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% 5% EF Runx2 FA Osterix 7& 38 & 45

(Cynoglossus semilaevis) R H1 %

Bk

IR R IE S

L F EZET BXR MHF
CROL M L T 5 TS0 LRl VU 15 4 A ST
oK RRE BB SR BT # s 266071)

HE #XEF Runx2 #1 Osterix EHFHEHWERATWAZIR Y EAEZEZERN, RTE U
Runx2 fn Osterix #EAENFARINL, FA LR KELEE PCR KA T AN ZEFEFIEEH
(Cynoglossus semilaevis) & # 4 Rk ki R AR KB M B REKFENARXERL T, Runx2
0 Osterix TEXHE/KR AL B3 NARFEAR; ZWoA, HEBAL PRI ERT, EH%. WE
ARAFRZ, £F. . BEHALFTRAMBINRE, EFXREBFRRFNEONY . F&. e
Yp#), Runx2 1 Osterix it F MR AFAEW T : 1) AR, Runx2 £ EM 5 B Rk K FaeE,
HERERE R, T Osterix ki K FEZRMATMNEEFERBEMAZ R AE, RABMLE G EAIEHR
Wy ARG A — W B R M 2) Runx2 1 Osterix 7 1-5 BT & MBS kA K FHEA LA T E K
KBy &%, T 10-90 BV, e MBARENAF TN EINE, KA EAE—ERENERSILMN; 3)
MAMUSMERE T, NMEENEAEAEBRLEA-90 E¥)VEETZ MM ALK, FARLERELN, Runx2
Fa Osterix ZHETH LRSI B EFRENLATMEEKLZFTRAE, BASERAE. RANHEAREH

it —F o R
e 30

hESES S932  TEHRIRAS A

PEFEHE H(Zine finger protein). Runt Z5#J%HE H
(Runt-domain protein), HLH % (HLH protein). 4%
MR 5% 1 (Leucine zipper protein)%: 2 fpf 5t
- 7E W L Bh W) e A Y 5 RN o3 Ak AR v A s T
EVEVE (Aubin et al, 1996; FMNEFRESE, 2009)., i A [d]
AU A Y 53 A IR AR 32 B & A S R R R PR
S F AR (Yamaguchi et al, 2000), Runt #5555
A+ 2 (Runt-related transcription factor 2, Runx2) X Fi
#4546 F al (Core-binding factor al, CBFAL), &
Runt 454 35 F 5K % 1) %% 5% [ F-(Nakashima et al,

W FEH; Runx2 2 F; Osterix 2 H; mRNA kik; BEHEF MK
XEHS 2095-9869(2015)05-0001-07

2002; Nishimura et al, 2008), EAWFITEH, Runx2
TEMFLBN Y g MR & e s T A Rk
1525 FEAE 1 (Otto et al, 1997), Runx2 K&[H 24 P bk
Iy /N B B 52 2 0 B Bk (Komori et al,
1997) BbAh, Runx2 F PRSI /N BRUH R PN B A FR
H 5 I AN BE & 4 (Enomoto et al, 2004), Osterix /FEH
WL B 15 T8 BT A5 %) S B 2 L S P e SR PR 1
H G =¥y R 545 1 7 (Specific protein 7, Sp7).
FEHEMEINWIN Osterix FEFIAT B, JFHAE
B 240 B 531 i 0 B BOES 4 T 5 A T (Nakashima

* E K A IRB 4 (3120198 1) AP [ - 5 Bl 345 (2013M531658) L M % B, & 7€, E-mail: magian@ysfri.ac.cn
O @EIRMEE . FEEME, P56, E-mail: zhuangzm@ysfri.ac.cn
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et al,2002), B8N, Osterix KPR EEER G /N o8 4=
B, MECEREIER, WL Osterix VEHRE i H 4
JLE ] B S R, A AR Y A3 A A BE T
7 EL A7 B . Oh 25(2012)38 i X i 9 B Ak i
HATIESE . KB Osterix [FIREZHCE A0 ML 7160 LB
2 sk B b B G BRI R . AN, Osterix XT/NER
BT SRR B A R T ARG B 3] AR S AN TR
& H BBt (Nishio et al, 2006).

Nakashima %5(2002)# i, Osterix &2 /N 1]
FIREH KR Runx?2, TFERLEE Runx2 FeH i)/ R
W1, Osterix W% 557 W) A 6B 8 oo s i 2]
FHE AT HEM , Osterix 7E Runx2 W) R A T B 40
M 434k . Nishio 55(2006)i i #f— A FTUESL , Runx2
3L 5 Osterix Ji 81 F X 3 DNA - B (55 5 25 & ik
M5E XS Osterix WIHTT . LA UL, LR 5%
e A B HESh )i ik 2k KB I B rh
YIMISE, BHET, 2S5 Runx2 Fl Osterix B s &2 4L
LR T WARTE , BN sk a2 K AT
IR, JUHAE AR AR . KSR L
VERA TFR AN

ORI R IR, MRNIEARE . AR
A FRAREAR M RIZN . AT F R A O . A7l
MEf g 4 & F ek, RadSfuERok. 4
T2 . Bt AR A a5 i i U I (BRI, 1991,
Blaxter et al, 1974), 1 H 12545 0 B 5 a1 2K 1 Ffk
RE, HAE MRS A % B I R HE (3 R ER o 48 1 —
MRS R T iR B & B d R TP ANTIE S
5k 07 2R A, AR B S AL B R KA
EAA o MM B ARy AR A S 2 —, H
RAERBEARESMEN K EEAT 77, LA E
WrBerba s R A L R B TGE T IR X liE
VKA MR AT A A A S I BRI, BFoE fa e L
AR BT RIS, JCHEE R A . K E RIS
BILTR, X 48 7 101 8 W B i) S R 1) B P55 3 )3
A B B RS R

A 5T 1k B 1 & 85 (Cynoglossus  semilaevis)ix
— A SR IS IR R A N BFSE 2, 3T Runx2
H Osterix FEPTE o 85 £0 T 19 4 2L 3R 3K o0 A
fit, FfiE— ARV SR N T mRNA (R A H
WrBe(ORI . AF A AN 4 £ ) i Rk KT AR
PR e — 35 ARG, LUE 7R P S R A2
T S R A F B B IR AR, O] S AR e
R E TSR 45 K 7 28 7 BB BEAl

1 #MRE7E®
1.1 sRIa#st

e [R5 6 0 4 20 3 T 4G 0 2 i BB D AR
S BRI K 7= IR E A BN 7, BUR R 3 % fa 12 R (M
Mg 6 ). Horp, MR . (AR5 510(583.0+
61.3) mm. (1479.2+280.8) g; Miff Jy(333.3+14.3) mm.
(170.3£16.9) g fEHIFEo BIBCL NG . W)4E . 6.
O o ST 177 I = S || NS I < P =Bt aa s
13 ALY, STEPEAE SRR A R, 7EAGER
BT E-S0CHBAURKR PR 1ih,
5 4 KM (199 1) 1T Bt 35 5 (2004) X 2 ¥ 7% 55 45 171 S
R F B BRI bRifE, SEEUH TR A E B B
Runx2 K1 Osterix FHe[R 2K F 6~ 1 5 A
(Do LIRFER I FIRE D TR 428 RNA
I FEEL

1.2 & RNA BJ4EEFN cDNA £—# &R

H 21 T T 8 A 1) A 2 SURE RS TR R B B B
e ERA T EE, fIH TRIzol %
(Invitrogen)#EHUE. RNA . 2RIk B Fali fiE, DL
U RNA AR, | H PrimeScript RTase {7 &
(TaKaRa) 5 55 —4 ¢cDNA,

1.3 3|¥igit

MR HE A S0 2 A W TE B AU 2 W S B8 Runx2 AN
Osterix F:H ) ¢cDNA 4 J¥ 5] (GenBank *# %% .
KC422342 . KC422343), ¥t FHFSEm 98t # PCR
K 19 541 (Runx2-RT-F/R . Osx-RT-F/R), 5|47 %
R R 2,

1.4 Runx2#AOsterixMRNARA A H REERH
2B M B FRIEKFRT

N F LR 9t E T PCR B 3E, FIFE RS
514 Runx2-RT-F/R Fll Osx-RT-F/R(F 2), DI} &
55 —4%% cDNA WAEAR , K5 Runx2 Fl Osterix mRNA
FEF T B A AR 1 1 203 A LA KO R R B B B 2R
KAk, ANEE 2 FirR, 4 B E BUAE { K F (Elongation
factor 1-alpha, EF1A) 1 18S #% 4 {& DNA(18S
ribosomal DNA, 18S)%EHAE hok € & PCR NS
FK(Ma et al, 2015), SZE S SYBR® Premix
Ex Tag™ i3 & (TaKaRa)#/EULH], £ ABI 7500 %4
S B PCR X EilffT. FrA B4y 1
RORKM (E>90%, R*>0.990), #5E = PCR =44
WMFPEGE, AR E 3 M ER .



%5 o A BN T Runx2 Ml Osterix 16218 5 85(Cynoglossus semilaevis) - &% & B BEAU B 714 3 35 007 3
x1 BRHABEMERFBEHEM
Tab.1 Samples of C. semilaevis during the early developmental stages
YR Eggs ffa i Larvae
Huke R 5 391 40 WAL RTMMEe Eiafrm TEENT O Lyl
Sampling Cleavage Gastrula Embryonic Hatching  Early-stage Late-stage  Juvenile  Fingerling
stage stage stage stage larvae larvae

NI 3,4,5, 20, 30, 40,
A 8] Time 3 hpf 13 hpf 22 hpf 32 hpf 1,2 dph 10 dph 50 dph 90 dph
$Uh Number 20 Ki 20 i 20 ki 20 i 6 6 2 6 6

T hpf AR R T dph Sy WEAL)S H i
Note: hpf: Hours post-fertilization; dph: Days post-hatching

®2 AHRETAMSIMEFT
Tab.2 Oligonucleotide primers used in this study

5|¥ 4 FK Primer name 5|4 7% Primer sequence (5

'-3") 1l Amplification target

Runx2-RT-F GTTCAGTCCGCCGTCCAATAGC Runx2 W56 E & PCR il
Runx2-RT-R TGAAGGCAGGACCGAACAGAGAA Expression of Runx2
Osx-RT-F CCCAGGACCCGTCTCTCTTA Osterix W76 E 1 PCR Failll
Osx-RT-R AGTTGGTGTTGGAGTGGACG Expression of Osterix
EF1A-F GACAAACTGAAGGCHGAGCG mRNA L F XD RN S
EF1A-R CAGCCTGAGAGGTTCCAGTGAT Expression of EFI1A4
18S-F CCTGAGAAACGGCTACCACATCC B R T Hr Bt mRNA 55K NS
18S-R CCAATTACAGGGCCTCGAAAG Expression of 18S
1.5 HiEAE (1.00-1.17); MIRRG & & BIIRAG A (22 hph) 3 5 H #3471

YRS S E B PCR IR C 18,38 ] 2744
HEATE Runx2 I Osterix FeRTE 0 & S0 H LR 06
FHAE R B BERY mRNA KR, ABF5E 0
45 R VIS Y E AR HE R 22 (MeantSD) s, IfF)
JH SPSS 16.0 Ak H1#5 One-Way ANOVA 341 Runx2
F Osterix mRNA Fik7E4 & B BBt a] 22 57 . 3% K
V- R B 2R AR OC 2R B (R) 6 75 PRI ik A 7 L
B BBt mRNA 35 828 Sl FUEE I AH DG 1

EREHH

2.1 Runx2 mRNAWAARIESGREERHA
M B B R E K

| S 298 Y6 1 PCRHE ARG I 4 4+ 58 A, £
Runx2 mRNA [WHLIFRR M. SR ER, Runx2
mRNA HA K Z WAL v, e b &R
e, HORTEES . F5EE . A AR R,
EH . BAFHLS P A RIE(E 1) P g
HAUH Runx2 ) mRNA Rik/KF-A[iEH | AL
128 fi% .

E 2 s, Runx2 mRNA 7EE H R LT
i B AY BR 24 AR I 1 (3—13 hph) B A S A Rk &

2

=
=]

X — KT HBL, Runx2 BRBKF- SRR BT
JR BRI S 12 10-90 Hi K T, Runx2 B3R
KA AE AR RIAIKCF 1T 80(0.38+0.16) 0 TEAMTIE
R BT A BEURE I 8] 6, 2F 3 75 885 Runx2 725U 91 (13 hpf)
RINERE, MAERIGYI(22 hph)AY mRNA FRikKF
A, AR R AR 25 15, 2578

S = N W A LN
——T—T—T— T

HX} 35 & Relative expression

B C D Gi Go H I K L M Sp Sc St
04 Tissue
1 28 E 8 Runx2 mRNA B4H L HR R0

Fig.1 The expression of Runx2 mRNA in various

tissues of C. semilaevis

B: fiKi; C: WK ; D: BE; Gi: #8; Go: MEME; H: O L
Wi, K: B L: i M: WL Sp: 1 Sc: AHE; St H
B: Brain; C: Cartilage; D: Dorsal fin; Gi: Gill; Go: Gonad;
H: Heart; I: Intestine; K: Kidney; L: Liver; M: Muscle;
Sp: Spleen; Sc: Spinal cord; St: Stomach
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2 3 4 5 10 20 30 40 50 90

0
3 1322321
hpf hpf hpf hpf dph dph dph dph dph dph dph dph dph dph dph

FHA% & Bt Early developmental stages

K12 Runx2 mRNA 7E= 75 5 50 4 7 B B koK -F
Fig.2 The Runx2 mRNA expression level during the early
developmental stages of C. semilaevis

hpf: SZA% G BH%; dph: H i
hpf: Hours post-fertilization; dph: Days post-hatching

FE M R, Runx2 mRNA TEONHY . {7,
MEf AR X 4 DR B BB ik KF
Tol #E XS

2.2 Osterix MRNARIEARZEN
M B B R L K

MAE 3 s, I8 Osterix mRNA 7E82H 21
 EAA W R IAACE, HIRFESE . PEIR . .
W . AL A SRS, R A 6 4
A RIRBWMT ., B EHEHEMA LT Osterix 1Y
mRNA FEK LN EREF AL 17 15

R E SR E TR B BN, Osterix
mRNA 7EBIZ4HA(3 hpf) . S (13 hph)FR ik & Ak,
MAEMAG (22 hph B E i m, MR R 25K

REAERHPRE

N
W

[\3
(=]

—_
w

—_
(=]

W

AN} FIA R Relative expression

0
B C D Gi Go H I
2141 Tissue

Kl 3 29585 Osterix mRNA 41 413818404
Fig.3 The expression of Osterix mRNA in various tissues of
C. semilaevis

K L M Sp Sc St

B: fiki; C: WJ4KH; D: ¥ Gi: #; Go: PER; H: O Tt
f; Ko & L: i M: LA Sp: M8 Sc: &4 86; St H
B: Brain; C: Cartilage; D: Dorsal fin; Gi: Gill; Go: Gonad; H:
Heart; I: Intestine; K: Kidney; L: Liver; M: Muscle; Sp:
Spleen; Sc: Spinal cord; St: Stomach

PR IR B BN | AR 16 455 MR
Jif & B AL (32 hpH) 3] 5 H i F X — L BB,
Osterix PFEKV B RBETH =GRS 1
10 H#$ 22 )5, Osterix mRNA Fih B AEAN & 7 B 1%
AR (36.31£13.62). 1A, 30 Highfid Osterix 1)
Tk m BRI AT E PR RE, Hka0h
10 HRAF R IEIG I SZAE B0 o 25 57 W 38 R o B 46 2R
FW, Osterix mRNA TEURH . (e, Mg
X 4 SRR E BB R IA K T 2 5

= NN W b U N
o O O o o o ©

FiXF A & Relative expression

(=]

2 3 4 5 10 20 30 40 50 90
hpf hpf hpf hpf dph dph dph dph dph dph dph dph dph dph dph

R % F W BE Early developmental stages

3 13 22 32 1

&l 4  Osterix mRNA 16211 & 5 0 & B W B 287K
Fig.4 The Osterix mRNA expression level during the early
developmental stages of C. semilaevis
hpf: SZA%JG I dph: H i
hpf: hours post-fertilization; dph: days post-hatching

2.3 BHIABEME® Runx2 # Osterix mRNA &ik
KEMTZHME

TR B R A F B B AR R, Runx2 Fi1
Osterix P5E A ) F ik K AFFE — 28 1 A8 Bl LA
e, FE I 4 AN B, Runx2 72U 24 (3 hpf)
HEm(13 hphBYRBAKFim, ERIGE22 hpf)
A% T Osterix 52 A0, AN IR & 5w ,
TEONZLN 5 E i W B AR #E 1-5 Hidfrfad, Runx2
H1 Osterix [FIBIKF R RIETHE G FEALH
M7E 10 H&J5a9HE . 2ifard, Runx2 Ml Osterix 1)
mRNA ik &K 2 IEEE WA SR, & —Eu
FIN 2k, I Runx2 F1 Osterix FE R 7 F
KB BB R A AT A CHE T, S5 SRR
FER By IR m LG (1-90  H )77 25 1Y A1 56
P (R=0.78, P=0.001),

3 itig

Runx2 F1 Osterix $IN N IEmEHHNYELE
AR B A PR B 57 [ F~(Nakashima et al,
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2002; Nishimura et al, 2008), ¥4k, EHNIMEHE
XTEELEY) Runx2 WITHE S AEHPLEIF R T K&t
%o BN, @FR Runx2 JERI/NR TS, RBH D
B S B R XE T AE T (Gersbach et al, 2004) ; 11t %
iK Runx2 BEREIEHE 40 ML 0 BB oAk, JF A S0 = g
A= A B AR (Phillips et al, 2007; Zhang et al,
2006). LA, KB A BE ] 78 5T T 240 MO AFE B fkask
T Runx2 MRIB/KF FIRGABET %, 2014), It
I UL, Runx2 WYERIRIKF AT 520 B 40 L Ak FL R &
. /R L BB, Runx2 INFRIBELR
TIRIRATS 9.5 RIYBRL, 12K 13.5difRiA
FERE /B AL (Otto et al, 1997), MG, Runx2 &K
VRIS T A B L E iR b, AR R N L A
BN B E 7 B B B H (Ducy et al, 1997; Inada
etal, 1999),

HAT, AKX Runx2 FEHR LR +0H
B o B #EAL(2011) VR 13 5 19 75 OB AR Runx2
S B o B AT I ARG T S AL R 2 RGE
ER N, RGN 8 hpf TP ik, LAl , Runx2
FE A B S A () 2R 06 TRk S 2 B, I H&RiK
TR T4 25 734k Ak (van der Meulen et al, 2005),
W LE R L, Runx2 M HES HAEMIS R K
KE, THEBHRMEL ., KELE. Wik, KRR
ok 1M T B Runx2 FE K (1) cDNA J¥ 51 343 #1 H
R BB FRIRKT- . R FR, g H a5
Runx2 7EURZLA | 7 ARG (3—13 hpf) s H AT fe =K
FFRIR, Bl JE R IAACE B RRL, R Runx2 5
HARA Al gefE il H SRR A T R B A &
TAER . BEAM, Runx2 7E2F 585 1-5 HiB AR
BT RE RS, X5 limura 5£(2012)
1E 4 fli(Carassius auratus) P BIWFFARL, B Runx2
FIKETE 1-3 HIZEWF e .

BRI AEREELBREZAAFZERZ N
FIP R R o R, A Runx2 FE VR W 7L a9 09 4=
KETSR, THENE MM LR, 2% T 59
LAY IE 1 VAR (E B 20 ) e 2 A R
i Osterix 5(Liu et al, 2001; Zhang, 2012), B[l Runx2
5 Osterix T8 KB WA BEEH . Flan, LidE
(2009) AR5 1% b s ok PR R 08 1) I P 49 JXE 6 £ 1 i
Bl 3 A EE A (Flores er al, 2006; Marks,
1989): )WLk, Runx2 765 5o 4CH FlE 8%
Jrbs A Ik 2 eRIE, Lh Osterix
WHFRB MPRE; WAL EIR, colla2 Fl osn

Ko AN, Osterix TR BEFFAAET Runx2 BT
e, HINEEAZ 3 Runx2 W, 7ERES A RHIA T
BB, Runx2 0383528 1 Sk i DX I8 ) At B 5 A o7
VR, HEXREEWH/RE Osterix A1 H A LIk
I (Li et al, 2009), I, Osterix 121
RH BB ZRIB AT BEME T Runx2 JEH

R 2. 18 4 Fiis, Osterix 752138 & IR G & &
T R KO 19 BLE T Runx2, Bl Runx2 )3
KAKCPAEIR 24 (3 hpD A I (13 hphfRerm, BESS
TENRIGIH (22 hph) BB FRA%; T Osterix TENRIE (22
hpf)Z i, HERIXKV-ZZE T & S, FFEmRTE
WK B R . AT, P38 Runx2 I
Osterix TEWT G KBS d, HIIREME MR
TR AAEAE—E I P, Runx2 RO DIREA T F B 1R
TOIZ . JFEI; M Osterix TENERG & B M BEAY
KIS T Runx2 . MAHRVE AT E5 R, fE R
BRIEAL S AT . HE. Zh BB, Runx2 1 Osterix %
KA mRNA W7 PRk LA T — 201 H W2 A
K, R IRV S5 K (0 A BRI AT RETE B4k
JEEEETRE, —EAhRS5aRR LT
ERKE R EE.

AN, Runx2 F1 Osterix FEHAEN- 15 B pl A
A ZH 2L o A A A AL, 3 W BA BT 28
AR S F R T A LUh (& 1, # 3), R
KEWFFRFEMH, Runx2 1 Osterix mRNA 553
KTHHLP, Jeong Z5(2008)4RIE T Runx2 FEHAE
NEAE AL . KT aaRik, RUHZH %N
TR T RES: 5 A FE R 45 S5 A A 3 A TR S AR R
T 5 Runx2 1 Osterix 3 PRIAE R H i 5 7K - 19 55
a7 1P A AE A AR R P o W R T T E T BE

EAMRERME, Runx2 1 Osterix WFRIAZF|H:
TR AR B, HIBAS A B (BMPs) K ik
) BMP2, BMP4/7 SR RIAF BMP7 )i
Runx2 1721k (Kundu et al, 2002), 145, BMP 2 16
() B 35 B DR B AR B TR A MUY Osterix Rk 1M
(Celil er al, 2005; Lee et al, 2003), HIHL A WL, HHES)
W B S K E RN ERMA . IFZ3 2R 1
KRR, 25 R R & 4 Z Al
FETE— & WM B AE F (Soltanoff et al, 2009), Hitk, B
B B O R 4 R DA 1 B S 454 5 T e 43 A T
s S R AR L L R E LS R AL
Ko ARWFRIERY Runx2 1 Osterix F&H 1] GETE 1 1
T R A B B EA —EIREEN, P HZ

1) ZLEL. SME p204 Fil cbfal Xt B R i & B FE AE A2, LR KA L BF9E 2R 22 e 3¢, 2011
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Temporal Expression of Transcription Factors Runx2 and Osterix
During Early Development of Cynoglossus semilaevis

MA Qian, ZHUANG Zhimeng", FENG Wenrong, LIU Shufang

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Key Laboratory for Fishery Resources
and Eco-Environment, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Transcription factors Runx2 and Osterix play a vital role in the formation and differentiation
of the skeleton in mammals. To date, there have been few reports on the regulatory mechanisms of the
skeleton development in fish. In this study, we cloned the cDNA sequences of Runx2 and Osterix in
Cynoglossus semilaevis, and examined their expression patterns in 13 tissues of both female and male
adults using qRT-PCR. The results showed that Runx2 and Osterix mRNA were highly expressed in
spleen, and moderately expressed in dorsal fin and brain. Next we detected and measured the levels of
Runx2 and Osterix mRNA at early developmental stages including the egg, larva, juvenile and fingerling
stages. The temporal expression patterns are: 1) the mRNA level of Osterix was always significantly
higher than Runx2 during all developmental stages in this study; 2) at stages prior to hatching, the highest
level of Runx2 was observed in the cleavage and gastrula stages and then it dropped to a very low level,
and the Osterix mRNA level increased and reached the peak in the embryonic stage; 3) at early larvae
stages (1-5 days old), the expression of both Runx2 and Osterix first increased followed by a decline; 4)
as for the 10—90 day-old fish, there was no variation in the expression pattern of Runx2 or Osterix mRNA.
These results suggested that Runx2 and Osterix could participate in the regulation of early development in
C. semilaevis. However, further studies are needed to explore their roles in the skeleton development.

Key words Cynoglossus semilaevis; Runx2; Osterix; mRNA expression; Early developmental stages
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Fig.1 Sampling stations in Liusha Bay
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Tab.1 Species list of zooplankton in the Liusha Bay

& Species fhZ& Species
Be e Copepoda i e Amphipoda
ZLIR 2 f K Acartia erythraea B2 3 Corophium sp.
R 25 e K & Acartia spinicauda RRCES Decapoda
E BT K % Paracalanus aculeatus FEE Mysidacea sp.
SR AT K Paracalanus crassirostris ESLN Acetes sp.
N K T Paracalanus parvus G SE LN Lucifer hanseni
K & Pseudodiaptomus marinus T B T A Pseudeuphausia latifrons
ThEEK & Pseudodiaptomus sp. Rk Cladoocera
W R K& Acrocalanus gibber AEJE = fA 3% Pseudevadne tergestina
OE B K % Acrocalanus gracilis S ski% Penilia avirostris
K AT K% Acrocalanus longicornis FAILZN Larvae
rhAEPT K & Calanus sinicus 1 By Fish eggs
LM K F Calocalanus pavo =i Fish larva
TR K & Canthocalanus pauper 18 e 2K 4k Copepod larva
o8 2 ik 3 7K & Centropages tenuiremis ESLISAILVN Lucifer larva
5AEN K F Clausocalanus arcuicornis KRBk Macruran larva
AHBCELHK & Euchaeta concinna KR4 H Nauplius larva (Macruran)
ELfI K & Euchaeta sp. Togh Nauplius larva
BHfJSfAKE Labidocera euchaeta VAZSRAIEEN Ophiopluteus larva
ST K & Neocalanus gracilis K Sh sh ik Ectinodermata larva
KB Sk & Oithona attenuatus Z BRIk Polychaeta larva
frj K8 21K % Oithona simplex R GEAREN Porcellana larva
i fA 7K % Pontellopsis sp. VANEN Small cuttle fish
KA /NESEK % Scolecithricella longispinosa (WP TN Stomatophora larva
VBRI ELAT K % Subeucalanus subcrassus KRR AR 4 B Zoea larva (Macruran)
HEIE 57K & Temora turbinata i LGN Amphipoda Larva
R EK & Totanus (Totanus) forcipatus SR Anomuran larva
BT KR K % Corycaeus gibbubus JE A 4 A Balanus larva
% KHR K % Corycaeus affinis Mcmurrichi R R Brachyuran larva
SRA LA K Pavocalanus crassirostris 1 i sl 4 S 4 R Coelenterate actinula
TR Medusae B Chaetognatha
ERIEZ N fgi 7K £ Pleurobrachia globosa P Flaccisagitta enflata
eIz Ostracoda Gk Zonosagitta bedoti
B ) LV Euconchoecia aculeata i Zonosagitta sp.
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Fig.2 The density and biomass of zooplankton at different sampling stations in the Liusha Bay:
spring (A); summer (B); autumn (C); winter (D)

B BPENAEHIREZE 0.5-5 mg/m®, BkZ 0.00-
40.05 mg/m’), FEEREFLL, MRS A
s T . B B RN IR X PRl s A
Wit T A A

22 MHBWHHPEHETL

KRB F A SR, HUBREMERE
(12 Fpy, W3R IR B 7K & (Subeucalanus subcrassus) .
% 2254 L (Brachyuran larva) . K J& 41K (Macruran
larva)7E45 T B A (R 2).

RSN SEEERESHSENRZE

& EMWEALT N2 R IUIRTE X 1 2 HEE R
B i = T AN BRI S E M, BR 2
PEFEECH BT TR, ELRINN AN 1] P9 s 7 1 3B sk 1Y)
s, BERIFE X SRR U 0.72; 4 FpRE2
PR DL FRHH X (1.85) 4D 1Y 45 X Z R PR 38 B E K &R =
2.5-3.0, HEUHE MR (K 3),

. HPIENRIX (4, 5 SH)BTRIr s 5
FEBCE AT HADTRGH X, Hoh BRI SN N

2.3

T B HEARKTE, A XA SRR BT
ﬁl\f%,é‘*lj\]{%?\ﬂ%mﬁ’%ﬁEEE’Jﬁj SRR —E TR
BERY TR (8 3)

P EES RXFERAM. RERFHEXHE
i

K H SPSS #AXT RAFE R IR IE Y F B . B
KA B N i AT A e 3B, KR Pearson AHG
REOPA LB 3). WRIFEI Y F S THREE 2 B
FIEA S (P<0.05) , 5 HABIAEE R F A 3
HZA, sy s S E RNF R A CHER
ﬁ% WSR2 W3 ARG (P<0.05) , H5EA . A
AW . EhE AW IR A O (P<0.01) 5 52

2.4

%ﬁ\ M2 E o, WORA VLY 5 B 7R OG (P<
0.01), H'5 pH & & & fAH15¢ (P<0.05) .

it 28 MRS 2 DCA 3B i it vk 25 1F
/\Eﬁf“éﬂ‘ﬁ Xk W el e B B U 20 (3 4) o
FEXTIFEEITT DCA 4301, SRR, FEEK

28 DU 25 (R DU HE R Sl DL AE —HE R il R Bk, A —HE
a4k 1,988, 2.025. 2.463. 2.545, fRBEM
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Tab.2 Seasonal variations in dominance of dominant species of zooplankton in Liusha Bay

& Species %7 Spring B Z Summer #ZE Autumn & Z Winter
¢IIR 9 Rk & A. erythraea + *
| R g K 25 A. spinicauda * + *
TETFREPTK & A. gibber ++
IR K & A. gracilis * * +
KABEPTIKE A. longicornis * +
fRI M Sk & Oithona simplex +
EF LT K 2% Paracalanus aculeatus * ++
INUAT K& Paracalanus parvus +
PR FLAE K P. cressirotris + *
V58 IR ELAT K 3% S. subcrassus + * + +
HIEE K& T. forcipatus * + *
9 2 0 7K 2 C. tenuiremis +
L ST Corophium sp. + * +
o ) L Euconchoecia aculeata ++
JE i B A o Flaccisagitta enflata * +
5 Fish eggs + * T
frfh Fish larva ++ *
KR4k Macruran larva + + ++ *
sH R R Brachyuran larva + + * *
“E7 R Y<0.02, 47 2 0.02<Y<0.1, “++7
“*” means ¥<0.02, “+” means 0.02<Y<0.1, “++” means Y=0.1
- 4.0 . . B
40 23 £+ Diversity 3 £ Diversity
3.5| =xx 5] Evenness 3.5 =% ¥ Evenness v
3.0+ 3.00
.°§ 2.5+ B é 251 _
£ 20} = 20!
%% 8
3= 15¢ ¥ o1s)
1.0} 1.0
05} % g 05 % %
0 0
1 3 4 5 6 7 8 1 2 3 4 5 6 7 8 10
SRAEVE i, Sampling stations SRAEVE 1, Sampling stations
401 0 Zhep: Diversity 40, 20 £k Diversity D
3.5 &R ¥ Evenness 3.5} == #5]J Evenness
3.0} N 300 _ -
— > W — W . 3
5 25} £ 25| -
: - o ln
= 2.0+ % 201
£ o1s) ® sl
1.0+ 1.0
0.5] % % g 0.5) g g § g §
0 0
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K 3

SKAREM 5. Sampling stations
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AR RAE 2l 1 77 s 2 HEVE S B SRR (A, Z(B), FK(C), & (D)

Fig.3 The diversity and evenness index of zooplankton at different sampling stations in

Liusha Bay: spring (A); summer (B); autumn (C); winter (D)
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®3 FHFFIVEE. EYWEESHEREFHEXMEWN=10)

Tab.3 Correlation of zooplankton density, zooplankton biomass and environmental factors (N=10)

NH,4 NO, NO; TN Chl-a POM

pH T DO SD DIP TP N/P

FE

Density -0.064 0.398" 0.196 -0.097 -0.036 -0.238 0.079 -0.043 0.166 —0.023 0.134 0.114 0.007 -0.014
(9181

ff_%i 0.442" 0.384" -0.438" 0.479" —0.410" -0.464" 0.496" -0.319" —0.204 —-0.073 0.187 -0.164 —0.241 0.464%**
10mass

*FRIORTE 0.05 /KF LB EMK, **FI/RIE 0.01 /K LK

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed)

&4 S5 DCANWHRDEZHNMER
Tab.4 Catalogue of zooplankton species in the Liusha Bay

analyzed by DCA

4578 e P Ak
Codes Species Codes Species
Cop01  A. erythraea Lar01 Brachyuran larva
Cop02  A. spinicauda | Lar02 Copepod larva
Cop03  A. gibber Lar03 Fish egg
Cop04  A. longicornis | Lar04 Fish larva
Cop05  C. sinicus Lar05 Zoea larva (Macruran)
Cop06  C. tenuiremis | Lar06 Lucifer larva
Cop07  E. concinna Lar07 Macruran larva
Cop08 L. euchaeta Lar08 Porcellana larva
Cop09  O. simplex Lar09 Ophiopluteus larva
Copl0 P aculeatus Larl0 Stomatophora larva
Copll  S. subcrassus | OstO1 E. aculeata
Copl2 T forcipatus Cha01  F enflata
Copl3 P parvus Cha02  Z. sp.
Copl4  A. gracilis Amp0l  C. sp.

YRR 35.8% ., 43.6%. 38.5%. 47.5%.
B—HEF <3, iE AL MERA(Estrada et al, 2012),

7E DCA 43#r 3Rl L, XFREEEFT PCA 4347 F
2 MR —RE D SUF R (] 4). HEFPES R SR, FIEsh
YRt LA W W Xk 22 57 . FF, BEBOLH
JE SR IR FLT K B ) LA S A Bl | A1 £f 32 4y A e ) TR
X, i 2 2 (IR ) R B A FAMNB RIS Y 1. 6
Sukfi; B, SRRSO 1 Suifi g, 4
SR IE SR BRI E, 5 5 u AT R
WL, E, BERE | St AR L0, Wik
KBRS 2 A s, &2, BB, MmO F%
AR TANERAE X OUHSE 3 Sulify), e 3, 4.
6 SN IR, FHIEIREELE 3. 4 S ARE .

3 itig
3.1 R B SN
L s A s, HLUKIEK (100

AR L E 2 (91 FiNGBH S, 2013), 20122013
ERRA RN, WY E RSt 7 2 41 L, K
RS IE 2RI 2 (29 Fl, & 70.73%). 15Ky 2Fdf ) AL
T, WUPVE T S A 2 b T VY R N B AL
5 (370 LA S ETTHE TS (217 R(FKA 2245, 2011), %
I FERVL O (ZETFRLSE, 2005) . 4715 7 (WOF 5L, 2008)
AL R . 5 2008-2009 4E PR IR JE A AT L, TR
Bl B B AR F 5K A 2F 55 (2013) 1Y S8 T B8 (49
Fly, T EESEQO13) S A AZE (19 FiNGEER 5).
T 5 A XIS R T s, R AR R AS i 2o 4
XA /D o DA I G VR 8 s 35 0 R K T B8 it A 4 )
HEAToRAE, HIZ N = 22 AR A K 1 7R i sh ) (K
B ORI R ZRAE)ARAE, X/ NELRR 2R 4
AN KE /N B TR Ui S0 W 1 A 3 AR U G I T e A )
(Wu et al, 2011), HEHMZE 10 LU GESEE%,
2013), R H| T B 77 A 9 6 /N A e f 264l AR 1Y)
Bl , VK T Y SR 4 1) 17 Ui 8 0 b 21 mT 8 L DA 1) 7
YA T8 o FT K AT R RV W L, H 3
BRI EANE B AT LA K R L N K R AR N
SRR AT K & . M BEER IR Sh A B B, K.
Ja R AR Z WS S F

BAKWE , TRlEsh AR . R R AR AL
¥ os BB T B RS Es m A L,
T e sh ) = B2 A 4 i 5o 2 B0 A AN o T N, Bk
7 (1) 17 Wit 20 W) 22 A 1 4 B R 35 50 48 B0 AL R AE Al
5 2Z AL

WG A MK BT bR (BRIE G S, 2011),
PRSI A <10 mg/m® MAE/KE, 10-30 mg/m’
HJHKSE, 30-50 mg/m® &K, 50-70 mg/m’
JHEIKE ., Hk, HEANER 1, 4. 5, 6 Sk
K, AR Y o R IR B 2Rk
Al gL TR AR 5 &4 R 2 850k 55 TR
AL F Ko

TR B F BRI A Y 4350 R 48.12 ind./m’ |
13.43 mg/m®, SERITIT | BRAKYE | S IR 45 g el k] 22
1 AU B9 Wi 4 B AL T 2008-2009
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Fig.4 PCA ordination of zooplankton community composition and samples
x5 WMINTERIYWEEENEHEMAKEMILR
Tab.5 Comparison of community structure of zooplankton between the Liusha Bay and other waters
. . N % I Y L .
i 0 it P I L R Sk
AR Species Abundance Biomass Diversity
Waters Investigation time . 3 3 . References
amount (ind./m’) (mg/m’) index
ZRYT [ 2002-04-2002-09 49 1131 203 2.30 IR, 2005
Zhujiang River Estuary  2000-10-2003-06 68 700 382 243
JLEREE s 1
2006-07-2007-11 370 — — — FRHEEE, 2013
Beibu Gulf e
XU 2007-02-2007-11 82 665 96 2.32-3.20 XIF 4, 2010
Sansha Bay 2012-06-2011-05 71 244 — 2.02-3.12 WAEZE%E 2013
TRIETS 41 83 88 2.00-3.47
Fuging Bay 2005-10-2006-05 17 161 P 3203 68 MAEH, 2008
Vai
%M‘, = 2001-04-2002-04 90 15800 228 2.20-2.87 HRYTAE, 2003
Zhelin Bay
KB 2007-05-2008-04 82 164-383 — — BFRE-45, 2011
Dapeng Cove
SHVT e A
it ‘I’ff% = 2009-02-2009-11 217 403(BE L) — 3.39 A5, 2011
Zhanjiang Bay
e 2008-03-2009-02 19 8816000 0-7 0.11-0.60 sy
25 s T EFF, 2013,
UL 2008-02-2008-11 49 85 132 2.29-3.39 B%,2
Liusha Bay 2012-05-2013-01 41 48 13 0.72-361  RATERE 2013
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AR AR, 2R R BCS B P UOR AA 2
19 5 v L5 S AR AL IR 19 25 (BN o 3k o 77 i 20 90 ol
B, 2F B A i A B R R B R RE LT AR
He K Y I FE 7208 HE L —FR AR . 2002 AR A BORTE
W 4B R 15.8 x 10° ind./m* (B K VT4, 2003), {H
2006 4E{L R 12.00-313.33 ind./m>, Bl 90 FhE
36 A (NS, 2008).

32 FifEh¥EESWEETFRMEXME

ek B i R g e L ST i B0 ) R R G R
o B PR BRI T (LIS, 2013), TR 507U
S BN A Yt 22 (R AE G RECR &, PRI Sh
FIN AR EN 5 Z BT « (B8 AT L 17 A 2 R AR AT
K /UK S B AR T P AR (28.84°C)
B(25.89°CYMiZ=, HIFHTERKZEHULEF; I flEFh
598 FE M ) 7K S AR R B AR A A 22 (19.51 °C) U P 3
Fofr 5 SIZ AT S b 288 W R R LT K 2R AR 45 34 B
TR S P 4 PR 328 A K TR X e v P AR 2 N L 2
(30.73°C), IFHBREZFETERTRNILHAF . A
SART R, EREE SRS AR e A TEAE DG (P<
0.01) o ik BEFNER BEXT IR S A2 16 AT — € 28 BAR
FH R 7R 25 AR Sh Wkt B 114 3 7 3 P (B AL
4, 1986). PHIL, IV A FER B A R (32.13)
TR E B IR (19.51°C), WA HMEFR S QN e 75 BT K 2%
BRI K 28 . B R I 2 A 18 R A X R el

T o, TR EY RS N TR
AP (R B RPN IEAMC), 15 P LR WA
PEELHS o R AHOC M 1Y 22 57 7T 82 th T 20082009 4F:
TV IE MR IX EEE R N BREI(N/P HAE N 3.94-11.95)
(EEEZ, 2013)5578H 20122013 4E14 P FREI(N/P
{4 21.65-1287)Fr5 & . AFFT A, N/P HLAE 5 17 i
S EME . FRE . SRR ECY A B o B
Y IEAH DG G R (A 545, 2013).

