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Abstract: The purpose of this study was to investigate the enzymatic preparation of peptide from Cyclina sinensis proteins
and to evaluate its activity against prostate cancer DU-145 cells. Different proteases were screened to increase the amino
nitrogen content of hydrolysates and the hydrolysis conditions were optimized using orthogonal array experiments.
An active peptide was purified from the hydrolysates through ultrafiltration, gel chromatography and preparative high
performance liquid chromatography. The amino acid sequence of the purified peptide was identified as Ile-Leu-Tyr-Met-Pro.
The antiproliferative activity of this peptide against DU-145 cells was determined by 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) assay and the morphologic change of DU-145 cells was observed by using an inverted
microscope, Hoechst 33258 staining and transmission electron microscopy. A fluorescence method was used to detect the
generation of intracellular reactive oxygen species (ROS). Cell apoptosis was evaluated by determination of mitochondrial
membrane potential using flow cytometry. Furthermore, the expression of nm23H1 was detected by an immunohistochemical

method. Our results showed that papain was the optimal protease for hydrolyzing Cyclina sinensis proteins and the optimum
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hydrolysis conditions were determined as follows: solid-to-solvent ratio 1:4, pH 7.0, enzyme dosage 1 500 U/g, temperature
45 °C and hydrolysis time 4 h. The purified peptide had a significant inhibitory effect on DU-145 cells in a time- and dose-
dependent manner. The treated cells exhibited apoptotic morphological characteristics. The concentration of the peptide
was positively correlated with the generation of ROS in cells. Flow cytometry revealed that the percentage of cells with
decreased mitochondrial membrane potential was increased from 4.22% to 25.07%. Immunohistochemical results indicated
that the expression of nm23H1 was increased. Therefore, the enzymatic peptide from Cyclina sinensis could significantly
inhibit the proliferation of DU-145 cells by inducing apoptosis.

Keywords: Cyclina sinensis; enzymatic hydrolysis; prostate cancer; cell apoptosis
DOI:10.7506/spkx1002-6630-20180421-281
HiE 5y TS201.4; R734.2

ElpE s

FKIV L, EHESR, MR, 55 TR 2 IR BEE S 4 SO i 41 Bt DU- 14540 i G R [D]. iRk, 2019, 40(11):
167-174. DOI:10.7506/spkx1002-6630-20180421-281.
ZHANG Yaru, YAN Haigiang, YANG Zuisu, et al. Enzymatic preparation of peptide from Cyclina sinensis proteins and its
inhibitory activity toward prostate cancer DU-145 cells[J]. Food Science, 2019, 40(11): 167-174. (in Chinese with English

kbR EL: A WEHS: 1002-6630 (2019) 11-0167-08

http://www.spkx.net.cn

XEFE L

abstract) DOI:10.7506/spkx1002-6630-20180421-281.

20 e 3 2R TR 55 A ST A I 9 R s e R AL i
1, GRTZETME. IR A, 5150 R
SRR E ., SER L KA SRR AR A RKZE 7Y,
ERE, A5 g R R RRE LTHES, RIRRS
bR R R A, ™ R AR T R . AR
EIT R TF R BT FREHIBIT SR A, |
R, FEH B R R 5 e i A o A R A
PERIE AR TT s AT 29977 AR 24 1 5T R 22 B
BERIEH R .. Bk, FHRBUHTHI R 257 O A
WAL RIS IR R PR AN E R E
Be, Horb, W2 KRB T AN R
FEMEAR AR 25 H 28 5o B A5 5 i T B R . AR
DU R B UG 2 I Merel5. JERESZIEAT FERR X N1
P BETE A K S6240 T . 1 47 Az Jee 4 A EL A 38 5 0 )
VEF, I RESEIR BE MM Hh i 3 A 1217

B (Cyclina sinensis) J&T HARE) Wy 1] 850 4R 5
WS H R, &A m & & 0 & B A A D
B, wRiEeEE, RAMRENERFNES. HHERR
BHEABING IS, _2—FEEREELY, BAK
W EL A . R R E e Y H R, SRS
B ESMNEAR. ZHAEREE RGNED ST
P, B, BUAEG. RIET . PLRENYY, Jiang
Changxing """ 7 8 rP U ) 2 2L A P LR {2
FEEYE, W N B ImBGC-82340 i i 4: K B AT 5% 2 ) 31 1
VEFD o BATHTH 520 F Bk 25 1 g I A 75 0 P9 I 3R A5 10
IK IR A B AR SN RE o R PR BT
Uy PR 28 B A 25 1) 4% 1) 5 0 2 IRXTRAW 264.7 E R 40 Bl
B EER, AR ABE B G 0R
WK G J1 B AR o BEVESE B M0 PR IR B e

