A - A )
A x100%
5 ICSO
24h, 5
1.6
1.4 , Li6(4°)
> pH
R MTT
DU-145 5
2

R2 EXTRPEEIMERIHFME

Tab.2 The conditions of enzymolysis reaction in orthogonal

experiments
A B pH C D . D
(Wiv) (Ulg) (O ()
1 1:2 8 1000 35 2
2 1:3 9 1500 45 4
3 1:4 10 2000 55 6
4 1:5 11 2500 65 8
1.7
1.7.1 1.6

B

(Anthopleura anjunae Anti-tumor Peptide, AAP),
ALPHA1-4/LDplus 8kDa  20kDa

, AAP-I (MW<8kDa)
AAP-II (8kDa = MW < 20kDa) AAP-III (MW =

20kDa) MTT
1.7.2 DEAE-Sepharose Fast Flow
(2cmx35cm),
30mg/mL , Smin, 0.45um ,
3mL, 0.1 0.3 0.5 0.8mol/L
NaCl , 30min,
ImL/min, DBS-100-LCD
4min , 280nm ,
-20°C MTT

1.7.3 SephadexG25

DU-145 AAP-I-1 G-25
R 30mg/mL R
Smin, 0.45pum , 3mL
Sephadex G-25 (2cmx50cm),
, 1.0mL/min, = DBS-100-LCD
4min , 280 nm
MTT
1.7.4 AAP-1-1-2
0.5mg/mL 0.22um
Agilent
1260 ZORBAX SB-C18 (9.4mmx250mm)
30°C; ImL/min ,
0—15min (20%—50%), 15—30min: (50%);
280 nm PPSQ-31A
1.8 AAP-H
AAP-H
DU-145 80%—90%
(1 5 10mg/mL), 24h ,
1.9
SPASS19.0 ,
"X 4 , ¥ P<0.05,
2
2.1
3,
(19.76%) (
0.89%), ,
4,
17 , ,
24.31%,
37.37% ( , 2011); (
) 50.58%,
(45.45%),

®3 ZMIEBEAREMMD 2 (g/100g, ITE)
Tab.3 Basic components of 4. anjunae flesh (g/100g, wet
weight)

76.67+1.31  0.42+0.13  19.76+1.37 0.89+0.12
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F4 EMEBLEANIERBAMR S E(2/100g, TE) ) )
Tab.4 Composition and content of amino acids of 4. anjunae
flesh (g/100g, dry weight) > > >
( , 2015)
Asp* 7.067 Tyr 1.004
Thr 2.700 Phe 1.643 49.3%,
Ser 3.198 Lys 3.099
Glu* 8.988 His 0.675 2.2 MTT
Gly* 13.084 Arg 6.693
Ala* 4.111 Pro 4.649 DU-145 24h MTT ,
Cys 0.263 TAA 65.74 |
Val 2.572 FTAA 33.25
‘ , (5mg/mL)
Met 1.176 EAA 16.01
Ile 1.868 F/T(%) 50.58% o
- +
Leu 2.951 E/T(%) 24.35% DU-145 (24.9826.04)%
- ) (28.55+5.29)% (31.66+4.04)% (73.7£4.31)%
o Seo» : -
(99.12+3.96)%, DU-145
: > > >
FAO/WHO : > ,
( 5), : ( ICso : 12,57 1240 10.66
Asp Thr Ser Glu Arg Lys His GIn 3.87 0.76mg/mL
x5 ZMNEBEREAREFITEN
Tab.5 Nutrition evaluation on protein of 4. anjunae
Ile Leu Lys Met+Cys Phe+Tyr Thr Val
2.8 4.5 4.7 2.2 4.0 4.1 4.0
FAO/WHO 4.0 7.0 5.5 3.5 6.0 4.0 5.0
120
M 0.5 mg/mL * ) ’ ’ F
100F wyp mg/mL ’
O\E 80} ™ 5.0 mg/mL >
b W 10 mg/mL DU-145
& 60
ﬁ@ b
a__g] 40 ,
20 (Marino et al, 2004)
0 b b
B8Ok RECE DMECHE tESE 5% ( , 2006) ,
1 24h DU145
Fig.1 Effects on proliferative inhibition to DU-145 cells after
24h with different enzymatic hydrolysates 2.4 Alcalase
e (P<0.05)
pH
2.3 DU-145 5 , IR ,
2 24h DU-145
DU-145 , R s 6 s Rj
: ; : CAC )PEC )PDC )=C(