1 T8 /2 28 Sk FE P iR Bl W o I AR ) R T
Chl-a W JE 5 F0F s ) A W) ik S0 25 17 AH O (P<
0.01) o XA A7UAH S (A1 UL T 2 XU 55 (2009) %5 e M
B IRGE . 5 RIEIFIFAE Y IAE Y Chl-a $845
I, FRAFETFYIR POM 5770750 i) A 4 i S o
F A, POM 5171 sh 4 A= 1 i 1 A 26 R 4L
F1-0.464 (P<0.01) , X AJREZ M FIZHEsI Y B Yk
TRBRTEIEAE DAL, IR, LHEL =G4
B AR B R 5E 71%) (B 5%, 2006),

3.3 FEERNIZFHRDMEEEMNTN
WSS, 45, 35, 85, 10 Buifid

L FIAR X HRIX | B DL FEFRIX | A0S RO SR X
MBI SR IX . fF 4 DEENEAS, ik Dl
FREH XA TF e sh ) =F B B A g IR BRI, 2
SIERFREW I NS ., PCA /45 R (A 4) 5w,
1, UL FRAE X 55 %) B8 X 22 (0] 1) 77 Ui sh 0 Fh 26 3 i 2%
St FRBKPEIRAITE g2 X I i sh Y RV S A e
AR, AR R, IR E A X R 2
JE U8 AT I R T U Sh W TR (R FESE, 2012),
DU 3= 258 i B e G ik R AR W RN (B
45 1999),

4 AR X BRI LA N RIRR IR K
AR SR D R, AR K . TSR E
PrK 2 | MEREERHET B | HETE 98K S5 55 K Hh R TRl sh
ACAEXT R B0, Hodr, Wi ELH /K SR AE TR s B
T AR H(66.04%) , AT FAE XS R DA L Fin
rEfa ., DIFRBE XA D oA s B4, Wsk B /K & AT
JHE A0 H T B i v (L HE B T B X (4 ) o A
0.3%. 0.8%), HcfIRIEHBUAE RS D FEFRIX (430 0,
0.2 %), H/NRIBR L GRATFLAE K % | A IESIK %)
TEXT R IX A B (3 1 56.63% ., 27.08%), Hofth s
RUD DR B 5 Bk, A0 20 PR 7 L DXRIT T HR XA
DR LT AR 25 Rl K 2, 1 Be DL S 7R X A R
2= O P S NG REIE Y e N Ca W S N | 2
EAPKE, SRR K & . OB KR FE s,
i DU FR IR, (02 AR 550 DX RS 2R DL 0 DX 55
N o KRB B IR AL B B RN 35 R 25 A AR AL A T
V358 7 Ui A ) TRV P s T/ N, R e W 1Y)
i iE — 25 5 | e 32 R 3 V7 i 8 W 11 /N 4k (Pan
et al, 1997; kA =44 2011), HIL, fa, DFRGTESICT
I B DU SRBE ) IR T 30T e A SR T U sh W 1 /N LA

TR T N AN TA], 77K S Bb bl 2 i ) 22
T EIK & G AR B IR THEFRESE, 2012), FEAAXT
BRI E R AMEARN &Y S RN, 5N
B F, Wom K EF K E R B B R, HiE
AL 19.76 ng/ind.d, & T KEZFR . gikkKZF
A H AR L S (B TFALSE, 2012), {H 3R FL 48 K 35 6
TR ) BRAE o i B TR ) T, LTS R R LT
IKFEIE IR RS 3 ORI, 2004), K
V5 VR BT K AT BR X a3, /oL
IKFEAEXT BRI B S (B AR AR DUSRA XA, 35
FEXT I PR ) PR IR A o T, i, DUFRAE X
DA X R =

INBIAE IS F A T OKIRRZ , HEB/NIEE 2
FEAENT R X B e, HORTRI AR ZS (B0 . 615 4hik)
& WD ZEAT A7 0 B A7 5 A AR TS PE Y
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HE(ERSE, 2002), KUILH A7 X200
PFor i o BRI IEAE AR IR ORI, 3758 XN T T B
Y2 B RN, LT HIR 274K 8 fe 2
THEMFEFREX . NEREKE, LRSI
Wi, B DU 5% X sl ) B e A i — BRI, B
R DR FR AN, 22208 D B KPR Esh i B Y s 5
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0125 A TR0 X RS BR DL FRAE X, IR s 2 e PEdR
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RIS = Kk MUk a8 B, HRERETZ L,
PR VI 55 7K SC K 2R 3 25 5% M 43 A (Marques et al,
2007), BUICBRIE A A, DR EIE S mih, K
5L B8 T 18 5 TR XTI 10 3 400 T T 435 R0 R I 25 0 A1 1Y 5
i th A AR A (ZEFF A S, 2005). TV P AL
B8] 7K A4 e 85 55 (2 WA AR, 2014), JEZE | FR4E
o A 45 7 B it T W Sk AR TR K O R E B A ok %
(O’Donncha et al, 2013; Petersen et al, 2008; I
4, 2005), s T A& B E SR B D
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YyF B A AE ) I T AN SR W Y 1 S
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Characteristics of Zooplankton Community in Aquaculture
Areas of Liusha Bay

GUO Yongjian, LI Junwei, LUO Zhaolin, XIE Xiaoyong, CHEN Suwen,
ZHU Changbo", GUO Yihui

(Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture; South China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300)

Abstract Seasonal investigations on zooplankton community in Liusha Bay were carried out from May
2012 to January 2013. A total of 41 species and 17 groups of pelagic larvae were recorded, in which the
copepod was the majority (29 species). Subeucalanus subcrassus, Brachyuran larva and Macruran larva were
the dominant species seasonally in three quarters. The annual average density and biomass were 48.12 ind./m’
and 13.43 mg/m’, respectively. In general, the density, biomass and diversity index of zooplankton were lower
in autumn than those in spring and summer, and these indices in inner bay were lower than those in outer bay.
The zooplankton density was barely positively correlated to nitrite, while the zooplankton biomass had
significant correlations with multiple environmental factors such as nitrite, ammonium and total nitrogen.
Compared with the control (non-culture area), the density and biomass in the main scallop culture area, the fish
culture area and the oyster culture area were lower. Rarely found in culture areas, large and medium-sized
zooplankton mainly appeared in the non-culture area. In autumn, the density of Acartia erythraea was higher in
the fish culture area than those in the other areas. During winter, the diversity index of zooplankton in the main
scallop culture area was the highest (2.97). Large and medium sized species of zooplankton mainly appeared in
the control area in all reasons. In spring, Subeucalanus subcrassus appeared with absolute predominance
(66.04%) in the control area. In summer, the biomass of S. subcrassus and Flaccisagitta enflata were the
highest in the control area (accounting for 0.3% and 0.8%, respectively) and the lowest in the main scallop
culture area (accounting for 0 and 0.8%, respectively). In autumn, a spot of 4. erythraea were merely found in
the control area and the fish culture area. The density and biomass in the main scallop culture area were rapidly
increased from autumn to winter, although they were lower than those in the non-culture area but higher than
those in the fish culture area and the oyster culture area. The results indicate an obvious decline in the density
and biomass of zooplankton and a severe miniaturization of zooplankton in size in Liusha Bay with the culture
of fish and shellfish.

Key words Liusha Bay; Zooplankton; Scallops; Fish cage; Principal components analysis

D Corresponding author: ZHU Changbo, E-mail: changbo@ecowin.org
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EEPETFafMmENST

B #E REEPY BRI BFaY AEm’
(I FABBRAERAEE 1 201306, 2. ol MRIPEL T HFE R T SCR s LR ATl Ve
ARSI ARSI KIS W 2660715 3. T EERRE SRR MR
G RS SR EERE S 2660715 4 BEFREBRIEETGT K 26607

WE HETAEZEYEHERREN 23 REELAE RN TR, FRABASFEME K
DNA e ZAWE [ TERE(CO [ )HEAM Tk, TEEFHHEFNT & LIHATT 247
HRET, 2 BRRAETHERATEER, i, B%. B8, Weg. wilegf. Lk/ikk.
kk/ipk. RIAR/RE, RE/AKE, BTHLAMTANE%, HbP 4 BERAREKEZVNLER
B, S RARBEECANIEL, BRI FEISEACLEY, SHRRBEFEAENIL, 9 &
ELBRAEMNEABEREEREeaE, BEE2e, REXHNA 1 A5, 4 REKRELER, BF
PAT@EL, HeE, R, BHERMENGKEC; 7 1 RBRETHRERAS, HETHIUFF2,
kMEEHEARNTE A E/DER, BB, BmED, FEEHHMEE 6-7 MFEHK
Bo COl it ARG R, 22 BRasUiF & 2 A Bk % 5% 4 0.002-0.003, 5 L0
FaWREEEN0.134, S5HMMARWBRKWTE, @EMF &, LR TEENREEBRL,

# 0.057-0.067,
P35

hESES Q938.08 THEFRIZED A

Wi ¥ 0.2 J& T i 5 £f1 24X (Osteichthyes) . i H
(Scorpaeniformes) . Jifi ¥} (Liparidae), HFPZEEHR F
&, 45 31 NE, 350 43FF(Orr, 2004; Chernova et al,
2004; Balushkin, 2012), 2GRS )72, MR
S5 Hb , DA [H]H7 22 M R IK T 5 (Chernova et al, 2004,
Fujii et al, 2010), FEA TR BREFELK
W b3, R P KR L TR R IR K X TR A
O3, B 22 N R R (Stein et al, 2001), M
K1 H IR £ & T /E W) Ifi 7 44 J& (Careproctus) . Wi+
1 J& (Liparis) . flIWi -+ & (Paraliparis) 192 i 1 i1 &
(Psednos)% @ Ahzs, ZEFRENIFaRE 2 & 7 Fh
(Kido, 1985; JHPCZE4E, 1987; XIFi%E 1987; Chernova
etal, 2004), HrhEEiEA 18 S, GIE480+

WFa, BDAFHRE; AHEeZE MBI TER (CO1 ); HiFFEH
XEHS  2095-9869(2015)05-0019-07

fii(Liparis tanakae) . Ui+ f(Liparis chefuensis) .
S5 800 T4 (Liparis newmani) . B 4001 4 (Liparis
zonatus) . W JLilifff(Liparis petschiliensis), H#f,

WE & B 2 vl MR R IR R, 2R
B RIS RE T RILEF I i et al, 2010),
] P2 3 R SE i I - R A RS iz F I, a0
BEIIEEE TR, 1996; #E2£4%, 2010; Jin et al, 2010;
SRIEAE, 2011) . AEY) 2R RRAE ST IR 2 2 (R KNI,
1991; JAREMSSE, 2012; HAFHIRE, 2014), FhEELEH
(MR e, 2013)%% . IT4Eok, Temiig it b A B,

Wi 10 R AFAETR R B, (H R R RALLA F 1A
T, TE LRI T 2B 8 22 R iR s Hh TR & A 26
AR KRR, 1955, RITA A, 1963; XIFES,

* [ 5K H e BRI 5Y & SR 1T (2015CB453303) . [ K FrAkH: A 1E L Wi H (2013DFA31410) 1 1L 7R 48 %8 1L 2434 £ 10

4%, ¥ ¥, E-mail: yangt fish@126.com

O @ERMEE: BFIE, FIPFR G, E-mail: shanxj@ysfri.ac.cn
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1987). L, ABIFE Ik T il i A5 PR s i AR AE
B SR I T AR, Xof AT HOR AT R A
E, N HAFREHESEA TR . RN, 258 20808 DNA
MO RAE T WM (CO 1), X HF2EIE vt
TR, B BN 5 f0 e A AR e T e S il 26
{56108

1 MRIERE
1.1 HmER

ARHIFFE BIRE Sl R 2011 A 35 965 185 300 1] SR HL Y A
& SR, Ik 23 (458 S1-S23),
Ho 12 B AT, 11 BRI, 25
T FUEE bR IR KSR 70-295 mm,

1.2 SWAE

121 BAEFHIE 2 2% Wi A A RS
(RFFREE, 1955), iR ECRITMEE, 1963), F
KRG RKESE, 1987), iLTaidk. f
KPS, 1987) X Wi FH bR AR T AR 5
TOSRTT0E | Mot | EEE . REE . W) EREMEH, W
AR R IRE . kKK Wk IRERE, IR
HARFIL ST

1.2.2 #AEFIE K bR B /48 0 72 B BRI
fFEA ) DNA, 8% CO T FERAE R T4 2 1 Bz
FP, 28 Co L MEI it =R Ward 45(2005),
M LA T AR, 5197510 F1 FIRIGE 1),

®1 XBHAASIMEERT

Primer sequences used for the PCR analysis
3197791
Nucleotide sequence(5'-3")
F1 TCAACCAACCACAAAGACATTGGCAC
R1 TAGACTTCTGGGTGGCCAAAGAATCA

Tab.1
5194k

Primers

PCR JZJWAARZ A 25 pl: 10xZE M 2.5 ul;2.5 mmol/L
dNTPs 2 pl; 10 pmol/L 5[#) F1 F1 R1 4 0.5 ul; Taq
DNA ®47F 0.125 U, i DNA #5750 ng, FHTH
3 PCR 27 : S3°CiRk 8 IMEH; 54 CiRAk 8 4~
a5 55°CiR A 16 MEH . ¥ PCR =PATIF,
)R /i R 22 R
1.2.3 ArEE#EEH S A M GenBank FEPIET
FMi Rt 17 FOGFfA CO 1 FFIGER 2),

FIr A5 25 5 A NCBI A9 Blast T H(http:/www.
ncbi.nlm.nih.gov/blast/blast.cgi)FEAT ARG R , #fiIA
FE ARSI B R B . FIA ClustalW2 144t

k2 1UTHIF&EECO F3
Tab.2 The CO sequences of 17 Liparidae species
o BT 34 SIS
Species Scientific name Reference
sequences
il ES [ i} L. tanakae JF952785
BE 10 L. callyodon HQ712548
AR Z T L. tunicatus HM421759
110 L. gibbus HM421753
FWiF£a L. pulchellus FI164725
IR+ L. dennyi FI164720
9 [R5 11 L. florae GU440375
G K W14 L. fucensis GU440376
i ! L. mucosus EU403074
LN TR ] L. fabricii HQ712550
P S £ L. chefuensis JQ738424
ZILYL ] e Rhinoliparis barbulifer ~ GU440505
e ST Careproctus cypselurus  FJ164439
ME AL+ fa Nectoliparis pelagicus ~ FJ164906
(53] e 1) 0 - a1 Paraliparis pectoralis ~ FJ164977
EEMEMI T Elassodiscus caudatus  FJ164562
HEEE MM T-16  Careproctus rastrinus  JF952697

WIS FF M GenBank 2R AH G T 41 4T HE
JP, JFLF TRIE, Z2BRiAZITS]. H MEGA 4.0
VI H ORI LAY, . ol PRI i) 358 A% BB 25 ol ] 1)
S 1558 A% B B ] Kimura XS B0RE R HE1 7480

2 GRS
2.1 TEFHIE

I £ b AR g R AR A o] s ROk, anTy
g REE . EE . MiE . WTE R, SRR Sk
Komwpt | IRMEIRG/MRAE . R ARKSE, f 22 BIRT
MBI (£ 3), Hop 5 BAREE 5 AN BELL,
AR SR AFAE TR 25T, Sk B R iR A WAt A 90
SU(E 1a), 4 RARA IR 5500 W BB R BE(E 1),
9 BRI s AR LA 4 (o uk 5 B (A A, g
o, REEILIA 1| ABL(E lc, ), 4 BIAFLMEM,
HAEYITaNL, 1568, FBig | 568 KR 6§ AR S Ik
B 1d); 71 RE TR a, HE AL
WEA RNARERN AN, BEE . JGimEMN,
WEEILI PN A 6-7 MEENBTLEGEE 3, B 1.
HRT, I 0 A2 A AN SO 1108 32 0 AR RIS
(1R - e B A AR 3 R (0 R AIE 15 SCHR B8R S i) 22
WA, FH ELA [R) AR AR AN [ 9 dai 4 0 1 2.4 e Ak £
FRIE A TR, 22 FU8, 3R nr Hom el &1k
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Y VESE: B P T AR R A 21

R D2 R ORAFERE, 1955, KRITHAE, 1963,
KR, 1987; XIRAEELE, 1987)  WNAN LU T 1) B
SOEAFPIATCEh  S0E & 22 A0k, JF HAR K
PRI PR LS4 o A —BER PORRIAS A i i £,
T i PRt BRAR L 2 A1) A B A 6 B B 2 PR 2 A R [
2290 A F (5 #9730, 20127 FROHE, 2012), # i 20
LU f0 B XA €8 B AR R AL S0 72 S5 mT e 5 LR
Bl | B R SRR 1) & B R O, (R
BEHE— L WEGTIESE . FEPR A T R B, A0SO £ T] g
WAFAEAE O RE O, DB RN SR 4 B 3% B 3 i
WK, BETOJS 1-2 h, 568 KAFEESLERAR i (o,
HARNE @, AN, TS T g4 b(El 1b).
TEZS (B 1) RITEZS e(IE 1e) 53515 BESUIE - f0 71 o5 2
Wi f0 () PR LR AE A3 AT, P RE S B BUR A L FE A
FRA

22 BEFSMERMEEEEESSN

CO T 4057 5 e A7 R i) FH T S5 Wy Fb iy 25 51
AR B4R RENA TR T (£ P,
2009), FEIEAZFRIESE R 55 B 7 M S A1

B W fE i PR R AR (a—f 23531 AN R R SRR AE B 0 1~ 144K

Body characteristics of Liparidae specimens(a—f individuals represent Liparidae specimens with

Fig.1

SRS TR C) Iz i FH OB 45, 2010), 2245
(201438 1 X4 H 48 W I8 £ 28 AR AR 1 TR S RRAE K¢
Rk CO T M A BEp I BImFaT , K B 8 hnAs
hy A RV R R S S R b [ B, sk A %
(2014)iz 1 CO T X DNA FEHIbRic v 36 F 75 5 R v
I8V Y ) 4 Y AN ) R T A 2 S R AT
SR, RIVERIK VRS TR 6E)E , % Dipturus
chilensis HHA R4 . ARWFFER A ClustalW2 X i1
FARANY 23 4~ CO 1 #4r P FIM 17 B K KW
B co 1 AP F AT RIS, MR8 [FE)T
H1, KN 650-652 bp. FIFH MEGA 4.0, FrfikeAR
HEAGIF] 3 A PAAERL. ST, S3. S4. S9. S20. S22
PRI T, S5-S8. S10-S19. S21 NHfHAIT, S2
Sy BRI, Ferb B R T T S5 B 0 T 25 S K
ST CO T BN BT IRALAN, 4 FRsEERY & it
FeBAH T (B 2)0 G & B ik (17.8%, 18.1%), A+T )
T (52.9%, 55.4%) 5 T G+C F1(47.1%,44.6%).
Wi F fo Bl 408 L & = LB o A 23.1%, T
31.4%, C:27.7%, G:17.8%.,
SEETEASFRHE, AR E B AL T RIAEAS S2 H

P

different body surface characteristics)

1) Sy 3. DRRE SR R A BRI L ST, A R A T A 2 A S, 2012, 1-8
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:(5) W N8iF44 Liparis tanakae ﬂQfEhah‘, g&%ﬁ’ WK ZE. Higtaak. e, ﬂ—%'ﬁﬂhﬁﬁ“,
% 35: MSiF4 Liparis chefuensis 1963, 491-505
gw. XIS, Zakh. TR 2 Kik: ILTRERAR
E o] kL, 1987, 409-414
S 1s ZEPH, BRAHE, SRR, 45 KEEE EIEEEE (Sillago) f 2
ﬁ 101 20 s Fh—rh [ (Sillago sinica Gao and Xue, 2011). i
> HEVEAR, 2014, 33(4): 546-552
s 1 ¢ & e, 4t WOPRE. HO RSN SO T R £ D e
BH R Nucleotide T AR, KPR, 2011, 35(8): 1199-1207
T, PR, HBOW. Hi kA R s Bl
B2 WEiTF 5 maii T co T BE BB g%%?i‘)k, EEHE w, . A AR Y. duel: Bl
e o H AL, 1955, 266272
MAF BRI,

Fig.2 Nucleotide composition of partial sequences of CO |
gene of L. tanakae and L. chefuensis

MR, BIA RSO0 B T R BAfE R T
B0 sk M S0 F B S A fR R A e D i 2 5
Herbert 55(2003)il L% sh4 5 11 A~3h#1 189 13320 4>
YR TN , 4K 2 H0R N BHE BE BT 0.020,
KEHLT 0.010, A5 KH MEGA 4.0, T
Kimura—2-parameter 115 16 Fi R} 2 (1) Fh A
FFpIa AL HE B . BAEAY T, PAGERL 11, 4000 1a
(JF952785) ¥ 14 1] fiY 38 £ 25 4 0.002-0.003, FE/N T
0.020(Hebert et al, 2003), HPFfEm 1 | BafEA0 11 1y
R NS £ W1 £ P ) [R5 4 1 A 0.002—
0.164, V35 0.108, /NFRHNFHBAEIEE . S
TR R N AL RE SN 0.002-0.003, 5 R L i+
s PRy 0.134(FR 4), SIS Ffa . 412
Wit . SGEIF B2l 0.057-0.067, LR
BN, 0.214,

ABFFE, WEi+ /N (100-200 mm) AR
FEEZPAEE, 5E800 76 B8O, H
CO T % iE ¥ AN EUIR T, 3 H A0SO T f.358 70 hr
AR R A] HOR AT IR AR 5 D7 s SCHER P 25 5, X
5 A SR A A 2 38 AR B A0 28K R A BE 1Y
WA K, T B 5T.

BT : o B KA B R S K S B ST AR
B RS T 5T L8, R E R

& % X M

Frhig, SRS, BRORE, S5 MR LS e co 1 &
3. M 5T, 2009, 40(5): 608-614

FRUME. A S A SRR A o R R TR LRI
KEF2EAR, 2012, 21(5): 737742

WK ZE, AR, hEAERERER. bat: BE L,
1987, 483-487

SKEH, XE, kM, & BT CO T B MY vE R R PE
GG DNA SIEISE . KA Y-k, 2014, 38(6):
1161-1167

BROCNI. B it e b A= 2527 bt WEVE AL, 1991,
383-386

Mhok, S550E, AN, 4. BOEAsOii1 amiERE p AR
FRAsfk. AEAS2EAR, 2013, 33(19): 6227-6235

JAREMG, &R, BER, % BRI RSO T A R
SFRRE RGO =T AR, AEARR, 2012, 32(17):
5550-5561

AFW, Mrzde, JEMS, 5. S0 ma il g o o 5 4k
YRR AR PR AL, bRl EE, 2014, 35(3): 1-8

MIBOS, BRstss, ®OTHE, 55, ZET4ekifk Cco T ZEF Y DNA
SIUILEA B fa B} (Sciaenidae) S R G002 b B N . 1
51, 2010, 41(2): 223-232

ZUR. WL v S YRR, K™
Rl 1996, 3(3): 8-15

BEAE, IREERE, WORA, SF. JLETEANSUn T ik g A A W)
5T, R EK PR, 2010, 17(5): 1066-1074

Balushkin AV. Volodichthys gen. nov. new species of the
primitive snailfish (Liparidae: Scorpaeniformes) of the
southern hemishpere. Description of new species V.
Solovjevae sp. nov. (Cooperation Sea, the Antarctic). J.
Ichthyol, 2012, 52(1): 1-10

Chernova NV, Stein DL, Andriashev AP. Family Liparidae
Scopoli  1777-snailfishes. Calif Acad Sci Annotated
Checklists of Fishes. 2004, 31: 1-72

Fujii T, Jamieson AJ, Solan M, et al. A large aggregation of
Liparids at 7703 meters and a reappraisal of the abundance
and diversity of hadal fish. BioScience, 2010, 60(7):
506-515

Hebert PD, Cywinsha A, Ball SL, et al. Biological identifications
through DNA barcodes. Proc R Soc Lond B, 2003, 270(1512):
313-321

Jin XS, Zhang B, Xue Y. The response of the diets of four
carnivorous fishes to variations in the Yellow Sea ecosystem.
Deep Sea Res. (II Top Stud Oceanogr), 2010, 57(11-12):
996-1000

Kido K. New and rare species of the genus Paraliparis (family
Liparidae) from southern Japan. Jpn J Ichthyol, 1985, 31(4):
362-368

Orr JW. Lopholiparis flerxi: A new genus and species of snailfish



555 W VAR B D R AR T R A S 25

(Scorpaeniformes: Liparidac) from the Aleutian Islands, New Species. Rec Aust Mus, 2001, 53(3): 341406

Alaska. Copeia, 2004, (3): 551-555 Ward RD, Zemlak TS, Innes BH, et al. DNA barcoding
Stein DL, Chernova NV, Andriashev AP. Snailfishes (Pisces: Australia’s fish species. Phil Trans R Soc B, 2005, 360:

Liparidae) of Australia, Including Descriptions of Thirty 1847-1857

(B3 TIEK)

Analysis of Liparidae Species in Central and Southern Yellow Sea

YANG Tao'*?, SHAN Xiujuan>*”, CHEN Yunlong®**, DAI Fangqun®*, ZHOU Zhipeng®

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture; Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 3. Function Laboratory for
Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science and Technology,
QingDao 266071; 4. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071)

Abstract To identify snailfish specimens collected in the central and southern Yellow Sea, both
morphology method and cytochrome oxidase subunit gene I analysis were conducted in this paper. The
results showed that 22 specimens were Liparis tanakae according to meristic and measurable
characteristics, including the fin ray number of pectoral fin, anal fin, dorsal fin, caudal fin, the number of
pyloric caecum, the ratios of head length/body length, body depth/body length, head length/snout length,
interorbital space/eye diameter etc. In all L. tanakae specimens, 4 specimens were covered with obvious
brown transverse spots. Five specimens had irregular spots, white radiation lines in ocular region, obvious
longitudinal grain in the head and caudal fin. Nine specimens had the brown or black brown fine spots on
the head and body side, one white patch in the base of caudal fin, and black anal fin. Another 4 specimens
had reddish-brown with longitudinal striate, the fin membrane edge of dorsal fin, anal fin, pectoral fin,
and caudal fin. There was one specimen belonged to Liparis chefuensis that had the irregular white spots
in the head and body back, long caudal fin, the round convex at its back end, 6—7 dense spots in the two
sides of the base of dorsal fin. These results were supported by the cytochrome oxidase subunit gene |

analysis. The genetic distance between 22 L. tanakae specimens were 0.002—0.003, and the genetic
distance between L. tanakae and L. chefuensis was 0.134. The genetic distance between L. tanakae and
the other species, for example L. dennyi, L. gibbus, L. fucensis were 0.057-0.067. These findings
indicated that Liparidae species in the Yellow Sea were mainly composed of L. tanakae.

Key words Liparidae species; Morphological characteristics; Cytochrome oxidase subunit gene I ;
Central and southern Yellow Sea
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e PSS B BH 51 YT K 3B S 1 (Culter alburnus) i) A= #1247 S 504G 5 27

PO SR B )RR i /\{ﬂ“ BTN 73.74 kg 317 )&,
Xof SR A 3] ()5 SR AT A RN AR F I 2, 43 DA
1 mm F1 0.1 g

1.2 tEAFE

121 HhkFhEX AR K bR R LA
WEEAR R KA E R R, AN W=a L?(BAHK,
1995), b, W ikHE(g); L MIAK(mm); a 5%
T 5 b AR
122 AKAHGEHR PL 10 mm NARE, BHAK
43H 56 4, MUK 90—100 mm. 100—-110 mm---630—
640 mm, 640—650 mm. 437K FiSAT 11 54+ i)
ELEFAN 1 7. Shepherd's 1% 7 BH 38 717K 18 #80 fi
Eﬁitﬁé%;*& Lo . K #4714 (Gayanilo et al, 2005)3
WHERKESFR t, EEYE Pauly(1980)2 560 A3k .
In(~t) = —0.3922— 0.2752InL © —1.038InK
A, o VHENSAE KGR SR Lo iR ;
K KR
iz FiSAT FAFrb iy fA R A28 46 v 30 il 26 A 45

MIET-RAL Z, R FiSAT 11 1 [ AR IE T R B
fEE A IRIET- R M (Pauly et al, 1987; £ X, 1995),
LogM=0.0066—0.279logL % +0.654310gK+0.4634logT .
1.2.3 AEANLAEX FPRE D TR R AR B LA
K EHE , FIA FiSAT I AT, A S Lo,
K, AR RPN TR

2 HR

2.1 {KKMEESH

T8 3 A 0 A B, 968 B 98 A8 VK T S A A
6 R 93-645 mm, Hid 120-180 mm AL H A K 4,
250-310 mm ARLHEARKLL, EHRFRFEA KL
B 31 7 B AN 46.37%F1 24.61% ., AR5
4 6.7-2650 g, PLHRE/INT 100 g, 785K/ 51.74%.
3 V7K S A RN R EE 43 A LI 1 AR 2,
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Tab.l Biological parameters of monthly catches for Culter alburnus in the waterway connecting the Poyang Lake and the Yangtze River

ﬂfﬁﬁj'm(ﬂ ) Atk &K Body length (Mean+SD) 1A T Body weight (Mean+SD)
Sampling time (Month) Number
1 A (January) 26 20.8+8.3 168.2+169.6
2 H (February) 16 19.549.1 175.2+204.8
3 A (March) 52 18.448.5 113.1£164.7
4 A (April) 21 20.2+10.2 179.5+308.6
5 H (May) 19 21.548.9 173.5+230.2
6 H (June) 23 21.945.3 182.24246.8
7 H (July) 57 22.249.8 200.2+415.9
8 H (August) 24 27.819.9 307.0£263.2
9 H (September) 12 23.948.6 215.84237.7
10 H (October) 29 19.5+7.8 154.2+261.2
11 H (November) 20 28.81£7.8 359.1+£251.5
12 H (December) 18 27.3£7.8 363.7£469.0
14y 60
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Fig.1 Body length distribution of C. alburnus in the
waterway connecting the Poyang Lake and the Yangtze River

0
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AT Body weight/g
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Fig.2 Body weight distribution of C. alburnus in the
waterway connecting the Poyang Lake and the Yangtze River
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Fig.3 Body length-weight relationship of C. alburnus in the
waterway connecting the Poyang Lake and the Yangtze River
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Fig.4 Size frequency of C. alburnus in the waterway connecting the Poyang Lake and the Yangtze River and
growth curves estimated by Shepherd's method

JEI, EEET 16 A S TR (E 5), IS E
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Fig. 5 Estimation of total mortality parameter from length
converted catch curve
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Tab.2 Estimation of natural mortality parameter for Culter
alburnus in the waterway connecting the Poyang Lake and the
Yangtze River under different conditions
SR KR

Means of water  18.0 18.5 19.0 19.5 20.0
temperature(C)

M 0.168 0.170 0.173 0.175 0.177

K 0.160 0.150 0.140 0.130 0.120

M 0.188 0.180 0.173 0.164 0.156

L e (mm) 611.22 643.39 677.25 710.86 746.40

M 0.178 0.175 0.173 0.170 0.168
2.4 FThEE T

T e b e AR 2 T, 0 B 90388 V7 G S 14 Aol
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Fig.6 Recruitment pattern of C. alburnus in the waterway
connecting the Poyang Lake and the Yangtze River

9 10 11 12

3 itig

ZAEFA OB R, 2002 AELLE, BEFHMIZTE
TR LS A R B L /N s AR AR R /)
TR R VRt AN BT 8% 3 gt X 20 B 990 388 YT 7K A S M 4
BRI & B, AR EAAAE 120180 mm Al 250
310 mm, {RHE FEELEFTE 100 g T, B LR,
RIS P 97 308 V17K 3 LG a1 ) de AR AT 3K 677.25 mm,

IRE AT 3K 3377.4 g, 353 WM VT K T8 0 M P 0 A= 4 0
T A KK, X AT RE R PR HALFIT L RS
WIE X — R A BT, KBRSV . IR AETS s A A
AR, AR A SR A S, o B it — 25
T SR 1 %) /N A

TR B W98 YT/ S SRS 1 AT AT 4K L o (677.25 mm)
T R E(3377.4 @) BH /N T 30 H A I IX (5K /N4
2008) . MPLI(EHHAE, 2005; BMEFEE, 2006), wib]
(MFKTTEE, 2000), FAFETTK ZR (FEALEE, 2003) LA Ko fa
F KB5S, 2009 S5 K s BT o8 25 51, X 53 7T
TR R ) o TR 25 4 S BRI Ak L /N R B A )
A 1Y o TZRIFE v 76D S I8 3 VLK T S (4 AR A
ZA ) b R 3.029, 524U R WK E T
FAEHA— B (9 5E, 2005, BAFESE, 2006, FHiL,
2009, fH/NFHEBFHIBIX | 245 K sk 5Bk T4, 2000;
TKANEY, 20087, FeoR A [ K R A A A K R R
] , 3% AT e K S IR BE | LAk 3 B o o B8 R A5 O o

A58 BE S F , #7218 Gulland(197 1) H )56 F
— B £ 2 B 3E R A 0.5 R FNWE, A5 Hh B BH T
T VT K TE S B T & 3R E=0.886, TiIAYEIR AL T3
JEFIH . SYTOKIE B B L K S8UE R 0.140, /)
THBBAIHI X (0.1667) (5K /N, 2008), (HI KT
#1(0.10) (BB IS, 2000) . 242Li1(0.093 F1 0.117)(5fidE
452005, BEFEEELE, 2006) K F I (0.0899)(F 4%,
2009Y), X A] {85 A 5% 3 TR AR R B E 21 T A
AR, T A A Y S TAR I S A B A T A
K o PR AT R 2 A AR A 5 1) s ) 810 %o S 4t
TP, AT AR b S e ft fR 1l AN A AR KB L
7 300 G 4 WAL 1 A K R AR Ol R 1 LAY
fhARA K I R IR BB (R R 25, 2014),

s 60 PH I 2 e A fe) 2 3 H 20 H—6 A 20 H,
A5 & 3038 K VLK G R G0 o e 7 B 06 i 2 1
BTE 4-8 H, i mEEA Ea e rE 6 H i a)-8
A A, B, T 450 VT K S e i — A~ B A
(A AT JE b, 07 33 24 b E K 30 BHA (R A5 a3, x5l
W A1 9 R M S AR Y B BRI

£ % X M
o, S, fLAE, A SRR XOARIR VLB B 4 £ 4)) £

B A AR R B IR AR . RV IR 5 58, 2010,
19(2): 52-57

1) B RIS A 5 A KR I A M)A 5T . AR Al R AF 5T A= 24038 3, 2009, 1344
2) KN FRFHIIUAP IS S A KA H RIS, el RS 5T AR 28 3, 2008, 71-77



30 ook B

2 )R %36 %

SR, JTHEAR, BRI, 25 FiSAT 11 M 3083 T m K B4t
VT, KPR, 2013, 10(4): 94-98

DB, T, NLEUHRME 2 6 1) 4 925 e S IR FE ST
FUIR. BRI\ — A B RE224H], 2006, 18(5): 48-50

WEkoT, PRA-BE, FEth, & BN SRR A K O BT
7%, KL, 2000, 20(2): 4647

BEAFR. At dbat REgOl H AREE, 1995, 1-200

A, HER, HUNS. WL ISR A Y SR A
PN TR R, ARSI, 2014, 25(5): 1506-1512

AL, XUFES, BE, . PMETT K ZR M 2L 0 A KA A A R
8. HMAR K EE2ER, 2003, 25(1): 105-106

WO, SCHE. WYL Rl e SR R IR A B R
KT R U5 5358, 1999, 8(2): 153-157

L, EWTFH, JHEE. MMM eAE KRBT, K
K= BEAR, 2005, 20(3): 218-221

FEFSC Wb BEIETAS. dent rPERL HMGE, 1995, 312-315

Gayanilo F, Sparre P, Pauly D. The FAO — ICLARM Stock
Assessment Tools II (User's Guide). Rome: FAO Com-
puterized Information Series (Fisheries) 2005,

Gulland JA. Fish stock assessment: A manual of basic methods.
New York: FAO/ Wile.1971, Ser 1, 223

Pauly D, Moggan GR. Length-based methods in fisheries rese-
arch ICL ARM Conference proceedings. 1987

Pauly D. On the interrelationships between natural mortality, gro-
wth parameters, and mean environmental temperature in 175
fish stocks. J Mar Sci, 1980, 39(2): 175-192

(B3 TIEK)

The Estimation of Biological Parameters for Culter alburnus in
the Waterway Connecting the Poyang Lake and the Yangtze River

ZHANG Yanping, WU Bin, FANG Chunlin, CHEN Wenjing", HE Gang, FU Peifeng,
ZHOU Huiming, WANG Sheng, YU Zexi

(Fisheries Research Institute of Jiangxi Province, Scientific Observing and Experimental Station of Fishery Resources and
Environment in Poyang Lake, Ministry of Agriculture, Nanchang 330000)

Abstract

In the present study, monthly carapace length frequency data of Culter alburnus were

collected from the set net fishery survey in the waterway connecting the Poyang Lake and the Yangtze
River from March 2012 to February 2013. ELEFAN I and Shepherd’s methods in the software package
FiSAT II were used to analyze the growth, mortality rates and recruitment pattern of an unexploited
population of C. alburnus. The results showed that the length of C. alburnus population ranged from 93 to
645 mm, and that the relationship between body length (L, mm) and body weight (W, g) can be expressed
as W=0.9 X 10°L***(R>=0.975, n=317). The estimated parameter for von Bertalanffy growth equation
was Leo=677.25 mm, K= 0.140, and t, =—0.854. Total mortality (Z) was 1.514/a, natural mortality (M)
was 0.173/a, and fishing mortality (F) was 1.341/a. The exploitation rate of C. alburnus was 0.886,
suggesting resources of C. alburnus were on the state of overexploitation in the study area. The

recruitment pattern with less efficiency from April to August suggested that fishing ban period should be

adjusted in order to restore and conserve the populations of C. alburnus.