http://www.spkx.net.cn

PESR ORI BB BRI, 2 T3 AR U S
A, HEgKME RGN B A 2atem. . &
THET SRR T RO ST A R S . AR, BRTOR T
I WA PR S T 2 I IRE IEA 2, AR FUCR AR
BRG0P IE, SR TR A R 7 AR A B A A 2%
1, &5y B At i g s 2 BE, B AR AN RT A
MR DU- 14540 BRI E L, DAIA A 75 06 136 14 22 R i) ol 48 %
Hpis /e R Fe R (I Se i A s o
1 tRS5H8
L1 MRS
EIS T L TSR3, ST LI O 5 X B e 24
B4 NTEY . ARSI DU- 14540 i+ b B R B
A AR R A G B BT, TV AR T AR ) R
mi CAEBORH T O AL AR AE

WHEEAN., BEAOK. ANEAR. TEES
My, BEAMl Jb W RKEGEEDEEARA A
F12855: 0 ZEEGibcon ;s a4l pi Uz
HAEMTIEAT; BERLE (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide, MTT) . fiZE [
K ESigmandl; WY BERS/IRIL L% (acridine orange/
ethidium bromide, AO/EB) Wi/ RKAEVFHAEGIR
ANa]s JC-14 bR A R & il DAY
NFE AR E238 (nm23H1) B PR
CLAR R B F 2 AR B EE 1: 1007 B ) % [ Santa Cruz
Biotechnology A #l; AL ERAAE  FHEDAKO
BIR AW HoAth 503 A E 7 o4l



P e AL =IT

il =

2019, Vol.40, No.11 169

12 5 R&

CF16RX II ! & i i 55 oL H-7650iFE 41 T2
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Thermo Scientific/A 7 ; Cogent u Scalef#JE &4t  fE[H
BRyn IR A W], Apurifier UPC 1003 85 19 AH 2,3
A% GEERJTAEMFPIFAHRAR 126008 R0H0AH (%

(high performance liquid chromatography, HPLC) 1%
EHEZER AR B TES BRI HE
AIRAF; CKXA4E B RMEE. BX2-FLB3% % 25
CCD-NC6051 R4 HAOlympusA Fl; BEFRL
Z#[HBio-Rad/A 7] ; easy Cyte6 HT-2Liii 40l £H
Millipore s &

1.3 ik
1.3.1  ZpsssR

¥ DU-14590 15 2 46 & WHT (100 U/mLFE H & .
100 U/mL#E %85 22D A &40 H10% 6 25 MG 1285 5%
W, EAET CL EAEEE5% CO, IR 46 i
B 4905 A FI80% LA LI FH 5 43 $0.25% ik B (4
A AEAR,  BOR E A K B 40 P gk A7 S 36
132 A PN R AR v o) 4
1321 EAERGFIE e

3l EX10.0 g KA AT, DABRME SR A, RE
HlE. AMEAB. RS EO XS FiEg
BEil, /5% B RIE R AR A MpHAE % (R T,
b1 200 U/g. fRilh6 hilbATEgffE. B 5 K615 min, T
4°C. 12000 r/ming5 0210 min, HUH F3EW, RHFREH
AL 5 1 E 2 AL % (amino nitrogen, ANN) &,

R1 5 EARBORERREEpHIE
Table1l Optimum temperature and pH of proteases

fobr BEEANE REAN ANEAE hEEAN B RO

EEIC 45.0 37.0 60.0 45.0 37.0
pH 10.0 8.0 6.0 7.0 2.0

1322  EAE&MRL

TENIE e By RS 2T, DAXTDU-14540 i fr 4
FEANEIE (IR AfekR, DORHRLE. pHE. InigE. &
. BFES AMEESHATL,, (4 ERRE (F2) , #E
QL5 L

F2 AN RERRR I IR 3SR R KT

Table2 Coded levels and corresponding actual levels of independent
variables used for orthogonal array design
KT A 5 . EC - Du E
jaitzd pH iR/ (Ulg) T i [l/h
1 1:1 5.5 600 45 2
2 1:2 6.0 900 50 4
3 1:3 6.5 1200 55 6
4 1:4 7.0 1500 60 8