B E , , )>B(pH ) IR
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Tab.6 The results of Ls(4°) orthogonal test using Alcalase

A B C D E
pH IR(%)
1 11:2)  1(8) 1(1000) 1(35) 1(2) 25.22
2 1 209)  2(1500) 2(45)  2(4) 24.58
3 1 3(10)  3(2000) 3(55)  3(6) 22.58
4 1 4(11)  4(2500) 4(65) 4(8) 22.05
5 2(1:3) 1 2 3 4 23.21
6 2 2 1 4 3 20.68
7 2 3 4 1 2 23.95
8 2 4 3 2 1 30.08
9 3(1:4) 1 3 4 2 35.57
10 3 2 4 3 1 33.56
11 3 3 1 2 4 55.53
12 3 4 2 1 3 73.81
13 4(1:5) 1 4 2 3 75.60
14 4 2 3 1 4 73.81
15 4 3 2 4 1 30.92
16 4 4 1 3 2 24.48
2 DU-145 , 24h, Ij 23.61 39.9 2536 4920 22.43
(x200) 11 2448 3816 38.13 4645 27.15
Fig.2 Morphologic changes in DU-145 cells affected by 11 49.62 3325  40.51 2671 47.42
different enzymatic hydrolysates in 24h, inverted microscope )
(x200) IVj 51.20 4032 3879 2731 43.65
CA: , ; B: 12.6mg/mL (ICs) Rj 27.59 7.07 1515 2249 24.99
DU-145 24h s
( ); C: 12.4mg/mL (ICs0) 120~
DU-145 24h , " AAP-| )
( ); D: 10.7mg/mL (ICso) 100+ m AAP-I| x
DU-145 24h , , 9 B AAP-III M )
( ); E: 3.9mg/mL (ICs0) E 80
DU-145 24h s % 60 F
( ): F: 0.8mg/mL (ICs0) DU-145 %
24h , , x 401
: ( ) 20l Jf-
A4B4C3DI1E3, 1:5 pH 11 0 1 : 5
2000U/g 35°C 6h FPYIRE (mg/mL)
10.32%=+0.69% 3 DU-145
2.5 Fig.3 Effects on proliferative inhibition in different molecular
weights to DU-145 cells
’ o (P<0.05)
, AAP-1 AAP-IT  AAP-III, MTT
« 3 , DU-145 , AAP-I R
> 5 AAP-1
10mg/mL 2.6 DEAE-Sepharose Fast Flow
Smg/mL | 87.18+1.41%
74.36£2.30% 83.05+2.03%, R AAP-I DEAE-Sepharose Fast

Flow ( 4,
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AAP-I-1 AAP-I-2 AAP-1-3 Smg/mL) AAP-I-1-2 >
, MTT DU-145 AAP-I-1-3 > AAP-I-1-1, (10mg/mL),
( 95 AAP-1-1-2 > AAP-I-1-1 > AAP-I-1-3
DU-145 s , (5mg/mL) 30.01+
, AAP-I-1 > 2.16% 46.14+£2.29%  40.53%£1.76%, ,
AAP-I-2 > AAP-I-3 (5mg/mL), ,
37.12+1.70% 34.78+2.20% 24.21x1.61%, ,AAP-I-1-2  DU-145
AAP-I-1
30r AAP-I-1-1
25}
25 &
= 2.0
wy 201 ﬁ 15k
R =4
§ 15} g 1.0
=T 031
8 o5 0-07"6™11 16 21 26 31 36 41 46 51 56 61 66 71 76 81
’ WEEBH
0.0 . ... IR
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 6  AAP-I-1 G-25
WEBH Fig.6 Elution curve of AAP-I-1 in gel filtration
chromatography
4 AAP-1 DEAE-Sepharose Fast Flow : AAP-1-1-2
Fig.4 The elution curve of AAP-I in anion exchange 100 - *
chromatography 90 u AAP-I-1-1
AAP-I-1 < 80F  mAAP1-2
= 70
~ B AAP-|-1-3
90 i 60
80 & 50
3 70F 40
1§|' 60 30
E 50 20
i 40 10
30 0 1 5 10
=20 FEHIARE (mg/mL)
10
0 1 5 10 7 G-25 DU-145
FUIREE (mg/mL) Fig.7 Effects on the proliferative inhibition with different
elution from gel filtration to DU-145 cells
5 DU-145 P (P<0.05)