Key words

Culter alburnus; Poyang Lake; FiSAT IT; Growth
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HE  KGEIREE LSNP MEER, BEEASEAEREMEXME, BT 8% ENM A EITE
HEAKTIATEAIFN, UWE L, FARAERE. WFEFELE. TIA. FHhaRkE.
B K 5 MR A IR E F, BT 5xbx1 EINEAE BP A T4 WAL, # AR A X K
7 IR MUK AT A TR T B R R AR 7 L M B AR BUE SHZ O BT LI AT IR,
DLHH S B 5t AR BP AT A WM AW fhe 5, BP ATHWENEEAFNERE R, K
T A 3l R R AR A IV R OK R, N e R R Ak B T Ik RO B K AR
BEESTINEEERTTE, FNVERU L EiE & S EE LR 59.3%, & RTRAH
B, BB EFIINE. AEZREGE. BP ATHAE ML 3 A0 77 ik xt K vk 7 8 H K R #E AT 3F
M, RIVIM % R LA EK st AL b B & ok At -7 7 89%. 96%., 56%. &5 8 [HFiFMiE. Wik
ZRMEAML, BP ATWAEWEHEARITAE, TNERMZETE, E—MHEmbiE, Z0LE
B SE L KR T E VN T %

KA KA EH; BP AT#MEAE WL, BAKR; 61N

FE4 %S S938.8 XEAARIAEE A XEHRS  2095-9869(2015)05-0031-07

BREFGHOK TN J5 1, BRI E IR &% 21 ARG W g R, RO TR, ki, &
AR5 1A T2 PN 25 o A H X5 7K 0 RS 1) B A A [R] K S ANN H g BAR Fe bk HLgk 32 i R i) — Fh Al . &
X322 5, K e T 8 b 038 BBORTITAf 45 9% 10 40 AR . RS )ZE 3 N ERA N, AFEJZE
IS A AR G E 4, 2013), HFiK B2 2 TR0 1) 2Tz [ 4 B ) 3% A 25 R S PO e A A
FE R BRIV TE . ER MR L A R2E, W SR R S ) 5 38 IR R 25 (B 1 1 1 B AR
BB LSS, SR S RS R 51PN R An % R RIERE, B IESZEEAUE . AR
YIMHSE, HPPA 45 5 32 31 B 1 R i s2 oK, i R 2RI, NI ZR5E i (Hanbay et al, 2008; 225
TE SR R A — 2 B BRI (O e 4%, 20084a) o 45 2010), HT BP AT HhEs g6 HAT i R4k

N T Hi 2 M 2% (Artificial Neural Network, ANN) P SRR 55, REMS A A5/ LR K A s, PR i
2 R A N P 25 P 24 45 4 % Dy e T T ) — R R R BT TR R . ARG SO (Ferreira
AP RS (M FESE, 1998; A 4E 2010), FERSTESSIE  etal, 2011; Kuo et al, 2007; Palani et al, 2008; #7554,
SRR 2 R — IR, 3 T R TG P 2006) . FEF H A i JoE X R 3G 2 Hh K 57 BP 4
KEREHE RPN . BP(Back Propagation) ¥ £ 15 4 5 J WL ZR A TP B, ABIESE 223 MK AR AR . TEHL
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Fig.1 Surveyed area and sampling sites

1.2 BP AILHZMEIEMFTix

1.2.1 iR AWK (GB 3097-1997) 1E
S BP N T 28 W 48 A TR A PEA A o, X Rk Ve Y b
KPS . LA TR RREL | WA fhF
FEER 5 MEIRHITLR A RN . 7E (GB 3097-1997)
TR | TG PEBERR R B R T IR R 4y 2 2R
e, AR s R T L5 AP, R BT
B XTI B4R 1Y 2 ZEFRMESET T 400 43, BRI b
i

o R 536 %
F1 KREHNEARTHIRE
Tab.1 Basic assessment standards of
sea water quality
Sea water quality HE/K /K BikRifE(mg/L) N ¥4

AR e BERREE BHLAL Avhke Order of
DO COoD PO,>  DIN  TPHs evaluation
6 2 0.015 02  0.025 I
5 3 0.0225 0.3 0.5 Il
4 4 0.003 04 003 i}

3 5 0.045 05 05 I\
2 6 0.06 06 07 A
1.2.2 DA A0 5 L AR )2 — s 32 #ar

BP W4 A TE B2 i AR AKR, WM ZRFEARBOR
O UL BP N T 28 X 25 A5 75 S 1 AN i
PR E5 A PRAR, DRI 75 ZEXTAE A A T4 78 DA AR IE
JT g S AR R AT A K E A RE (B SR, 2002) . AR
FEXTRES KT HE AR 0 43 G X B I BEMLA A 110 A
A, 5ANHFIARAS 2750 MFEAS, MM fRE BP AT
P25 O 285 ISR () 35 P . B (B 05 58, 2008). H
T BP AN T M4 iy i E7E 0-1 Z 8], Frlhdsis
PLE 5 NS ENFEAR S T IH —fbAb B, B 3 —fe Ak
A S I 55 (2004) )7 LT

123 BPAIAZMLEA S A5 BP AL
PR LK PPN R A Z R 5 M 2eon, HXH T3 1
o 5 WG YL it 2R 1o, H 5 2R
LA HArE 4 0.2, 04, 0.6, 0.8, 1, LIXHW T
5 BV 252 (4, 2010)., B2 J2 #h 2 oo B 1Y
E K H A A%k ) Kolmogorv & F (G5 KT,
2005; R 70, 1996) i A B 2 BT E, AR R
Kolmogorv & #28 [x ZALHU , B2 B & )= M 40T
AHCH 5, AN 8 BRI 25 4 0y 5x5x1, 2T
e Newff sR%ic 7 BP A T2 MR, Hirp
trainlm Ml K%, learngdm Jy 4524 3] R %L, mse
FPERE KA, FIAZ . BEEZ ML %R H logsig
PREL, FREE . H R Z R AL 5 R purelin pR%L,
It trainlm BREAFHUNZREE R . ARSI E I ZRREL
g 5x10% YK, 2 HFE N 0.05, IR 2k 5] 1x10°°,
WL 2 IUIZRES SR nT LUE I, B 0.0002, Il%:
RZEIRF] 1x107°, S2hrkh H (E -5 T A A X 22 2
KT 1%, DI 255350 R lgezisk . T, A5
AL BP N T MEZARALZ TR E . PTEEMESR, fiE

T R T T b K AN SR

1.3 BEFIFNE

PR T PR VR 3 A ) A A e 2% PR 3R D 4
5 HHNE DR e /K TSR, I e HOAs PR 7 1y e 22
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Tab.2 Training sample and learning result of BP network

PR ARG 10 R e o 24 i 11 (L FHXT R 2 ¥ iR 22 b
Order of evaluation Desired output Actual output Relative error RMSE Gradient
I 0 0.0005 0.0005
I 0.2 0.2002 0.0002
II 0.4 0.4001 0.0001 s
3x10 0.0002
I 0.6 0.6000 0.0000
IV 0.8 0.7998 0.0002
\Y 1.0 0.9998 0.0002
FERIVE R IE M 45 R O it Je 55, 2008b) o AHIE ST K K 1 ®3 NETTREHSHUS
IR FEARHE ) (GB3097—1997) % 7K TR I HEAT I Tab.3 Water poIIutlon_deg_ree based on
Nemerow pollution index
1.4 W*ﬁ?7}<i’?%?ﬁ§if£ 7KEF1§§§&
v s TR R Polluti I II I v Za
TP 450 K05 YA B X R T T Gogre ’

7174y (Nemerow, 1974), AR AN

2 + 2
p= ’ Prmax > pavg 1)

p= @
5

X, P ANHY ZEAGTEMAEEG Poa N Pi
KAE, Pavg M P B FEIME . IR K BT 75 Yeds B S5 9
R4 3 Fios .

P P<0606<P=<101<P=<2626<P=<5 P>5

2 ZERESH

DA i) 38 b TR 35k 27 A~ 57 () 1) R 8], A 3
K. A TOHLAL. IEPERERRER . fLaA AR 5 0
15 L PR 10 W I S (6 Q)47 IH — AR R (B 77 5
2004), ¥ H—fb 5 EUEE I AE, @it BP AT

% 4 BP W4 iEKAKBRIEMNEE NN SEF
Tab.4 Sea water quality assessment model testing case of BP network

s a2 o MR R THLA PaRTiipss o0 4 i K AL
Station DO(mg/L) COD(mg/L) PO (mg/L) DIN(mg/L)  TPHs(mg/L) Output Water quality
1 8.98 9.41 0.3880 0.5782 0.0955 0.8252 HIV
2 8.63 12.85 0.3655 0.6581 0.0892 0.8348 el
3 8.93 8.99 0.2939 0.7534 0.0750 0.8348 Ea
4 8.82 8.65 0.2545 0.8296 0.0734 0.8348 Ea
5 8.83 10.75 0.2026 0.8908 0.0121 0.8372 Za
6 9.16 10.58 0.1759 0.9867 0.0734 0.8348 HIV
7 9.10 1.46 0.0157 0.9392 0.0203 0.4136 m
8 9.16 1.21 0.0133 0.8453 0.0185 0.4013 I
9 9.11 1.16 0.0101 0.6747 0.0145 0.4041 111
10 9.42 1.27 0.0129 0.9000 0.0151 0.4055 111
11 9.74 1.16 0.0104 0.8118 0.0156 0.4041 il
12 8.88 1.05 0.0087 0.7489 0.0166 0.4015 m
13 10.06 1.10 0.0242 0.7928 0.0198 0.3585 II
14 9.34 1.14 0.0182 0.0667 0.0262 0.0572 I
15 9.44 1.20 0.0129 0.6022 0.0335 0.4074 111
16 10.03 4.01 0.1028 1.0123 0.0435 0.6279 v
17 9.84 2.57 0.0373 0.6051 0.0479 0.4638 I
18 9.54 1.07 0.0187 0.4565 0.0514 0.2786 II
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gR4
uhifir AR (eSS EN AEN THLA PaRliibes o 2 fi 114 K A5 2%
Station DO(mg/L) COD(mg/L) POS (mg/L) DIN(mg/L)  TPHs(mg/L) Output Water quality
19 9.59 1.09 0.0171 0.2925 0.0093 0.1593 I
20 9.36 1.04 0.0132 0.2971 0.0198 0.1707 I
21 9.66 0.93 0.0073 0.3049 0.0277 0.1839 I
22 9.20 1.10 0.0143 0.2864 0.0209 0.1667 I
23 9.29 1.01 0.0127 0.2943 0.0191 0.1676 1
24 9.37 0.89 0.0101 0.3114 0.0161 0.1751 I
25 9.31 1.31 0.0256 0.3020 0.0166 0.1626 I
26 9.72 1.15 0.0163 0.3187 0.0162 0.1849 I
27 9.83 0.97 0.0145 0.3342 0.0156 0.1836 I

22 D) 28 B RN A5 380 i L, 3 K PPN AT
H bR D)7 K IR R

27 A A A IR 2R A VR 45 R 1 o A b
F, BP MZKiTH4s S 1-6 Sk k2, N
VK 16 Sulifi M IVISKE, 7-12, 15, 17 5
v R TIZEK B 13, 18 Subfih 2K, HA
Yok T 280K 0o T2 R LA b 7K ol A0 500 o A 3 A o
{7 HY) 56%. MHBFRN B &, JKImrE s 6 A~ 7
TGO i, HOHE R 15, 16, 17 =N
15 YRR B IR B 2 K LB 75 YKo r T AT 1
) 7-12 3ifi, H BP MZEIEMEE A N5 Y, i
TEZ AR TR M HE /NI 2R AL TR R A 3% BP W25 AN 45
R R 1 bR, WA EE, 19 YR A X
ISR IT R RS 0 KT R, X S X I Y 2 Tl
HEVT | A 16 R K M SR R K ], I KR 5 4,
FEOZAK I K TS YRR B A ™ Bl B R RE
o, HYRER BRIk EEE,
TR AT 1 b 7K 5 s R B T AT A ) ) ()4
Ii] 2 BUAR SR/ N B, R e s T
F R IRIG Y, V5 YR AR K

AR PN 2 SR (G B) T AL R, TR 16 4
Sl KR IV 2, A K SR o T2 & DL -
FETG Yy, M2 KL FAK R r 9]l 89%., BA D T35
BOPEAN 1 DL 15 Y 8 0 g 22 2 AR by 40 2 7K Joi 21 531
WcHiE , FE 1P E A IR A SR R TEHLA . B
FRERPIAN TR ZE, I S BRI FIEM &5 5% & T BP X
ZEITAN 45 S VA S TC ML AL e O AKOK AR I )
(GB3097-1997) Il Zebrifeutifii hy 26 4>, 25 IV 2yl
16 4>, (A EA A 59.3%, COD. & PEMEREL S,
IV r e 5 5 R 22.2% . 22.2%, JeHLA %M
A BT Y FR AR . LA TG R R o A
FEH 3N SFEN . H IR E AR T R,

T, SR AR AR TR WAL o (7] A b X s 2
VS S A K P R X, AR PR RSR AN, E SRR
MPEFRE R, THLVEFREE 6 . FRILZAh, Ak
AR ZZ I SR FE R K ) HE G B8 R K P IR A
BORMZ — o ZRARIE, A XL T HR A 57
SHIX, REMSHYN A 10 32 2N Ok i) ALK | AR
{5 /K FNFREEAEK , [RIEES 1 3E , ZK 52/ H
SEAG SR, DR ok 2l 57 Jr ALk 9 T K ) SR R
FHREE, BERMORSIEFE IR

WNHEZ R BOEIIE SR R (R 6), Kib TR
25 A ubfK BN LU g, Hhg IV
IR 7 A4, VIR BN 6 4, MR 13 4,
28 K L b oK Bt (v LU 9] 96% . 5 5 K - PFAR J5 1%
FAEE, P2 18 SR AR E B MRS 19 S W45 0K i
PRIGTSOIRDL . TN WP SR BGARE % I8 T ek
19U T, (RIS SO 1 4 10075 e X 74 8, AT
Pl BRI TS G T OS2, B 1IN SR A AT
T

PR PR S AR L, BP A LM & MM
LR T N TR A 2R . X EEJE T BP AT
LM Z IR PEN A T T 2 RN SR 2 5 A I 2
PR EER, R R VA R o R T R N Y
B, 220 HARK BiEAr, PRI BP N A 28 [0 £ A6
BT AF R PPN G5 R WL . A5, HrsLbr. 78
RN TR R RO T, WP R EIL S BP M4
P IEES R ZE AL 5 (BTSN o BEAR 22 0K
ML T, NS R BOE TN 45 50 = o A2 TR 4L
L EORARI T e E . PIIERE N, BAEE HEAR
WO A 2 B PP HE AR BB 22 57 ORI, 2 ad ik
e (EAIVE I, H 58P 35 fE X e A A5 R A S
FRUA, SUAEPIRITEMLEE, BP N THZE RN
TIERREE G 75 08 T 4 M9 Je I 1 5 7K B b o 1) SR
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Tab.5 Single-factor water quality evaluation results

i feay i b2 S BERR £k TEHLA Vapliipss HEF I
Station DO COD PO;~ DIN TPHs Single factor evaluation
1 I £V £V %N I %IV
2 I LN el Eal m e
3 I LN eal Eal m e
4 I e\l 5NV e\l m e\l
5 I %N %N %N I £EN
6 I e Ea £N I} Ea
7 I I I %N I £V
8 I I I el I %N
9 I I I el I %N
10 I I I call I HV
11 I I I e\l I e\l
12 I I I %N I £N
13 I I mm Ea I £V
14 I I ] I I I
15 I I I el I e
16 I v I el I HV
17 I I \Y e\l I e\l
18 I I ] v I v
19 I I ] I I I
20 I I I I I I
21 I I I I I I
22 I I I Il I I
23 I I I Il I I
24 I I I I I |
25 I I ] I I I
26 I I ] I I I
27 I I I I I I
#x 6 WESIEHITMIENKRER
Tab.6 Water quality evaluation results of Nemerow pollution index
i oL Pi W 2 45 % VNS
Station DO CcCOD PO DIN TPHs Nemerow index Water quality
1 0.0 3.1 12.9 1.9 0.3 18.96 £\l
2 0.0 4.3 12.2 2.2 0.3 17.96 e\l
3 0.0 3.0 9.8 2.5 0.3 14.46 Ea
4 0.0 2.9 8.5 2.8 0.2 12.59 Ea
5 0.0 3.6 6.8 3.0 0.0 10.12 LNV
6 0.0 3.5 5.9 3.3 0.2 8.93 £\l
7 0.0 0.5 0.5 3.1 0.1 3.46 v
8 0.0 0.4 0.4 2.8 0.1 3.11 v
9 0.0 0.4 0.3 2.2 0.0 2.48 I
10 0.0 0.4 0.4 3.0 0.1 3.30 v
11 0.0 0.4 0.3 2.7 0.1 2.98 v
12 0.0 0.4 0.3 2.5 0.1 2.75 v
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Station DO COD POS- DIN TPHs Nemerow index Water quality

13 0.0 0.4 0.8 2.6 0.1 2.95 v

14 0.0 0.4 0.6 0.2 0.1 0.94 I

15 0.0 0.4 0.4 2.0 0.1 2.25 m

16 0.0 1.3 3.4 3.4 0.1 5.28 Ea\

17 0.0 0.9 1.2 2.0 0.2 2.40 I

18 0.0 0.4 0.6 1.5 0.2 1.77 m

19 0.0 0.4 0.6 1.0 0.0 1.14 m

20 0.0 0.3 0.4 1.0 0.1 1.15 m

21 0.0 0.3 0.2 1.0 0.1 1.16 m

22 0.0 0.4 0.5 1.0 0.1 1.12 I

23 0.0 0.3 0.4 1.0 0.1 1.13 I

24 0.0 0.3 0.3 1.0 0.1 1.18 m

25 0.0 0.4 0.9 1.0 0.1 1.35 m

26 0.0 0.4 0.5 1.1 0.1 1.24 m

27 0.0 0.3 0.5 1.1 0.1 1.28 m
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Integrated Quality Assessment of Dagu River Wetland Sea Water Based on
Back Propagation (BP) Artificial Neural Network

XU Yong*?, ZHAO Jun*, GUO Feng*, QIAO Xiangying', ZHANG Yan', CHEN Jufa"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Key Laboratory of Fishery Resources

and Eco—Environment, Shandong Province ,Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071; 2. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100)

Abstract Most water environmental factors have a nonlinear correlation. To assess sea water quality,
the Back Propagation (BP) artificial neural network model was established based on the concept and
principle of artificial neural network. Taking DO, COD, DIN, PO3 and petroleum as the evaluation
factors, the BP neural network was established to evaluate the water quality for Dagu River wetland. The
results indicated that the sea water quality of Dagu River was worse than the class IV water quality
standard, and the water quality of its surrounding area were or exceeded the class Il water quality
standard. The survey sea area was mainly affected by inorganic nitrogen and phosphate. The study found
that the number of inorganic nitrogen content that exceeded IV levels accounted for 59.3% of all
respondents, and that eutrophication was obvious. These results indicated that BP neural network method
was reasonable in design and higher in generalization compared with single factor evaluation and
Nemerow pollution index, and that it is an objective, effective and practical environmental quality
evaluation method. Thus, BP artificial neural network was a better level of fast, handy and valid ability to
evaluate the sea water quality.

Key words Dagu River wetland; BP artificial neural network; Sea water quality; Integrated
assessment
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K 8UE £ (Cheilinus undulatus) B IERE & B
B {FammsnE

WEE ¥ s HMELY X & RhM FXR HEA
GERRCEIRES AR EASRE B0 570228)

= % 20 & # (Cheilinus undulatus) & # F 3 4 vy ¥ el 2 X, AR A FrEmigE
WAFME. AHRNKLABELNEELTRBATENBARTTNE, LI RX 2N IEHE
Mo, R, BRI, BE-#EE, BERKEMBL6 NN, 26 NEERHB ., BAEEN TR
WA TfeF U BN, EERA, AR H(635.6£50.0) um, FiEk 1A, HIEAEENT S E0EK

%, HEKIE 27.7-29.0C, #}E 30 W9 AMHT, A AE 15 h 30 min & H AT &,

MEFaeKA

(1305.5£50.0) pm, W EFEMILK TAALH, HaRE TR EENZIR, SR, Ko Ea
WFRAN, MEEERE, ERBENEBRA TSR NUBFEATRESHEELA TN R TR

B EEREA,
KA

hESES S917  XEHRIRAE A

I ¢ J& fi (Cheilinus undulatus))@ #57F H . B3k
B JBf)E, NHRAEM . EHem, EESMEE
AR R (200 BBV DL R RO 4 g 3 (Sadovy et al,
2003), TEFRIE FES A TEARIE AR AR, 15 T BT v ok
IR i P A5 R IR R (R S, 1993), P SUR UK
T K B BRI 71 2 | ¥R R 22 5 2 FH 41125 (Choat et al,
1994), H T FEH5 Ml 4a b, %5 A CITES ( ¥ii
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x1 RERARIEENEH. MBI, EERNE

Tab.l Male and female, external physical characteristics, weight and quantity of C. undulatus in the test

P51 Sex S e Appearance characteristics #H 1 Weight(kg) #( Quantity(ind.)
B Female B, LA 5.0-15.0 11
I Male SO, U 15.0-35.0 5

pH {4 8.0-8.2. /K 25-31°C . &M 2.5-3.0m. #h
JE 28-32, FEATLARFHE Y RAKME, WK HIFihR®R
I E . WRMEEAA BBRAS | BEEE FIXT AR
KM 09:00 JF o Fem, FERE 2 h 800 13k, AR
HLURON AR 1k BRIk KR (UK
RS R 2R T iR oK gk JE M, SRR St
JEIERIEN], HEICA R AARRE IR, HEES H
10 H, Mg afaeibeie, ot frF 17
BHE, 5 A 21 HeEfmpr=o,

12 ¥B6EERZHEINNKE

AR R o N T EE R F ASRACHL =81, #F
LSRR IEIB IR T N, —H =80, S RIAH 200 H
LI T o
1.3 ZHEINBLSHBRAEABHNE

455 3 10 B A A 2 TR K Y 500 L R4k
WA, WKEREE 30, /KIR 27.7-29.0°C . BEMLEL
B2 K5 B, Nikon MODEL YS100 2% W iak s (it K
40 )M HAZ RS & FOIRDL . B ROWER 20 WL & IEH
FIIRIG , M S0%AI G & B B —mH, WA E N
WRRG % & 2z a o 3R I SR R IR G & & B B
FRAFE, JF 1 Nikon AHHL K BHH1 18
1.4 BIRMNERMEBRAEERENTERE

SRR T I AR 37 RS B O AR A R (/)
ZIFE R 0.01 mm), IGA T BBIRAHE . Wik E
RBURMH-C=I0E & B 2t B E] (h) <K (T,
15 ¥ FEMNEYFEERIEARN

SO I B A A A A K | B R K AR
2, FH 1000 ml BEAREL 20 BRI 0, WEEHIE T,
1.6 EiEahIE

52K U0 R e A7 ) m) R R B DLSF S £
HE 72 (xESD) 7R
2 R
21 BRoE&aEKIER. EEAXARZHENER

Zeat 30 d WsERALEE T, T A MEME AR Y IR

MKEH R, BiPHIZCRE R B kAT, sib s R
2014 4F 5 A 21 H 15:30 ARG, & RHEEAA
AWTIKIZ 7 o1 3 EMifn, HEREMAMAEERZ. It
J& , HMEPE S AR TF IR 38 38 o — SRR R B B
Wit (R ERRE KA 2), FRELiB 5 — Bt E )5, 16:40
XTI 2K, B ERRIZUEN 8 1-2 s J5 BhEAT M4

A B RS R 0 B 1 FORS 777t ZEK R, BERT
SLZIF 200 BB MFTH . PRIy 10 g &£ 47,
BEA R IR S M AR TE B, FREER ] 16:52, 90%[1)
YRTE WOV A, W 2 I B N IE 2 ARG B0 . & B8R
ZAGIN IR, R, TEBE W, F- 004 (635.6+
50.0) um. FHPIA F—RhEk, RS TR
g VR FOKE, (BRI E AR A (117.74£50.0) pm,

22 BEBRAR B

ZHREUNAEER R 30.0, R 27.7-29.0°CYEINAY
KRk, 15 h 30 min J5, JFUAA {7 iEfl b i,
ARG R BT SRR 424.7-444.7°C -h, P8R
R iG & B I L 2.

221 FEHEIL R BRI SZRE (&R 1 -1)52
K5 22 min, B S AR AR 0BR[] sh W A DI B TR 58
e, RIS R (AR T -2).

222 PEHE& ZAEG 32 min, FEATE 1 ROD
24, IR EE v g g A1 ) N g 24 0h 38 A5 Y PS4 2Kk
(KRR 1 -3); 2455 45 min—1 h 15 min, #4757 45 2-6
WAL T -4—EI R T -8), F— I Bk 23 24w
55— EL . MERENDH, 25 1h
40 min, ZrER/NMZ, I [R5 BRI,
o Z T (AR 1 -9). 32455 2 h 19 min, 3248k
AN | B R RO S ASREERI (B AR T -10),0
223 EIEHBR ZH5J5 3 h 5 min, 4PZERE /N,
20 L A PRASORANTE , FRF 22 0 4R A ) S R 2 R 2
FEONEE bR iER, R A IR (B T -11),
Bl 5 IR 2 0 M A BT o 28, 8 A )23 3R T A0 A i i 1)
£, AEHESE RS, IWEEE R, R,
it AR (ERR T -12),

224 Rz EmHE REKRZE, K240
WS T4, SZ2H5)5 5 h 15 min, FREANMEHERAE I 518
1/3 4b, IRFRFIRIE B, iRt R S R (R T -13)
I Ve kST, 2855 6 h 10 min, JRZ40/0F
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FONEE 2/3 B, MREB RN, AT, A
RKIE, KRG B 7R 2 B 4316 4R TE ) dp 22
MR T -14)0 7 h 5 min, BEE B IR JE AS W] 5T HERS
TALEREE 3/4, HEARMAIH, BOAt B a2
MrZb s, AU LT o S0 B0 5 we 78 (B T -15)0 B8
#| 8 h 10 min, FRZANMEILT FALEEAIIE, LR
—kE, WA, s a2 i
(B T -16). teBrBe, i T7EE I E 2 Bz
Mgy, BF AR AR E L5835, RIS
4 I B RN R 2 A A R R R - 2 B B, AR
HH LR IG & B R o

225 BEAAHK JRIA R B ZE 8 h 55 min i
ANRIEIE B (R T -17), FE IR SR B 1 %)
BEa, HIRA L, 52855 9 h 20 min, Ik
B BL 5 XA, AR Bl — A R g5, A T IR,

AHRBER , ARSIRIE WA A R IR S (LR T -19)
Bz K5 10 h 29 min #EARBZEW, fEMRERS, B
T W) R 25 T8 - 120 4 55 O B 3 43 FF (R 1 -20), 11 h
0 min, TEFLAR T BERIE A9 Sk, RISk 30 bt i B
8, BAT UL, SERs S SO SOH(E M T -21). SZH )R
11 h 23 min, WRURTFLRFRE0H G55 LA AE , DLTY
12 %), WRWERE, RIWLRZON A(ERR 1 -22), B
KB WPEAT, 12 h 35 min I, 7EG AT, UIEEE A AT
T, TE S R RO R GRS RO TR B3
(KRR T -23). ££ 13 h 6 min, PEACB(ER T -24),
R, $3hA71. K55 15 h 20 min, MRAGHY
B BRI Z042 5, AR A SRR S R, e oA
JEIA (IR T -25), 15h 30 min, WBSE4 I, B
i, SLERAEON B RA IS By, JMERAL T 00 B A

T, M AR AT (B R T -26),

PRI AT TR I (B T-18). K55 10h Omin #F 226 ##fF o) AP HAE N e B
*2 RYBERERATELTEQ27.7-29.0C)
Tab.2 Embryonic development schedule of C. undulatus (27.7-29.0°C)

Z A I s [ W Ji6 & F B KB R &1 R

Time after fertilization Embryonic development stage Developmental characteristics Plate
0 ZHEON Zygote BIEKIE, HYREA 1 A6k I-1
22 min & I 4% Blastoderm formation BN Y S A= BT ] S0 R TR BV 2 I-2
32 min 2 #i 1 2-cell JUR A H e e A 1) A 4 2 A A5 1) T A 240 I-3
45 min 4 2 fifd 4-cell R LR ZENIEE M T 10 L EATEE 2 A3 I-4
58 min 8 4 fifd 8-cell 5% 1 RS89 AT 7 10 758 3 kP 3 I-5
1 h 9 min 16 4l 16-cell G A AL, AL 16 AT/ N 40 I-6
1 h 15 min 32 2 32-cell ORI IR IO, B IR LT W PP I-7
1 h 28 min 64 2L 64-cell 240 e ) g R S, A R SR AR -8
1 h 40 min Z 413 Multi-cell MR/, T i i 1-9
2h 19 min FFMI Morula I 2 1) P 4 24 T BH S, e A (L SRR Bk I-10
3 h 5 min [ 4¢JE High blastaca JVR 2 55 DR () 4 LTS W O] UL, R ORI I-11
4h 8 min {KH#E R Low blastaea WERIR AR TR, A MO, #INEHE T1-12
5h 15 min J5 %R Early archenteron JRERTAM T EINHE, BREHAE, KAHH 1-13
6 h 10 min J5 % H ] Mid archenteron RJZgkee N 2/3, E AR, HIMmERAY 1-14
7 h 5 min JE 7 A3 Late archenteron W2 T EINHE 3/4, EBMRER, MR mme 1-15
8 h 10 min M2 R Neurula stage BRI, 2RI 8K I-16
8 h 55 min IRELH B Primary eye appeared  WRMSKFRWIMI, 3L 1 X2 A B %R I-17
9 h 20 min WL B Myomere appeared FERRPR R B 5 XA, TR B I-18
10 h 0 min AR % A Optic vesicle stage TEARZE 5 J7 k1 XT3 [-19
10 h 29 min FEZF ] Tail bud stage WA EEFZ WS s, R I-20
11 h 0 min FERH B Eye crystal appeared TEAAR T H IR R 0 s, RSk A oK I-21
11 h 23 min WLPAZZ N #H Muscular contraction WG TF LA R ILGLES MWL AW, WLAT 12 X I-22
12 h 35 min S E S BR A Heart appeared B RA, WM —E R rgniE, Rk I-23
13 h 6 min LBk Heartbeat stage OIEREWR, MR I-24
15 h 20 min 4] Hatching period SLARFN AR R, IR A T B0 B BT I-25
15 h 30 min W9 4T 1 Newly-hatched larvae R R, R, KR I-26
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Embryonic development and newly-hatched larvae of C. undulatus (x40)

L S2RGBR; 2. MRBERERS; 3.2 2000 4. 4 200309 5. 8 4HMIINT; 6. 16 ZMAIN; 7.32 4HMui]; 8. 64 A
9. ZAMEI; 100 REW 11 FBAR, 12, MRMEAR; 13, AR, 140 B, 150 BRI 16 MR
17. HREE B 18 WUAT BRI 19, WRAEH]; 20, R2FM; 21 @ik B ; 220 WLAZONIN; 23, (O EIE il ;
24. LB 25 BHLHL; 26, WU
1. Zygote; 2. Protuberant blastoderm; 3. 2-cell stage; 4. 4-cell stage; 5. 8-cell stage; 6. 16-cell stage; 7. 32-cell stage;
8. 64-cell stage; 9. Multi-cell stage; 10. Morula stage; 11. High blastula; 12. Low blastula; 13. Early gastrula stage;
14. Middle gastrula stage; 15. Late gastrula stage; 16. Neural embryo stage; 17. Appearance of primary eye;

18. Myomere appeared; 19. Optic stage; 20. Tail-bud stage; 21. Crystal stage; 22. Muscular contraction;
23. Formation of heart; 24. Heart pulsation stage; 25. Hatching stage; 26. Newly-hatched larvae

BET SR, WA R B, BHRIET N A —A
KM R 375 B B0 v 20, i 3sK 57 T B9 0 40 174 e T i
(FRR T -26). AFRIIEAT-F 7 424K A (1305.5450.0) pum,
PR KAR M (1108.7450.0) um . %842 4(370.4+£50.0) um,
TER EA2 M (109.5£50.0) um. FH 1000 ml fBEARER
20 NI R IR LGS, WIREAF SR b,
TR, /R ESINF Yigdh, R

3 it
31 HUEEARRAE B WIS

BB 10 W R IR B A5 S — R 1 £ R IR
B (RS, 2005), HEWIGAE B HhE
AP PR I T BG - J rh 3 B 2 Y A



42 ook B

2 )R %36 %

B, B A L IRES A C 2RV . W i
YR B e T H R AR B AT T, L Bk AL T B A A i
Ui, X5 (R D REEAT A B 1 B £ AN R (LR T -26)

32 MRRABHIEE

N KN Rk RN, BRAFR(1991)
N AE S AR TR s, DR KN HAME R E
BAEBE XL AR/ H A E A Y 8
M, BRARARK, R H R — Mg . Rk KAL)
5O ERER N D=0.101140.67, Hi4Z
WS LA, ISUS MR IRAR/N, HRIG & B
Bk, HTH MBUR N 424.7-444.7°C-h, TiTEATL 4%
T, X 7 Fha AR pfh, ALEE 5 SRS
(Plectropomus leopardus)(E KI5, 2009), =&A
PE 4 (Epinephelus moara)(R IR 255, 2012) ., S A 5

R3 STMHBMEXRIHINMNER.

i (Epinephelus malabaricus)(4Fic 2445, 2003). #3i
1 Bt (Epinephelus fuscoguttatus)(Bi#2 45, 2010), i
5 fifi(Cromileptes altivelis)(IX &, 2006). #Fiif1 5t
1 (Epinephelus coioides)(J& St 5, 2006) K i £1 B
fi(Epinephelus lanceolatus)(J81 ¥4, 2010)1 42 .
REMEE . WG & E P i o) B SRR (R 3).
WU 0 5 Z A0 (S AH Lo, Lo iR
DL s i v B e B R . T S T iR
2B B, BUR Mk HFEY W m, RITEE
Wb s e 2R © 28 (B T -15), T H Al AR Y
P ZAIGTENCJE T AL RS B BT iE A28 RS0 A Y M
AL, SRR, RN | IR
JE R 30 A R 2 e 0 A5 T 9 4 7 R Tl AR 4, AT
BASNG & B R AR IR 75K B RS AHIE Y
LT, PREMRTEMIG & & At b R I E] W3R 4.

MBRAETEENEESZREMERE

Tab.3 Fertilized egg diameter, temperature and time needed of embryonic development in 8 fish species

ok ZHEIN AR KB E W JiG & B it st [ ﬁ OB
Species Piameter of Developmetolt Time for embryonic Effective accurflulated
fertilized egg (mm) temperature(‘C) development temperature(‘C -h)
P Lo C. undulatus 0.63+0.05 27.5-29.0 15 h 30 min 424.7-444.7
SIECEE S P, leopardus 0.82+0.02 30.0-30.1 16 h 32 min 510.0-511.7
=OUA B E. moara 0.91+0.02 21.8-22.2 40 h 37 min 882.9-899.1
S AR E. malabaricus 0.76 25.0-27.6 21 h 0 min 525.0-579.6
ki A BEfa E. fuscoguttatus 0.82+0.02 27.0-28.0 21 h 16 min 594.0-616.0
&S C. altivelis 0.81 25.0-27.0 24 h 10 min 600.0—648.0
FlAfi 41 BEAA E. coioides 0.78+0.16 25.0-28.0 25 h 40 min 625.0-700.0
#2717 41 B4 E. lanceolatus 0.85 27.0-28.0 25 h 40 min 702.0-728.0

R4 8 THEEM A FHZRE H TR E

Tab.4 Epoch of neural plate in 8 coral reef fish species

S [ ESY N

Species Epoch of neural plate(h)
W erjgfa C. undulatus 7
1L A5 P. leopardus 9
ZE A B E. moara 18
LA B4 E. malabaricus 10
5 4 BT A4 E. fuscoguttatus 8
AP A1 BEAE E. coioides 10

Ipg s C. altivelis
s A B 44 E. lanceolatus

33 VIWFaNEFHIENERELZENZNE

ARWFFEH, PSR A0 AT £0 DI A S A
B, AL TAF BTG T J5, b ER 0L T 1 8 9 A fo T o

(BT T -26) o Hofth— 67 25 i) 30 580 s €00 S5 4] A - 1011
B — AN S, ELIMER A T U B 2 rp
SR I, A0 RV A B (PRIE AR AR, 2001) ., LA A BE
i (Epinephelus septemfasciatus)(IX X & %%, 2013). 7}
15 47 B ff1 (Epinephelus akaara)(XI £} 7k 4%, 2001)LA
KRR A BRI R 5, 2006)5F . I SIS A A
FETF L Z RSk 3B 1) B ek, SR ARRIR I 5
ATREXT R I R B B A HE R E L, BAFR199D)F
SR, VIR FE G R S MO KONE ¢, B
KR GRS ARXT R 2, JEC T H P M 55 ) SR
PEE TR BT, AR TAF AR AN . PR, I
FEAE R /I 5 BRAR A K/ IVRE G o 1T H AT fa R
£ L (mm) 50042 D (mm)Z HFAFERR A L=4D, 1
KRB, EohEkEhe ) FEbEEECE RT3, M
BRI 0 o U SUR AT i 4214 R (1.3240.05) mm,
INFRb A BT 1) 4 14.(1.78+0.07) mm, L7
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Embryonic Development and Morphologic
Observations of Newly-Hatched Cheilinus undulatus Larvae

CHEN Mengmeng, LUO Jian, CHEN Guohua@, WEN Xin, WU Guangcan,

LI Wenshen, HAN Yulong
(Key Laboratory of Tropic Biological Resources of Ministry of Education, Ocean College, Hainan University, Haikou 570228)

Abstract The humphead wrasse, Cheilinus undulatus, is one of the most famous endangered reef fish
in the world. As a social hermaphroditic fish, it has special biological characteristics and high economic
value. In this study, we observed the embryonic development of C. undulatus and analyzed its features
under a microscopy. Six periods, including zygote, cleavage, blastula, gastrula-neural, organogenesis, and
hatching, were divided during the embryonic development of C. undulatus. These 6 periods include 26
stages, including zygote, blastoderm formation, multi-cell, morula, and tail bud stage etc. The results
showed that C. undulatus had a float, transparent, spherical egg with a big oil globule. The diameter
(635.6+50.0) um of the egg was obviously shorter than eggs of many marine fishes. The neural plate
appeared in the mid to late gastrula stage, and the embryonic development of C. undulatus was
remarkably quicker than other fishes under the same condition. The fertilized eggs were hatched after
15.5 h at water temperature of 27.7-29.0°C and salinity of 30. The total length of newly-hatched larvae
were (1305.5+50.0) pm with an elliptic large yolk sac over the head and a shining oil globule in the front
of it. These results suggest that the embryo development of C. undulatus was faster than many other fishes
due to smaller egg. The special embryonic development features of the humphead wrasse may cause high
mortality in the post embryonic stage.