133 [ 2 Koy B4tk
133.1 #k

I f A S d AR B 25 AF R 1) IR, B 1
Jii 548 kDalf i S I AE Cogent u Scaleif ik R 4t b k47
Y&, 13 E/NT8 kDafl kT8 kDal) Py FluEIEH - 15 %
B4 7 i 45 kDalf) 8 JE X /N8 kDalr) 3 73 #d g
BTG K TS5 kDa B/ T8 kDafil/h 15 kDal) iy Fft i i
Wio ¥ HIEEE 21 A3 kDaff g i xs /N T-5 kDaff
By g, RIS K T3 kDa H /15 kDafl /T3 kDa
PR b R B o 0 ) AN ) 43 1 BT A VY% O T A
vt PC ) RS JPT ERK B 15 mg/mLiFATMTTSESG, ik ot
DU- 1452 B 41| 26 5t e (1R BB IR AL 20 % o
1332  BiEHERRIZHT

H01.3.3. 1797 B 98 20 43 1E AT B AR W B I S A 40 28
Tl A A 5 B AR FEE 490,05 @/mL, B0 5 B F 3B E0.22 pm
JEME, 7EApurifier UPC 10000 2 (4 (0% 248 E 4T
i o ARG : 300 mmX 10 mm; iRkl 5
PEREN . EARHRBR R ST (10£2) pm; BFEE:
500 pL; WBNAH: MK YEREAE: 0.5 mL/min;
Rl K. 280 nm: H AR 3.2 mL/E . WES
TR HEAT VR T8, SR T MUT T A6 0410 1) 36 e vy ) 0
oy
1.3.3.3  HPLCYE Sy 25 il % S 4l B A8

13,3, 2795 0] e de ey (1) W 4 43 3@ i HPLC 3 — 2
AE, HBEIWRENTLO mg/mL, fiff:: ZORBAX
SB-C o/ T84 (250 mm X 4.6 mm, 5pm) ; K&l
WK 214, 280 nm; JHiE: 0.8 mL/min; WEIMHARNZ
G (50.05% =L , TMAIHHBREELIK (£0.06% =
WO , RHBERM T 0% (A5 H, TED
WBIHIB, 4min; 0%~100%iishAHB, 25 min; 100%ii 5}
AHB, 6min, H: 25°C; HBJHFE, HEFERE: 100 pL.
WCHEMTTIA M S0 ) 28 e i U ZH 58, VR0, RIAS3
FHIAZ K (Cyclina sinensis peptides, CSP) .
1.3.4  DU-14540 i 4013 A I
1.3.4.1  4H 3G FE 4 S2 56

K DU-145 540 i Bl LT X 10* AN /mL i) % £ &1L
200 pLAEFA96 fLAK. 24 WG FHFER IR, WEZ A
M CIER B RER IR RInZd (CSPJi &K E 5 3
2. 4y 8. 120 15mg/mL) , &S A TATL. B
24 hjg BRF IR, BALINE R 4010% MTT 1B &5
ZE MR (phosphate buffered saline, PBS) 200 uL, k%
W HE4h, SEIGLE G 77 LR, R LN AR
150 uL, 7843#9%3% 10 mine KA BEARL TF490 nmis £ Akl
EFAFLIMODME, AR ER3 K. 1% N H 4
FEAME IS E A& B (half maximal inhibitory

concentration, ICs,) -
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Balmg. HEOHE GRS E T LR, B
Tl B N1 X 10° N/mLEIDU- 14548 200, &
24 h, FFERAFWAE, BEAXEA (EFERFRERTD
AUNZG2H (CSPIREMKEE 7592 8. 12 mg/mL) , ¥4
Fr24h, TEIE DAEE NS A AL
1.3.43  Hoechst 33258%¢ )/t Lt M1 5<

MR R . S K G A B R 1.3.4.2715
JiiE. 24 WG 2 bR 9%, 7 LS L AR AR I TR R 2 £
2.5%)% . [H €20 min, pH 7.2 PBS¥E2 ¥k, 0.5 ug/mL
Hoechst 33258%¢ Y Yeifi iR YL 415 min, #AJ5 FIPBSHE
2K, TG R T UEA .
1.3.44  ROSk M