2. AAP-1-1-2
Fig.5 Effects on proliferative inhibition with three products 8

after elution to DU-145 cells

T (P<0.05) AAP-I-1-2  HPLC 8
2.7 Sephadex G-25 R AAP-H,
AAP-I-1 Sephadex G-25 , MTT ,24h Smg/mL  DU-145
( 6), AAP-I-1-1 49.14%=+2.29%, AAP-I-1-2
AAP-I-1-2  AAP-I-1-3, , (46.14%+2.29%) : AAP-H
~20°C MTT , ( AAP-I-1-2 , AAP-H
7) DU-145 , , 95%,

, (1 , AAP-H 9
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AAP-H s 10 : Smg/mL (C) , ,
Tyr-Val-Pro-Gly-Pro, 1 CyH37N507, (C); 10mg/mL (D) )
531.68Da, 532.27Da , , AAP-H
, AAP-H ,
Tyr-Val-Pro-Gly-Pro 3
29
11 , AAP-H ) ’
24h (A) R : (Cereus sinensis Verrill)
, AAP-H s (4. pacifica) (A. xanthogrammica)
, Img/mL  (B) (Haliplanella luciae Hand)

R R ; (4. anjunae)
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100 4
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Fig.10 Mass spectrogram of AAP-H

- .
- -
11 AAP-H DU-145 24h

(x400)

Fig.11 Cellular morphology of DU-145 under inverted
microscope after treated with APP-H for 24h (x400)

CA: s ; B: Img/mL
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Trp Tyr Met Gly Lys His

Pro
(Saito et al, 2003; Guo et al, 2009)
4
125 (WV) pH=11
2000U/g 35°C 6h
G-25
, DU-145
Tyr-Val-Pro-Gly-Pro, Tyr Pro  Gly
, 2006. HepG-2
, 1631
> > , 2011.
, 41(S1): 365—368
, , , 2004.
, 193): 171—175
> s , 2012.
, 28(3): 42—48
> > , 2015.
SPC-A-1 , 3103):
6—11
s , 1998.
. ,29(2): 212—218
, 2011. Gigantoxin-4
. , 8—30
, 2011.
: ,20—33
, , , 2014
DU-145 , 30(9):
1—6

, 2015.
,36(2): 368—372
, 2003. —_—
(8): 38—38
, s , 2004.

. ,39(1): 20—22
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ENZYMATIC PREPARATION OF OLIGOPEPTIDE FROM ANTHOPLEURA ANJUNAE
AND ITS ANTI-CANCER ACTIVITY OF PROSTATE CANCER CELLS

WU Zong-Ze"?, DING Guo-Fang"?, YANG Zui-Su', YU Fang-Miao', TANG Yun-Ping',
JIA Ying-Lu', ZHENG Yuan-Yuan', CHEN Rui'

(1. School of Food Science and Pharmacy of Zhejiang Ocean University, Zhejiang Provincial Key Engineering Technology Research
Center of Biomedical Products, Zhoushan 316022, China; 2. Marine Fisheries Research Institute of Zhejiang, Zhoushan 316021, China)

Abstract The enzymatic preparation of anti-prostate cancer oligopeptide from Anthopleura anjunae and its process
optimization was investigated. Taking the flesh of A. anjunae as the material, the best protease for enzymatic hydrolysis
was screened and the reactions were optimized in orthogonal experiments. The active oligopeptide was purified by using
ultrafiltration, anion exchange chromatography, G-25 gel chromatography and high performance liquid chromatography.
All the active components were detected in methylthiazolyldiphenyl-tetrazolium bromide (MTT) assay on prostate cancer
DU-145 cells. Morphologic changes of the cells were observed in inverted microscopy. The optimum alkaline enzymatic
hydrolysis conditions were determined as: temperature 35°C, pH 11, solid to liquid ratio 1 * 5, amount of enzyme 2000U/g,
and hydrolysis time 6h. The anti-prostate cancer oligopeptide was obtained and identified as Tyr-Val-Pro-Gly-Pro (AAP-H)
by N-terminal amino-acid sequencing. The results demonstrate that AAP-H suppressed the proliferation of DU-145 cells in
a time- and dose-dependent manner and the apoptosis morphological features of cells occurred. The anti-prostate cancer
oligopeptide was obtained from the enzymatic hydrolysates of green sea anemone using ultrafiltration and chromatographic
separation techniques. Our findings suggest that AAP-H can inhibit the proliferation of prostate cancer DU-145 cells and
induces apoptosis.

Key words Anthopleura anjunae; enzymatic hydrolysis; anti-tumor efficacy; oligopeptide; technology
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