Key words Cheilinus undulatus; Embryonic development; Fertilized egg diameter; Neural plate;
Newly-hatched larvae
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R Z X 25| &R (Platichthys stellatus)
o fa FTRE SR B RIEHIFNE

KEEA! FRE'Y H2REE2 Fas ! AR
(1. IIRBEFERFESHEMRRE  WE 2640065 2. 104 T2 A RHIESE o

A

& 265601)

WE WE AR i E KT 2 31| 4 (Platichthys stellatus) 4y & AT I (A 7= & By o, ALK E &
R 24% 1 #2031 DL 4 #4048 B O X BB Y i W FR 48 K B B SE BT R, MR B M (43.98+0.14)% .
B 4(19.89+0.08) kl/g. ¥ 240 B4y & W4, &4 3 ANTAT40 B/, 2R EHAALS0d 5,
AT e & & YE4T W i ik 5F Fl PDQuest T F & B, 4R E &, £ pH4-7. 2 FE 144-97.4 kDa
SEE N, ] 448470 MFEEAE, A UNEANEAEWEULNER, HF 3 ANANEHE
B(PESHER. I B AEFES-HRUE X2, Nat&a), H 11 HFEEAS S FRREFEH,
DFAaahmttFiEEa v E, 2B e kANEHEFEAT OMRRAEaMIHENER,
TRTHAMREEA, KAREREN, BRI BT REAREEFERBLERL, HREE
FEMRE AW ER, HEEEE., BEER S RATERSE 67 |7, BIEEE G B4 R miR
B ERANERK, AFRAAREALAFEANIEE G RAN AL RETEE T ot E3E)I| 84

BRFREA R RA R, AR & G IR o bR 4R A0 A

KA

hESEE S963 XEERIREE A

XPHEIK P M A 2k U, AR 8 R AR ok 477
SRAFTERCR Y RIME , JCHJEAESPEER Rk, — 28 4]
B HIRESE FRE AR . UM KE®RFSEABR
0By 3 40% 1) L 5 U BEL VT £0 28 AR | B AT ek )
% (Choi et al, 2004; Deng et al, 2006; Regost et al,
1999; Ye et al, 2011). #R1fii, Song %(2014)#55 B,
fifg figp R AR VR AR R 70% 1Y £ X B 1] il
(Platichthys stellatus)4/ (5 g)ff) A K Fiis) A
TS, MFE 38%IN N G N8 348 T th e
K 4L T AT (9 4] 3R AR . Mamauag %5 (2011) 78 o BF
(Paralichthys olivaceus)4liffi(1 g)falRlHsn 20%F)
K DB RS T H e ok i i AR K SUR . A
R, fEHALM Y SR A LA RN AR, S HE
Ffill(Carassius auratus gibelio) (13 g)fRHhERAN 5%
T AR A AR AR R gl fa A K, JF HLER T T i i R

TRk, Wik, FlEEa; FERE; R&EFE
XEHS  2095-9869(2015)05-0045-10

B EZ R KT 7K (Gui et al, 2010), 765 5 AR 6
TSI 1.5% 1 3.0% 0 il fe Aok A2 2E T H AR KO
PEE TR R mRNA FE7KF- (SO A, 2006),
FE P 2 L RRAE R — ol B AR 11 skt R BRI 5E
7 BE A X A AR R A 7 AR B VR T, (EEEX
AR B AT A 2 — 2B 5T

B L 20— o8 % 9 11 S o 3 A e 4 2% Y
Al REV S 2 Fh LR BR A0 #ak sl Qilhis 42 1 e g
LR 1 BT 2 R AR 5 T A AATTRE B8 IR 11 3T 3
TRARAR ) £ B oK 25 S8 S A e TG S LR, sl
FrRFPRAL T B AT T B AU A ST R (R ARAE,
1999), A#F5T W, FIFH L] &E I HL K (2-DE) K T
TS E F R AT DUE S iRDBEE 35 2R AR BT S SO
— BB AU P R A9 7A8 4k, U Martin 25£(2001) ] 2-DE
FARBEGE T YUHRARZS T U (Oncorhynchus  mykiss)

* G T RHE & BRI H (2013ZH348) A1 E Z R FEA 2551 H (201205025) 3 [ % B o REAR , E-mail: s2d892@126.com
@O WiEE . ER%E, 55, E-mail: ytwjy@126.com; sKFE, #F5E5, E-mail: ytzIm@126.com

Weks HIY: 2015-02-17, WeEeicks H #1: 2015-03-26
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JEMER R A Rk A8k, K 24 MEAFEELEET
MR, Hh2ZREAR D EIURRE FEAE
I B, BB T LR T S 00 fa AL R Y S
M P BCE . Hamza 25 (2010) 76 BF 58 #2 ' (Sander
lucioperca) - Xt il e} f A vie B %) e Bz s e B, 56
R A AR SR IR 4 W B I R A
EIWEAROI T 1. DNBESLHEG A RILEE . LSRRI A i
DL 3 ol 1 8 1 A = 5 B 5 i e A X
A . T Martin 48(2003)AF 57 b s T i il 45 £ 7 A
AR R] LA B RS B i R A 25 5
W AT 17 MR A WAL, R T IRDRNE R
F2 0 0T 88 B R 2 2R 3K 52 . Rufino-Palomares 45
(2011)2R HI He 85 2 1 J5 40 %7 O ¥ 0 50 485 =k 93 (Sparus
aurata) Ik 20 i X ek v S LA R 1 R R, R R
49 NS ERE LA T AME, xR 10 F
TP T S, MR T LA R T 40 B 7 A A
MRS S . 540, BN FE BT S K
(Pseudosciaena crocea)(Z=H] =45, 2010), K4k
(Boleophthalmus pectinirostris)(%& i K45, 2009)%%: L
Folr 28 5 10 2 P AIE 4H 29 S 57 1 B 1 4 R ) HL kR R
FEHEAT T 5 . ASHH A B AL HL K R BT 33 25
SEFAR, WFSTHE & SRR A T Ak X L B ) 1| 5 4 £ T
JIE R (1 2B RS2 R, i A S 25 S AR FOR S /s 4l
JHFIE A A2 Ak

1 MRIERE
1.1 SLgEw

R ZFE A 5 1 K e A R 2 B R R R
W 4 2R 1 A A5 O R R U, 50°C K i
6h), HEHEFEHN 65%, RIE Mamauag 5 (2011) A
IR KA R SN 78%((22°C, pH=7.0), I3k
PR G 24% a0k, B 1 A 45 2045 RE Y 52 560 1)
b 5K EDEL(SPH) R OB fREHFM),, SRE SN
(43.98+0.14)%, fE+ 4(19.89+0.08) kl/g, fakI 7
WL 1.

1.2 RA#xERE

BEBE) 1 540 011 AR 48 S R 5 1 W 3K, W)
H(5.73+£0.36) g, SLERsr AWM, EAHB 3 PAT,
BASFAT 40 B4, S BB PIRIEC A R 50 d, 52
85 T8 111 2R 48 1 B R 5 IR BT 9 BE A0 I K 3R 58 R 58
T, IZIEI R GE A R BRI A, AT
WK ZRGEM B . g i, AR BR MR, xR B
AR AN, 0 20 min J5, HeRigR I A%
i, FEFRFEIMIME], #HIKIE N (17.0£1.0)C . FHEEH

C 5536 %
®1 ZHREABER(%)
Tab.1 Ingredients and proximate composition of two

experimental diets(%)

% RRAEDEL o e R

Ingredients SPH FM
104 Fishmeal 40 64
Ak Soy peptide 24 0
R L4 2k Carboxymethyl cellulose 8.95 8.95
/NZZ# Wheat flour 8.8 8.0
o-JEM a-starch 4 4
ff1ifi Fish oil 10 10
KEZIBWENR Soy lethin 1 1
T AHEEEDE Sulfobetain 0.5 0.5
A& 44 & Vitamin premix® 1 1
B Y B Mineral premix® 2 2
YL AL Antioxidant 0.05 0.05
FALARHE Choline chloride 0.5 0.5
AR Methionine 0.2 0
&1t Total 100 100
B FE 4 i, Proximate composition
##E H Crude protein 43.84 44.12
HLIE W Crude fat 12.93 12.56
At & Energy(kl/g) 19.97 20.01

a. YA R IUREHmg/kg 1REH 44 R A BEERER, 38.0;
£ E D3, 13.2; o-EF W, 210.0; 442K B1, 115.0; ¥
%, 380.0; 443 B6 88.0; {ZMR, 368.0; AR, 1030.0; A=
W#, 10.0; MR, 20.0; 4EA:%E B12, 1.3; WLEE, 4000.0; i
MR, 500.0

a. Vitamin mixture (mg/kg diet): Retinol acetate, 38.0;
Cholecalciferol, 13.2; a-Tocopherol, 210.0; Thiamin, 115.0;
Riboflavin, 380.0; Pyridoxine 88.0; Pantothenic acid, 368.0;
Niacin acid, 1030.0; Biotin, 10.0; Folic acid, 20.0; Vitamin
B12, 1.3; Inositol, 4000.0; Ascorbic acid, 500.0

b. W ¥ Fi #l IR KL Mineral mixture (mg/kg diet) :
MgS0O,-7H,0, 3568.0; NaH,PO,4-2H,0, 25568.0; KCl, 3020.5;
KAI(SOy),, 8.3; CoCl,, 28.0; ZnSO4-7H,0, 353.0; Ca-lactate,
15968.0; CuSO4-5H,0, 9.0; KI, 7.0; MnSO44H,0, 63.1;
Na,Se0;, 1.5; C¢Hs0,Fe-5H,0, 1533.0; NaCl, 100.0; NaF, 4.0

32.0£1.2, ¥4%>5.0 mg/L, NH,-N <0.10 mg/L,
13 HmXE

JHF I ) >R £ BORE 1A 11 $2 S BR Martin 45(2001)
7, B fa R MS-222 R B o Sk, S EpsY
R, BRSO, e, I
WU I ERTEW A, ST 205678 51 -70°C vk Al h s A7

TEIH TR AP PR B B R, o 5 BT
FIEAE: f e B8 S BB S (R LR S 12 3 AP T), (L
B ACR, SEEDFRH Irds ZLRRE S L, B 1 g HEURR
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KBRS 15 TR EBE) I 8 (Platichthys stellatus)%/ f JIT 2 112235 1Y 52 i 47

FIA 2 ml BE 524 (9 mol/L JRE . 2% CHAPS.
3 mmol/L EDTA . 0.2% Bio-Lyte*Buffer. 50 mmol/L
DTT. 40 pmol/L SEilE§HK . 40 pumol/L 17 K |
1 mmol/L PMSF), 7EZE IR T HHL LK A&AIK
30s, HEVERAE 15T, 10000xg .0 10 min EFRA
WA B R, BWEWAE 4°C . 20000xg 250
60 min, FRSWARRETT 2 EVERBRT)Z , A ]
FR WO S I FIEW, FRRAE 6°C . 20000xg 25
0 50 min, HCELO BIEWR, A TAY TREARRA
() i AR 0 ) S B RS e R AT
—~70°C VKA, 5 2-DE 43HriH i .

1.4 2-DE &r#f

141 FERE PR SR B B0/ 15 p1 5
115 ul B FREZE (8 mol/L JRZE . 4% CHAPS.

3 mmol/L EDTA ., 0.2% Bio-Lyte"Buffer. 65 mmol/L
DTT. 0.001%IR M #)IR G, MAZIRERAIKIE T,
BENVKGECE 1457 em BY pH A 4-7 ) TPG Ji% 4 (Bio-
Rad Laboratories, J¢[E), Wi =) F#E mFEMm, £
Wk 1 h s, A 1.5 ml 2245 W8 9 48 o5 7 51 I
M, 6 1~ IPG IR 4 7E PROTEAN"i12™IEF Cell
25 R A2 HL VK[ (Bio-rad Laboratories, 3¢ 17,

AL S 1 4 H SRRy WL 2,

£2 7cmIPGRE@QH4-7)EEBEBEBKNEN
SHREER
Tab.2 The focusing procedure used of 7 cm IPG

gel(pH 4—7) on protein isoelectric system
HE s CER ]
Voltage (V) Gradient Current (LA) Time

e 50 Hold 50 14h
Rehydration
1 250 Linear 50 1 h 30 min
2 500 Rapid 50 1 h 30 min
3 4500 Linear 50 5h
4 4500 Rapid 50 25000 (V-h)
5 500 Hold 50

GRS AS , BERAIGH, IR ORI R I8
UM T 2% LRl —20°CokAR T ORAE, HEEE
i} SDS-PAGE Hi3k 434 o
1.4.2 SDS-PAGE % ik FHRBELEN IPG K
SR 2 MR A, BRI 15 min, 7EREIR L
ZHeREL, PR PR AL 6 mol/L JRE | 2%
CHAPS. 0.375 mol/L Tris-HCI (pH=8.8). 20%H 1,
SHIIA 2%H9 DTT Fl 2.5%F il 2, Bk e . P-4 I 1)
WEARAE MR BE R 12.5% 1% 3R TR s Tk i 8 Jise b A7 25 —

YK, SRAEG KT, GRS mA/ZK
1 L LB AR e e IR Sk B R BB T, 3G KA
ME 15 mA/S, HBIHIKES R 8 A S KR %
sz G250 #1744 (Anderson et al, 1991), fHH>
o B SR AR T A T AR A BR A B (R 4 F
H Marker(%ILAIZE 1 97.4 kDa, 4= IfiL 75 8 11 66.2 kDa,
XSUN A 42.7 kDa, 4-IML£0 8 31.0 kDa, 5 5 il
14.4 kDa), K Hgh AL 5B 15 pl inA %] 30 mm JE40H
I, fRHB TSR IPG I 4k —R I THLIK

1.4.3 Xy ok B # 5 H e b & ARAT AL 0] L
VKEEfd ] Powerlook 2100XL-USB(UMAX)JH##1Y
HATE, B LD TIF Mg . B &k Bt
PDQuestTM 2-D Analysis Software V8.0.1 (Bio-Rad
Laboratories, 32E)/Hr, & H s AR R A A
SN, B B ShVCEL S 2 AR AT U0 in LB
X AR S D Be A iR iy s R N T X . AW 0+
HAE 14.4-97.4 kDa Z [8], SFHL S (p)IE N 4-7, XF
H R B 25 AT LA B A R f 3 (P<0.05) i A T4
FE o 2k R AR IZ IR E R L, S A ES
LTI RIF S, DUERRBT G 5 o

144 KAEITEGET Z SRR
A= PR A R | () AT IR S o i,
Mascot F2 374415 I A 11 5T ) 224> KB ot 1 80 5 4
5 P2 v L 00 B 1 O B o e 5 AR A X 2R B XS
MZ5RA B E M (P<0.05), W 542 3.

BRI A5 00 Ik Be PMF K 90 i, o i
GPS(Applied Biosystems, 3&[E)—MASCOT(Matrix
Science, #&[E)7E NCBInr 4% H 482, Mascot 25
HH >95% B A7 7K1 2 11k 25 28 D A B 1 I o

2 #R

21 FMERZERZEANEN

BB )1 54 00 1) JHF AR 2 11 8 1) R K 9 Jie 11 i 22
PDQuest 8.0 /34T, £ pH 4-7 FE 1 JFi 3 T 14.4-97.4
kDa Y3 Bl Y 3L % 5E ) 448-470 ANEE 1 5, VERD ST
378 MR, LI SPH GalRE4h 0 T 2 1 K h
A —AEURAE A s PR B AR AE (B 1), B EE) I R4 &
PN [FE R 50 d I, BEEA 14 R ks B8
W EMEE R USRE FM PB4y f0 0 I & o X
M, $&8& SPH Mk RZE LW Hd 12 fiiEf
(P<0.05), Z3%12M 7201, 2901, 4601, 4002, 1401,
3901,0103.,0801., 0401 Fil 3 Fp&h g F1(4102, 3301,
2304), M@ N T 2 FhEH 9603 1 3802(P<0.05).

22 BEBMEARMNERIISFEEZREANETE
Xf 14 A2 R E H R E (R 2), IR



48 woooor B % 3 R %36 &
od01 2 TOTAKDa Rl 2 I AT IS % E 4% R R 1k R
; }1?3&01/23"“ 4102 . - 662kDa  Jip, SR AT EOH B, SRR 3BT A R
S =T 36 bR, Song (20 14)EL ZEUES , frDkk R I ik FY
- gt ; o T ™" . 7w OB A KRR R T RS, T A BT
-3 >~ FOUEH | 45 24%010 57 ot L BE ) 1| S8 1) — 6 AU 25 1
. ! /423; . el Tk T BE N, AR s L 1 A A T
o 2L Lo E o 31OKDe TR, SRR AGHEA BT 4 IR 5 %

N o T TR R IS R ML
AV . . . o BRI . AZWE-5-BE R S A UDP-7 25
oH4 o7 R T R T S 0 I B AR 1 3 R 6 e i
B AR 0 5% U o o AEURERSHARPZRE, BT LUEMLREER
Fig.1 The reference 2D-electrophoresis profiles of AR 3-AE R R 1) AR 20 P M R A, 3

juvenile fish liver

Hisk P 2 A5 2 S B S AL s AR o T bR
Arrows indicatied the numbers and location of the differently
expressed protein spots; molecular weight markers are shown

on the left

P HAE R W 805 5 0 240 M 2B ) 2 0 72 (G 55 045 5,
2006; F&EHREE, 2009; Novello et al, 1968; 1T5 %%,
2005; EfEASE, 19800 HAr3E, iR B, 0 5h
3L A (PR 4EE A L IR AR 8-FE 5
T X2, WLEhEEE) . 1 Fl RS S ACI IR 458 B (s 285 B 4%
BEEHIAR) . 1 FE SR E AR AERE 4 1
WIE A). 3 A A B B GE A i =
FOBERTIAR . 8 IREA a5 BNV B0y . BRE AR 2 B
). 3 Fhfe s AR R B ) (- BEAL B . A% T
WHBE IR 22 17) S A il . UTP-7 28 b8 A B R fL il 53 Y X1)
F 3 RS (PR TR 9. BRI 70,
Gkl AR =R

23 SE5RBNFEESERSW

11 FhZ 5 AR A A2k 3 T PR AL
S, HAEXUE ik A L 20 Hod, 3REE
JUARIAH(SPH) Y & #8211 BIE Hh s 5 B8 NG 3R R i . 3R
FIDERRMG 4 AL AL A LY ik . &
FIRGIR a5 BT | o BEAURE . R BB R 22 1)
SrmE . IR TCEH 9 PURTEEF 70, AR Y
HEHFEAMRB R THRE FM FRAL) @, 10 E
IR 2 PRI 8 - 2 - A, TR T A4 il 5 U A1 T 3%
B FM R4, 4 mi iR PR B ILIET 3, 4
EtEBL LI 4.

3 it

JHRE 2 3 P 1 9 i) 2 ZAR AR, 25 s IR W o

ATFERE IR B A R, f# AL 3 7] 52 (Subramanian et al,
2000). o s BEAL IS M A REAR RE I/ AL 1Y 7= g, A
1M AR DI REFEARCR BE R 4E, 2008), —SEFENHFL
S ST BoR B RV o I EEIL R LA
AP RIE, P H IR S I . 2EH T
(2012)2R FHRL i) HL UK AR 37 A RS AL B HAR SR T
WFL LSRR (/B FRTE 22 5, BRI YRR
BIEEEE, 2 50 A U B0 A P A il G 3k O
JF I ol G Ao AR sk, DA T in P o i FH AR
F 20 A 3 AR 5 B B B i = ) Ak ) A RS 2 B
Vg SR v o f ARG 1 B 1 28 9 P B R A (Liu et al,
2010). 740, o WAL REA A7 7E Hofh A Yy~ id 1, a0
P £ B i LA U2 2E LN A2 4K (Lopez-Alemany et al,
2005) &% B S5HUA 5 [ i (Kinloch et al, 2005), 1%
-SRI S ) R A Tl P LA AR A2 P 1) OB , 2 S5 LA
7= NADPH, $H2AERE & FNA B 05 7 16 2 2 R 19 S5 17
(Kruger et al, 2003; Herrmann et al, 1999), I HAEHLE
rEA AL R B2 H (Tan et al, 2009; Liang et al,
2011), UDP-#ij %5 bH A5 5 R AL Bl 20 T & s 12 i)
KW 2 — , TR Z B EE SRR B R, M o]
BUA BB S A A KT (E 85 5, 2002), FEA
TIFFT R, o 7 LA Tt T AZE B - 5B TR S T ) 42 v 1 P
B BB A B 1| 8 &y £ P U T RE AR OB R A
AR 2, (R SE R AR, AR T 2 RE it
H LU AR B Bl Al 2 2 A BTG S A, 1 UDP-4
755 P Tl TR T T 10 T 0 0 5 A &y e ik /D T )
B, AR T AR ) 2 A B Y O 1) R
J& o ESR H AT BA TC 1k 0 A Al R 0 RO fa AR 1 52
M, fHR & B B KR K BAR & TR/ E oK E Y
#1484k N fig f2 1Y 52 i (Ishihara et al, 2003), Lu %
(2012). Yamada %5 (2012)0 554675, &L RK AT REIE &< 4
PR £ 2K eE PPARo R4, AL AR
gz il Sh By LAAR 1) a1
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B2 $RE SPH(a)H FM(b) A Al i HFAE A 1A% X 1] ALk 5
Fig.2 2-D electrophoresis gel profiles of liver protein of fish fed diets SPH(a) and FM(b)

e M = =

ol BOEES

K3 R SPH(ZE)FI FM(A) I 4l f 22 S P AIE 2 AR s R0t b
Fig.3 The magnified regions showing the differently expressed protein spots detected on 2-D images in
fish fed diets SPH(left) and FM(right)

AR Al(Apo Al)JE % B s 2 1 (HDL) )
FELEME A, BT LA RBRANA b A IR R EE, R o
YRR, (RSP B (Brouillette et al,
2001), TEABIFEH, HDL RS 765 = Ik ik
1) &)y £ T e 08, 15 B I 400 e A T v 2 R
AR, RS T WG o 840 A 5 1R A
KON AEM 7L Eh Py A ki, Aoyama 45(2000) & HH,

SPH REH2 = BE A PR ] /N BN % Hh HDL /K°F, A2
KESBEEANXT HDL JE#M . Revilla 5(2009)%
B, )T e KA B BCHE R ) TR 5 0 BB A 42 5 i
W HDL 7K°F, Martin Z5(2003)0F 58 kB, 545
A, S AT BT Apo AT 3%
PEwm o AR WoR , HRE KT W A 14 fa
JFHE Apo A T HHK - THRE R GRAE R AA,



SRR ] RERS: A TR 8 (Platichthys stellatus)4l f T & 1 2% 35 149 5 11 51
0103 7201
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P4 $%E SPH Al FM fal e} ity B2 3E ) 1| 6 4y i AT U 22 S 26 11 9 e A X G
Fig.4 The comparison of the quantity of liver proteins differently expressed in fish fed diet SPH and FM
KRN 3 ATy E

Cylinder height showed the average value of triplicate

PN A S YR W NSRS & = RSP Y 2
HERCR .

HSP70 KR 1S5 ZFAFE M DIGE, WF & &
EANTE . mETEEONEBIE. fEEQMER
it 8 Ao S5 AR ) Ao A, TR ZERRRILIAR SRS O T Rk
1 FAE ] (Parsell et al, 1993; Hartl, 1996; Fink, 1999),
Carrizo 55£(2006)F 57 & B, 5 IR E¥E e 08 s pLIAZH
211 HSP &AL, %A K EURMMILE k& 2805
IERY HSP70 % it b 25 WA, 177 4m] ME1E 5 2 1 3
TSN HSP70 FHEr. 45 K BRIk 59 4 24 Ik i e
% 1 8 PN B R v R BRI | N 45 L 217 HSP70
M1 HSP25 HE H M &k, Xt dh W ALK IE B4R B
(Wischmeyer et al, 2001), 74F, Zh#GERACHHE
S HSP A FIAFRIE, SRRk Re I o B ik P i
AR A S R HSP70 AYA LR L, BT
B 32 14 (Kanazawa et al, 2003), 7EK = sh#) F )

WFos kB, fIEATHER) HSP 2 A %Rk 55
VB A HUR . Martin 25(2003) ) F Fe 8 8 A Tt 20 24 4%
AR5 o0k R ARDR R 0K R ARDRL A  , 45 R K
L, HSP70 7E48 £ DM BV mDEH &)y f0 e rh gl Bl 25 T
], i DR R AR AR Y P AN 3 R A O A A
UL SRR B 8 A B i % . A A B R 1 B
78 WHEFKHy 70 kDa AR 7 FE 1 S(HSPAS) sk fe e 3k 2
454 % H(BiP), & HSP F KA — 5 (Clark et al,
2008), ‘B AR BEHLEH B —Fh By, REMSH R G
W sk P I AR R A KA . [RIET, e
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Effects of Soy Peptide on Protein Expression in Liver of Juvenile
Starry Flounder (Platichthys stellatus)

SONG Zhidong', WANG Jiying'”, LI Peiyu?, QIAO Hongjin', ZHANG Limin'", HAO Tiantian®

(1. Shandong Marine Resource and Environment Research Institute, Yantai  264006;
2. Shandong Shengsuo Aquatic Feed Research Center, Yantai 265601)

Abstract

To investigate the effects of soy peptides on hepatic metabolism of juvenile starry flounder

(Platichthys stellatus), two isonitrogenous (43.98+0.14% dry weight) and iso-energetic (19.89+0.08 kJ/g
dry weight) experimental diets were formulated to contain 0% SPH (control, FM) and 24% SPH (SPH)
respectively. Two hundred and forty juvenile starry flounders (initial weight of 5.73+0.36 g) were

randomly distributed to 2 groups with three replicates per group (40 fish/replicate). Each group was fed

one diet for 50 days before collecting liver samples for analysis. The results showed that 448—470 protein

spots were detected in the gel area of pH 4—7 and Mr 14.4-97.4 kDa after 2-dimensional gel

electrophoresis. Among them, fourteen hepatic proteins showed over 2-fold difference in expression

abundance including 3 structural proteins (intermediate filament protein ONj-like, type II cytoskeletal

8-like isoform X, and B-actin) and 11 proteins involved in different metabolism. Nine metabolic proteins

and 3 structural proteins were up-regulated by at least 2-fold and other 2 metabolic proteins were
decreased by 2-fold in fish fed SPH diet compared those fed FM diet. The present results revealed that
SPH affected hepatic metabolism by enhancing synthesis of high density lipoprotein and stress protein,

promoting glycolysis metabolism for energy production while reducing synthesis of trypsin. The present

study elucidated the global metabolic response of fish liver to soy peptides using comparative proteomics

technology and provides a theoretical basis to apply the novel plant proteins in aquatic feed.
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ZFt (Paralichthys olivaceus)% & B8 & A B
[-1 EESAE

ftwmE FAMF XNeMd FoE K #
CPEIERSEEEE Arr b (G SRS EAIRE  #

mE

ke e TlE"

266003)

X EIN 5%, A A T (Paralichthys olivaceus) & 4 MK, ¥ 7 T 4 A8 & 45

(Serine protease) I-1 # & #4425 X (CDS)#2 2605 bp 8 E 21 F 77|, & T L Z 8 & a8 -1 LK
(POSP I-1)4 48 [X i 26 4 O A2 AZ B B % A AT A (SNPs), [ B 72 £ 8 50 F X §f 2% 28 4~ SNP i
Boo MRRA R IHE W YUR T 5 BT PI4T35 4 SNP LA By 2 AL, BT A7 CDS # SNP L &
By AT UL, R I SNP365A/G L R FEFuR MK F 8y AG LB A By EF A E £ 60%, & T 5 KK
#y 40% (P=0.01), qRT-PCR £ R T 7~, FBEAMEAE A HE Y )G, PoSPI-1 At Fik A thxt 4 2
TH#%, EHmAMEE, POSPI-1 it kk EMILBAE FABY, HETFHRENM., £E%
W, 28R EOBEIFAATEREBINHEAL T LEE LA, wELFEN SNP365A/G LR &5 7T &
BN R AR R AR, RALETEN TR Ik 5 7 A B EARIT,

ES7 40

hESES S96  CEERIRFE A

- #F (Paralichthys olivaceus)fE N T.FEFH &4 1F F
e Ty 2 25 PR L R o 2 TR s (M 8 = A
2000; TR, 1998), 685G 2 H i —F e 31k
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AW B B R T L B0 RS i S KA S g
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A1) JE% L (Budayova-Spano et al, 2002).,
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* EE AP ESE
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S5y i A R A TR A 58 FR B 1L AR 48 T BH B
KA RAF, IR 20 em, F S8 ITH 2
HI, 7E 22°CR KPR 7 d,

SR B AR (vib72) 43 25 H 8L Cod.o #8515 1R
L7 e R RN SR By N 2R A e o U QRIS A [ e i

1.2 #23NEEsT

B LN i v o R RN = 3 | O
1F 2216E [EARE 3235 |, 37°C 1555 24 h, K Bi2E 7
KRG IEVE, AR AR BRI RO, I
Fe A 10° CFU/ml WY, T IE 5.

T 8T SEIR R, K 90 R fH R O B 1443 3]
341000 L (LA, BHED 30 BAMA, B4 Mz,
1S /D 15 e E DS - 9 R 87 R 6 R N
T 400 pl BTG B VF W (10° CFU/ml). X} BE 4 7
A PEER K o BT 1 2 BEAE [R]85 45 1 N AR 5%, T 48 h,
B4hME 1R, 48hJ5, B 2hWE 1K, £
ToRFE), S EPEBCRZET- AR B R BRARER
B, ARG AT E, % A-80CUKFE,
AT RNA RY3REC. [R] A B ZET- A /0 i LA 21
41, FE-80°CUKFEIRAE, FT DNA BY#EHC, FrEil
K6 d, LSRN, RS . L LR
J& , AR T EXAEE AR A TR . K AR T
SF B A 68 5P o SRR, T AE T B S I IR A R
AR TR

1.3 EF 24 DNA HJRE

FEHZH DNA A HEHCR B R #5805 P2 i
(K AJR 5F, 2004), B bR 40 A ) 8 8 B A i AL
WZHZIKZ) 50 mg, BCA 1.5 ml B0 %, TR
FreH R BT, I 550 pul TNES 246 2% i fil
10 pl & FAF K(20 mg/ml). IR5))5 B F 56 C/RKIFHH
ZENRHLEATE 4 . 24004 S R B Af Fn 3/ 550
U5 /5 G EE (25 = 24 « DRI/ 5224 = DA
WYk, 12000 r/min .0 15 min, B EFBRA 1/10
TAFREY 3 mol/L NaAc 1 700 pl SEAEE, B T—20CHIE
2-3hoZ )i ,4°C 12800 r/min &5.0» 20 min ULIE DNA,
DUVEY I TCK SR PIIR, il AR T FF O
HRSEA), e TEWREMR. 20CHRARH.

1.4 5 RNA BJ3EH(FN cDNA £ — &S

FEERFE . B AR . RGIE AR S RNA A FEE
# 18 Solarbio /A 7] #) TRIzol Reagent YiBHH 17, 15

F| ) 2L RNA $% I8 TaKaRa /A 7] A Recombinant DNase
I UL 5 HEAT LN 4 DNA )2 5 A RNA 2tk .
K Ffl Nanophotometer Pearl F1E5 5 M58 1 L Jk K 4
b5 RNA AR SE M, % TaKaRa A A 1L
skl M-MLV UL E1T cDNA 55— 55556
%, K cDNA B F-80°C kA7 H .

1.5 PoSP I-1 CDS K /EzhF XIS =R F

A& PoSP 1-1 CDS F#%1(GenBank accession No.
AB191200.1), fiJf] Primer Premier 5.0 ¥ {Fi% 4" 1%
PoSP 1-1 &K M5IHMGER 1). ZIENBE T H
Ffl cDNA J7%1] Blast 2 -3 X 2 0 )37 Bodi 4645 .
e 5 BIURAAR 5 RS AR cDNA HE1T
PoSP I-1 CDS H* SNP fifi & b HoUF sl #9974 . PCR 2
A& Z : 10xPCR Buffer(Mg®") 2.5 pl,MgCl, (25 mmol/L)
1.5 ul, dNTP (2.5 mmol/L) 2 ul, 1E A5 [#)(10 pmol/L)
0.5 ul, Tag (5 U/ul) 0.25 ul, ddH,0 17.75 ul, PCR
R 94°C 5 min; 94°C 30 s, 58°C 30 s, 72°C
1 min, 28 MEH; 72°CHEH 10 min, [ Vector NTI
Advance 10.11 (Invitrogen)X 4 FH -1 /545 5 1) 7 51
HoX . FEREM SNP my#r$k. ffiF TFSEARCH (http://
www.cbrc.jp/research/db/tfsearch.html)i# 47 PoSP I-1 [+
Tie 4 DX S s IR 45 5 A s i 3 T o AR NCBI 2
KA PoSP I-1 ) cDNA J¥51, 45/ 04k FHHAD
B 22 R Y cDNA J¥ 51, Fl MEGA 5.0 i fF
(RSB ALAHE A i R G, Bootstrap {H°4 1000,

1.6 EfF. SNP BB R HBHES

I T 75 52 56 T AR A5 19 B A AR T s A 1A
f) cDNA i, #1712 38 K A FE I3 AT SNP 37 45 14 43
A, WA 6E PoSP 1-1 R A 5 7 51 4 (CCXSPI-
1Fw F1 CCXSPI-1Rv) (£ 1), 1B kIR N 60°C, PCR
PR R K N 4L 1.5, BRI 455 PoSP 1-1
[ SNP 37 1 (F3 748 By 488 /NG or 5 R %6 MAF<0.03 A1
S AR R ) o BT AN ARRN 2 AR B R 25 7 R
I RIS A AT, B ) 0 3 Pl . SPSS B HEAT R

1.7 PoSPI-1 ZEF &R, EESBEMNMERERZE

i 1152 B 5 B PCR(qRT-PCR)# 43 PoSP 1-1 7
T S A B R K ) X B A AR D R S 08 B i S R
Gy AR FNBUR A4 3658 7KF- o D3 13
Sy NS 7 BT v B BORAS I | B A0 . G0 A 5 1Y)
cDNA # il , 18S rRNA K H TN 2 5: K (Zhong et al,
2008), SR KR 1. BN CtiEy
WSELH 18S 1Y Ct H#E T HAE, qRT-PCR Z5 55 #r
fli 274k
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Tab.1 Primers used in the study
514 PR P EE igdl iR JGR JEipzs
Primer name Product size (bp) Sequence(5'-3") Tm (C) Usage
SPI-1Fw 117 TTCCTACTCATGCTGGTCTTTG 53 1 CDS 77
SPI-1Rv TTTAACACTCCAGTAATCCAGTCCC 56 1 CDS 731
CCXSPI-1Fw o TGTCAGATCTATTCCCCATCC 60 T
CCXSPI-1Rv ACTGTGAGGCAGCGACTCC 60 EgUl)Re
QDZSPI-1Fw 2690 TGGGCAGGAGAATACAAACAA 58 b1 S B RS
QDZSPI-1Rv CCAACAATACGAGAACCATCAG 57 P 145 3 F P 5
qSPI-1Fw 110 GTGCAGCTGATCTCTCTGAAA 60 gqRT-PCR
qSPI-1Rv TGAAGCGTGTTGGGTAAGG 60 gRT-PCR
18SFw 100 GGTAACGGGGAATCAGGGT 60 gRT-PCR
18SRv TGCCTTCCTTGGATGTGGT 60 gRT-PCR
2 #ZEH SHTIN R4S 717 bp A9 PoSP 1-1 CDS, L& 9

2.1 HBNE B T ET

T GHESINEE 20 h 5, SCUA R IF4h H BISE TS
MK, ZIEE2h ME 1R, HEWERSH 6 KAH
HIETAMR M IR o XF BRA] R & B BEFETS . 76 LI 4
th, 3 30 BAGEIET:, A 30 B A GFIRAAET .
2.2 PoSP I-1 CDS Hy# 1% % SNP 5 &

WP 4 10 FE PoSP 1-1 AY4iA5 X (CDS)F 4,

AN SNP fii 5, 4T 4 80 bp A 1 4> SNP( 1), &
IINEEREFE R R A 0.03 5] 0.26, FEIX 9 4~ SNP i1,
A 1AM R R L5, Higr 8 AR R L E4E
(£ 2)o B[R] X 2748 5[] Lo A8 (1) il 2 8, 2P PoSP
-1 ZbFIE e

A AR AT AR AN 2), B 22 R
FEEEE -1 REE S TN 2 A REAR 2 B A—
%, 2l 5HAb, U2 22 R A 1 R h—
%, [l 22 IR I 1-1 PR A S it HoAth 22 &g
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61
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61
241
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301
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361
121
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541
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661
221

Fig.1

ATGCTGGTCTTTGTCCTAAATGAAGCTGATGGTTCTCGTATTGTTGGCGGTAGAGATTCT
MLVFVLNEADSGS ST RTIVGSGTRTDS
cfcccecACTCACGCCCCTACATAICTTCGCTGCAAGTCGGAGGTAGCCATAACTGTGGG
APHSRPYMASLA QV GGSHNTCGEG
GGAGCACTGGTGAAAGAAAACTTTGTCCTCACTGCAGCACATTGTGCGATACCTGTGCCA
GALVEXKENTFVLTAAHCATIPVFP
TACACAGTTGTGCTCGGCGTTGATTCCCTGTCAGGTACAGAGACTACAAAACAGGAATTC
Y TVVLGVDSLSGTETTTI KA QEF
AGAACTGTCAGATCTATTCCCCATCCCGATTATGATCGACATTCAAATGATATCATGCTC
R TVRSTPHPDYTDRHSNDTIML
CTGAAGCTCAATGGCAGTGCACAACTGACTGAAGCAGTGCAGCTGATCTCTCTGAAARCG
L XKLNGSAQLTEA AV QLTISTLTE KA
ATCAGGGTGAGGACAGGGAGTCGCTGCCTCACAGTCGGCTGGGGGGHOATAGGGGATAAC
I RVRTGS RCLTVGWGDTIGTDN
AACACCTTACCCAACACGCTTCAGGARGTCAACGTAACCACACTGCCACAGCGGACATGT
NTLPNTL QEVNYVTTLUPAQRTHC
CGCAGGAGATGGGATCAGTTCCCATCHCTAGATCAATGGTTTGTGGTGTTGGGGCCAGA
RRRWGSVPITRSMYVCGYV G AR
AGGTTTCAAGGCTTCTGCTCGGGGGATTCAGGTGGCCCTCTGGTGTGTGATGGAGCTGCA
RFQGFCSGDSGGPTLVCDSGAA
GCAGGCGTTGTCTCCTTCTCTGGCAGGCGATGCGGAGACAACAGGACCCCTGATGTCTAC
AGVVSFSGRRCGDNRTPDUVY
TCAAGTATATCCTCCTTCAGGGACTGGATTACTGGAGTGTTAAACAGCAAATAG
SSISSFRDWITSGVILNSK %

Kl 1 PoSPI-11 CDS K HZIm )T
CDS and the deduced amino acid sequence of POSP I-1

EIG T IERR , Z BT HI* %R . SNP 7 s JHHER R

The initiation codon is in bold and the termination codon is marked with *. SNP sites are boxed
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100 l—|Paralichthys olivaceus |Sen'ne protease I-1(BAD 91574.1)

57 L Paralichthys olivaceus Serine protease I-2(BAD 91575.1)
% Channa striata Serine protease 1(CCQ 71729.1)
98 Takifugu rubripes Myeloblastin(XP 003974114.2)
73 Salmo salar Complement factor D precursor(ACI 69539.1)
Xenopus (Silurana) tropicalis Serine protease 57(XP 002940708.1)
Gallus gallus Serine protease 57(XP 418216.3)
Mus musculus Serine protease 57 isoform X1(001036175.1)
100 Macaca fascicularis Serine protease 57 partial(XP 005588675.1)
100 Homo sapiens Protease serine-like 1(NP 999875.1)
W'_E Pan troglodytes Serine protease 57 isoform X2(XP 009432511.1)
98— Pan troglodytes Serine protease 57 isoform X1(001146596.1)
IT
B2 225 BREE ARG > Wb 09 R St A
Fig.2 The phylogenetic tree of serine proteases among some species
< 2 PoSP I-1 CDS H B iZH B % 754 i s (SNPs) (SNP )
Tab.2 SNPs discovered in PoSP I-1 (the position named from the start codon)

SNP # 1~ Codon HIHLB Amino acid BN FE R ST R 2R Minor allele frequency S/NS
SPI-1SNP62 GAC/GCC Asp/Ala 0.05 NS
SPI-1SNP86 TCT/GCT Ser/Ala 0.05 NS
SPI-1SNP223 ACT/ACC Thr 0.18 S
SPI-1SNP365 ACG/GCG Thr/Ala 0.21 NS
SPI-1SNP415 GCC/GAC Ala/Asp 0.03 NS
SPI-1SNP417 CTA/ATA Leu/Ile 0.03 NS
SPI-1SNP456 GAC/GAA Asp/Glu 0.03 NS
SPI-1SNP502 AGA/GGA Arg/Gly 0.05 NS
SPI-1SNP518 CCT/ACT Pro/Thr 0.26 NS

ARG R FE AR U 50, WL EEAR Tl IEE A I FE T CdxA 5 7E-1583 i 45, f74E T/C
(Takifugu rubripes)i¥ Myeloblastin M KP4 vEfE(Salmo AR Z A, WL S FH TR SRY; 1E
salan)#MARF D 2, SHAER G HOAIR . 1658 s, fF7E T/G T IRZAME, WZs A1
2.3 PoSP I-1 B FRIBH & & HORTy CdxA; fE-1782 {ixd, #74E T/G SACH