TE % (reactive oxygen species, ROS) il 141 i
PR T LI A A PEE 13,42 0%k . HiOR
24 G, 4HH R EREVE A IFEAT BSO8R (1 000 r/min.
6 min) , JFIEMARAIEL1:1 000 JC M35 [ F 1278 35 A
2,7- A AN E T LREE (2,7-dichlorodihydrofluorescein
diacetate, DCFH-DA) WA EF4ii, WHEL N
2X10°A/mL, F37 'C. 5% CO MM =4 NI E
20 min, A T AEERE RO EE 74 e, BERE3~5 min
KRB B FEENRS . W E 4R 5 A & M KIF12
H RGNS R, TR TR A B 25 A N4
DCFH-DA. F#06 R F Wit
1345 &S T BB RIS

DU-14540 f % T8 780, W a4 ik
WREIRFEREFE) MINZEH (CSPRR&EIKEE /5 N2,
8 mg/mL) . 57724 h, HUHAL S5 (140 M B LA R 4 5L
2.5% )% T KRR AR [ 72, T ERBRBERK, R PE618#
JEG. HEV RV A, TES TR N g
EiELG
1.3.4.6 N2 B AR W0 410 i 2 A 7 JEE P A3 A% A

YN e b B B . SEIG o A R A AR FE 13,427
Jrike BUHAM ISR, T2 000 r/minE.0»5 min,
PBSHE2 Ko $ 50 & U 4 AF, B pL JC- 13750
A500 pL 1 X Incubation Bufferyi2%J, 10 000 r/min 2 {»
1 min, FIHEWHEIIC-1 AR HU500 pL JC-1 AR &%
A ffg 39 B 20 min, ZEIE F2 000 r/min& 05 min, 34
1 X Incubation BufferP/t4uf, #E2 K. JREIEF41H0F
1200 HE, T GE TR .
1.3.47 AL EERNDU-14540 finm23H1
SROES7

g L Rl BT . SR K 2 A B ] 1.3.4.27
Jiike BUR B A, HTAEEE 220 min. IR
1:100(% 55 FEHL A4 Cik & i ANEnVisiondl % i 7 &

30 min; ffH SRR T B A, AR U
P AR R, ERAKMYE: AR E YRS minf5H 4
BERREE MK . HRIEH, P ERRE . T2
WA TR
1.4 HdEgit 500

SEGEE R x s Kon, BRI SPSS 18.05 AT
BRFE T ZES, P<O0.05FKRNZEFATEM. KA ExceliR
HERE.

2 SRS

2.1 BRI
2.1.1 5 FhER ABF B SE

#3  SFEOREREEMENANNE B
Comparison of amino nitrogen contents of Cyclina sinensis
hydrolysates produced using five proteases
i WHEAR  BEAR  ALEAE  MMEAE BEOE
ANN%/ (mglg) 52540.26 1.40£0.07 7004035 3.1540.16 210£0.11

Table 3

BEFPEETE I 58 B MRR RS . pHAE 2 F T AT LAR 3
BT B RRASOR B DL /b 1 ORI g A = 5 B oK
th, fEKRBEMIIK. ANNEESKEERIEHER, E5H
BOG AR, WIER3FR, AN E A 1 ANN
EGaExm, AR T (7.00£0.35) mg/g, BMEE ABEIK
Zoo U B IR BT 75 05 9 R /K AR O B, Wk
TE A IV N AR 5256 i A 1
2,12 RJIER [ 1 I A T e AU P T A2 ke 5 R

R4 ANEOBEHE TS AEIEZ AR R

Table4 Orthogonal array design with experimental results
M5 ARNKE  BpH  CInEgE DI ERFE HHIR/%
1 1 1 1 1 1 50.7242.54
2 1 2 2 2 2 6.52+0.33
3 1 3 3 3 3 1.34£0.07
4 1 4 4 4 4 61.74+3.08
5 2 1 2 3 4 18.804+0.94
6 2 2 1 4 3 45.41£2.27
7 2 3 4 1 2 88.05+4.40
8 2 4 3 2 1 15.534+0.78
9 3 1 3 4 2 42.394+2.12
10 3 2 4 3 1 33.96£1.70
11 3 3 1 2 4 0.3640.02
12 3 4 2 1 3 77.20+3.86
13 4 1 4 2 3 9.20+0.46
14 4 2 3 1 4 69.32+3.47
15 4 3 2 4 1 42.62+2.13
16 4 4 1 3 2 73.94£3.70

K, 30.08 30.28 42.61 71.32 27.31
K, 41.95 38.80 36.29 7.90 52.73
K 38.48 33.09 32.15 32.01 33.29
K, 48.71 57.10 48.24 48.04 37.56
R 18.69 26.83 16.09 63.42 25.42




P e AL =IT

2019, Vol.40, No.11 171

WIRART N, A2 KNI AT, 5 AN R 3R 0 i A
MR EFRm, mkzE (R) K/MED GEE) >B (pH
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100 |- x
Sr 80 F
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Fig. 1 Inhibitory effect of hydrolysate fractions obtained by

ultrafiltration on DU-145 cells

WELHTR, /NT3 kDaf B A DU-14541 i i 40
IR E, 53 (89.46+4.47) %. #ikE/NT3 kDall
BT T 20 4 B Al .

2.2.2  Superose 12 10/300 GL/Z #7452 4lifh 45 5

BU/NT3 kDadd i T 3RE shdk 47 B ig R L 20T, T
280 nmyE K- b HEL3 N0, BRUET. U2 FIE3, dnE2FT
e MTTVE R 7RG LN DU-145 40 B i ) 3 2k B
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B2 BRAERRER S

Fig. 2  Elution peaks on agarose gel column
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Fig.3  High performance liquid chromatography of peak 1 and the

T

peak of retention time 12 min

e B P 3a R B B[R] 299 12 minfJ U415 (TR
F16.32, EwE1999.79) HEiTUEE, 4Nl 54 H
KIS R T4 )9 Tle-Leu-Tyr-Met-Pro, 4 i &
635.82 Da, iy NCSP. Y4 12 minff W& 4l R
HPLCVEA M4, 75280 nmik K 4217 minff Hi ) 32 %
I, E3bATR.

23 ZH A A A S g R

1000 o4

oL D48h

*
< m72h W
5 60 *
?40-
20}(' ﬂ
00 2 ' 4 ' 8 ' 12 ' 15

JREIKE/ (mg/mL)
4 CSPXDU-1454 /a3 sa i £e 1
Fig.4  Antiproliferative effect of CSP on DU-145 cells

WEAFT7R,  BECSPIT AR 5 14 38 I A0 4 FH B 18] fr) 22
KXTDU-14521 ffd ) S A0 ) 2 Y J Tt e 24 CSPJ Ak
92 mg/mL. A FH ] 24 hist0#] 2 (9.894+0.49) %:;
T 24 CSPJR BV E 15 mg/mL. AE FH I 6] 72 hisk 4] 2%k
F (84.17+4.21) %, 1Cs0N (5.364+0.27) mg/mL, 5
YA 2 R B2 (P<<0.05) .

2.4 (E DB UEM RIS

AXIRAL; B~DJr A ACSPIREIRZ2. 8. 12mg/mL. E6~7. 9~10F,
ES5 M#EBHETDU-1454RINBEETHR (X200)
Fig.5 Morphologic changes of DU-145 cells under

inverted microscope (x 200)
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ME S, SHEAHADU-1459 ML &M, 2K

RiF, W MR ER L (K5A) 5 2 mg/mL4l
41 o E) B A K. REERRR CESB) T R IKE

(12 mg/mL) HAMIARR . A5, JEAEMAMM, 40
MOECH R A>T X IR, AT LR 2 BT B R R
FIZE4i (EIsD) .

2.5  Hoechst 33258%¢ Y YLt 4

Bl 6 Hoechst 332584 M £2DU-14541 iJ 254k (X 400)
Fig. 6 Morphologic changes of DU-145 cells observed by
Hoechst 33258 staining (x 400)

WE6HT~, XFHEZHA0 A% R BRI s, Han
RIS HE s T CSPAE FH Ja ml LA 7 A1 B i 45 4 2
s BE KB IG N, E Al soR >, i
EWRRBSR BIESAFN, ARG, AR
BT TME.

2.6 ROSH; |z 5

E7 CSPESDU-14541EPROSH =4
Fig.7  CSP induces ROS generation in DU-145 cells

W TR N, 6 R ZH IR D B O
5xMALE, £CSPIEH JG» ot o &1,
LB 5 R A BE 1A 3 0 % Ol B B A K I 5 . IX R B
DU-1454f g )y ROS 7= A= & Fifi %5 CSP i 2 34 5 1 384 Jon
TSI SR
27 ESTHT R ISR O T A 4

RS HT~, *tHRZHDU-145%1 ks 7224 h/s v W40
RMAMEE, WEESHN, BAEEAOEE, 6
R EI A, S %A CSPALFE 5 40 i i) 8 i 45
R A N B A, Jet )il 7% N R IRE R EE
B2, HorMmEs “H 27 R, HIET M,
Bt 45 CSPRR =K FEZ MBI, AMIRMIAR BN K, M