MRZASME, WNES & RN TN C-Bts-; 1E-2199

YEHL 5 BIURAER 5 B S BAME, Iy g T P, FETE A/C R TR Z S5, BUNSS & iy sk I
PoSP I-1 i 2605 bp 4 F B o X5 7 45 S35 47 e X, Tl GATA-2; 7E-2388 fii i, 1E1E A/T PARTIRE
SeAr ki 28 A~ SNP(/&] 3), ilid TFSEARCH TUINHE  cpp | 345 &t 2 T4 CdxA.
SRR FES AL, 434 28 A~ SNP i i 5 Tl i 2 sk
T2 2 i 6 2R () 4). 2.4 PoSP I-1 &M E-365A/G 5 F 61w 5

FE POSP I-1 JA 8l F X34 i —13 I, #4E T/C 1Y BRIX R

ZAPEARAL, WO R B SR -l SRY ;PR A W EI, ZMAE PoSP I-1 g M EENZL
—423, f71E T/A BZAT IR 280, BUl 454 1Y% s AL SNP365A/G(U“ﬁ“~ﬁ%%f‘zﬁmﬁy+l)(l7§l 5).
Th SRY; [HkEHh, 7E-623 fiisi, f77E C/A BiHF  SNP365 EMHAEMRBIN AR AR L RA . FE%NL
fRZ 5%, éﬁéﬂﬁ%%l%j\y SRY; 7EAV -748 i, AAT%@@?EEW%E 36.7%, (HAEPUIRAL R
I, FATE G/IC M2 AT, TS & W Sk N T 2 16.7%, I H., 7E584H AG RIS E 40%, e
CdxA; 7ENI25-809, 811, 813 fF7EC_ A C/T. T A JRLAMIBIRE 60%., GG 1EHUIE FI 5 B 45 %R 44 Hy
) A% R 22 A PEAR Ak, TU 45 45 () %% S LTS CDP 23.3%. Hr, HRITKE 51T SNP365A/G, 454 5%
CR; FE-1358 fifi, fA1E A/G BEHREZESM, W /N EERE2EF(P=0.010).
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CAGAGAAGAGTCGGAAAGCTTAAATAAAAAACTACTAATGCTGCTCCAGCTGCCTCTACTTTCCAGTTTTGAACTTTCACTTTCTGGTTCTGTGTT
GCCAGTCGTCTGTGCTTGACTGGGCAGGAGAATACAAACAATTCATCCTTAATAATGATAAATGACCTGAAGTGTGATCTGAAAATAATTTTTGGT
AACCTGTCATTCATGTCAAGCAGTCTAGCCACATTTTGGGTGTTTGGGATATTTTTCAATTTGAGCTTTGTTTCGTCATCCAAATCATGAAGGAAT

T
TTAAATCATGCTTCCTCCTCAAGCACAAACTTGAAACACAACACTGGCTACAAATTAGGTATAGAAATGGTTTTAAAGCCCTAAATAAGCTTACTC
CTATACATGAGACACATTAGGCCTGTGTTCAGGTGCTTTGGATATCCTTACTTGAGAAACTTGAGTAGCAAGATTCTTTAAAGGATGAACTGATCA

T C
CATTTTGGCGGTCAAAGGTCAAAGGTCAAGGTCACGGTGACCTCACAAAGCACTTTTTTTTGCCTTGCGAAGGTGATTTCTCTGGAACAGACAAAG
GAATCCTTTTACATTTATGGTACAAACATTCACCTGGAGTCAGTGATTAACTCACTTGATTTTCAATAAAATGATGTCTTACATTTTTTAAAAGGG
TTTTTTTCTCAGGATGTTGAAGGGGGCAGCGCCCAGCTCCCCATACTAAAAAATTTCCTCTTTTTTTTTCCCACTCCTCACCTTGAATTTCTTAGC
G
TTTGGTTATCTCCTATGAGAAAAGTGTAACAAACTGCCCAGCAACAAAACTAATGCTGAACTTTGGATCAGTTCAAAGACTTAGAATTCAGTAAAA
G
ATGTGGCTAGCTTTGGTATTCAGCAAAGAATATGAAGAATTCTTAACAGAGTTTGGTGTATTTGTTACAGTGGCATCTCTTCTGGTTCAGGAGGCC
C
GGGGCTCATGGGTAATATCCACTGTTCAGTTGTGTTTCAGTTCAGTGAGTGGCGTTAATGCAGCAATAGTCAACAGATTTTTTTCTCTATATGATA
AAACTTACTCACGTGGACATGGATCCCAACAGATCATCATATGTGGAATGGAAAATCTGCCGCATTCAGTATTGGAGAGATACATTGTCATTTCTC
T
AAATTCTATAATGAGTCTTTAACTGAAAATTAAAAATAAAGAAACATTGTTAATGGTCTGTATGTATATAGCGATTCTCTAGTCTTGATGACCACT
G
CAAAGCGCTTCACTCTACAGGTTATTTTCAAAAATGTGCTTTCGGCTCCCAACAGAGTTCAGTTTCAGACTGTGGTATGTTGCATAACTCAAAACC
G C
ACATTCTTTCTTCAGAACAGTCTTTAAAACACAAGTGATGTAACCTTGTCGAAAAGAGGAAAGTGATATAACTGTCATAACTTAAGCAATAACAAA
GGCCACATTTTTCTGATAAAGACAACTTAAAATCCCATGAAAAAGAGTTTGACCTTCAATTCATCACTGTCGCAAATTGCCGTAGTTTCAAACTTA
T G
AAGATTTACAATAACATATTGTTTGTACATGTAAACGTATTTGTATTGTATTATATTTATATTTTGTCCCACTGTAGCATATTGTAGCAAATTATG
G
GTTATTACTGTTACTGTTGATAGCTAAATTGTGTTGCACAAGATAGTTTGAACGAGCAGCTTGACATGATTAGATGGCGGATGCGGAGGAGCAACA
GTGGCGTCCATCCACTCCACACTAATATGCAAGTTCAACTTTAATGACCTAAAATGGCTTTGAGGTACAATCAATGTTGATGAATTTTGGCTCAAC
T T TTA
TGCTAATGAAATGAATAAAAACATAAAGTCTGGTATCAATTATAACACTAATTTTCAAAGTTGCTAAACCACTCAACCGATTTTATAGAGGTGGGG
C
CATAACCCAAGAAAGAGCCCATTGTAATTTGGTGCATATCAGAGGGTGACACCAGCAATTTCTTTTCAAAGTATGTACTAATCCTGATCATGATAA
A
AGACATTCAGACCAGACTGTTGGAGTCTGTGCAATTTGGTGCAGATCCAAATCCAAATCTGGATCAAGTGCTTTTAAATTAGGTTTTATAGGGGTG
G C
TAGGCTTTTTTCAAACACAAGTAACAAGCAGAGGAAACCAGTAACTGACACTAATGTGTAGCTGAGAAACATAATGTGGCCAGTGACCTGTTTCAA
A T
AGGAACTGTTGGGCCTTGGAGGATTCTACTGAGTGCAACCCTAGTTTCTATTTTATTAGCAACGGTTTTGACACATATTTACTTAATAATAATTCT
C T
ACAGACAATTCTTAAAAGTGTAGACATGATTCTGGGGGACACATACAATAAACATGAATGAGAATCTTGAGCCACTAAAGCTGTTGATGCATTAAC
CACAACTGTCCGGTTCATCAATTATGAAACCCTGTTTTGAAAATAAACCCACGTCTTTTGTAACAGCTTCACAAATAGCATGTTAGCACATTCACT
GAAGCAATAAAGACCACAAAATAAGCAAGATGTTTTCTTCTCCAAATATTTATAAGACCAAGAGTGGAAGGTAGATCAGAGCAGCGACCATGGCGG
A

TTGGTTTCCTACTCRATGCTGGTC
C

K3 PoSP I-1 3 3 7741 Y B H IR £ A5 1

Fig.3 SNPs of serine protease I-1 promoter region in P. olivaceus

ZBMEN R T RIZERR, 280 VB TE 5 R

The polymorphism sites are underlined, and their variants are indicated
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—853
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—653

—455

TFSEARCH BUEAEA MRS, TGS SR F A0 25500 15

woooor B % 3 R %3645
ATTTGAGCTT TGTTTCGTCA TCCAAATCAT GAAGGAATTT AAATCATGCT score
——————— > CdxA 88.5
TTAGGCETGT GTTCAGGTGC TTTGGATATC CTTACTTGAG AAACTTGAGT score
“““““ > GATA-2 86.6
GCGCCCAGCT CCCCATACTA AAAAATTTCC TCTTTTTTTT TCCCACTCCT score
------------- > c-Ets- 87.7
AGAATTCAGT AAAAATGTGG CTAGCTTTGG TATTCAGCAA AGAATATGAA score
______ > CdxA 92.9
GAATTCTTAA CAGAGTTTGG TGTATTTGTT ACAGTGGCAT CTCTTCTGGT score
——————— > SRY 86.4
CAAATTCTAT AATGAGTCTT TAACTGAAAA TTAAAAATAA AGAAACATTG score
——————— > CdxA 90.7
AATATGCAAG TTCAACTTTA ATGACCTAAA ATGGCTTTGA GGTACAATCA score
—————— > CDP CR 86.3
GTCTGGTATC AATTATAACA CTAATTTTCA AAGTTGCTAA ACCACTCAAC score
—————————— > Cdx 88.6
GTGCATATCA GAGGGTGACA CCAGCAATTT CTTTTCAAAG TATGTACTAA score
——————— > SRY 90.0
AGTAACTGAC ACTAATGTGT AGCTGAGAAA CATAATGTGG CCAGTGACCT score
—————— > SRY 85.7
GACCAAGAGT GGAAGGTAGA TCAGAGCAGC GACCATGGCG GTTGGTTTCC score
—————— > SRY 87.3

K 4 PoSP I-1

JE 80T DSR4 5 S D 45 A A

Fig.4 Diverse of putative binding sites for transcription factors of POSP I-1

B R 5 1) T Sk 3878, SNPs TR RIZk 3R

The TFSEARCH scores are presented on the right. The location and the orientation of putative binding sites for transcription
factors are marked with arrowhead. SNPs are underlined
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Fig.5 Sequence analysis of serine protease I-1 gene in CDS E o 1000
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Tab.3 Correlation analysis of SNP365 of POSP I-1 with
disease-resistance in P. olivaceus

N

Individuals

LR

Number

H A1 Genotype(%)
AA AG GG

p &l 6

S5 &AM Susceptible30
PLI% & Resistant

11(36.7) 12(40) 7(23.3)

Liver

Gill Kldney Spleen
ils

i)

TESH TR PoSP 1-1 5 4 6P IEANA | Hi A
NG A RRIAT | B

Fig.6 The expression of serine protease I-1 mRNA in liver,

R 40 2235 KT

gill, kidney and spleen in control, resistant and susceptible

30 5(16.7) 18(60) 7(23.3) 0.010

individuals

of P. olivaceus after V. anguillarum injection
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The Polymorphism of Serine Protease I-1 in Japanese Flounder
(Paralichthys olivaceus)

FU Ruixue, ZHOU Nayu, LIU Jinxiang, WANG Xubo, HE Yan, ZHANG Quanqji, YU Haiyang"

(Key Laboratory of Marine Genetics and Breeding, Ministry of Education,Ocean University of China
College of Marine Life Sciences, Qingdao 266003)

Abstract

Serine proteases are enzymes that have serine, histidine and aspartic acid in their active

domain and same catalytic mechanisms, which play important roles in many diseases and intracellular

signal transduction. In this study, we amplified the coding sequence and promoter sequence (2605 bp) of
serine protease I-1 from Japanese flounder Paralichthys olivaceus (PoSP I-1). We identified 9 single

nucleotide polymorphisms (SNPs) and 28 SNPs in the coding sequence and promoter sequence of POSP
I-1, respectively. The analysis of all SNPs indicated that the frequency of SNP365A/G in the coding
sequence of POSP I-1 is significantly different between the resistant group (60%) and the susceptible
group (40%) (P=0.01). Vibrio anguillarum injection reduced the expression of POSP I-1 in the susceptible
individuals but induced its expression in the resistant individuals. Moreover, POSP I-1 in the resistant

individuals is higher than that in the susceptible individuals. These results implied that PoSP I-1 is
involved in the resistance of Japanese flounder to V. anguillarum. 365A/G of PoSP I-1 is a potential
marker associated with the resistant Japanese flounders. In conclusion, POSP I-1 365A/G is a candidate

marker that could apply to disease resistant selective-breeding of Japanese flounder in the future.

Key words

Serine protease; Japanese flounder; Vibrio anguillarum; Polymorphism
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% M #8] (Carassius auratus)Zk b £ E [F A
FoaH Kk RG#HL

WX L W % O BRERK
(ZHAR RN R EBEK =05 A 230031)

EiESC B JE R

BE IR RLAZEEBMNEN ZRASE AR, RAZENFERERNBELELHD, £
JF 7 A& K 16581 bp, BRI KR H 31.6% A, 262% T. 16.1% G #126.1% C, @3 13 NE B 4
B, 22 MtRNA ZEHE ., 24N RNA £FA 1 ANERDRX, EHEENCLERARG EAMFNER &%
— 30, % tRNA-Ser “OV4h, H 21 AN RNA B R M B AR A = v B LM, 3ANEL RS
HEEF, B COIRGEZELTNH GTG 4, HAH ATG H 24 % F; COIl . ND3, ND4 f2 Cytb
HENLLEFEFHLTENT, Lt o NEEHEH TENLLEETF TAA 3 TAG. 77 247
R, BN S5HMMBEa LGP ERBARZMD R, W, HTW, FLAaW. B, HRAH
AnH AR E A R R A B EA K N F A FE R K (9%4%) . UL # (Cyprinus carpio
haematopterus) iy 4~ K2, X T4 REK BNEAREFINZHREEALRFIIME FARME & KK

ARo#tfmt, ERExT, BNAE 7 ERWELR A RE, GREHRR. FoULFRER, kK

T PN B89 1 A 4R 80 T2 A B — A3 07 R EE
KEgin

hESERE S917.4 CHEFRINED A

Bl 2R R R 4] (Mitochondrial DNA, mtDNA)
VA WUEE PR IR DNA, KB — B FE 15.7-19.5 kb, i
ik mtDNA WK EERZHE 15-18 kb, HAUE 22 4~
HASHHE RNA L (RNA) . 13 N Yab (R LA |
2 NI BEIR RNA FE K (rRNA)YFT 1 A48 6 X
(D-loop X)) K HtA TN RIFE A (] 4 /b s A aAis 51 . K
ZHCEHESHY) mtDNA FIZH AT R R E , (EANRIZE
THE B 2 DR A 7 5 40 AN 3 DR HES I L A7 25 57, X Fh
25 S TTHE S T A A I Y A [ 2 Ak % 2 (Saccone
etal, 1999), 1T mtDNA HA LM BERE |
A T PSS R AT R O T R G SRR AL 2
W AT R 5 Fhiic , Bl 32 FH 0 1 £ 2 a] )
TG R B H A AT FE (H IS, 20005 5841
%%, 2004; Miya et al, 2001; Caccone et al, 2004),

ToE, RAEEEA; RAHNN
XE/RES  2095-9869(2015)05-0063-08

BN 8l (Chuzhou Crucian Carp) [ ;=T 2284 %
M4, 2R ERIR = AR MER & & (Gynogenesis)
fill(Carassius auratus)Ffifff 2 —, 2B B 238
A B R GK ST, 1995 1996; 1) A%, 2009).
TR B ELAT AR R OB . AMA K WHIRAR . A 2 G
NEa, RAEWIEIA QBT &) B, siAH<R
NEIEAn b, WRH AR, ek, OGN RICE,
SRR MR P SR REEN A RAT ik, B
HE RS 2T (R RIS, 2011),

AR, TSGR SRR A, R
BT A R AT . (HA DCIRR M B Y I ST I AN 32 5
H F 2R ARG L2 (B WUESE, 2009). Z5H
AP (BRATARAE, 2004; ZEIRFESE, 2010; EhH A 4E,
2010)5 511, X H A FAEY E U s> Hor ik ik

* TR TR T 430 H (14D0508) . L2 U8 £l Bl 2 B SR 4k T H (13E0504) FIZ B4 “ 1157 77l A 37 1 BA (A5t
AAI3[2009]2 S)ILRBEB . $1 K45, E-mail: huyuting1021@126.com
O #ERMEE: 1 T, EIPFR A, E-mail: huwangl01@sina.com

Woke H A 2014-11-03, YeE ek H3: 2014-12-03
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Ja (ke A8 5, 1998; B aiES, 2009), AR IR
R R G A, BRI T BRI B DR AR T R .
BRI A5(2015) R FHZOR R DNA 42 i DX R0 40 il 2, 3%
b(Cyth) 4 7 BT T 1 M 8 55 350 43 6 ) £a 28 (1) 3 A%
AR, K BLIBRM E5 J7 IE 4R i(Carassius auratus
gibelio) L A it SR 2k & &, i 5 M il (Carassius
cuvier)EL X R iwit. HET, wIGHRIME] mtDNA
A 5T E

AWF5E R PCR ¥ 1 H DNA BLFEI0 %, 2
T RN LRI AR KL R 24H DNA 4550, Jforir T HE
ALy E 25 R, ISR E M — k17 L
%, LI (Cyprinus carpio haematopterus) i 7 2EEE,
P T 8 R a2 1 R EACRT, dE— 20 T M )
W) R GE A HB AT o F 5% 45 S S ik — 25 1) b A 3
PRI 4 A S [) b AR AR () 3845 2R L SR C R D
J AR 28 R G AL PR AL T LRI S, X IR M
B AR B R0 o 28 i A7 19 o LA R o DR R H AT
PR,

1 #RE5F=E
1.1 SEIR#R RS DNA BIFREL

T P 680 Sy 22 4078 T P T 7K = 0 5% BT R A7 3
B A HGRR N S ET FEALEY, SRR A= R (At
T RS w95 38 3l 4 3 PR 2 B B ) & (Universal
Genomic DNA Extraction Kit), #% 8850 &2 1
VEA BRPEHOGE R 20 DNA, HR T 1% 09 B g4 B ik
VKA

1.2 5I¥igit5 PCR 3G, MFF

Z: IRfli(Carassius auratus auratus) it 2 i AR 3L K]
H 47 %) (GenBank &3¢S . AB111951), H Primer 5
AT AT a5 LR R e S R AL 51, #5519
SRR, TR 1.

K PCR ¥ M4 kifA DNA i H Y B, PCR
RWAKZ . 10xTaq Buffer 5.0 pl, MgCl, (25 mmol/L)
4 ul, dNTP(10 mmol/L) 4.0 ul, 514 1 12 (10 mmol/L)

F 1 BRMNEER AR FR BT ESI YR ERGE
Tab.l Primers and PCR conditions for amplification of the mitochondrial DNA of C. auratus in Chuzhou
514 LU IHFS(5-3") TS IYE (53" PR PG
Primer Upper primer sequence Lower primer sequence Product length (bp) Product site (bp)
P1 CCCTACGCTCAAAGAATCC ACCGTGTTACGACTTGCCTC 1209 16364—991
P2 ATAGAGTGTCCCTTTGAACCC GCTTGTCCGATTTGGCTTAC 978 867—-1844
P3 TGACAGACCTACCGAACCTG CAAACGAACCCTTAATAGCG 1130 1447-2576
P4 ACGAGAAGACCCTTTGGAGC TTTGTTTCGGCTAGTGTTGAG 1227 2227-3453
P5 TGACCTTATGAGCACCAATACC TTCGGGCATTCAGAAGTGTA 1276 31204395
P6 GCGCAGTAGAAGCAACAAC TGGCAGTAGTCCAAGGGTG 863 4196—-5058
P7 TCCCCCAATACAACCAACTC TTGATGAAACACCTGCTAAATG 994 4957-5950
P8 AATAGTAGGAACCGCTTTAAGC TAGACCCAGGAAGTGTTGTGG 1219 5559-6777
P9 TGACTGGCTACACTTCACGGAG CGGATACTAAGACACGGACTGG 1209 64457653
P10 ATTGCTCTACCATCCCTACG GGCTCATTTATGTCCTCCTAC 911 7413—-8323
P11*  AAAGCGTTGGCCTTTTAAGC GTTAGTGGTCATGGGCTTGGATC 951 7902—-8852
P12 TTATCGGAATACGAAATCAACC GTGGGAGTCAGAAAGAAATGG 1276 8457-9732
P13 CCGCTGCCTGATACTGACAC AGGTGGGTCCGGTGAAATG 644 9506—10149
P14° AAGACCTCTGATTTCGGCTC TTCGTATTATTCCGTATCC 1042 10039—-11080
P15 CAAACCGAACGACTCAATG AGACTAATCCGTGGGCAAT 553 10150—-11332
P16 GCAGGGTCCATAGTACTAGC ACTTGGATTTGCACCAAGAG 889 11038—-11926
P17 ACATTACGGGACTCCAACC GTGAAGGCGGATAAACAGG 1127 11630—-12756
P18 ATCTGCCCTACTCCACTCAAG TCGTTTGTAACTTTTGCTATGG 1008 12693—-13700
P19 AATCATTCACCGACTCCTTCC GTCAGCCGTAGTTTACATCTCG 1047 13560—14606
P20° GACTTGAAAAACCACCGTTG CTCCGATCTCCGGATTACAAGAC 1235 14332—-15566
P21 GGACAAATCGCATCCGTCCT ATCTTAGCATCTTCAGTG 1202 15425-45
T ZHICHR, a; XIRES, 2011; b; Xiao et al, 2001
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% 2 ul, #itk DNA(50-100 ng/L) 2 pl, Tag DNA Jiti(5 U/ul)
0.3 ul, KEH#BAK 30.7 ul, BARFN 50 ul, P HEE
ol 94°CHiZsM: 5 min; 94°CZ8ME 30-50's, 51-55°C
1Bk 45-60 s, 72°CHEfH 45-60 s, F 35 PMFEH; &
J& 72°CHE{H 6-8 min, PCR W ¥ A &AM DNA
FIZS AT IR . B3Pm0 2 1% 0 B i B T FL i A
J& , B A T A TR BRAS mI kA7 A I H
Wy, WS Ry 5519 .

13 FIIHE. ERESN

ME L RLIA DNA FrBe 4564k 4 Chromas 2.13
(http://technelysium.com.au/), Seaview (Galtier et al,
1996) . Clustal X (Thompson et al, 1997)#k47 41 £ Xf
P . PHELFIZRARIER A7 5], 75 NCBI £ 2
TEZL Blast 73-HT 75 A JEE . SR ITEL T tRNA Scan-
SE 1.21 (Lowe et al, 1997) (http://lowelab.ucsc.edu/
tRNAscan-SE/)Jf:Z: iR GenBank " & 21 i H ALY &
KM LRI IAIL N H P2 E AL t(RNA LR J H 245
My, B GASIEA . rRNA £ H H D-loop IX, i
T P B s (% I PR 2 1) R PR 4548 . >R FH AR DnaSP
5.0 (Librado et al, 2009) % MEGA 4.0 (Kumar et al,
2008) 5 ER A% e H14E B AT 404

14 BEEBHW

M GenBank T #i—S6th S YL R AR L K 2 27 5]
(R 2)o VABESRANERE, #UR 13 A8 E B g BE R Y
BT . AHERITY), KK MEGA 4.0 195
Kl SR % (Maximum parsimony, MP) Fil 48 £ ¥
(Neighbor joining, NI/ RE LM, LIAAE
T8 M S E 68 e 10 2 b ) R GE AL ML o R GEM 45 53 3L
) AT S 1 3 ok EE A A BT PR, R KL BR (Bootstrap
analysis)i& -4 10000 X .

2 #R

21 EHEALEHMSHEMR

M B s (AR KE P 20 42K 16581 bp (GenBank
ok KM659025), 5 HAth il £ 2 Lot i R 41
M BE AL (R 2), BL4G 37 N3 A A i 3t
. 2 4> rRNA FERF 22 4~ t(RNA FER)AT 1456
[X(D-loop X)), H:IE R FF K /INEA K e 35 R 4 rp i HE
HUNF 511 2% mtDNA FEAR—8(F 3), FEKH
Heg s, Byl X b, FEEEEXA 13 4, bt
68 bp, HK/NK 1-33 bp; HEHEESX 104, HEE
BIERAE 1-7 bp Z[0], it 28 bp. 5 HAbHEHESh
LRRFE R 5 RRE—#F, BR T ND6 Fl 8 I~ tRNA
FERRHE (L 4 b it , FCAh A BT A7 5 DR AR 7E E i (H 55)
AR 3).

85 ] 505 el B0 T 0 24 () AR A S PR A 2 LA
B B S [R) IR (> 94%) , FLE R 1A 4 56 PR 2 4% B Ak
EFHEMN A B1.6%). C(26.1%). T (26.2%). G (16.1%),
A+T (57.8%) > C+G (42.2%); ZRARifk 13 N5 A
Y 4 Fpl & i s BRI A (30.8%) . C
(27.5%). T (27.1%). G (14.6%), W~ H A & H
s, MG A%, A+T (57.9%) > C+G (42.1%), 8
S B AT fRbr e, X 5B A 8038 T %
i~ 412k & — LAY (Broughton et al, 2001; Cantatore
etal, 1994),

22 EARHBBER
TR 13 A g I R, Bk Co T LR IR
BTN GTG 4, HARBEL 78 ATG, 5H

Ay f A — B, 2R A 9 IR 30 5
21 TAA(NDI, CO1 . ATP6, COIIl, ND4L, ND5)

F2 HMEE—L e RERAEREFTI LR

Tab.2 The sequence comparison of the mitochondrial DNA of C. auratus in Chuzhou and other fishes

Yrkh K BRI LIRS AT S8 ks
Species Length (bp)  Similarity rate (%)  A+T content (%)  Accession No.

JTIEER#Y A Z C. auratus gibelio A in Fangzheng 16580 99.77 57.8 JF496198
J7 IEARSY D % C. auratus gibelio D in Fangzheng 16580 99.78 57.8 JF496197
#ll C. auratus auratus 16580 98.55 57.8 JN105355
TR #) C. aurutus in Qihe River 16580 98.48 57.7 KJ476998
£ AL C. auratus var. pingxiangnensis 16576 98.54 57.6 HQ875340
H A4l C. auratus langsdorfi 16578 96.08 57.7 NC002079
HA ) C. cuvieri 16581 95.22 57.4 AB045144
L4 C. carassius 16597 94.16 58.8 JQ911695
fifl C. carpio haematopterus 16581 89.90 56.7 NC018037




66 oo B o i )R %36 %

F 3 MNER R B FE AL

Tab.3 The gene content, organization and features of the mitochondrial genome of C. auratus in Chuzhou

N £ firt s CECTE T 21T
Genes Location(bp) Length(bp) Intergenic nucleotides Strand Initiation condon Termination condon
1 tRNA-Phe 1-69 69 0 H
2 12S rRNA 70-1023 954 0 H
3 tRNA-Val 1024-1095 72 0 H
4 16S rRNA 1096—-2777 1682 0 H
5 tRNA-Leu""™  2778-2853 76 1 H
6 ND1 2855-3829 975 4 H ATG TAA
7 tRNA-Ile 3834-3905 72 -2 H
8 tRNA-GlIn 3904-3974 71 1 L
9 tRNA-Met 39764044 69 0 H
10 ND2 4045-5091 1047 -2 H ATG TAG
11 tRNA-Trp 5090—-5160 71 2 H
12 tRNA-Ala 5163-5231 69 L
13 tRNA-Asn 5233-5305 73 33 L
14 tRNA-Cys 5339-5407 69 -1 L
15 tRNA-Tyr 5407-5477 71 1 L
16 col 5479-7029 1551 0 H GTG TAA
17 TRNA-Ser™™  7030-7100 71 L
18 TRNA-Asp 7104-7175 72 12 H
19 col 7188-7878 691 0 H ATG T--
20 TRNA-Lys 7879-7954 76 H
21 ATPS8 7956-8120 165 -7 H ATG TAG
22 ATP6 8114-8797 684 -1 H ATG TAA
23 Coll 8797-9582 786 -1 H ATG TAA
24 tRNA-Gly 9582-9653 72 0 H
25 ND3 9654—10004 349 -2 H ATG TAG
26 tRNA-Arg 10003-10072 70 0 H
27 ND4L 10073-10369 297 -7 H ATG TAA
28 ND4 10363—11743 1381 H ATG T--
29 tRNA-His 11744-11812 69 H
30 tRNA-Ser®®™  11813-11881 69 H
31 tRNA-Leu“"™ 11883-11955 73 3 H
32 ND5 11959-13782 1824 —4 H ATG TAA
33 ND6 13779—-14300 522 0 L ATG TAG
34 tRNA-Glu 14301-14369 69 L
35 Cytochrome b  14375-15515 1141 0 H ATG T--
36 tRNA-Thr 15516—15587 72 -1 H
37 tRNA-Pro 15587-15657 71 L
38 D-loop 15658-16581 924 H

o TAG (ND2. ND3. ATP8, ND6) A& F# i+, . UAA M2 1k #i%(Anderson et al, 1981),

AR 3ANFEELIE BT AT T (ND4, COTl ND6 F R &M —7 F L 56 I A9 8 A i g 3L A
Cytb) (3 3). VAL L HW TGSk BRNEIRE A R L N b3 4 R B 45, ATPS
& DNA b ECE 0L, — o, 7efesem Tad i, H1 ATP6 Z [ 4 7 bp WL AL, ATP6 A1 COTN Z [H]
mRNA 2| HIH PolyA EIEMERMA L%+ A 1bp I, NDAL #l ND4 Z[[]4F 7 bp Hydk
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FHBS AL, ND5 #1 ND6 A 4 bp A w85
2.3 rRNA EFEF tRNA EH

FEJH B 12S rRNA {7 T tRNA-Phe il tRNA-Val
ZMml, KEh 954 bp, HIRFEAM A A (31.7%). T
(19.9%). C (26.3% )F1 G (22.1% ); 16S rRNA F: A fi
F tRNA-Val Fl tRNA-Leu V"N i), K 1682 bp,
HIRIEA N A (36.3%). T (20.5%). C (22.8%)F1 G
(20.4%), BAI15 H A A B A0 s A AR, H
YRGS MR, 5 6ERHAb E YR A
mtDNA H A AR, R SEA— B,

RS SRATE R AL 22 > (RNA FEP (R
3), EAELRR I 4 h o BfE 7, KR
69-73 bp, tRNA-GIn ., tRNA-Ala . tRNA-Asn .
tRNA-Cys. tRNA-Tyr, tRNA-Ser V™ tRNA-Glu FiI
tRNA-Pro M4m0 F L & I, HANN T H 4
I, JhEEiE 20 FRESERR . BR (RNA-Ser V41, BT A
() tRNA J R # e T B s A ) — it B R 554

24 FFHBX

LT HABRE 02, IR M EPZORL A 1 G 5 X
I 35 AT i) /D B80T LA Bl 3 1) 1) B 2P I8 A0 45 D-loop XN
LR X (Origin of light strand replication, OL)

M4 (C. auratus in Chuzhou)

5 WL (C. auratus var. pingxiangnensis)
40 (C. auratus auratus)

YUY (C. aurutus in Qihe River)

H 4434 (C. auratus langsdorfi)

HAE8Y (C. cuvieri)

B4 (C. carassius)

#8 (C. carpio haematopterus)

TMEP (C. auratus in Chuzhou)

¥ 2 RLHY (C. auratus var. pingxiangnensis)
1 (C. auratus auratus)

LAY (C. aurutus in Qihe River)

H A48 (C. auratus langsdorfi)

HZ G (C. cuvieri)

B4l (C. carassius)

# (C. carpio haematopterus)

75 IESRMIA R (C. auratus gibelio A in Fangzheng)
FIEMID R (C. auratus gibelio D in Fangzheng)

(Kumazawa et al, 1999)}/> X4, D-Loop XIkf;F
tRNA-Pro fll tRNA-Phe Z[i], £ K 924 bp, fEH
DNA & il FifE sk A7 8, B REiH5 CiiEr
A AR DL I X I AZ AL B R T )N,
s AT R, R EA R R A+T
i 47 P (65.8%) , I K T 4 hr A 3k PR 4 H: Al DX 35 1)
A+T Frid; HESMEEA S 3 AKX &k85 5751
[X(TAS-1. TAS-2. TAS-3). H1Jff5F X (D-box)FIfE
SFEH)IX (CBS-1, CBS-2. CBS-3) (Boore, 1999), i
PN PR A AR 484 (L 8%) | tRNA-Asn Fil tRNA-Cys 2 |
)52 AR IR X (OL) K 33 bp, %5 T 4RIE A -H a2
K JE A L(ON et al, 2008).

25 BREDW

FRINEIRE 77 R GEHEAL R LI 1 R F 51
TEIERRFF B T4 R, s ke, R a5
BRSO R B, 57 IEARI R RSO R il .

3 itig
3.1 HE&EENZE

il J& (Carassius) #3832 4347 T MR K fifi f2 H:
ARG, AMUFRBAR R, i H AR & ristfe £

FIEARBUAZR (C. auratus gibelio A in Fangzheng)
FIESRMIDZR (C. auratus gibelio D in Fangzheng)
MY (C. auratus in Chuzhou)

M2 WL (C. auratus var. pingxiangnensis)

1 (C. auratus auratus)

YL (C. aurutus in Qihe River)

HZA4REY (C. auratus langsdorfi)

24 (C. carassius)

HZAE 4 (C. cuvieri)

JTIEARBIA R (C. auratus gibelio A in Fangzheng)
J7IEARBID R (C. auratus gibelio D in Fangzheng)

18 (C. carpio haematopterus)

FIESRMIAR (C. auratus gibelio A in Fangzheng)
JTIEARBIDZ (C. auratus gibelio D in Fangzheng)
MNP (C. auratus in Chuzhou)

4l (C. auratus auratus)

PP (C. aurutus in Qihe River)

¥ % WL (C. auratus var. pingxiangnensis)

H 2434 (C. auratus langsdorfi)

H A8 (C. cuvieri)

TRH (C. carassius)

8 (C. carpio haematopterus)

P TR SRER ZH 13 A8 1 Bk R A 1 R 7 91 (a 1 b) FAUEERR 7 51 (¢ A d)AY R S AL AR
Fig.1 The phylogenetic tree based on the nucleotide sequences (a and b) or amino acid sequences (¢ and d) of 13 protein-coding
genes in Carassius fishes and C. carpio haematopteru

afllc: NIR; b Al d: MP R 45 sUECFRR SRR
a, ¢: NJ-trees; b, d: MP-trees; Numbers in nodes means bootstrap value



68 ook B

2 )R %36 %

FEME, W R AR S =5t E . iR B S A
PEAEFE PR A58 7 CAYTE L (Gui et al, 2010; Xiao et al,
2011; Podlesnykh et al, 2012), X 1 F#lJ& a1 35 19 53 1
2 N R 5 38R DL e NS vh 28 3 1 4 (0 AEVE 2 W Oy
ST GO i o ey = B F ke S e Sl =S
(A 7%, 2007; Wang et al, 2013), HIRANFFAEH
— B4 (R 5L %%, 2002; Takada et al, 2010) . ))& 1
0] LRI 4y M E(C. auratus) . SREFI 4G T H A5 5
KA 9 FEE(C. cuvieri) 3 N4 ek 68 5 SR A0
AWy Ff(Murakami et al, 2001; Hosoya, 2002; T4,
2012), M58 3 Tl g fa S b R SE R4 13 A
Jo 5 R A R T TR e 91 R 3 TR T 80 1Y) 2 e it AR A
N, RIS SRR AR R, B A 2R
STF; T EAP(C. cuvieri)y g —AN HAT B ST E R
R, 5 AR A s L I B R, NI,
H AR R A C. cuvieri 1idFE C. auratus cuvieri, =8l J& 1Y
— B, AL R E 25 3 )
it FEFH S (2012)2R LA 1R CO T #8437 51 (DNA 4
JEAD) . ELRPF2013)"2R FHZ KK Cytb F1 D-loop (1)
i) J fa S AH T A 2 T AR 45 2R

BR] 43Ry Z2 A WAP (F 45 4 £ Carassius auratus
var), HEKEGE#I(C. auratus)f] 4> K 8 (C. auratus
auratus) 5 4% W A1 4R ) (C. auratus gibelio) iV F
(% =REE, 20005 HEHTY, 2007), SCTHRENR 3L,
BT E P HEAX R B 2 A5 R £ SR ) 2 AR AR B
IR, 5ok — Ll 3 b B i AL Kk E AR 3
FROARENCEEETY, 2007; IWARES, 1997), (HIXFHLTE
RGN, B 2R R TE B L T 0Bz Rk — A%
RTMAS 2 S 380 ) Z 51K (Apalikova et al, 2011; Takada
etal, 2010); T HMAAWFFEL R 0T LIE H (& 1), AA
X AR SR 2 O RN R 2%, WREAL & 21 st
fEE S 22 S R ., [FE TR LT =
AR R 7 IEAR B | JBR M E | 0T o S R —
fE A B SR 2 OC R 2 SRR, HY AR R B
680 55 A A g 3 3 B % OC R AT, 1T 55 AR RS PR 1
J7 ARSI RN BSR4 O R WA . T R IF(2013)"
PIBFFE S SR R, RS — SR N g, )
(C. auratus auratus)H K EB A FER ] 1 R4 e R 5 H
AT AROG, TS RAPE R TO R, Xk — Uil T
fEvEAE g 2R TP AR R L AL, B DL, AR
I ASAE J5 IE AR S I SRR, AN G4 v B R b AT
1) A5 AR

3.2 N R S ih L

1 JS LRI (1) AN 7] DX IR fb TR AN ], 2 A 4%
MR R G kB E B RIAA FTA W] (588 41 %,
2004; Zardoya et al, 1996; Miya et al, 2000), 7E 4T £
ST, AR RIS MR E KB HE L
1/ SR 4T S LA A W Ay T AR OK ST, AR
AF 9% 25 305 3k DA PR O B 2Rk DNA J3 51 0] L3k
1RERGH . TR R G R AT A R SR g
13 A8 [ g S I R sl A i T 12 S8 1 g s 3 (R )
IR T 9 45 Y %5 Hz e ok 4 2 3R G kAL AR B Ry
A %E(Miya et al, 2001; Elmerot et al, 2002).