WAL KR W, JFHI T KA1 B, 40
PERZE A8 T, RIS T A0 P

AXTHEZH; B, C.CSPFi K4 /92, 8 mg/mL;
LEBEA L L R AR LA R .
8 CSPiEfI24 hj5DU-14521 B (% 3700)
Fig. 8  Ultrastructural changes of DU-145 cells incubated with
CSP for 24 h (x 3 700)
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Fig. 9  Changes in mitochondrial membrane potential of DU-145 cells
treated with CSP
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MEORTLLE H, 4 B RBRFRIR I (I B A7 L 43,
H TR RRER TR AL . 5L, 2.
8 mg/mLA112 mg/mLZH I A7 R R4 7 812.12% .
20.71%F125.07% . BECSPJR S FERIIE K, ZehifRfE g
LR R RBE 2 36K, B &R A 40 M 08 T i 40 il B 2 B
g,
2.9 A AL ARG M CSPRTDU-14541 fgnm23H1 2
HFIBA R A 45

E 10 CSPXDU-1454ignm23H1%E [ &5 155 m (X 400)
Fig. 10  Changes in expression of nm23H1 in DU-145 cells
treated with CSP (x 400)

WIPE10fr7R, nm23H1E [ R IA iR 5T Pyt B
Ao C0 2 o R 2L K 0 0 L LS A SR s, A Tl 40
S (E10A) . FEECSPHUEREZI M, W T
FF 240 B 5 T S 0, R BT A DI AP 57 € 32
TR, BT EAZAINL, ER oA B IR

3 9 #

AT A SR 9 5 LU A A A i B R A L 1 e
S F 20, LA AN bR 40 B3 1 P MT TV AT 07
WP, AW TR AR VA IR CSP, SMTTIRR W, 45
REoR, B CSPJ R 3G A A 2 K
HXTDU- 14520 i ity g g il e B 2 B 7, HEAA R
B R) S R . M CSPRREIRE N 15 mg/mL. £
72 hJg, 4MH]%Eik84.17%, 1C5,N5.36 mg/mL. [7]ff
DU- 14540 A T A R A= AR Ak, SR B 40 M ) B A K
TEAAKUN . Rz 45 20 B3 P H B 2 VLR J i T2/
A, FEAR R T /AMA I TE B3R BA CSPAIHIDU- 1454 i 1) 3
YA S AR TR G

ROSEFFMMA LM T —FEEREK, FHLE
HE5MBARIER. R, EARKERN, FEHLE
P LUR UL 4L . DNASASR G A4l iy R (A8, 5t
i3 R 4 ROSIE W E NI E(E, TEibir 215
AL SIE BRI R TE S, SRR,
A3 40 P4 72 2 B 2 ROS . fEROSFHR TS R, BT
FHAIE AN, HERE I S — KRNG5 R

SYiRET, SEMIRTE TSR T,
51K E B R RIR MR . ARRF RS R EM, CSPIEH
JaDU- 1454 fEROS [1) 7= A= & B S 36 hn,  HL 52 77 & A it
PEo BHFU R 2R F AL 5 AR T Sk
SEThBESEL T bR 0 A I AR R B ) S AR 9P,
T 20 AR JEE LT 2R AR B IE I 1D 1 B A2 A R
FIAA T FAE . SRR B ARRE I, 55 ) HE 4 20 g
A, CSPAE FH J5 DU- 1454 il 1 28 b A4 i i or 52 56l 28 1k
Fetath, BEECSPIUEAEN N, R e AL T P 2R B 5 3%
i, MA.22%K N E125.07% . K LHENICSP ] At @i #) %
DU-14541 g 7= A K B [ROS 5| L 28R AR B M 028, M
MR ST . ] WA IE T /015 5@ B £ECSP
FTi% S HIDU-145 41 A T FE ip R 3 S B AR
PEARIE , 90 % IIRE I N 5 28 R A0 T J5t IR 40 A2 b e 114
HR RFEMER, R R b % R 10 75 ik s 25 )
SR B SZ IR I PR R AR R R B, — LB 5 iR e
RIFEALE B YIAH 9% 1) 73 1 FE s W as R B, 5 1m) 245 P 1)
7 448 Ji DA >4 I B I R 24 P ik O B R T BRI AU 2 —
nm23H 1% BT 2 R R AN LR, H R R B ]
VER I A T 7 () B E e br . ATARIATE S 45 R 5
N, nm23H1E HFRIE SHFIIE R KA BBMALE
REYIMI, B 5050 IR B IS R R IR AR,
G AR R, X RAIDU-14541 g HFnm23H1
BAMEFLEERMK, CSPIEHERIAEREMEECSPH &
W 38 0 = . BB CSPRERS L HEnm23H1 2 (1 7F
DU-145Z0 i 3k, 0 T-H0H L H45 BAA EZEH,
nm23H 15 [ 38 & 0] DLUSCA TR CSPIE 14 148 Ax .

4 & ®

ARSI R AR NE A, ERNE L4, pH 7.0, /I
fi &1 500 U/g. RJE45.0 'C. FEMARIS [E14 hok i N X G
WL S B AT B AR, 28R . BERWEEE R Z AT
HPLC /) & 4 b i &3R5 CSP, L% LM 715 3 H
L 7 %1 Nlle-Leu-Tyr-Met-Pro. TS5 R FK R, CSPHE
HIDU-14540ja 38 sE, H 2N SF) K08, Fa
AHAR I T T A SRR, AR AL 5 DU-14541
ROS. nm23H1%K 31K & B34 0 LA R Sk 4 s o (1) [
RGBT Hl i Fp 5 546 51 I8 T i AL ]
BT I FuE st .

Sk -

[I] CROWE F L, ALLEN N E, APPLEBY P N, et al. Fatty acid
composition of plasma phospholipids and risk of prostate cancer
in a case-control analysis nested within the European Prospective
Investigation into Cancer and Nutrition[J]. The American Journal
of Clinical Nutrition, 2008, 88(5): 1353-1363. DOI:10.3945/
2jcn.2008.26369.



174 2019, Vol.40, No.11

E6miltl Z

XEFE L

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

IRIGARAY P, NEWBY J A, CLAPP R, et al. Lifestyle-related
factors and environmental agents causing cancer: an overview[J].
Biomedicine & Pharmacotherapy, 2007, 61(10): 640-658.
DOI:10.1016/j.biopha.2007.10.006.

MORUA A R, HALVORSEN K E, MAYER A S. Waterborne
disease-related risk perceptions in the Sonora River basin,
Mexico[J]. Risk Analysis, 2011, 31(5): 866-878. DOI:10.1111/
j.1539-6924.2010.01570.x.

CENTER M M, JEMAL A, LORTET-TIEULENT 1J, et al.
International variation in prostate cancer incidence and mortality
rates[J]. European Urology, 2012, 61(6): 1079-1092. DOI:10.1016/
j-eururo.2012.02.054.

R, TRIBYE, BRI, A b E R4 B RO DR R AT s
SIHTIIN. IR IR % 4 35, 2013, 18(4): 330-334.

LIU M, ZHAO X G, ZHAO J, et al. Induction of apoptosis
G0/G1 phase arrest and microtubule disassembly in K562
leukemia cells by Merel5, a novel polypeptide from meretrix
meretrix linnaeus[J]. Marine Drugs, 2012, 10(12): 2596-2607.
DOI:10.3390/md10112596.

YANG Z S, ZHAO Y Q, YAN H Q, et al. Isolation and purification
of oligopeptides from Ruditapes philippinarum and its inhibition
on the growth of DU-145 cells in vitro[J]. Molecular Medicine
Reports, 2015, 11(2): 1063-1068. DOI:10.3892/mmr.2014.2788.
EESR, WO7IT, MR, A5 IR U R[] B EZ s, 2014,
25(39): 3722-3724.

FRIRF, B, PR, S A SRR IR AT ORI E4 B DL
JULPAT o A ORI 28 S R R 3 i [0]. AR 22, 2017, 38(4):
170-176. DOI:10.7506/spkx1002-6630-201704027.

g, A E, ERe, 5 HiR 5 UG IE R i S ].
Ak, 2010, 31(23): 366-370. DOI:10.7506/spkx1002-6630-
201023081.

IRHEZL, FERS W], GARAE TS AUl (50 0], I 25 [ R [ 245 4%
&, 2007(3): 662-662.

KRAFF E, SOUDANT P, MARTY Y. Fatty acids of serine,
ethanolamine, and choline plasmalogens in some marine
bivalves[J]. Lipids, 2004, 39(1): 59-66. DOI:10.1007/s11745-004-
1202-x.