B £ 28 13 AN 1A o A 5 35 R 1 A 1 TR R A
TR T R Gt p o, Hp [ B nT 43 R
BE, —20H | S LR, 2
ARANA A D ZR)MUFR Y, X Z BBk -5 7 TE4R
B EA Bl R OC R, W A] R LA AR R R
X 8 Pl (Carassius auratus) 5 77 iE 4R 6l ) 2 45 %
Z s, #H—H4E(1983). HMELE(1998), LK
ZF(2002)WF 5 R, SRS 7 IEARED A R EA A
R AL T 5, BT O IER S — sy i &R, I
JrIEAREN A R D FRE L RPN 9 35 A5 1k
PR o B R I EE(2015) R HIZORLAAR Cyth Az il X i #F
RN, BN S 7 IEAR(A 2R) AT Feilt A9 2%
GRFR, RTEFEMETIEEMA R)WEELR,
Ih A % %5 (2009) FL 58 1IN .y 1E AR RN 32 5%
il 3 FhAEAR G T SRR, & BRIBR N 6 5 1E 4R 67
TE A bt 55 M 60 55 52 5 0 m) B A T, Wk 4 4K 4
(1998) ., i iAF45(2009) I 75t A5 21 T AL 45 51
XU A R AU, ANERTEES L2l -,
T M ) 52 5 R 0T IE AR 2R A A ST ST G
T, AR IR S0 5 g LI b ) — > b Ty R R

Ok, kTeft, ki, & =R EE SR BT
7%, ML, 2009(4): 17-19

DA%, wIRRE, RIS, & NS KRR W 2 ISR
K735, 2010, 31(5): 16-20

1E5EE, 2%, RS, 5. PEBURST IR @ISR K.
BERSE: BismphE DA st 2002, 145-162

XIRLE, #ihaL, R, % WEFME 5 ML RLRA
ATPase FEEFHI Y LLE 43 #. IRk, 2011, 41(1):
36-42

1) EIRWF. PR AR AL AN TEPE X B (s A a5 R ). b R A R A S A 2 iR 3, 2013, 1-118
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RAR, FRA, M, 5. &40k DNA Cytb JEHF515>
M R S0 SR 6 R 8T, m /K7, 2007, 3(1): 26-30

A fz, JAFL, Wbk, . s A T A o LS O E
AR A R HLER. JKFEREAR, 2002, 26(5): 472-476

MR, SR faZsibifk DNA ik S5k, KAZEY
27418, 2000, 24(4): 384-391

WARSE, XA, JEIRIE. RIpTTARGY. MR BIETIR
HARMRRAE, 1997, 1-225

s s , . b
, 2015,

11(2): 101-108

SRy, T4, ZEAAT, A RN B TR 25 R I AR LK
WAL K2R, 1996, 20(4): 352-356

KA, 14, AT, S RINEG @ RE R RS, i
KPR, 1995, 2(4): 8—15

TRHE, WL, MR, F. =4 SR 5 R K
mtDNA I ELEAFFE. 85244k, 1998, 25(4): 330-336

BRATAR, Ji4s, ZEE 0. RN B A0 Fiod B AR A R R B
IIBESE. KR, 2004, 24(2): 2324

B b, g hESEEE TG H- T E). d:
FHEBA 1, 2000, 427-434
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Sequence and phylogenetic analysis of the complete mitochondrial genome of
Chuzhou Crucian Carp (Carassius auratus)

HU Yuting, HU Wang”, JIANG He, LING Jun, DUAN Guoging, PAN Tingshuang

(Fishery Research Institute of Anhui Academy of Agricultural Sciences, Hefei

Abstract

230031)

Chuzhou Crucian Carp (Carassius auratus in Chuzhou) is one of the natural gynogenetic

crucian carp originated from Anhui Province in China. It belongs to the genus of Carassius within the

family of Cyprinidac. To investigate the species status of this fish, we performed the direct DNA
sequencing on the PCR products of the complete mitochondrial DNA (mtDNA). The total length of the
mtDNA was 16581 bp, including 13 protein-coding genes, 22 transfer RNA genes, 2 ribosomal RNA

genes and a non-coding control region. The composition and location of genes in the mitochondrial
genome of Chuzhou Crucian Carp were consistent with those of Cyprinidae fishes published in GenBank.
The tRNA genes formed typical secondary structures except for tRNA-Ser (AGY). The CO I gene had
GTG as its initiation codon, and the other 12 protein-coding genes had ATG as the initiation codon.
Among the 13 protein-coding genes, 9 had complete stop codons but CO I, ND3, ND4 and Cyt b had an
incomplete T as the stop codon. Sequence analysis showed that there was high similarity between the
mtDNA sequences of Chuzhou Crucian Carp and other species in genus Carassius recorded in GenBank
(>94%). The nucleotide composition of Chuzhou Crucaian Carp was 31.6% (A), 26.2% (T), 16.1% (G)
and 26.2% (C). We conducted the phylogenetic analysis of the mitochondrial genomes of 9 Carassius
fishes and 1 Cyprinus carpio, based on their nucleotide and amino acid sequences of all protein-coding

genes. The results indicated that the phylogenetic relationship between C. auratus gibelio in Chuzhou and
in Fangzheng was the closest while C. auratus gibelio in Chuzhou and Carassius carassius was the
farthest. Our study may provide basic data and contribute to the classification of Carassius and

Cyprinidae fishes.
Key words
Phylogenetic analysis

Chuzhou Crucian Carp (Carassius auratus); Mitochondrial genome;
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EDTA . FrERREN /0 A IA LW E A 20, 25 mmol/L,
SR G B B FAE RO VK R PE 5 pH SR 5.0, 6.0 Al
7.0, BoHIE 24 FHEFREE 1),

LR W 1 Sk B0 = 35 ml SRAFE
FIRRATE o N ARAFAE 30% L% . 50%L 1. 70%
Z T . RNAlater (Ambion, ). 37%H . —20°C .

Rl UMEFVNRERREKRS

Tab.1 Twenty-four preservation solutions and their codes

Z4 Parameters

S5 4H Groups

A A B B B B B B B B B B B B
7 7 0 0 O 3 3 3 5 5 5 7 7 17
6 7 5 6 7 5 6 7 5 6 7 5 6 17

EY Ammoniumsalt A A A A A A A A A
#7 Solvent 00 0 3 3 3 5 5 5
FRIE Acidity 5.6 7 5 6 7 5 6 1

e RS, AHBRRE, B AOME,; BARS

RS, 58 pH=5.0, 6 & pH=6.0, 7 Jy pH=7.0

, 0 HEBETIK, 3N 30%LEE, 5 HS50%LEE, 78 70%L0;

Note: Ammonium salt: A. Ammonium sulfate, B. Ammonium acetate; Solvent: 0. Deionized water, 3. 30% ethanol, 5. 50%

ethanol, 7. 70% ethanol; Acidity, 5. pH=5.0, 6. pH=6.0, 7. pH=7.0
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SR AR NH;, 55 ik X ik R AR S iy (e 2 158
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85°C 5 min Z& 1F SO0 o 13 8] cDNA FiJ € 5 100 &
QuantiFast SYBR Green PCR Kit (QIAGEN)#477¢ %
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Fig.1 The solubility and molarity of ammonium sulfate and
ammonium acetate in ethanol at different concentration
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Fig.2 Qualitative observation of the permeation in whole shrimp body immersed in ammonium salts solution
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Fig.3 Penetration of the ammonium salts in small pieces of shrimp tissues

A FIRIIRE, B FRRCMRE, 0 RREBTK, 3R I0%LEE, 5FR S0%LEE, 7HRR 10%L B
The legends indicate the solutions for preservation of the tissue pieces. The letters in the legends represent the solutes, of
which “A” represents ammonium sulfate and “B” as ammonium acetate; the numbers in the legends represent the solvents, of
which “0” represents water, “3” as 30% ethanol, “5” as 50% ethanol, “7” as 70% ethanol
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Fig.4 Penetration of the ammonium salts in intact bodies of L. vannamei
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The legends indicate the preserving solutions and the tissue locations. The capital letters in the legends represent the solutes, of
which “A” represents ammonium sulfate and “B” as ammonium acetate; the numbers in the legends represent the solvents, of
which “0” represents water, “3” as 30% ethanol, “5” as 50% ethanol, “7” as 70% ethanol; the lowercase letters in the legends

represent the locations of the tissue, of which “c” represents the tissue taken at the center of the body and

[T L]

S” represents

the tissue taken from the superficial parties of the body
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1 RNA [ F#ff(Kl 6, a—d,
VkiE 1-6 F1 19-21); 50%
CBEARAT L) Je —80 °C AT
X} RNA WP AEA Pk
PR AL S R I 188
i1 28S [ At (K 6, a—d,
WKl 7-9 F1 22-24); 70%
F95% CBEORAE HIAE dth Al
P2 RNA 588, PRI g mi (& 6, a—d, kil
10-15), {HA/RA A MEEE] RNA B 5L T BL(E 6-a,
VKiE 13), TEMRAT 14 d J5, BRRukE il B R R
6-d, JkiB 10-15).

FEAS TR (R B PR A PRAF TR B S B8 L v (| 7), A
TR B K VS ARAE 114 d A RNA H 3k &5 R 44 R —
FETRFERYREAR, B RNA HHY 18S Fl 28S &4k C 48

¥kiE M: DL2000; kil

1. 2 F1 3 Ay 2
FEULY RNA

Lane M: DL2000; Lanes

1, 2, and 3 are total RNA
extracted from fresh tissue

e AR — A (7, A05. A06 Fl A07); 30%Z. [
W RN BR TR TRRAE 1 d, R pH=5.0 41 P
XA, HTE 3-14 d PRAET, AN[F) pH AYZHE A AT 1L
S KR I (8] 7, A35 Fi A36); 50% B kAl
FIBE R He R W ARAE 12, 1 d RHEBUY RNA A 4%
H, BERT ) A A5 B TR, AT A R AR A
TEEZPERE(E 7, AS5. AS6 Fll A57); 70%LEEH
PR ARL RIS PR A I WA AE 1-14 d RYZHZ 4R B RNA
HLTK, 285 R, 28S Fil 18S £5aHF FLFR 1 M 5¢ %%
185 EHREL Y 70% LB 2 R AR K,

TUFN C PR B K S MR A2 20 1 d, 42 HLAY RNA
FLVKZE S 18S Al 288 4%l i M (5] 8-a, BOS. BO6
M1 B0O7), 3 Ff pH HIHLEE, pH=6.0 MILRAFRCR fe iy
(B06); 30%Z A 2 FREE VS ARAFALZ 1 d,
RNA 80055, A7 3—14 d J5 S0 A8 19608, 76
pH=5.0 5 TR 4F T HAh pH(I&l 8, B35); 50% B
o TR B TR TR AR AFZH 2L 1 d, U RNA HL K
SEALTT AR E MR 3 %4, W H pH=5.2. pH=6.0
K pH=7.0 MIPRAEIRARELE) RNA 541 58 B JC I I 2=
A, ABTE 3 d ZJE 4 A FTkES, 7 dJ5 28S Al 18S
) SRR AR AEOR , 28S Z&A Bk, 14 d )5 18S
ASTRA (K 8, B55. B56 I B57); 70%Z. BEH 11
M PRERTRARAFALZ 1 d, RNA 28S 5417 CARMRT,
HAE 188 4%l , BERFAIIER, 18S Z5a gk diibif]
BT TR T0% L BEFAERR .
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M1 2345 67 8 9101112131415161718192021222324 M12345678 9101112131415161718192021222324

B 6 XFHARTE 1-14 d LHLUPHE B RNA HL Uk

Fig.6 Electrophoretogram for total RNA extracted from tissues preserved for 1-14 d by control treatments
A:1d;B:3d; C:7d; D: 14 d; ¥kifi M: DL2000; $kif 1-3: RNAlater; ¥Kifi 4—6: 30%Z1%; TKiE 7-9: 50%Z M, Jkil 10-12:
T0%Z. 05, FKiE 13-15: 95%Z W, ¥kil 16-18: HIEE; ¥kil 19-21: —20°C; ki 22-24: -80°C
A:1d;B:3d;C:7d;D: 14 d; Lane M: DL2000; Lane 1-3: RNAlater; Lane 4—6: 30% ethanol; Lane 7-9: 50% ethanol; Lane
10—12: 70% ethanol; Lane 13—15: 95% ethanol; Lane 16—18: Formaldehyde; Lane 19-21: —20°C; Lane 22-24: —80C

M _A05 A06 A07  _A35 _A36 A37 M M _A35 A36 A37 A55  _A56 AS7T M

7 BREREARAFRARAT 1-14 d BAHLUR R RNA HLTK

Fig.7 Electrophoretogram for total RNA extracted from tissues preserved in the ammonium sulfate solutions

ar FEFPRAE 1d;b:3d; ¢ 7d; d: 14 d; 3K M: DL2000; AR AR AF IR I AL U BUAY B RNA SR A 3 ATk #EA T HL K,
AHRE KB AR R A AR
a: Stored for 1 d; b: 3 d; c: 7 d; d: 14 d; M: DL2000. Each sample of the total RNA extracted from tissues preserved in different
ammonium sulfate solutions was added in 3 lanes which was labeled with the code of the solutions
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B07 B35 B36 B37

M _BOS__BO06

B37 M

M _BSS B56 B57 B75 B76 _ B77

M B55 B56 B57 B75 B76 B77 M

B 8 CMRERTERARTE 1-14 d HEUP IR EUAY RNA H ik

Fig.8 Electrophoretogram for total RNA extracted from tissues preserved in ammonium acetate solution BO5—-B37 for 1-14 d

a:1d;b:3d;c:7d;d: 14d; JKiE M: DL2000; R RAEBARE I HSURIUY & RNA SR 3 A UKGESE TR,
FHRL K GE B AR E R A S
a: 1d;b:3d;c:7d;d: 14 d; Lane M: DL2000. Each sample of the total RNA extracted from tissues preserved soaked
in different ammonium acetate solutions was added in 3 lanes which was labeled with the code of the solutions

2.6 RNA EE#N

FIIHZE I B PCR U S RAFARATF 0L 1. 3.
7 d WIZHZUHEEL RNA (1 Bt =Wy A 7o ik, B ot
LU A% RS DB AR VR (B 9), 45
WK, BARTEH R4S RNA FEREETE 1 d AN
BRI, 3-7 d MPRAE S LR IR 5 DUECT Fa ]
FHXFTRNS , TR A Il 22 R F SR B4 4. 4
ZUh )k 3.2x10° copies/g 4HZH ) RNA il A75-A77.
B55-B57. B75-B77 & 1 d W% IRIRAE, RNA # U1 #
YIRAE 10° copies/g 4L F, BFRIFHARST 7 d
Jei Fh Fe 2 B AL AR R 48 DUBU #E 107-10° copies/g
ML, Horp, 7 d FIROAE G RNA 5 DUECT FRAS
20 fEAYZHALES A37 (13.04), AS6(7.25). AS57(5.39).
A75(3.51). A76(3.70). A77 (3.65). B05 (18.94). B36

(8.44). B37 (11.41), B55 (18.78). B56 (4.62). B57
(11.46). B75 (12.87)F1 B76 (18.36), XML+, 70%
M 95% B IRAT 1 d J5 1 RNA #5 DUEFE 10 copies/g
HALL L, AR CERAT 7 d JFAHL80H RNA £E T
FEBASEBIL 20 %, 3B 30%LBE(7.16) . 50% [
(17.72). 70%Z. 1% (4.92)F11 95% 2. 1(6.29), i F AR
FERY AL A () RNA $8 DUBCR Bt b, 3 d JE
2T 1500 £,

2.7 fH#H RNA B3 = H

XF 3R RNA $5 1S 6 B0 5 i R) 56 R A8 1k
HEFTERMEIRNE, I [ 0 an s DUBOWEE, 4 F SR Tk
JFHIT A4 RNA #5 DU AR R 1 (E 10),
RN, PRI 2 d LU EZHALER AS6 (2.15+
0.60 d). A57 (2.261.32d). A75(3.22+1.31 d). A76
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Fig.9 Results of FQ-PCR detection for the RNA copies in
the tissues of each preservation group

A05-AT7: BRRREARTEW; BOS-B77: LMREIRATH; RL:
RNAlater; 30%-95%: 30%-95%Z F%; FMD: HI i
A05—A77: preserved with ammonium sulfate; BO5—B77:
preserved with ammonium acetate; RL: preserved with
RNAlater; 30%—95%: preserved with 30%—95% ethanol;
FMD: preserved with formaldehyde

AT RE R EE T BRI E TS, % R 3 =ik
JE 2 AR IE i AR TE U, DA K 1 TR R4 AE 70% LA
2R KA, T T0%3 BELH 4 S HRE Y DNA
BT BEAS 25 50 B B R e 42 Hh R, R U AR AT 9 0
i pH=6.0 [ ZTRERIN 50% 2, B A A W VE AR A7
Wo LR WEY, FFEENRAREZ | iz
KA E AR LT, 70%LL Y 2 1 BE R b b A A7
Y RNA, HACRET RNAlater 5{—80C K% o

3 Tt

H i Fifi A= 20 48 4 21 23 AR AT B A T 4 BRI A 5
R P RBAE, 2001; LHERSE, 2009; 2=4EP15%,
2012; PRRHE4E, 2010; Bainard et al, 2010), {HEF%}
2 4055 4 M 45 AA AR AN [) T il A2 A= 0 i K A sh i i AR
FERFFEIR /DA HRE o FETETE S A 2L AR A v g FH o
Z AR R MR OB T o AL 7R S bR PR A 3 1Y)
FERNE, WS ue N G HRAG | PRIRGE K K Tk nT Re i
E, fGESIRMERE; HAh, MREWRIEE, &F/RE
MARLE I AL 22 DNA Fil RNA $2 BUSCHA FAR (97 R
A 2005; XIS, 2001), BRARA FH O IRE N —
BE Ty DK R B 20 AR 2% G AL B S R R R e
oI5 825 TR 58 AR (J7 i T4, 2005; B ¥T
4%, 2007; Rivero et al, 2006; de Bruyn et al, 2011), {H
M HAP RS FESRI MK M ANRERE 2 M .
AHI G R I R A LSV L) RNA HL Pk 45 SR %
AR, F 3 d SRS SRR B RNA
PEULBCR I T 1500 £50A &, A% T8 et 20 23 Fn HoAh
PRAFIR o 3X a5 nl e il 1 FF X 8 5 DA R R
P SE W e AR, R R A 2R i AR 8
PRAF 5 A L 20 B OB 1R =22 17 I 28 3 7 B3 Ve e A
SR T PR R RE S A R B A5 o —FhE DL £
AR TS, TR e m ik B s, DA RS AR Al
TR )2 R S K IO A, T EL R IO %
1% 5 5 0 A F e R LI R T RSE 4§, 2005;
BRI, 2001), {H R E OB T H 5 0% 1 FE
R, TEREY . EBR TS | s as i L R KRR S A
HAE T AR A2 B AR BRIl . Lader 5%(2001) & B
RNAlater PhSHAth DLy ik B B £k (FE A AE, 2013)°H
F2 T A3 I KR PR ATy 2 1k i S B ] 1L T A 4y
FIRARPEE RS, YRR 3 RNA AR I B A RUR
(BEREESE, 2010), XF /KA ) FLANEEXT R RNA (1)
PRI R IRARAT 7 d 5 IR BER BN RNA X35,
{EATRAFAEARAEARE S b RNA 2 5 3 Py et T 14 1)
AL, 3K — [P AL D DR T B S o VR B A R XL 4L 15 5
J(2.96+1.56 d). A77 (3.03+1.54 d). B56 (2.79+ 0.76 d).
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Fig.10 The RNA half degradation time of the each preserving group

A05-AT7: BRRELIRAEW ; BO5S-B77: LMREEIRAFW; RL: RNAlater; 30%—95%: 30%Z BE—95%Z ; FMD: HI
A05—A77: preserved with ammonium sulfate; BO5—B77: preserved with ammonium acetate; RL: preserved with RNAlater;

30%—95%: preserved with 30%—95% ethanol; FMD: preserved with formaldehyde

70% L E(2.47+1.06 d)Fll 95% L BE(2.17+0.87 d).

HRYE IR ER B BN B RNA FRAFRCR A 745
AT, AT 50% 20 B i AR R & R 2, TR i AE
pH=6.0 (45 T XFZHE R RNA WP RUR 5 8845
T G TR 2 1) 70% . T 10 975 Tt 2 B 1R AT 55 B i
BOCR, HIZS R T i R e vk FE g AR R AL, LR E
AT RN A, 2013), HAMFSE FH RNAlater
FIRORAE 1 d IAZUHRILY RNA B2 & B, X
A HESE T RNAlater XA [ 414UR 1B B R0 22 55 7
o IR R — P RELE B IR A1 T XK A sh i e 1
FFRCRARE | T | &2 R AR T2 56 2 A i R 4
KGR TAEA HEE X,

— Pl I PR AN % B DR B B 2 2, (R4
TRAFIFIT AR X 2 B8 37 o B T J A 39T, AR
TF 53 388 32 I 5 98 355 3] 4 23 Fp 1R AR A TR 43 1 R O
L 25 A RAFIR B B R ) o BV NHeh R 1B B 3K
7 B 2 S5 SR R, LRI ORI A 414U/
Hh AR REAR TR 2 85 mg/g HE, & TR e
1) 70 mg/g 21815 50%. T0% BV H 0 R 4
FIS W U i 2 2 e b 2 /MR B AN 3] 20 mg/g 41 4K
AR, 1A N £ BV T TR e R R s VR T Y 2L 23
B g 0] Ak 3] 80 mg/g 4 21k %30T 60 mg/g 44,
TESEAEMR AR R 1 2T B 5 1 4 B AR v Rk B T
k3] 36 mg/g H4Y; M FIBRIR A A R A 7.5 mg/g
A, LRGSR, WIEX s Eh B B IMAA —E 1)
BELASVE T, H £ PR B 5 B R o T 25 ) 238 W ST ik A4
At 7E{di ] Davidson’s AFA [ X HFZH 20 ), 738
X XTI R AR AL IR 22 050 B RV, SR PR
TEH 52, DM [ W ae RS Pes A4 4 (Bell et al,

1988), KL, R HAHEFT AR O B AR R E 4 7 IR
TERE, WAl SR AX R, IR AE R e B B A
fHi,
VE AT BRA , ARBFSE IR T A [ R JEE 1Y 2 B AT
ILLZUT RNA AR IR, 25 BOR, 30% L AN
BEA AR LRI RNA; 50%ZBEAE 1 d NARAF IR
RO, MR IER , RAFFURBEIAEE . 70%
1 95% L EARAE 14 d J5 RNA B 52 B PERIRABLE | B
UE T8¢ v e BE 1Y ZBERE X H 40 i) RNA 2 2 B ARy
PRAFRR o 70% 21 ] B4 V8 RV T e 0 VA AR A 1 21
HLE 14 d HREAFBIE M R A RNA Xaf7, HAp3k
FEWITE 2 d DL b, TR SR A b B0 B AR AL
He, B 70% 2P B R B P RAR, R, VTR
AIRAT R T RE £k [T 70% 48 i 50% 2 BEAL
il B4 L A 2, 1R 4% (pH=6.0) 1 Y AR A7 1 41 4t 7] 45 3]
BSEELHY RNA, PRI 2d VUL, RIZIRBH 2B
(S B, AR A7 A i b YA R 1 22 4
PEo ULAh, %R E 5 L% R L U T BEAT 2 bR e R 1Y
THE, M BREAE 60% DL 1 1Y 2 B I T v it B
i, FrATEHHRAZ BRI, RIS 5ok) F 2 s v 4121
PR A5 T B UUTE LR , #ME LUK R IR 8 58 227
Ve, AT AT R 5 MR A R AR B AR B £ B 4% F2F
TR LEA T IEWIRP R R TR IR 2 (38 B BE
RNA SEEEPERIFF MR | 5 SR B AR D B o vk
SR8 fi i R AR B A R T 50% £ BT
il A 1 £ R S (pH=6.0)fFE I XTHRZH 41 RNA i
RARTER . AL, DFFE 2R, RNAlater FIHF0 AR B2 5%
FARTER IR T A B0 RNA (RAESCE, (ARE T
T KA 4, 2013), KL, 764 &0kt
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Selection and Optimization of Simple and Convenient Sample Solutions for
Shrimp Tissue Preservation at Normal Temperature

CHEN Datian'?, HUANG Jie'**", WANG Hailiang', LI Jin'?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow
Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;

2. Shanghai Ocean University, Shanghai

Abstract

201306, 3. National Oceanographic Center, Qingdao 266071)

Molecular biology technologies have been widely used in aquatic animal disease diagnosis

and molecular pathology studies, which require high quality of nucleic acid. However, how to preserve
sample quality at normal temperature is rarely investigated. In this study, we compared the preserving
effect of RNA in the tissues of shrimp Litopenaeus vannamei stored in different preservation solutions at
normal temperature to find one preservation solution that can be used at normal temperature and
long-distance transportation. Saturated solutions of ammonium sulfate and ammonium acetate in a serial
of solvents with different ethanol concentrations were used to preserve shrimp tissues. The results showed
that ammonium acetate has higher solubility in ethanol solution than ammonium sulfate. The molarity of
ammonium ion of ammonium acetate is steadier in 0—80% ethanol. Ammonium acetate penetrates into the
tissue of intact shrimp faster and reaches a higher concentration than ammonium sulfate does. RNA with
better integrity, higher copies, and longer half-life period was achieved in the tissue preserved in more
than 70% ethanol, saturated ammonium sulfate in the solvent of 50% and 70% ethanol, saturated
ammonium acetate in the solvent of 50% ethanol. These results suggest that the saturated ammonium
acetate in 50% ethanol as the solvent (pH=6.0) can be used as sample preserving solution to preserve

RNA in shrimp tissues at normal temperature.
Key words

Ammonium salt; Ethanol; Normal temperature; RNA
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L 7% 80 BF 4 A4 (Corbicula fluminea) Ze R
CO I EEFFIMIBESHEENT

=R

WE  ARSEEERERAMELE]T(CO )G FHHEX#HF
T RGBT 50 MAMK,

Hh 3 1% % B M KT 3 1

KMED BRI
LA VoK BIIENT VLR B Aol Ve S E S T S0

PO XN

210017)

#3 W.(Corbicula fluminea) % £ Fh 7
X CO 1 % ¥ 7 Jr Be#t4T PCR 4 3 A0

FHINE, 1B, KEN614bpth COl HEFEF, MEA T.GRCHTHEELH H 22.6%.

42.4%. 21.0%7F 14.0%, A+T t4E(65.0%) % & & T G+C 4 &(35.0%), CO I % F 57|
BALE 634, B—FRAMAK 4

HBRERMR, BEFEH 109%, EFELE

HE 67 M
Ao 504 COT HEF 77

EEXT ISNEEA, BEALEEEHOMZTR SRR (0) 27 H 0.870 F1 0.045, FHu =

*H(K) A 27.370,
CO I BEA R GBI,

AR T A E B BE B A 0.002—0.095, K FF 4B H2 i (NI A0 5 A 8] 27 3% (MP) A 2
15 MNBERABHEANAE X, RWHRZHTWABHNT RE b, FH

W RME LT EL T, REHAAMEXDRFEARE, RETHEY K AFRERLA,

B ) LA A AL B N R S AR,
REGERESFE,

PR A IETT R AR BRI T L A A B

B340 WL mi e XA T ] RSN, HEY
hESERE S932.6 ICEKERIDZAD A

VR (Corbicula fluminea)fFRVNR . W, RIET

PEAE 24 (Lamellibranchia) . EER H (Eulamellibranchia) |
5 W H (Heterodonta) . i #} (Corbiculidae) . H{ J&
(Corblcula) e — T 2 VLIRS A R LR 48
FULE, P TRERMARIELX, 20 #2030 4548
%l/\:ﬂi%@, BTz 5040 TS A8 oK, SRR KK
e EE LI AT 0 4 R DL R AR AR 2 X K A
ARG TG P A B 25 I (Hakenkamp et al,
1999), WWEFRFEE, WiEEE, BAREME
WrEMOEER , R R EARM I, HA . shE
R ERE R E %, Ak, BRI X
R SR B O, TR A 2 AR K 28 T D3
FAHM A Z — o BT BEE . B E B
A5 Z P 2 s, 3R BT T Ok SR B U A

XEHS  2095-9869(2015)05-0081-06

T Z (EKWEEE, 1994; ARIESEAE, 2005; J“HERRAE,
2007; #JESE, 2010), PRI H A DU IR K 1A
TR O 2 JHL R AT R AR 2 4 v R S — I SR (5K 8 S,
2012), WRZRBEEBIE DA EEOK M2 —. b
R NSRS K= 1 PV N ) [ S % = M s
TR, BRHNL T Kk

T, B NA R i 58 = B E Y
2 EFRMERUE AR R AR W 50T E (T T4,
2011), HA T MR 5T 5% 5 5t 1% 22 RE M I A o e A
il £k A& DNA(Mitochondrial DNA, mtDNA)&—
I DNA 43 F, HEAG RS AG . S es B
BB . THS R SR, mtDNA ©
BN RGF R R B R AL 22 R g kB G
FEHA FGR AL FRIC R = A5, 2009). 40 (5 2R E 4k

* VLIRS 333 TARRMHFIR H o] i 8 U5 10 5 AR TF 5T 5 R 5 HE) " (BRA20143 19)FIVL 548 15 v 5l J5 351 B Py i Ak 4k
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V3L T (CO 1 )22k DNA #ric fhde i F ARIC
Z—, Hit bR aE ) ) AT AR s
IKEE A P R R a8 AL A I 58 (S AR 45, 20065 I 1
85, 2011; X% M4E, 2013), HET, 2R ICAE T W 1o HE
R X RS LA KL N H (Giribet et al,
2002; Lee et al, 2005), {HiZ4>, ¥ mtDNA F T}
FREEIB AL Z REVE R 9T 1 R DL AR E .

T ARG IR 2007 4F 12 A 7EIL PR AL S
T A E RGO RR R X B R A T
TR T WG IR A B 23 430 A G2 KR SE, 1994 ™4 iE
25 2007; KA SCEE, 2012), {H#H A H mtDNA J7 5]
AIATT I AT 35 A% 2 AR B S ARG o AR AR R
CO 1 LA R BeAE Moy FARic, 434k iof il g 35t 1%
ZREME KRB e 45 0, LAY Ry nl O b o 0 VAR 47 K
A BT & A SRR 22 4K 4

1 HREH®E
1.1 SEHHRIRE

AWFFEET R BRI T 2013 4F 5 H R LRI
HERPRE, MTTIRE B A BENLEEE 50 MR, FIJEK
WM E, WS, 20 CHRFfEEH.

1.2 EFEZH DNA BB

K 2R B - 7 7 4 B Ah 25 S L PR 20 21568 A 4
DNA(Sambrook et al, 2001), TE(pH=8.0)i&f#, & T
“20°CUKFATRAF o T 1% SR IR HEE I L Uk A 0l DNA
RUSEHE M, Eppendorf Biophotometer 4% FR 25 11 i 5 1%
7€ DNA (¥ B2 FIALEE

1.3 PCR ¥ &0 F

CO I EFHFFFY #5194 LCO1490(5'-GGTCA-
ACAAATCATAAAGATATTGG-3") il HCO2198(5'-TA-
AACTTCAGGGTGACCAAAAAATCA-3") (Folmer et al,
1994), 519 i TAEYH AR A RAF G . PCR
FOVARZR BARFR 50 ul, f24E 50-100 ng 4z DNA |
RS I#1(10 pmol/L)4% 2 ul. 2xPCR mix 25 pl (f4
& Tagq W 2.5 U, dNTPs 10 pmol/L , MgCl, 0.1 mmol/L),
HAT B 4K 4N E . PCR RV FEF : 94°C i As
5 min; 94°C7ZEME 405,50 CiE k 405,72 CZE{H 1 min,
330 MIEFR; 72°CHE{H 10 min, PCR P2H148 1.5%515
WEEER LUK AIN , FLUKZE pP A 0.5%TBE (pH=3.0),
WIRHETK, Goldview Heft, #EW AR RS T MEH
AR, B PCR =paifb )5k 2 LA T A AL
BELZA R AT )

1.4 HFEALE

F ClustalX 1.81 K fF%F DNA J¥ 81 347 4 4 Al L
X, HETAN TR . 238547 55U (Polymorphic sites,
S). HfEAIE (Number of haplotype, N). A5 Z4E
P45 % (Haplotype diversity, h). 14 FR ZFEETE %L
(Nucleotide diversity, 7). IR 2 74 (Average
number of nucleotide difference, k)%t /% Z e S %L
1 DNASP 4.0 #fFiH5. & MEGA 4.0 #{F4eit
DNA JT 51 i i L 41 s A AR 5457 45 o Fl A Kimura W2
BRI PR A (B A i AR B S, SR NT YA R MP
Bk CO T FAGRI R i ALm, FEXT TS R Ge ik
1T BRI A 51000 IR E L), >R Tajima's D HH A
5 FIAZ AT FR AN TC XT3 A [l A 0] T MO o 70 7 g s B 285

2 #R

21 A COI ERREBRFIISTH

22 PCR P88 . )P, X33 614 bp Y CO 1
FHAFH, H A, T, G Al C B &m0l
22.6%. 42.4%. 21.0%7H1 14.0%, A+T B &1 (65.0%)
B S T GHC & 1(35.0%), fF & LA HEshLh:
& DNA JFFNFRHIE . 7EZ 9005 1750 B fifi H i 2% i+
B, AL T, Gy CTESE 1, 20 3N S EER
MR, Hi C R &EsiimR, 5% 1.2, 3
BEArNH 15.0%. 25.5%. 1.6%, W21 Yot
58 AR A 7E B 58 ) Ol ) A

2.2 i col EAEMEEZHMELH

TE CO I P, kG 67 MEAFIRAS A7
A SRR AT 10.9%, PG 63 MRiZifE
BT 4 A5 B, AR ST AR I 1
N, AR ASERAL N, P/ A 2.83. 50
% CO 1 RHNFEHIFEXT 15 s, b, s
Y HO F1H7 H BRI 5 =, 430 26.0%F1 22.0%
TR EE Y A R Z A 0.870+0.028, TR Z
FEPER 0.045+0.002, IR AF IR 22 780K 27.370(3£ 1),
& BH P T T 00 B A R A ELA R R A 2R

23 BEREBRSW

SFRMLE 15 4> CO T 3 K BAAE R A A% 45 R 5 91
PEAT O, AR Kimura XU $oR 50 80 B4 750 ] iy
WAL (F 2). TS, 15 A Ef5 AL 2 8] i 8t 15
FEEITE 0.002-0.095 Z [7], FHHAERLZ (8] {814 HE
B REER . R NT 81 MP 24 g At 4t 728 900 ) g
15 N AE RIS T R G (2 R 3), PRy it
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[ 1111111 1222222222 2222333333 3333444444 4444445555 5555566]
[ 334557788 8892344557 8011334456 6789001234 5567001235 5666890345 5679900]
[ 4153021325 6864958172 1547284705 8462479519 2543062721 4016765214 6875817]
#H1 GAAATATGTA TACGATGACG TGTAGAGTGG GAAATACTCT TGATTGATGA AATTGAAAAT AATATTA
#H2 Y Goeve viinenn
3 1€ Cot teiiiiiee teeaea Be viiiiiiiee e
#HE o i e e Coee ettt it e e
#HS5 ..., .
#H6 ..., e i i it B C .o
0 T C .o
FHB A tiiiiins tiiiiiiee teeaaee e P Covennnn.
#H9 AG..CTCAGG .G.A.AAGTA AAA.AGA.AA TGGTGGT.AC GA..AA.C GGC.AT.GG. GTCGA.G
#H10 AG..CTCAGG .G.A.AAGTA AAA.AGA.AA TGGTGGT.AC GA..AA.C.G GGC.AT.GG. GTCGA.G
#H11 AG..CTCAG. .G.A.AAGTA AAA.AGA.AA TGGTGGT.AC GA..AA.C GGC.AT.GG. GTCGA.G
#H12 AG..CTCAGG .G.A.AAGTA AAA..GA.AA TGGTGGT.A. GA..AAGC GGC.AT.GG. GTCGA.G
#H13 AG..CTCAGG .G.A.AAGTA AAA.AGA.AA TGGTGGT.A. GA..AAGC GGC.AT.GG. GTCGA.G
#H14 AG..CTCAGG .G.A.AAGTA AAA.AGA.AA TGGTGGT.AC GA..AA. GGC.AT.GG. G.CGA.G
#H15 AGG.CT.AGG CG.AGAA.TA AAAGAGA.A. T.GTGGTCAC GA.CAA.C T.CCAT..G TCGACG
K1 COT NI H R AL S ni S A
Fig.1 The distribution of variable sites in CO I gene sequence
F1 AW COl EESTMEIEH
Tab.1 The haplotype and nucleotide diversity of CO I gene of C. fluminea
T Population PAERIBN ZEMEES PR R . BEFRZHM P A% IR 22 U k
VI C. fluminea 15 67 0.870+0.028 0.0450.002 27.370
F2 ANARBEFERFIIEBEEES
Tab.2 The genetic distance of different haplotypes in C. fluminea
HifER Haplotype HI  H2 H3 H4 H5 H6 H7 H8 HY9 HI0O HIl HI2 HI3 HI4 HI5
H1 1.000
H2 0.003 1.000
H3 0.003 0.007 1.000
H4 0.002 0.005 0.002 1.000
H5 0.002 0.005 0.005 0.003 1.000
H6 0.005 0.008 0.008 0.007 0.007 1.000
H7 0.003 0.007 0.007 0.005 0.005 0.002 1.000
H8 0.007 0.010 0.010 0.008 0.008 0.005 0.003 1.000
H9 0.087 0.091 0.091 0.089 0.087 0.093 0.091 0.087 1.000
H10 0.089 0.093 0.093 0.091 0.089 0.095 0.093 0.089 0.002 1.000
Hl1l1 0.085 0.089 0.089 0.087 0.085 0.091 0.089 0.085 0.002 0.003 1.000
H12 0.085 0.089 0.089 0.087 0.085 0.091 0.089 0.085 0.005 0.007 0.007 1.000
H13 0.087 0.091 0.091 0.089 0.087 0.093 0.091 0.087 0.003 0.005 0.005 0.002 1.000
H14 0.083 0.087 0.087 0.085 0.083 0.089 0.087 0.084 0.003 0.005 0.005 0.008 0.007 1.000
H15 0.089 0.093 0.093 0.091 0.089 0.095 0.093 0.089 0.027 0.028 0.028 0.032 0.030 0.030 1.000

() 2R G 11 BRS04 B AR — 3, 15 4> CO T B f%
RIBE Ay LA 57, Hodh oy 32 15 5A5 7 H1-H8,
Ay 37 11 AL 3K S5 TR HO—H15 ., 43 32 PS4 100 [ ot 4% B
BRI, T S R A B R AR BE B ROR

2.4 BKZhESH

K H Tajima’s D H A F1IEL 53 4347 23 B i35 18
TR IR Y oK o S5 B, P A

RORSIN H 5% 45 43 Fi (Mismatch-distribution) 7387 B i
I ZIERI(E 4), 78 PR K Tajima’s D (D=2.724,
P<O.ONENIEMH, HEIER N RE, RUITIEEEN
WA/ DORFRAI RS E , R A W RN 9K .