BACHERE E, GUEGUEN Y, GONZALEZ M, et al. Insights into
the anti-microbial defense of marine invertebrates: the penaeid
shrimps and the oyster Crassostrea gigas[J]. Immunological
Reviews, 2004, 198: 149-168. DOI:10.1111/j.0105-
2896.2004.00115.x.

ERR, M, BA0E, & A iR SR I /N R T RE I
S [). o E R, 1998(2): 26-29. DOI:10.13400/j.cnki.
¢jmd.1998.02.007.

BINRIR, MKk07, THEDT, 55, 508 2 RSN S A O A S i
Je T VERAE T[], o B RO RIS 24, 2010, 19(10): 28-29.
ABDULKADIR S, TSUCHIYA M. One-step method for
quantitative and qualitative analysis of fatty acids in marine

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

animal samples[J]. Journal of Experimental Marine Biology and
Ecology, 2008, 354(1): 1-8.

GU R R, YUY S, CAT Y L. Analysis and evaluation of the
nutritive composition of Cyclina sinensis[J]. Chinese Journal of
Zoology, 2006, 41(3): 70-74.

LI X Y, DONG Z G, YAN B L, et al. Analysis and evaluation
of nutritional components in Cyclina sinensis and Meretrix
meretrix[J]. Journal of Food Science, 2010, 31(23): 366-370.
JIANG Changxing, XIONG Qingping, GAN Dan, et al. Antioxidant
activity and potential hepatoprotective effect of polysaccharides from
Cyclina sinensis[J]. Carbohydrate Polymers, 2013, 91(1): 262-268.
DOI:10.1016/j.carbpol.2012.08.029.

JIANG Changxing, WANG Mingchun, LIU Jun, et al. Extraction,
preliminary characterization, antioxidant and anticancer activities
in vitro of polysaccharides from Cyclina sinensis[J]. Carbohydrate
Polymers, 2010, 84(3): 851-857. DOI:10.1016/j.carbpol.2010.11.027.
JIANG Changxing, XIONG Qingping, LI Songlin, et al. Structural
characterization,sulfation and antitumor activity of a polysaccharide
fraction from Cyclina sinensis[J]. Carbohydrate Polymers, 2015,
115(22): 200-206. DOI:10.1016/j.carbpol.2014.08.095.

RIRIE, WK, AR, 45 FIREERE 2 IR SN TS TE KR ().
W25 20 (IR BHERR), 2015, 34(1): 45-49.

MRENE, MR, 4E, . T IREEE L IR RAW264.7 N2
1 S 28 A 15 FLT). A fRRLE, 2019, 40(7): 185-191. DOI:10.7506/
spkx1002-6630-20171214-163.

WU Z Z, DING G F, HUANG F F, et al. Anticancer activity of
Anthopleura anjunae oligopeptides in prostate cancer DU-145
cells[J]. Marine Drugs, 2018, 16(4): 125-149. DOI:10.3390/
md16040125.

HUANG F F, YANG Z S, YU D, et al. Sepia ink oligopeptide

induces apoptosis in prostate cancer cell lines via caspase-3

activation and elevation of Bax/Bcl-2 ratio[J]. Marine Drugs,
2012, 10(10): 2153-2165. DOI:10.3390/md10102153.

i, koK, BAEDL, &5 v R A BT IR R TR 0 B Al
Je S e U] BAR & SR, 2018, 34(5): 24-31. DOI1:10.13982/
j.mfst.1673-9078.2018.05.004.

TR, THEY, kw5 WA B E 2 K6 & & H
PUI R ASAOAH ML G PR [J]. i B2, 2017, 38(12): 27-35.
DOI:10.7506/spkx1002-6630-201712005.

MARITIM A C, SANDERS R A, WATKINS J B. Diabetes,
oxidative stress, and antioxidants: a review[J]. Journal of
Biochemical and Molecular Toxicology, 2003, 17(1): 24-38.
DOI:10.1002/jbt.10058.

B, i, meld, 55 LG R DR OR S 1 R
i S5 IR TR R[], B R RRSE, 2018, 39(9): 116-120.
DOI:10.7506/spkx1002-6630-201809018.

YANG Z S, XU Y F, HUANG F F, et al. Associations of nm23H1,
VEGF-C and VEGF-3 receptor in human prostate cancer[J]. Molecules,
2014, 19(5): 6851-6862. DOI:10.3390/molecules19056851.