3 it

A, T, C Hl G BFEAEL AR IE R 2l H i oA 2
At —:, S s LR ALK 21 i 34 (Thompson et al,
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56_64(:Ez 1997), LW CO 1 F4Ith AL T. G, C Bt
61 H2 TN 22.6%. 42.4% . 21.0%F1 14.0%, A+T i)
51 - T (65.0%) B 5 F G+C 15 #(35.0%), R
100 ws |0 L R R e . X5 = AWLEE(Hyriopsiscum ingii)
s (BEFIREE, 2008). #LUENE(Cristaria plicata) (4 F
53 H6 &, 2009) . JEFENE U (Mytilus coruscus) (76 BH N 4%,
—m:H7 2014) ., L0 U (Mytilus edulis) (UL ETH 5, 2011), 4455
HIS (ZEDKHMFSE, 2009)%5 D254k fA CO T 3% [H 731 45 S 4
i oL, RS TS L RV DNA 17 FIHEGE . 7]
& . I, 4 FBEE T TIOR 1. 2 B3 (RO AR
N ol B R, BRI C, HAEBI T 1, 2 fo e
= Ho B, TIAESS 3 LLMETe >, T CO T LR B
— 1o T B R A7 AR SR
2 L CO 1 B 7 91 B R Y N 22 58 A i1 ZHEE (Genetic diversity)J& /LY 2 FETE R

Fig.2 The neighbor-joining tree of CO I haplotypes

in C. fluminea

17 Hl1
22 [::::HZ

A 3

35 HS5
H3
100 469|:H4
H6
16 H8
H15
79——HI2
L___HI13
o H10
o H14
11 H9
1sL—_HI1

II

T8 CO T L[Ny 1 A5 LAY MP R GEik A A

Fig.3 The maximum-parsimony tree of CO [ haplotypes

in C. fluminea

0.151

<
-
=

JH# Frequency

0.05F

—— H3{H Expected
---o-- YRIE Observed

EETRY

Z1F iR R Pairwise differences

& 4

T W) LRI (9 5 A o0 A

Fig.4 The mismatch-distribution analysis of
C. fluminea population

L, XFRNFIE ZRE (Gene diversity), FA5HZ kR
P8 BRI AT TR 22 PR 8 BUZ PR PP B I8 14 2 e 1
PRI bR o ARWFIE TP IEE] 50 AT A R I
FESLT 1S ASEAEEL, HAMREEL 30.0%, L%
ZREVEFE BORIAZ 1T IR Z AR5 500 514 0.870 #1 0.045,
SRR R 25 SR 27.370, R0 B AL 2k
P Grant Z5(1998)#4f fa J 4k f& DNA J37 31 (1)t 1%
AR AT, B AN ) ) B R 22 R () RS TR 2 R
(O AN 4 FPERIAR A, K 75 & A, MK 7
& A, & ms &b, = om) e WARERERAT LR,
T T MR TR LA B b R o, P T ) ST A
gl 2R E LR . NIHE MR E, EE
A Y e 8 A 2 R IR A R T R R — A
KiliAa e WA e L K i R AL BT TR LAY o 5 0, 3%
KIPFIEEEC I | PRBE Y 22 0 1 sl EL A 38 07 A e P
e B AR T R AR AR ) R LA A v s AT AR
(Nei, 1987) TnJ W2 P 2RI JICAT 2l 9 v i 5 UL RN AL 34
TER, WIRER K, MRz, HIXE
TR IE RS AT ZE M A A) FTE 1R A 5o o b
WL Z M

ARG LT 15 ARG AI(HI-H15), BfFR
6] s AL BE B TE 0.002—0.095 2 [a], Hi4fF Hebert 4
(2003)XT 3l S A i 2k iR COT 3 K )¥ 51 EL A8 43 Bt
Ja KRB, FFS R NG /N 0.010, /b
B35 A% A 25 R 0.02, 7] LS B A% 7Y [R] (1) st AL BE S 2
ML FhE] 22 5, BTG I B NI R G0
MP ZGep 35 80 520 A S, Hoh s A H1-HS oy
—3Z (1), HO-H15 B R 55— ), 4337 P BA5 5 [a] i)
BB A B AR H AR, T4 S T] B B 78 2 R] 1 5 A% T S
B AR AL B R R SR, HEWTEL BB CO 1
PAAE R BT RO B AR AL AL, ol LUK T R
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SRS . — Ak, HA PRSI A BT
DU, ATRAFES 2 M XN [ Rk, R IR
{13815 434K - (Arnaud et al, 2000), 9341, HERY
Fi5 455 105 Sl A R L 3 ) A TR) 18 DXy L A ) £ 2 P
ZEU, TR AR (B A A7 A M B B, X R B
MR R AL S . T FEQoT Dl M T
BRI HT T UL I W AR ) AL A, A R R
AH A [) 1893 DXy B A A T I 3 1R st AL a4 . A
U, 433 N SRR AL AL BE B BN, L AR R

HER AL AR SURBEAR S fh 1 32 S A
SR RS [ SRR BRG] B AE, 1997), AR .37
FRPHED LA B (PMISSE, 2011), g sl i
308 38 e RO kA I, e — g P e R 4y
Br, il Tajima’s D ¥4 (Tajima, 1989), D 2 {Eif A
AR EMWE R, WERFMEED Sy kS
SRS BT, X Fh 0 S T IEBR A A
(Infinite-site model), XJFEAS Hh P G J3> 51 #E 47 25 57 4
BT, AR (BB LA TC 6T 43 A 128 22 B 55 170 BRI A a0
RFREEDT A Y RIS, 2, SRR R R IR,
TE 5 A 3 A R S e R ARBF R4S R
7N, UEEEMITTER AR EE Y Tajima’s D AP ARG BG4 R
(D=2.724) R 1EAA, HB G SR 2058, X
FEHA D7 B L LR T AR B O AR, AT & Dy
FEY sk, B R PERG 045 5 22 5 il B 35 (P<0.01),
HH AT AR B AL S Rl B T R R, SRR R R A
TRERGEAR , TR BORPRE NS s L Ak, 2R
ANTEFPRER AL I B E AR KA.

YiFp s A5 ZRE v m AR S S N R ) L AR AERE T
e AIE ) B UIMC . F 5 st e 2R ERE B
(36 I A A ), BB BOR ML TR, st 2
P B 93H 25 (F— A 40 o e AT %o B 45 2% 1Y) 345 )3
77, BEARBEAR AR R F \ B, REaL SRR =
EESEYFA KL, AW FT 45 R F 0, B T i
TR B A 55 e s A 2 REVE KT, R BRI A
o HAZIE SSRGS . RIS BB
T S A Y R R e R vy B AL 2R T R, R A b
SR IR 27 0 A B R A TR it Sk 2k 5 e 0 T A R R
(AR TT 2 AR

2 % X M

TWF, R, W, S5 R RS | Bt Kb
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1624—1632
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Genetic Diversity of Wild Corbicula fluminea Population in the Hongze Lake
Analyzed by Mitochondrial DNA CO | Gene Sequence

LI Daming, ZHANG Tongging”, TANG Shengkai, ZHONG Ligiang, LIU Xiaowei

(Freshwater Fisheries Research Institute of Jiangsu Province, Key Laboratory of Fisheries
Resources in Inland Water, Nanjing 210017)

Abstract

Corbicula fluminea is a common macrozoobenthos in the freshwater of the Hongze Lake,

which plays an important role in the cycle of mass and energy fluxes of fresh water ecosystem. However,

the wild source of C. fluminea has sharply decreased recently due to over-fishing and water pollution. The

genetic diversity of C. fluminea in the Hongze Lake has not been widely investigated. The present study

analyzed the genetic diversity of C. fluminea population in the Hongze Lake using mitochondrial DNA

cytochrome coxidase subunit I (CO I) gene molecular marker. The mitochondrial DNA CO I gene

fragments were amplified and sequenced from 50 individuals of wild C. fluminea in the Hongze Lake.
The contents of A, T, G and C in the 614-base pair fragments of CO I gene were 22.6%, 42.4%, 21.0%
and 14.0%, respectively, and the content of A+T was significantly higher than that of G+C. Sixty-seven

polymorphic sites were detected, accounting for 10.9% of the total sequences, and of which sixty-three

were parsimony- informative sites and four were singleton sites. Fifteen haplotypes were defined in 50

individuals of C. fluminea. The mean haplotype diversity, nucleotide diversity, and the average number of

nucleotide difference in the C. fluminea population were 0.870, 0.045 and 27.370, respectively. The

genetic distance among fifteen haplotypes ranged from 0.002 to 0.095. Neighbor-joining (NJ) and

maximum-parsimony (MP) trees divided fifteen haplotypes into two clades, suggesting that C. fluminea

populations had significant genetic difference. Mismatch distribution analysis showed a multiple type, and

Tajima’s D value (2.724) of neutrality test is positive but significantly different, demonstrating that C.

fluminea in the Hongze Lake hadn’t experience a recent population expansion. These results suggest that

the genetic diversity of C. fluminea population in the Hongze Lake is high, which provides scientific

information for the conservation and sustainable exploitation of C. fluminea.

Key words

Corbicula fluminea; Cytochrome coxidase subunit [ ; Genetic diversity; Hongze Lake
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L% 07 2 AR X 51 7= 490 7 o [ X &5
(Fenneropenaeus chinensis){f A i
N 24 LR ~ %
TH BR A 12 A EL X A I B T R &2 0
ERA F OB ¥ERT W #HT E % BaE?
(1. BRI S50 far2ebe B 201306;
2. gl gl TR Z R E SR E P EAKFREEIR BB AOE TR HS 266071)

e F [E XT 4T (Fenneropenaeus chinensis)VA 30 mg/kg K& R EH Bk WAL E S d 5, &0
X B & 4 47 o vk vl 7 AR 4t 4 &L 2L R (Semicarbazide, SEM)IE E F AT BB IR o th 2 R B v i B B
&, FRERHYREMAERERA, ZaEm THMEALR, 20 d L4 K, SEM KEK
WK B >8> B > ok B> B R R, TH B 3R A 8 ML IAL(5.89 d)> W 7%.(4.66 d) >#8(2.95 d) >tk &
(270 d) >R IR(1.47 d), KRR+ SEM MRk, MR HRRE, AR TR K, 518
AAR, AHARFER Y CAEF T R-0-I LB (ECOD)Fr & £ b AR-N-Jit, ¥ 2 B (APND) V& £ 34
EHETHELANEZY, £253 h i, ECOD /& HA R Z KT 4(P<0.01), BiF s & A~
FEdl, MEHA EABE, Fo5 T 48, 72, 96, 120, 240 h &, ECOD EMHHMEE 5 Tt
8 41(P<0.01); APND #£1%%5 6 h fn 9 h B 7E MESR I, B30 %1 24 B & A (P<0.01), 240 h B B F &
Tt B4 (P<0.01), Z J& APND & M (K I #4 ) X B 41 K -F o 45 R %, SEM 7 # B X #4978 B
ZIg, HRFFHERK, X ECOD, APND B & M H %7, il ECOD, APND % 5 ok v T A /2
o ] R B AR

KA FOE T ER; R T AR AR HBRALE,; @R E P4SO

FESES S912  XEAFRIREE A XEHRES  2095-9869(2015)05-0087-08

K IRg PG AR (Nitrofurazone, NFZ)Jg: fif§ Jk 0k Rg 25 24
Y, 8RR IR B G K A sh g, tuRg T
CMHATESE . K5 . NFZ #EA g %L
JINEFERAR ST A 24 R IR (Semicarbazide, SEM)(BEFT1E4E,
2010), XFJEL5RaIIMER R, R, — B o A I H:
TR =4 SEM SRAG N NFZ (5% B - SEM 5 3h 4 {4 4
EAREEERTEMRENEY, G T 1k
BUARCEREER, BABUE . BERAER, 2 AARiE i

. (Bock et al, 2007; Barbosa et al, 2007), H 20 it
70 90 AEAR A, NFZ sig KR 25 I FaH Y
MG YT (van Koten-Vermeulen et al, 1993), F& E 4\l
T 2002 4E KA 193 S04, BTG M A& 4L 5
YR HIEZ), 2003 A SCKK P S g i 4h
AFR BRIl rh o AR, i EXTER(Fenneropenaeus
chinensis)FEFH L B IR B R &, T EERFE X ER
KARFETS, PR Kt R HBE | 1697 UM% B9 25 90

* [ REF AL HARNR R L BI(CARS-47) . INARAE A EQVHr & 1 (2013CXC80202) [ 5 4 HoAM 5 S JE 313 « E IR IH
HFER H R B (2012AA10A409), 2013 4F- i [ 7K F=REFA 05T B g FIEARBI Al 55 5o Lo 107 0 £ Aok e 25 (RIS =X B
M) PEAG (2013 A1102) R 25 PEAT L (RO RIS 151(201103034) 2L [ ¥E B . 224 ], E-mail: 15063903531@163.com

O \EREE: &
W B 2014-11-21, UGBk H1: 2014-12-03

fil, 5K 51, E-mail: lijian@ysfri.ac.cn
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Kbyl ORI B O AR A, H B HA RS AR
B PURSCR Y . B 545, TEK=FR P B AN L,
THEER 2 A X R P R AR e R . I,
A WLTFFT NFZ A8 A B XS4 AR A R s B b A o

5 TER PN AR B 32 B 2 A R R s,
o, 2P B 25 W R AT R R R R 2 L 4
fi i P4SO(CYP450) 22 52590 1 A0 s
LA IR RSN B R A A AR, ZEALIAR R
it % B % AF ] (Werck-Reichhart et al, 2000), 7E
CYP450 Kk, CYP 1-3 S54MEW T A4 %,
a5 CYP450 fiff B 5 1) 70%(Ingelman, 2004), £
AR LA P9 R B A0 B 25 AR B X HLIA AT 35 9 ok
hOREEZEN . RSP, @idilE CYPIA
FI CYP2 hraif ECOD. APND {5 13 52 v 25 4 %
MU W 5T 24 R, 0= /NE A5 (2010)F 58 &
B, BN A E G IR R AR S B APND . ECOD fifg
YA AR WS SV, W 2 R B T =
Jii AR ) #a 32 ; Moutou 55 (1998)F 57 1 Wi ns i 11 55, FH
s 55 11 Al 24 25 0 AT S ARORL (AR CY P45 0 BRI SRR 1 1Y
oM, A BREEEPE R KR . CYP450 AN 2591 i
ZIAHHEFEYILR, 25901 LIE S o f CYP450 i
EORER AT LY R N R R AW e s
N o BRI, AR I 2 2 W 7 v O MR P A A
Br5 CYP450 1R A2 2 (8] 1 ¢ 2R B A B ST 4iRGE -

AHBIGE LA E XS HR O SR 5, T2 4G 2,
3 AT VR R P AR A3 4 7 v [ 6 R 5 4 2 1 5 B
BRILEE, S SEM 7 Hb X MR AR P A0 AR S 00 e A4 7
WHEE ; Mo m 25 PR G AHC B 2, W1 E S
Sz R RS, AR T ERA T 25
RS, X RISENAYRANERA EEE
S, A E— 2 WEFEAE S W 28 2 ) 2 M TE AN It
FHR TR}

1 #HR5T®
1.1 EIe#fal

it S Hp [ X I L AR B U SR K SR A A D 4R
ft, SCERT R, IR E N (8.1241.58) g, S
WRTE IR 7d, IR RN S 20 LA RS
L ) WA AR, 56 A4 K4
KUK, ESEFTA, K AKE NG T, N 28,

1.2 Zm5ik7H

W PE AR (B =98%) ., 7T-LEREF TR (Fin=
99%). 7T-RIEFGTRGEE=99%). AIEHAM, 1-5

F2-HARPTU, 98%)FillFI7 ZPM4x SEM-HCI-"C-"N,
(4l =99%)¥04 [ Sigma A F; BHHREE ., L
JHiz DU 2 BR — 4M (EDTA-Nay) . a- 7K H i [t % (PMSF)
(99%)I [ Amreco 2] 5 1,4- i S (DTT)(99.5%)
I [ Merck 23] ;38 R RV BF(NADPH)(99%) . 4L
W HE HE H Roche A F] .

1.3 =A%

131 &4 % SEM &2 m <z Fie IR FE 783
FNE-1-2006 FOBRAE, SR VA (3 - 5 I o gk vk
TR

ST AT G LN BB, A 25 A HERRFREL 1.5 ¢
NFZ Zj¥;, RAN 2590 mEHECH AL 1000 g W E
h 30 mg/kg-bw M2 HZELLEME A FEXTEF 5 d, &R
FLIG AP 250 1 U X BB 41 MRS 55 25 W 1 i 45 1)
BE, HAZMAY—3 TIEAE 1. 3. 6. 9. 12,
24, 48, 72. 96. 120, 240. 480 h HUFE, 4Gk BEHL
20 RBER, Ay BOLmk e . R . B8 F oS
WA, SEEMERAEF-20°CUkEaE, FHT 25958 AT .

HAREBAEZ I T A SRR R , FREIIC, B2 ml
MR ELT 50 ml B0, A 0.05 mlIEA WiR T
VEFWL, TR A 50 s, BRI S ml ERFRIAWAN 0.15 ml
- EOR PSR, TSR 50 s, B TEIEAKBIR
Giest 37 CHROGIEY 16 he BUN B OERHIEER,
A 4 ml BEFR A VW, 79 pH & 7.2, A 4 ml
PR TG, W 50 s, 4000 r/min B5.0> 5 min, B FIE
WHFEZ 10 ml B0 FINA 4 ml SRR, &
2 ke, AF RBWR, T 40CTTRAR T #E
WA 1.0 ml HEERW, WIEIRG MR EY, i
0.45 um A HLIEREE, FFI,

3% FE Agilent XDB Ci5(100 mmx2.1 mm, 5 pm),
RN E R, AR 20 pl i hAH A 4 0.002 mol/L
BERRECTAI, B MWL, BREEVENIILZE 1, A5t
>N 5 min,

®1 RIEHERRER
Tab.1 The gradient of the mobile phase
B [E] Time(min)  A(%) B(%) Uii# Flow rate(ul/min)

0.0 80 20 250
3.0 20 80 250
5.0 20 80 250
5.1 80 20 250
7.0 80 20 250

JUIE S R B 0T 55 55 F- R (EST), 1E &
iR BEZE RN 4100 V, FALS)E SR 35 psi; 4l
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B il 3 Liming &P BANEIRE N 350C;
JE PN R 3 S B L O 10V SRR AU T (SRM)
R T T MR RE R L 2;Q1 LI 5E M 0.7 Da,
Q3 JIEFE N 0.7 Da., REHES MRS, FKJ14 1.5 mTorr,

®2 EERNMENESET. FETHNMERE
Tab.2 The parent and fragmentation combinations used for
monitoring the selected reaction

Hirib AW BB T FET il 48 BB it
Anal T Parent ion  Production Collision energy
e (m/z) (m/z) (eV)
209 166%* 11
SEM
209 192 13
SEM-"*C-"N, 212 168* 11

* SF it B F W A *Quantitative ion fragments

1.3.2 EpiEsmE IR PGUL N RR L A A 2l
Ja 1.3, 6.9, 12, 24, 48, 72. 96, 120, 240,
480 h FHLER 12 FIF, BOLHF B, & TW A TR AE,
1T APND. ECOD Jiff i PEAG I

JFIEAR So (9000 g supernatant) i il £ K FH I 44 45
(1997 etk i ik, IR 4°C Fv% W iR +h 2% o
W (PBS)(pH=7.4) [ & vk, S AT RERR 25 4 A, FH g
AU R PR SRR, FRE, I 1 S/
FL BT B2 5 2% 313 (0.1 mol/L .pH=7.5 [ PBS,
4 1 mmol/L EDTA-Na,. 1 mmol/L PMSF. 1 mmol/L
PTU. 0.1 mmol/L DTT F1 15%H ), B PR AR A
BRI, 4CAI0K, SI3RMAE 4°C . 13500 g B0
25 min, FHEVERIEERY WS BR 2, B LW
AT IO T, BRI So #8404 TURAFHE
L, B T80 CIEER .

ECOD 7 P 5 (Oberdorster et al, 2000): v 1E
96 fLEGFRAR (FEAR) T FT, HL 0.1 mol/L PBS 23K %%
MR(F 2 mmol/L 7-ZFFEAFTEEK) 140 pl, MA Sy
B84y 10 ul, 27°CHEE 5 min, WEEFA0 10 mmol/L
) NADPH 10 pl, 25 FH g ik, 37°C7K ¥ 10 min,
Ex=380 nm., Em=460 nm & Hj= ) 7- B FE RN
R

APND {14 | % (Schenkman et al, 1967): HL
0.1 mol/L PBS(pH=7.4)Z¢ {1k 1.7 ml, Jil So & =K
0.1 ml, ZH A4 g/L) 0.1 ml, 25°C/K¥ 2 min J5,
5E A H A 10 mmol/L # NADPH 0.1 ml, 25 4N
WZEIK 0.1 ml, 25°C/KH 30 min, &4 15% ZnSO,
0.35ml, &%), vKiF 5 min, 181 Ba(OH),0.35 ml,
BA, FIRCE 5 min 5 5000 r/min B> 10 min, HX
3 2.0 ml, i Nash 3257 2.0 ml,60°C 7K 10 min,

FIROKYSHN, BEANAT WL Ee T 420 nm I 5E
ﬁjﬁ{EO
1.4 HiE4hE

SEIG AT A5 808 % A Microsoft Excel 2003 4b¥E,
ol 25-mF M4, SR H T R R BB M R th 2607
e, THEIEERE =W (112). JH SPASS 11.5 Bff | FE 4
T 6 56 28 3 BT IS 25040 o

2 HR

2.1 SEM&E#

2.1.1 SEM & ¥ B s sF4k 89 o A A58 24 -t
ML UL 1, #2021 SEM ¥k B B s ] 2 e fin f5
FEARR R H, XTHRA A H SRR H SEM, Horr, JiF
JERAE H SEM % B3 it ke f v B Rk I MR BE 24 B K, 1 h
I 5 24 (832.62+3.06) pg/kg, 9 hiik 3 24 vk i g s,
H1(1554.61£6.29) pg/kg, wLiti T HALAL, Fif5HF
R R SRR BIAE 3. 12, 48 h RKIH 3
AN, WSy R (162.53£15.51), (108.91+5.07).
(93.46+8.20) pg/kg, 3 /™24 e BE 2 AR U D ) R 3
WL TR 25 B2 43 SI7E 3 h, 12 h IR 204, 2hidik
JER YR M (149.95+11.28) ., (87.04+7.02) pg/kg; MLk
i SEM WREEAE 3 h BB K(E, WIE N (56.12+
12.79) nglkg, ZJEWREEZRWIFEAL; H e SEM iR
7E 3 h iy, ZJEREIL, M9 h MIFR BT, =
24 h PRI 20, HOR BE T 3 h Y2508k E L 20 d
SCEGEE R, A AU AR R KK LA (11.09=+
0.47) pg/kg>il(1.77+0.53) ng/kg>H5%(1.56+0.66) pgkg>
MR EL(0.69+0.13) pg/mI>T A% (0.55+0.07) ng/ke,

2000
1800

—a— [Tl Hepatopancreas
T —e— i Gills
—a— JLIAMuscle
—¥— HI5ECarapace

—<&— [fi#EBlood

SEMfk BE

Concentration of SEM/(ug-kg™
S
(=]
(=]
T T T T T T T TN T T T T T T T T

1 3 6

B} /E] Time/h

1 #8425 5 d G NFZ U SEM 7E
] X6 U 5 2 2 1 2 ik
Fig.1 Concentrations of SEM in several tissues of
F. chinensis after continuous dose of NFZ for 5 days
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2 )R %36 %

LA AR i % .

2.1.2 SEM /& E 3t aF A 4147 o 6 0k 1k X252
HEPEA, 53] SEM 1 1 [ X IR 45 41 209 () T B
TR TR EURE R, A RECRIIH BRI (3 3),
Hrp, SEM 7EHFERR i B F s W e, TH BRI =
el AR FIERR R RS, TEBR S, THRRY
TR . ILA(5.89 d)>H175(4.66 d)>fil(2.95 d)>
MK (2.70 d)>FF MR (1.47 d).o

%3 SEMEHREMISELRMERARSHBRSH
Tab.3 The equations of elimination curves and parameters
of SEM in tissues of F. chinensis

204! Tissue  {HFR 7T Equation B o hp(d)
WLA Muscle  C,=82.983¢7°%"  0.005 0.819 5.89
F 5% Carapace  C,=17.725¢ "%  0.006 0.648 4.66
il Gills Cy=100.275¢%% 0010 0.844 2.95
M#E Plasma  C,=16.916¢ """ 0.011 0.786 2.70
HEIRAR C(y=863.543¢ "% 0.020 0.948 1.47
Hepatopancreas

Hi: R BRHE AR, 1 JHERE RN, 2N
R R

Note: f. Final elimination rate constant; #;,,. Elimination
half-life; 2. Correlation coefficient

2.2 ™hEXERIFEERRE ECOD. APND EEFE T L

221 JAFMA% ECOD 8 &M T AL TEE LA M 24
NI PE AR 5 d J, P E DG ERAT R ECOD 5 4 5 X
TR AH L 5L 50 R R a2 L TR R (& 2), BEZRT
[B) ZE A AR AL fa g B AR /N, 152 1 h B, 254
ECOD 7P i % T % BE 2 /K F-(P<0.05), 3 h I #% i
FART XS IRALKF-(P<0.01),  BEJS (1S 3% B2 7K
IR ARSI IWNEZ I 48 h JThG, HE P KT
XHRZH, R T 48, 72, 96. 120, 240 h B, 45

oX #84H Control group
0.30 1 @ 42454 0ral administration group

*% *k

I *% hi --;

o

%)

G
T

0.20
0.15
0.10 [

Activity of ECOD
in hepatopancreas/(nmol-min~'-mg™" prot)

JFIEERECODIE M

0.05 1

N

(=]

12 24 48 72 96 120 240 480
i8] Time/h
TV G PR R 24 4 245 i vl 0 % T g i
ECOD %7251k
Fig.2 The variation of ECOD activity in hepatopancreas of
F. chinensis after nitrofurazone oral administration

1 3 6 9

2

*P<0.05, ¥**P<0.01, n=6

242fl ECOD I M ¥H b 2 /55 T 4 (P<0.01), 480 h
SCU LT, 452540 ECOD TEPERE T-Xf L K F

RG22 5%

2.2.2 JFMAE APND B4 M % AL SEEPOLINERE S
ZHRZS IR PE AR 5 d S5, H SRR APND (1)
YR 3 BN, SXPREAAMIEL, 442541 APND %
PERE BERRE TR ks . 7252505 6. 9 h
F, X APND & PR SIAE oK, 7RI M4 B [ a5
. APND il Mt 5l I8 T X4 B 41(P<0.01); 9 h )5
252540 APND I&PEZ W FLmr, J ] 5% A A
B EE 2R, M 48 hITHR, 2524540 APND 35 1%
X RRAIKT-; 96 h B, 25254 APND {4 i
5T X BB ZH (P<0.05), 240 h B A% 52 S T R4
(P<0.01), ZJ5 APND I FEARIHAR T XF ALK .

—
[\S)

O %t #84H Control group
L [ Z4254H Oral administration group *x

—
(o)) [e<] (=]
T T

Activity of APND
S

in hepatopancreas/(nmol-min~'-mg™' prot)

FFBEI APNDIE #

N
T

(=]

"9 12 24 48 72 96 120 240 480
fif[A] Time/h
VWK g PO PR 2 1B 45 25 i vl 0 e
APND {25 1k
Fig.3 The variation of APND activity in hepatopancreas of
F. chinensis after nitrofurazone oral administration

& 3

*P<0.05, **P<0.01, n=6
3 Tt

3.1 HEZHYWAHIEME SEM

TEIBSFQOI)MF A, FIENRIE A N IREY)
[T, e A AE T H SRR b, ARG I SR A
H SEM Y& B 7E KK H1—370.4 pg/kg 28], SEM fE
SRy TG VAR B BR B M N AR, H TR A s R
SEM IFELE, JoBESs s F 36 2K 7 it Jot a6 I 114
HERRPE o PRI, 76X IR W i PG AR B B ) W4 S o
M%7 FENRYE SEM BYAATE IR th AR R XT3 . A
Wroeer, as AR SUEAT TR, SEM /K P
TR R

3.2 ZBREEZHIE SEM TEHR ERTEMA R Y 5R B iH BR AL
1525, UK PEARIR Y SEM 7EXT IR #5441
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HHEZE R 1), kA 5L 0 b st i) 22 4 1 A A0 4
B, R b 245 R R VR B K, AR R ARk K
X5 AR R 25 PRI E BB A KL, REH
2AE T N it A W i A T TR B

Mr5e SR A5 (2005)IA R, — B4 25 WIS AT g
FEEAFIE, 55— 50 PR e 2 0007 (5 4538 28 0 Y 114 24
Y gl iz 26 B, DI S 25O E P 9 25 P ik 3 —
ELANFE Heiin 2% = KT 95 IR AF (2008) 5 A 3
oo [QEE MR 25 1R 25 2 i Sk 2R 25 Je , LA e 1R
AR IR s, HUORRAR . 2545 250,
BRZH BV R AOK TR, 2RI AR, R IRV
W, 2459 355 HA 2 SUAFFAE AR A2 A R] 1
B2 5, TR 25 AR, AT REJE 1 B Hh X R
TR ECBE AT R ok g IS v 2 2 2 S ) i A

ABF5EH, 9 h B FBEAR T SEM W B IR B K,
F1(1554.61+£326.85) ng/kg, kWG & T HAL LY,
55 W R Y AR I8 A ML 4 T o MR AR P A 3 A kB
ERRKEHE, (BFEFAE A 257w M 257 0T,
FLANTE TR ISR b SEM & BE7EPE 2405 12 h J5 475k
P R (EH 248, 2013), MILZF, o EXFER I
JHEMR SEM e B R W) (I BT, HH B P B 42 1) S A
Al RE S IR AKIRA G, IR 1°C, 25 i
AN 10% (Ellis et al, 1978), ARMFFT/KIE R(30+£1)C,
T E B 2% A5(2013) Y SE 807K i A (28+2)°C, /KT,
A e B0 E X ERA P B A 3, 25 R
TR P LR X WP, 25 W0 AE MLAR P 1) 5% B T BR 52 4%
PR Byszm, H, KRR m It HEZ, FHit,
FHZ5 AR 25 W0 00 1 2 75 25 TEK IR F 52 i

PVER S (20 1 1)BIFFE i R U0 B2 7 v )X RS Py 1) 3%
B SH BRI B, 251452530 mg/kg bw))F,
] 6T B % 2H 2 T o e T B 0301 R JIF AR (3275 h)>
JLA(31.01 h)>IM KL (21.74 h), 7 & B2 (2004)0F5%
TR vD B B AR 0 1 N V0 B A e B R A 1 24
Rzl i2apdg iy, Bk B A mkZL, 75
JHF IR F R JUL P v 80 3 2 3 10 4300 R 52.7 0 19.7 he
ZEPIRAE (2008)HF 55 45 L, K i v B AE X T TR AR
JUL PARJ R I 988 £ v 8 3 B3 > 5 10 430 R 111.262,12.255
1 11.678 h, ZEr =% (20060)0F 55 LB, HEXFEFZY
TR FARTEH 5, FLFERR . gk ©= AL A v
BB 0 910 11,03, 9.07 F18.925 h, MILZTF,
WM PU ARG SEM. 7 Hh [ 0T IR JHF JBR AR v i B e
(t1,=35.28 h), fEHABHL P IHEDE . B
AR BREORE F SFE YIRS . AT AT
DIAFH, BRI PO ARSI SEM 78 Hp [ X SR nT &gl 21
WL Fh % B8 Bt fe) 4, O Ho G s 1] AR 5 T B, 15224

20d R, QLA B8, HFEd SEM SR R TREIBR, i
WEL . AFBERR T SEM &R EMKT 1 ng/ke.

W I 45 (2008) 76 B7F 53 A 3 0K g 2 25 49 75 g [
WRLH LR R T B R A 2 B, SEM 7E 5 FG A I A iR
W T 336 h Je ok, PR 168 h J5 TCiEK:
o TR AT 45 (2012)HF 5 W I P MRAE 1 2 R 9 1R AR 18
THER AR & B, 300 d IF, SEM & HAMKT 0.5 pg/ke.
X545 (2013) KB, WK U AR5 25 25 2 A8 il (B
i Qx5 7Y 60 d J5 SEM TE 4232 % AL P AR 46 I
FR TR 42 25 (2008 )AF 5 Ik g A AR Ik e e ) X 5 420
FERZEBFH LT BRI R B, TR 185d )5, K
ZEHTR PN SEM (5R B REA & TR BR o PRIUL, SE
AT AT LA, BRI PE AR =4 SEM 78 H =%t
B P T R 3 8 L e CC MR, O o 3 R L i
S | AR EE BRI, LI PG AR Y SEM
FERFAR P e T PR, R B B i 25 5%
— BNy, S Bl Ak 24 40 1 % i RN HE T e ) B
55T AE o, e n] A B R R A AR T
BOFIH bR, WL sh LU e 32 shis 5% 7 LA BR o &R
5 XoF Fil 35 1K g 28 245 40 1 A3 T o B T AR X B TR
MG, X ] GE- 5 XHIRF LR AE  R G A ok, thal
eSS RMINIE A . HEE A MEE T 2 75h %,
WGBS — BT

3.3 HLAHHHYRENZENR

B8 LA Mk H SRR 212 R i 2
P2l Z IR (1), TEMELs P T2y
Yyl & W Y IR G: OB TS 85 %2 o K 7= Sh ik I By —
SEAF LAY 4 , B R TE A BRI 254% 8  F Jak
R N T L4, 2003), AE SRR aME A
DU 5 A S A P ) L R 25 AR Bh T 2R (R B AR,
1998 4T i PR 24 1 W i 2 W O B 52 . JELPRA (1989)7E 24
Yyl 2 W IR G 1) 3 J1 2R g b, X R IR R A
T RFAERR . BN . ROk, Hd, B-iF
PEIR(EHC) PNy 277 A W i 22 06 R 42 5 ] RE A — Fil
B o 5 24 S8 2 A L sh W R AR R 4 2 5
WS IR NS5 A, T2 B AY BB 1 R 1 QI B AR 3328 A
B, 2 I8 AN RN B K IS — A R,
B bR (ZE W, 1985), UNSR 259 F I ) = R ek,
T2 S S0 24 9 B — R s PR T o, 24 - il R )
MW, W7-IFEP 55 | 0 2590 15 IR 2> SE K 25 )
FEVR N ROV FIIHE] , SEZZ T I, (675 25 W07 1R o 5
FRARF 2 AHEFE kIR VAR R s SEM XL
MR H2h-mh i e B %, 5259 15-IFIE3F
PRl | SELR T BRALEIAE T IR, $E R - AR A S
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2 )R %36 %

SR VY AR A SEM. A R G B A P
BRZE M A2 - I il 2t 2 g B G iy vl RE SR I 22— o

3.4 BfBERR ECOD. APND EEiEMMZT{L

AHGE T, Wk I P AR Hh R AR AR PR A Qs B ot
A kT I CYP450 fiff ECOD . APND {115 M 2 B1
HAHEH(P<0.01), ZIEiEMEFGFm, HEsis
SR, BRI WK 2 2% BRAL K, 1 B ke g
MARE S FE P XE ECOD. APND i i P v GE A <4 ikl
JER, XA SAMERN I ERREA L, @ik
i SEM 1] ECOD #1 APND R 3% ¥k ; SEM [ 3] —
FEHE, ECOD il APND &M UG TR . 5515
LQOVAFFT R, s vb BT Bl i L filk APND %
BRI BE S S iR I R S, SRS R,

ECOD. APND #RLA 48 h bR, 48 h Z Hii& Ik
Igmdl, 48 h Z S ISTEXIROAES, o] UERT,
ECOD F1 APND 7 WK W PO AR 5 i 72 i 5 /E H L
il T BEAH Lo R P ARAR B 7E 3 h BFX) ECOD {4
PHIER R, 120 h iIESFEERK; APND iGMHAE
6 h I3k B KA HIK T, 240 h BFiE SRR ;
TR PE AR T X APND il 114 5% ) 75 22— 52 ) [B] 4 R
KB KRR, H ECOD KRN a1 APND
PR, BB ECOD X ke v AR AR 185 4 1 52 i Ay ek
22/ INEE S5 (2010) 76 B 5 06 Hh X IR (2 - P450
Jig S 23 6 H K -S-HE B W TE P S i Hh i o R B,
[ X R AT AR ECOD (3G PE5C T APND M5 PEik 3|
BEA K, WIARE CYP450 B Y 525445
B REAFAESE G, 9NN TE] CYP450 il () 4R FHALNE
FERTIE) BT SR . HESFQ012) LM, WA
A F G IR AT SR v T B — 2 B ) A% APND il
P RIVEA , BT ECOD & M IR0 iy st
(B o AEXTFAWFIR 5, 38 A Fh 22 52 04 Ji PR ml e S
AP RS W P AR AL RN ], 3R S 51
A A 24 T = A B4 5 )t AN ]

CYP450 JfF ()3 P32 20 259 1915 S sl i, Jrp
ek VE FH AT 3 1o 0 ) 2 0 A B BRI CY P450 75 i
SN 2 AT R R AR SRR R A . BT
WP AR R AR e B R L, W T ECOD.
APND (R PE, (75 B G PR ARG, s P B AP S ot
KR ES T WU R R, SERE R ER
Bt B[R], 25 4% g 40 i 46 98055, ECOD
APND [ & s, ISP, 25 R Bk
&N SEM &R W, 5% ma i, kel W,
TE—ERHEN, FEXTER R T ECOD . APND i
PEBE SEM ¥ B34 FOLIE RN, SEM ¥ B RIS —

SE R RE IS DU A0 B IR G, R P b B AR 7 )
SEM (AR R I ECOD \ APND i 14 22 [ 47 75 [
[ 2l 25 BB T A R

3.5 %t CYP450 B iE MR 20

CYP450 Fiftj 175 5 AT LA MCAS 25 9 AE HLAS P 1 A ) e
PR3, (A 259 W/ T R ARl A Qs 4 i 1 Al (o L
PERGN 5 B0 UG 25 Y R, e 25X AL
PRI, 2595 | 0 B 1 F g kA e Bl 22
fn. 25445 ECOD H1 APND A BE2x{di ik i 75 Ak
RO I PR TE (R Y A QIR AE 2 2 AR, Yo 24400 B Bk
B A 52 m, REYTER N A 2 1R . CYP450
TitE LA SO A vh 3 i i CR IR B 45, 1994), AP
SIYIFE CYP450 filf 75 & 50 i £ (Arukwe, 2002;
Oniz-Delgado et al, 2002). Z=[H E %5(2004)7E 40 i 4
# P450 i R 5259 R0 AR B IE S CYP450
TG PEDE 259 QIR 525 005 bR 3 EL G
Fo TR IR I BRI S R, 25
X 7 A AR AN 25 800 o

— BB PRI T Y W AN LA A ) A 24 S5 R a2k
CYPIA A—EMiFEMEH . 259X CYP450 5200 (1)
F9E 24 38, gk e % Xt CYP2EL & PEA 3
ARV P (R A8 45, 2007), TR R BT o [ %of R
EEFNIMLYE APND. ECOD &M HA il /E F (5K &%
S5, 2012), MRS 25 P oF BF I APND i Pt A i
IR (R4S, 2009), BT R R R AR
S EME] CYP2EL WG (EFHSE, 2008). 254%)
YA CYP450 il sl i 35375 5, sz A S AR ]
ZRRIAINTINE o ABFITEE R FI, ki i Ak
R X EFAR ) APND ., ECOD (3% 24, #fE i
ECOD. APND 5 W R VG ARAE Hh X6 AR (4 9 A 1
RNL, T UAERF S 250 A B B v, i
2 B 25 AR X L A B RS , X g AL R M
Wk IR G AR G A B 4 T BERL

4 e

AT TGS R, H ] X U g B Xt o e AR
) SEM & AERE S5, THPRAE A, KB
DA BRE R ; SEM 7E 0] B AL IR ZE 12,
Kot H5k 8, 15525 20 d BHILA S T4
MFR ; SEM X 259110 il ECOD . APND 43 8 5 ik
JEMH . R EEE SIS, H ECOD X} SEM 521
RIERON I )% APND P, B ECOD. APND &
5 SEM WA R , FEAEm a1 B — @ ikt .
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2 % X M

TEIR, 20K, S, S5, AR5 - SR I B R I E R 5T
Hok = A AR A& . e, 2012, 40(10):
1530-1535

TN, I, B, S nRmEPE AR 7R FLAR AT ER A
A R ER . & RS, 2013, 29(1): 76-80

T, Wik, kT, 45 RS CYP2EL i MERA
SW5E. KAEAEER, 2008, 32(4): 469—474

JrRE, TR, 2 By R IRy B e b E
MR 2R B 15, KF=44H, 2004, 28(B12): 35-41

TRENEL, ZRJEHT, EoCLE. WRNg PO MRLE 16 S o i AR B
FUARATSE. Ol BT 56RiE, 2012, 2(4): 44-49

XI5t RAME, HOGEA, 45 Wi va AR 7E 22 28 il (BE
£ Q > L2 8 VAP F ik B T BR AR A . AR Al R 22
%, 2013, 34(2): 248-253

XNFHLr, TR, 2fd. AmEET RN 2: Kk

RHBR LAY, BT (A RBL2=/R), 2003, 8(4):

305-310

MR, 2, TRES, AF. RIS B AR R 452 U T E
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The Elimination Rules of Nitrofurazone Metabolites and Its Effects on
Activities of Metabolic Enzymes in Fenneropenaeus chinensis

LI Dongli'?, LI Jian?”, CHANG Zhigiang’, SUN Ming®, WANG Ying’, GE Hongxing’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract In this study we explored the elimination rules of semicarbazide (SEM) and its effect on the
activities of hepatopancreas enzymes in Fenneropenaeus chinensis. Experimental shrimps were fed with a
diet supplemented with nitrofurazone for five days before they were randomly selected from the tank and
sampled in different days after the last oral administration. The concentrations of SEM in the
hemolymph, hepatopancreas, gill, muscle and carapace were measured with LC-MS/MS, and the
activities of ethoxylcumarin odethylase (ECOD) and aminopyrine N-demethylase (APND) in the
hepatopancreas were examined with UV spectrophotometry and fluorospectrophotometry. The results
showed that 1 h post treatment, the mean concentrations of SEM in the shrimp tissues were in the order of
hepatopancreas>gill>carapace>muscle>plasma. At the end of the 20th day post treatment, SEM was still
detectable in all tissues and the order of the concentration was muscle>gill>carapace>plasma>
hepatopancreas. The half life of the elimination phase in the muscle, carapace, gill, plasma and
hepatopancreas was 5.89 d, 4.66 d, 2.95 d, 2.70 d and 1.47 d respectively. Our results indicated that the
elimination of SEM was the fastest in the hepatopancreas and the slowest in the muscle, and that SEM
remained in the body of F. chinensis for long. Compared to the control, the activities of ECOD and APND
in the experimental group were first reduced, followed by an increase, and finally returned to the normal
levels. The activity of ECOD in the experimental group was significantly lower than the control 1 h post
treatment (P<0.05), and the statistical significance was even greater than 3 h post treatment (P<0.01).
Afterward the activity was enhanced and became significantly higher than the control at 48 h, 72 h, 96 h,
120 h, and 240 h (P<0.01) post treatment. The activity of APND was significantly lower than the control
at 6 h and 9 h (P<0.01) but obviously higher at 96 h (P<0.05) and 240 h (P<0.01), and the final level was
lower than the control at 480 h. These data suggested that SEM was eliminated slowly in F. chinensis and
had an impact on the activities of ECOD and APND. Moreover, ECOD and APND may be involved in the
metabolism of nitrofurazone.

Key words Fenneropenaeus chinensis; Nitrofurazone; Semicarbazide; Elimination rules; CYP450s
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i B 7 R 2 MR {5 %12 (Apostichopus japonicus
Selenka) I3 R

RxEE

INTHE XK EF B
WRAEEE IR 75

o FOHY

266002)

WE  ERRPRE R, §5HAR SR REE N 5.0-6.7 g 17 15 % 5 (Apostichopus
japonicus Selenka), #£AT 60 d FRFEK I, #F 7 H a7 & F B8 & F(AWGR)., 4F € 4 K % (SGR).

R A (FCR), BERFRFE AL W LERAPD)E ., R EF, £AFHEEK R, &
ERTEEZEFP>0.05); 60 d i, &4 45K 58 AWGR #1 SGR R b&AH A E, BE B KKk N
WE24 . EEN, WE 1 4; EE ARG RS0 FCR XK, 5 M M4 E 2 %1 8% (P>0.05);
WEARASTE 1 AW FR EZ73 AL FP>005), 5HE 24 FR [A# L% % 7(P<0.05); #E
TR R S R R L R (FE) I B 8 T 240 41(P<0.05); BEERAHl 5 M APD &5, ¥
67.28%, 5 E 1 414y APD # R | #(P<0.05). #F 7K ¥, 7 hm i 2 BOK 7T DL R 3 07 | 5 8y
A KBB4 S 4 S R R AR AR

B30 TR %; BEME; £K
hESES S963 XEHIRIRAE A

W B (Asterias amurensis) J& Bl & 3 ¥ I]
(Echinodermata) . ¥ 52 4X(Asteroidea), AR K
RITCHMESI Y, 2T WV VA B — i kg 35 i 1) g
AR 1 RANE S EATRART, 2R
FA, METTEAR SN 29.49%, BRI G iR
1.54%, @XEMMAFTE, PR ERS, HSH
Ca, Mg ELHLH EICEMERTR Zn, Fe, Cu, Mn
EMEICR (R EE, 1995), MUEAER. &F
g, HEARE . . i, duis s fb 4
PROJRE(E 5 M5, 2008), HA B & 0E A2 M
Ho TR SCs | M 6 DSk,
B A DLSE SR Tl i S0, [l s vl 2 ) BB fE T R
HERE T, e BB VR ML B A K i R 40 I 5 A
AR MR A AARGET I AR, MEReAE#
R AR, R DURER, i Re ok R AT
A2 TR RS (FF 30555, 2013),

XEHE  2095-9869(2015)05-0095-07
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ARSLE B TR B R A O 05 90 2 R R R
URBI AT AT PR S BORECR , 9T A8 iR 2 N TR & 1
B BCRHS > S LS A , E— 2P TT Kt 2 ek
B HIHHE

1 W5

1.1 SEIesHl

LIPS T IR BT ELTEY S,
TEHUE R TOR . AR R 3.9-5.5cm, KEH 5.0-6.7 ¢
M2 R A INRE T SRR e, RA4E
Je AR TRAE 5 8 B A L, 9k L By 5 2 200 H
i, TR A s MR E A L AR A B AR T AL AR
BT R 2RI, #E 65°C I HET, Jfad 40 HIF,
IR LR R U E . D%, fa
oM EEIFORE, TR 20%76 52 I K T 4 AR DR BT G
B, Ty RPN TR R A AARE, ARDRHEC D BB 3R Ry
Wk 1 s,

1.2 FHHZE

ARSI 3 AR FEL, RS ERYI 3 AN ES,
RAEEISE 20 L2, £ LWAgdian 1 i
o KUTRIZIA 70 L B OIGFRHKF P IR 5 d,

WIS R}, e O SR R HE =S I, ST RE
B4 FRIFRIHE] R 60 do BE KA S 56 405 1) S 4k
Y 3% TR, LR A B 1 YR (09:00 1 17:00),
T R SR HH KRR G () R P A S0, A0 /K J5i Rk A
TEOLE S 1/3-1/2 WK, BERE 10 d BIIRIE VR0 i =
FRBHKAE, FF 5 2 ER K . SC 50 I A) K IR 1 7E
(18.6+2.8)°C, #hJEH 30-31, #f#A =6 mg/L, pH
4 8.2-8.4,

1.3 ERNE

TP 10 d R ERHEK I, XF & 5 R S FR
FHES WK 4y, B A WK s TR — 350, DR 25
FIRE %M 0.01 g R F-FRE
S H4 388 F R AWGR(%) = 100x(W/N—Wo/No)/(Wo/No)
FEE A KR SGR(%/d)=(1nW,—1nW,)/tx100%

T Bt 22 % FCR=C/(W,~W,)

B FR(g/gd)=100xC/[t(W+W,)/2]
TR AL R FE(%)=100(W,—W,)/C
EHEMIHE LR APD(%)=1—(F/Dxf)

b, W NHIERRIZ S Wb t REFRIZ S
H; No AWIERHIZ SR EG Nt RIS B4
C Rkt THE, t NIRRT, F NI b8 R
A&, D oAWEEREARAE SR, K0

®1 ZREMEATRERES

Tab.l The ingredient and proximate composition of experimental diets
ERS R St w14 mE R 2 4
Asterias echino-skin feed Commercial feed 1 Commercial feed 2
130.5/20 128.0/20 104.4/20
iz B E 137.3/20 125.6/20 102.6/20
Total body weight(g/ind.) 125.2/20 120.8/20 97.8/20

)Rk 20

Ingredients

E 3% 43 Nutrient composition(%)
#1# F Crude protein
HLIERE Crude fat
HLIZF4E Crude fiber
£#E Calcium
L% Total phosphorus
7K 4> Moisture
HLK4Y Crude ash
#5 R Lys

WA A, japonicus(20%) . iiF
& ¥ E. prolifera meal . &5
WM Sargassum meal . A
Fish meal . Z ik Peptide . K
SRI#EE Natural yeast, E&
i #E Vitamin premix, &
A" 5t Mineral premix

22.70
2.50
3.80
5.29
0.21
7.30

25.50
0.70

K $k g B K Natural
seaweed meal . A= 257 PATE
Ecological living bacterium
enzymes. fif5} Fish meal,
M ICE Trace elements .
A= F Vitamin, TEHEREKY
Spirulina meal

18.10
2.20
3.10
6.66
0.54
7.70

48.00
0.49

KRG M Y it Natural
active substance, KARHE M
#  Natural phaeophyta
meal . £ ¥ # Floridean
meal, Zk#F Chlorophyta
meal, B &54E4E Vitamin
premix., £} Fish meal

23.30
2.30
3.10
9.77
0.15
6.50

35.40
0.49
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FHE A FH AL R R
1.4 HiR4bE

SCE R 4 Excel 2007 ¥4 5, R SPSS
13.0 B fFEAT B R 2 5 2247 BT (One-Way ANOVA),
P<0.05 A}, RH Tukey fafuiit 2 b, Hdik
IR A BEHAAR ME R (Mean+SE)

2 ZR
21 XFRSEEMREENZ N

hE 1 LB 1, 0-60d, %M 3 4R 47 5
SRS B INRE E ER  Z 20 d A
AT J9(183.85+7.79) g, 40 d AT H(211.18+8.42) g,
TE 60 d I, it 2L R AR 2H ) 2 M ik B i K
B, 4 262.13 g, SCH AR 1G24 F BT B 10
B FEE 2 ZHR RIS, 7E 50 d R 60 d B, VA
R R R S S T R 2 RS R )
2 5(P<0.05), STHEME | 4D AR EN2ZERA R
(P>0.05),

300 —— Mg B4 Asterias

—a— TR 4] Commercial 1
—— T EHRI24H Commercial 2

wE

Body weight/g

D
(=]

10 20 30 40 50 60
B 1] Time/d
Bl 1 BMORTERE T 05 i S R 8 AR i

Fig.1 Body weight variations of A. japonicus fed with
different feeds (Mean+SD)

HIPE 2 W, FEAHIRIBREEZ60E T, 20 30 d 44
W, 3 FANREIEDRL T 05 802 0 S R 100%, 1k
40 d i, FRRTE 2 LR 05 3B S R N 95%.

2.2 X{5#S AWGR 1 SGR By &0

M 3 T LLE ), BEE BRI, =405
FIZ ) AWGR B #iH K. 7E 1040 d, M in
B2 AORIZH AWGR I3 i T 08 g 5200 57 1 ke
AT R 1 41(P<0.05), TESZERSMEIE], a8
Vi R B DR 5 B el 1 4 5 2 AWGR 2 57
A 2 (P>0.05). 50-60 d, TN SR R {5 ) 2
) AWGR & F ikl 1 41, (BK T B ikl 2 41
531219 AWGR,

¥ &4 4sterias T 141 Commercial 1
B 18240 Commercial 2
100, . .

Survival rate/%
D o0
S & S

[\ B
S
T

(=]

10 20 30 40 50 60
A fe] Time/d

P2 AN TR 07 80 2 BT S ) 5 )

Fig.2 The survival rate of A. japonicus fed with different feeds

150~ D ?@Egﬁ Asterias

X
] T 141 Commercial 1 a
€120} W WiE24 Commercial 2 a a,
M-g b b aa
ﬂﬁﬂf? 90r aa
o b aa
oy s 60f aa
fl b
& 30r 2@
< 10 20 30 40 50 60

B} [] Time/d

P3N [l BT 7 0 2 2 g o5 0 R
Fig.3 The average weight gain rate of A. japonicus fed with
different feeds

& ,

) 501 O ¥ 24 Asterias

S 40} Kl B 1A% 14H Commercial 1
3-8 aa W Tkl 24] Commercial 2
fg 030 b

=
g.g 20l
B 5 10}

&

et

(%)

0
é 0-10 10-20 20-30 30-40 40-50 50-60

[} [E] Time/d

P4 AN ] BEFIA [ Dk 0 075 o) 2 24 15 5 3R ) 52 )
Fig.4 The average weight gain rate of A. japonicus fed with
different feeds during different periods

ME 4 0T IE L, 0-10d, 302 e R
il 21 AWGR I 2% T T B 1k} 2 2H(P<0.05), W%
EF TR 1 41(P>0.05); 1020 d &5 HI1Z 1)
AWGR 3k 5 5 KAH , 730591 29.29% .30.54% .21.47%,
VR R AR RHEL 2 AWGR AR T 4akt 1 26
(P>0.05), SHiEmEl 2 HO5HZ AWGR 2553
(P<0.05); 20-30d, ¥ 2B IREH A9 051 = AWGR
WEM TR 1 AR 2 41(P<0.05);
3050 d ¥ L0 R L AL R A7 R 2 AWGR Y 11 6
Tk 1 AU AR 2 4, SR AR 2 4R 25 5
(P<0.05); 50-60 d, ¥ A2 BE 1R A 05 il = AWGR
SR L AR T DR 2 4 2% SO B35 (P>0.05)

AN TRV R X A7 ) 2 5 A SGR A I I 36 2., 1%
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MESLEG AT 60 d J5, £ SLUR TR R IR E 1 2
THERK, SCIRZE AT, PR E Y B R FIR T
R EE(P<0.05); LIl Z AWGR K/MKIH -
TR 2 >0 2 A>T FRE 1245 AS R AR
IS SGR R/MKIK Jy . i1kl 2 4 >ifg 4>
Bk 14

M3 3 Al LI, 0-10 d $5 Wi 2 R Rz A ek 2 1)
P12 SGR AN F i 1k} 2 41(P<0.05), w5 F i & 1m
BE 4L MTE 10-20 d AFRIBE, W80 A2 0 e ek 4
SGR W& TR 1 41(P>0.05), & Tk 2
ZH(P<0.05); 20-30 d, 7SI 2 B fA k4 SGR 1K,
B ARG T HA WG 26 (P<0.05); 30-40 d. 40-50 d &M
Vi L R PR B 452 SGR i T HAB P4 ; 5060 d
U T 2 R R (i 2 SGR AR T T B AR 1 4
(P>0.05), & Tl 2 41(P<0.05).

2.3 Xf FCR, FR. FE #1 APD B9
M 4 TTLIE S, B USnik: BR Rk 1

®2 FARAMMARISEEMFEERE

FCR Ak, 7 0.99, HUCHTEBmE 1 4, FK M
Bk 2 41, {H=41I7] FCR 225K .4 (P>0.05). 4%
TR R], P B R S TR R 1 ZHAY FR
B 22 57 B (P>0.05), IR THiEmE 2 Hi FR(P<
0.05). fAlZxf 3 Rkl ry FE s BRI
SRR AR R ST B ARDRE 1 4 >TH B RDRE 2 4, v AR
KRR FE 35 T HAL M 41(P<0.05). M APD
K, W R R S 1) APD

67.28%, SHTERE 1 4109 APD 2255 i 3% (P<0.05).

3 i1t
3.1 BEBMEEHRBRSSHASERTRNST

B A B YR B EEY T, R AERR A AR
TE A A I S P AL BB SRS, TR RE R
Wo Pk, FRPERRS SR, SN RET
EEWRILEZERMEN, A si e, 2K &

% i

Tab.2 The initial and final body weight and specific growth rate of A. japonicus treated with three diets (Mean+SD)

E{=ga) T B2 R B AR R 1A R 2 H

Index Asterias echino-skin feed Commercial feed 1 Commercial feed 2
WIHH V-4 F A Initial average body weight(g) 6.55+0.15 6.24+0.12 5.08+0.07
259 F- 4 H 1 Final average body weight(g) 13.11+0.82° 12.18+0.74* 10.77+0.52°
S48 T % AWGR(%) 100.25+16.55° 95.32+7.84° 111.91£11.26*
T 4K SGR(%) 1.16£0.17°* 1.1240.11° 1.25+0.12°

T [ —48 b Bt 19 AR/ NG D SCFREAN [R] 278 Al L Z 1R A 2. 35 22 53 (P<0.05)

Note: Values in the same line with different superscript letters are significantly different (P<0.05)

& 3 A [E B IE B R0 B R AL 3 4 R S E A K R Y R
Tab.3 The specific growth rate of A. japonicus fed with different feeds during different periods

i 1] R B R4 i DR 141 i DR 2 41
Time (d) Asterias echino-skin feed Commercial feed 1 Commercial feed 2
0-10 0.83+0.04* 0.73+0.03* 2.16+0.18°
10-20 2.57+0.13* 2.66+0.11° 1.9540.12°
0-20 1.70+0.09* 1.70+0.10% 2.05+0.11°
20-30 0.21£0.01* 0.39+0.04° 1.64+0.09°
0-30 1.20+0.05% 1.26+0.06" 1.92+0.08°
3040 1.18+0.10% 0.96+0.08" 0.74+0.03°
0-40 1.20+0.08" 1.19+0.09° 1.6240.07°
40-50 1.56+0.03* 1.23+0.08° 0.53+0.06°
0-50 1.27+0.14* 1.20+0.03* 1.40+0.17%
50-60 0.60+0.02* 0.72+0.01* 0.49+0.03°
0-60 1.16+0.14* 1.12+0.09% 1.25+0.12%

TE: TR — 38 n Bl 09 AR/ N5 5 S0 BN R 9 A B 2 A7 78 1 35 22 5 (P<0.05)

Note: Values in the same line with different superscript letters are significantly different (P<0.05)
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Tab.4 Feed conversion ratio, feeding rate, feed efficiency and apparent protein digestibility of A. japonicus fed with different feeds

3547 Tndex _ﬁ%ﬁﬂﬁ. ﬁ%ﬁﬁlﬁ ﬁ%ﬁﬁzﬁ
Asterias echino-skin feed Commercial feed 1 Commercial feed 2
Tkl Z 4L FCR 0.99+0.08° 1.08+0.10° 1.19£0.11°
FEEHE FR (g/g-d) 0.080+0.003? 0.085+0.004° 0.102+0.005°
TREAL R FE (%) 15.36+0.41° 13.83+0.64° 12.93+0.55°
HEHRMIEILZE APD (%) 67.28+4.56° 58.42+3.25° 62.92+4.12%

T [l — 48 b Bt 19 AR /NG D SCFREAN [R] 278 A L Z 1R AE . 35 22 53 (P<0.05)

Note: Values in the same line with different superscript letters are significantly different (P<0.05)

Wy 5 1 b 5 W I 5 22 R A RS Sh (2R TR, 2013)0,
RERFQ009)HFTERM, HIZS Mk LT 2 AR T
AR, ORBREE RS S EUR N R AR SR,
RHR H & O 2 A KON &
LFHEQOIHIFFE R, FISAEREREATERN
23% AR, REH RK SGR, HMIZMERK . &
VISR A AL B 1L A T A, RS RS
18%-23%HT, FIFHISHA K, Rk ESEQ012)MTRE
B, RIS TEBIHLE A & 16%0, Bk 3l K
AR TERDEPH AR S O 16%-24% 0, H FCR
A%, HAFRERE. Sun %2004k K, HIZH
BERAGEN 21.5%FR, RS AM SGR, B3
e F HA AR B (KR i AR KO . [AlRE,
RAFEQOSHWFFR KM, HSEREMEAKTN
18.21%24.18% AR I KR 5% ARk, 315 %
KA R ARNERE L . EPRIESE(2009) 55 KB, 4
FEMIB AR 3%, HISHES . th5 . S HE
HA TR E AR, 45005 2 28.79% . 32.30% I
35.49%, i T LiRAEgY, HIRE TR SR & B A
Ko ABFFEH, WERPEPEASTEN 29.49%, &
T 20%076 B Rz Tk B9 ARDRE TR AR 1 B R 22.70% 0
XGRS TR, RIS BRT, RERART
PR T AR 1 AT DR 2 i 25 7E 50 d
F1 60 d B, BN TR 2 ARSI E, B
INIRGIEY s gt = Wil el s sl U E S k=1
FEFRIEH . [lEE, Sun ZF(2004) 5L, HER . W
AR . A AR, KNAR . AR, AR . KBaR
ErERSERPREWR N EZWEN, HISERE
X SL R I iR R I K W R T
A BT R RTTEE R SRR AR . & R
K& R e, M54, Wkl s mAa kK BEs
BN B FE FH IO 2 U0 2 W I T 2 Rz ) ek 2 3l 2 1)

SGR % B A o [RIERE, A i 2 R AR 2405 ) 2=
() FCR #izfik, FE #1 APD W& Tkl 1 gl fnmi
Tk 2 A, UV B R TR v BT B R O R
SRR E P, WTVE S Sh P R RS I #0052
TRk rp . P S SR R R KA R A S
o PO TT B ARDRE 2 2, HL PR AT e T B ARDR) 2 41
REH R T o

K7 S LA R R IR 2R B R E RAOR TR
FSE, ARDRHIE 7 7K -3k i oA 38 2 0 LA K 3 AN
R, Seo FFQOINFFRAI, HlS 4K Iri i
FERPEIBIG S iR 2% AHAF(2005)RFFR R, iE
HHLIR I KR 5%, KT T35 B % (2009) i 5%
S5 5(5.35%-7.05%) . MIDEHIT T 10 1 %5 0, i 2
Bic A il TR B IR I S BN, (E RS R B
M2 () E R, X AN AR RN i I R 1) & 1 2SR 3
(EPRIEEE, 2009; ZEFHES, 2006). ARWF5RH,
B TR s o R 1.54%, SRR IR 5
RE Wi IR S5 1Y 50.00% Hidr, RN FAR IR EPA
DHA M&mtim, BAGEEmIERME, B
20%if B R TRy i iR ek P IR I & 0 2.50%, iK%
T Seo ZF(2011)XF HIZ: 5 Wi fifF 4% A 7 K &

3.2 BEBMBREAGRSELRMK S ERNE

T 52 R A SR 7K SR B e Ak VR X £ | A B ) 4%
WELAIF 7% 22 UH , K 58 75 A B A4k 2L B B AL T A AR A
AAB A0 RN SRR, n] i SE R A K OR | Y
RN IR R AR A, 1999, 2002), ABF5E 1
B TR meE e 2wkt g5RER, 7
0-40 d, FMREINIEE 2 FER S0 AWGR 5T 8 /4]
Bl 1 HZERAIE, 40 d 5 R R SR
AWGR & TRl 1 41, DA 32 A 12 40308 B s
M REEG, XSRS AERBCR R, 58 60d )5,

1) 0. RS SRR S BUE IR TR BEIE. N R 2B Se A 218 3, 2013
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A LIS AWGR K/IMKIK - T kL 2 21>
EA>TERE 1 4] RRFEFRT 20 SGR K/MK
U TR 2 > R A>T WK 1 41, FE 2
S S BT H kL R TR AR 4y, FE Mk,
Vi B RL S 77 F T A K 0 He il s, ol AR s
Ml ARWFIE R, MR FE & T AR
1A R 2 241, UL DR B SR 5N
FHIS KW B K.

MR TR AR S EEE, AR AR
¥t , Z2 ARG R o N D R 7 B Ll v, iR
HLMgEAER LT MEITER, As, Cd. Pb, Cu,
Hg %5 &8 W AEY) I 58 5O 55 A4 A5 i E N A
W, R—FEREE . L ERHR I8N 2
TR TS 412 3505, (F4h SR E 3] 0 3%
om, WIE 60 d ERCRIL T 14, HAE
IR R S A KA . BRI, T B2 i mT DA Jin 2
S AR R R

£ £ X W
EWHE, B, SRARE, S DRI R LA

RIS ERFRLL ST B, IGEK P4 BE 4R, 2009,

24(1): 17-23

THMr, FEhetm, BIAB, % REVREHE R K332l
SHE . BRI RR. KF=REE, 2008, 27(2): 55-58

B, EWOE, RTIE, & REERE A RSO E S
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ERrdE, RER, TS, % WBEEERE TR 0r. b
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44(2): 35-40

KRR, ARERR, KA, S RISHES W & A AR IR
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The Effects of Asterias Echino-Skin as Additive Component of the
Feed on Apostichopus japonicus

WU Zhihong, SUN Yuanqin, LIU Tianhong, LI Xiao, LI Hongyan, WANG Ying(D
(Marine Biology Institute of Shandong Province, Qingdao 266002)

Abstract To investigate the effects of different brands of commercial diets on the weight gain rate,
specific growth rate, feed conversion ratio, feeding rate, and apparent protein digestibility of the juvenile
sea cucumber, the juvenile sea cucumber (Apostichopus japonicus) (initial wet weight 5.0-6.7 g) were fed
with the diets containing various particle diameters of Asterias echino-skin powder (two commercial feeds
as control) for 60 days. The results showed that the survival rate of A. japonicus is not impacted by diets
(P>0.05). The trend of the average weight gain rate was same with the specific growth rate of sea
cucumber, which was higher in commercial feed 2 group and lower in commercial feed 1 group. The feed
conversion ratios (FCR) of sea cucumber fed with Asterias echino-skin was the lowest (0.993) but no
significant difference with the other two groups (P<0.05). The feeding rate (FR) of sea cucumber was
similar between Asterias echino-skin group and commercial feed 1 group (P>0.05), but it was
significantly lower than that of the commercial feed 2 group (P<0.05). The feed efficiency of sea
cucumber fed with Asterias echino-skin group was significantly higher than those of other two groups that
have no significant difference (P>0.05). The highest apparent protein digestibility of sea cucumber was in
Asterias echino-skin group (67.28%), which was significantly higher compared with commercial feed 1
group but without significant difference compared with the commercial feed 2 group (P>0.05). These
findings indicate that supplementation of Asterias echino-skin in diets could improve the growth
performance and feed utilization of A. japonicus, and the Asterias echino-skin powder can be used as a
feed additive.

Key words Juvenile Apostichopus japonicus; Asterias echino-skin; Growth performance

@ Corresponding author: WANG Ying, E-mail: food-rc@sina.com
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fERIRE 3 FARBRAN BT EX R ENERS
(Apostichopus japonicus)Fr 58 4 H HI 220

Mkt 2 FEE BEMAT F W B %2
Fom: oar%E’ ok Kk
(1. KIEBPERS KiE 1160235 2. Rl FBHF O W] 2k & R 5 S0 i st EUK =R b
WK HR 2660715 3. INRZFEARZBASARAR A 265600;
4. T EAYRHEARAT HE 266400)

WE URNSNEEER, MEF BEAKEAamam, BNl SEFHAEHAREH
BAAFNIEAR, BT 42d WHRFEEE, R T EEM RS 8 4)F IR r 20% & 41 i 4 K A 7 #
FAREEA R CRE AR X B A, B RS TROFS 4D, A SH A ESH A 4), #FEH(F
EHH) 3 HENEAREEANERAANSEEREKNE N, ERE T, AWAkE @, i
WA B4R R R RR 33.42%, AAnEE TR, MASFHA . FEGNEAREAENEE
ZRAEEP>005); A Kk wE, YEHANHEZ Mg ELEKER I RE, 25 %3
(41.50£1.39)%71(0.82+0.02)%/d, B E & T HM 4 NLh4; AHFFEERFE, MEASFHA AR FE
HUMEEREER T aA MM ARt B, A, PEGAFFERT, 145 (94.03+£2.28)%:;
EHNEEERTE, HEA., MAEAST AT LG AN ENEEESFAES 10, 20, 30 KiKLF|
el , UE1E 45 A(1.7040.05) . (1.60+£0.04). (1.77+0.04) U/mg prot; s 4a Kt B 41 0 2 1 B 3% 1k
Wk, HIEMAS 10 Kk F 4 K (1.78+0.09) U/mg prot; 28 & 41, i 4a bk %t B 41 i & 41 1Y
HAeZmEEHENRATERERNESE, EZLANNTEHAN T EZTHBERRANFE L,
T ESHFAR SN ALERBEERAHETEE EAW#ESE, FIKME K(0.14£0.01) pg/g-min;
M AR GE T T, R MR R B AW B R R L B B B E B n(P<0.05), HEAMALAERE
EBFHIn(P<0.05), FEHUAfESHANARSmE AL EM TR, EhairilEg, FR
RO, B A0 A BT FIAE B R AR T B R R R R, R E SR A A B B
REBNERERNSHRER, HRERGHNESNMEN BB E IR EE, AR EXHSEKEY
A RE,

KA RS RENE; EWR; HE; MAESHN,; #E%; £K

FEDES S965 XEHRIEEE A XEHS  2095-9869(2015)05-0102-09

¥+ JLAE, % [E 2 (Apostichopus japonicus)7i X Y K IRAE A . BAT, B2 905 2 B G
B S PR K R AR, B TR E AL RS T WYEFRIE . BIMEIER . T LIRAE . IR IR A

*ER T A7 “863” WH (2012AA10A412-4), EZHK HARIERE AT H (31202016) . 1R AL KA T 5= KR
AR YU . TSRS R AR R 5 TSR 24 B IR (13-4-1-65-hy) M 5 T RAERHEHRIIH
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FRAKEAT: AL AR 3 A 7] £5 A it X 758 32 T 190 4 41 2> (Apostichopus japonicus)F# 5 A= K Y5 R 103

PR SR A S SR T o e, R PO A IR AR R
LRI DR BB AR, HFE FARPREE RN T8 AT
90 B BE K PR IR AR 9 A 7 T (L BN BE, 20135 XIS,
2004 PFE FRFE AN T4 IR 94 PR RE A O 15 48 ) o
SR, OB AR SRR O B, A7 7R BUR AR A Bk
TrI AR, KRB v %5 38 18 IV A Jeg S > S PAT 8 T K A2 4
ol 77 B ik A P A3 MR ) R R SR B R G ) A A SR
FEIXIRA AR R, TR TS Y MK i w8 TR AR,
2003), A LA iZ A SR E 7 i — 28 R R
P, AR T 2 IRAP IR Fr AR S B 02 B
T RO 5 i PR P R A

ABESE LLRAT RAERGPE A A= )R A, 3R T
TE B AR X R A0 2 37 R R P il R PR DR, JRAE
IR AR INE A | AR R 2 B S TN
FRXT PO AR I B S R AR B2 IR, LU o AR AR
AR Z IR T2, D80 IR 15 SR A 57 58 00 =
o 5 g A BT 1 05 T R AR

1 M5
1.1 ##

SE G 60 T I AR A4S T I TR M T 41 5 Vi SR A
X3 (116°39'N, 39°93'E). F7FH J7 = Ay ik ifg 78 X I 4
Fih, MFEHAG S 3 mx3 mx2 m, R HECH 20,
S FH I 2 3 A2 T B A 5 98 A AR 1 1 10 2
SRR 4(20.045.0) g5k, SPIIAK R (12.043.0) cm.

S5 FL AR BB YRR R A
AR RIS LA R, R R . TR R
o RS Ry - A ARy R EERMD ok B DL
o HEJE=20:20:10:10:10:10: 20,

AW A E BB AR A BRAE],
A P BRI 2R

PRSI A 7 5 P s 25 A7 FRA ]
FERMA - AR ZF /AT (Bacillus subtilis) | BE 2
1 ¥ 1 (Bacillus cereus) 1 = 45 % 4 #T I (Bacillus

atrophaeus),

rh B 24 SR DU Sl AT ) 24 M A R 2 A2 7
FISPUR RIEREE T Ry, FE AR FOE, K
B B RIERSE,

FERIE IR AR R 4 mm FLAR I TCLE R LG %k
A% 2000 mmx600 mm Y F, 373 i F 48 48 29 3 ik
R, R U [ E — 200 g (Y5 ERTE K SR 4 P
NS

1.2 Fik
1.2.1 AHH & FR R TRl Ak v 25 2H B R AN T

FLHIVET 8 Fhialkl, A FPiDEHAC b 2% 1. TAlAk il R
R 1 PR R TR A5, i 100 H W
i MA 15.6 kg WKBEFEEMR, H5REKAERS
K5 L B A FEPR AR MR b, It 5 4R R A Bz A Y
Farh, UEATEEMESINR
1.2.2 it AR 2% . (Scatter ratio, SCR,
%) 5E LA PRSI 20% 4= 9 1 A G P ) sk
(Adhesive feed, AF) A ¥ N A 9 Ie Y 3 38 1) )
(Control feed, CF), ARH&mpE}L i &8 A m WA A,
FFSLIR2H 53R 8 AN A A S ARG PR Sl DR 2
(AF-b) ., WFE R PERRLZH (AF-en) | fH02E 25 00350 R e 1)
B (AF-mi) FH B 25 R PGB (AF-h), DL 5 4
VI i FE IR L (CF-b) . WF &5 A &4 (CF-en) | T2E
A TR 5 L 2H (CF-mi) F1 vh B 24 4] 8HH (CF-h), 45 2017
RS 1o 78 2500 A B 2 1 b 1 25 A
HRE A R R AR R 2 RS, ik 3 AN
17, i1 120 h J5 7154 P AR5 A TR R
PR B CF-b(%s H4l) . AF-bCRiPEGRDE X
W) . AF-en(HF & 4H) . AF-mi(f 4= 245 #1710 21) A
AF-h(TP 254 5 TR LS, A 3 AT
SCEGILBEE 15 AMAE, ALK RS IR A, A
MR CFE 15 kg, BOEH 720 3k,
123 FREAEHE SCEGEFE) A 2014 4E 5 H 3 H-6
A 13 H, 42 d. L, Ky 17-22°C,

x1 JBLWARMBNAS

Tab.1 Diet composition of the 8 feed groups
. Al PR R BB 20 Adhesive feed W3 A B4 Control feed
2[1 43 Ingredients - 4
AF-b AF-en AF-mi AF-h CF-b CF-en CF-mi CF-h
FLrffERl  Traditional feed(%) 80 60 78 76 100 80 98 96
#& Enteromorpha(%) - 20 _ _ _ 20 _ _
WA 2SI Microecologics(%) - - _ _ _ _
24 Chinese herbal medicine(%) - - - 4 - — - 4

Y Adhesive(%) 20 20

20 20 - - - -
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FEN 3042, AN 5.0 mg/L VUL, pH N 7.6-8.1,
BN 30-50 cm,

SAFEM Tk, B 10 dEIRIAR 1Ok, R A I
T3k A B R HE A A O30 B B 3 2R P R 2=
1.2.4  #kFeym i AR UR PR DR ) 5 IR 2
FRELICA mo, TRIKA TIEIIE TG fH R4 PR E il
R mg, ERR VSR BB S 1 25 AR 120 h T
PRIEFREIC N meo THRBURRARXIT

SCR(%) = (M, — M)/(My — Mp)x100%

1.2.5 3% F(Weight gain rate, WGR, %)F=4 & £ ¥k
& (Specific growth rate, SGR, %/d)#4 | 3 3 HIAE
SEER T AR FNZE A, B A AL 50 Sk
Z, HEBEMARSFQOIDM L, M HAE, 7
1EA Wo AT W, T8 5255 T 4 A 45 o i o) 24 3
TREE 25128 wo = Wo/50, Fll wi=W/50, Ftit5a8 &
TR EERR, AT

WGR = (W — Wo)/Wox100%;

SGR = (Inwy — InW,)/tx100%;

Ao, NIRRT
1.2.6 %% % (Survival rate, SR, %)# Mz 433
TESCITF LR PN SL IR 45 sRA, AR 25 AR P R 2 R
S3E R WW, BT WWe, BT A, SCIS T IR I 45
RS S AR No= WW,o/wi FI152 56 45 o sf 44 00 4
FIZAEECH No= WWr/we, T4 S50 20 1 2 1 A7
WA, HEARI A SR=Ny(Ny — 25)x100%, A7
FH W 1 0 A B 5 il e 1 25 Sk EE .

1.2.7 M B E s AESCREINE LA 10d
A S5 A B AL S Sk 2, SRS g
L, FK B K E BRI TE 9 &, SO
T i 18 Ve Ryl | A RN ZT AR R TS ML TE R
FiE G M . AR B P 2T 4 S I L SRR R TR
VR 1% I 1208 P e T A AR W TR IE 5 T 145
&, W 7k B A A XS R a3

1.2.8 RIAMEALEMIE  SISEHE, 5TH
1.2.7 RIS AT ZH 4L, H Davidson’s AFA [&EE
W E 24 h, JaEA 70%LBE M2 36 h, 2K, 7
W fI R YIH R AT HE e, ffi ] Nikon 23 H) 1Y
Eclipse E800 Olympus i {5 W %¢, H] Nikon DS-Fil
1% 3 454 Nikon NIS-Elements FIR 3 Hr 844 % 2H 21
HEAT SR FR AR o S IO 5 45 4 2 i A I
K RECRG R HETE | B 25 R | 25 4R
FIEF AR 254055, WA a8 SR Hy, WiEgh
JBE_L 2 Z(Mucosa)ZBE oy, BT B2 )2 (Sub mucosa)
JEE Hy,. WLAJZ Muscular layer) & Hy,o 118452

5 g i R E 1) HAEL
JWIE RGN b R R IR H,, 5 RE SRR Ho 1Y 1
f: Do (%) =100xH,,/Hgo

WIB R T [ 2R He, 5WBE SRR Ho B I
{8 : hg (%) =100xH/Hgo

Wi LA 2R Hy 5 RE SRR Ho 19 LA
hmi(%) =100xH,/Hgo
129 #HERITS549H iz SPSS 17.0 XJEdE it
17BN % 5 2243 1 (One-way ANOVA), 24 4H i) 22 5+ it
W} (P<0.05)H Duncan KRitfT 2 & BT, &
S E I LT A {E A5 1fE 1R (MeantSE)RIR

2 #R

5

2.1 ARBRE

A SR I TR AR P ) F AR5 R IR 120 h
J& . ASIN 20% 4 0 1 (PRSP SE Al AR ZH (AF-b) L TS
A PEGRL A (AF-en) . St 2556l 50K 94 1) A6k 41 (AF-mi)
1 e B2 Rk M ARDRL 4H (AF-h) 19 B R R 47.46%—
48.18%, FLKGERL4% 20 1) 22 F AN 35 (P>0.05) (] 1);
T A % T A= 40 Je 14 56 Ak R R AL (CF-b) i 35 iRk 4
(CF-en) . foft A= 28 57) 1Rk 2H (CF-mi) i Hb 5 24 4] 6L 24
(CF-h)ARRLE R H Y A AR A5F T2 120 h J5, #E
RFFIE 81.60%—82.17% , VUL 8] JC i 3 22 5(P>0.05),
B3I 20% 4 9 e 0 RS P ) Rt 4l 2% S A
(P<0.01). FHULATHEN, DAEPIHEAE ARG A 7 i 45 Rk 1
ARk T L g 2 el A g A 0 A SR o R DR A A

GRS
Scatter ratio/%

25 LR R O
The scatter ratio (SCR) in different
experimental groups

B 1
Fig.1

AN [R) b FR 1 3R 7R 4 ) A S 3 25 57+ (P<<0. 01)
Different superscript capital letters represent highly
significant difference among groups (P<0. 01)

22 WERMEBFEEKE
Zepl I 42 d PUFRFE S, RN A RE XS BE 41
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(AF-b). WF#H 41 (AF-en). k&7 4 (AF-mi) Fil
2 (AF-h) il 2 RS YA EL 43 318 51(27.9420.19)
(27.80£0.30), (28.83+0.38). (29.60+0.31) g3k, W&
T2 FHAL(CF-b)(P<0.05)(3 2); X ML i 5 A ARF
FE AR RS AR B 25 T4 41 (CF-b) (P<0.05),
TEWFFEGE RN, B 25 2H (AF-h) fil 45 A KA 5
(0.82+0.02)%/d , {3 = TRl PEADEL G B4 (AF-b) Al
& 4 (AF-en)(P<0.05), 111 5 {4 25 71 2 (AF-mi) {XU7E
R R 25 5 (P<0.05), KRR IR
(AF-b). WFE 2H(AF-en) AR 255 2H (AF-mi) Z [A] Y
FIZACE R E | ERAAREAERKEFER AL E
(P>0.05).

23 TFEER

F SO ZE P, KGR TR X B2 R S AL A
MRS EURAFERSSAAZH TR E2ER
(P>0.05, %3), {Efdd: 2570 4 Fn wh e 24 21 1) ) 240
T HETE 25 25 (1 AURRG P A e o B 21 22 (8] ¥ 47 78
i3 22 57 (P<0.05) . Mo, s 2 4 (1 47 75 R 35 F
(94.03+2.28)%, Mk .

24 BEEAEEENE

ARHFFE I A2 T AR 52 56 240 00 2 W 18 S A G L 2 1
g RN 2T 2 R B M AE L . S5 R BoR, S aTE R
R PE I LB 35 1 2L (CF-b) Y TE R WIS PEE (1. 10+
0.05)—(1.5+0.04) U/mg prot 715 FBl P38 5l , W7 ) 193 Py iy
{22 5 AN 35 (P>0.05) (K] 2) s B PR ARDREXT R 2 (AF-b)
(1) V€ o il 05 M 2 R R, PR (1.55+0.07) B 2 (1.11+
0.08) U/mg prot; i &5 ZH(AF-en) A4 3E A9 Bl P % o s P
B, HwKMEH(1.70+£0.050) U/mg prot; A 255
A (AF-mi) 9 JERY RS P S B L TR FRERE S, 52
B AT E 5 20 KA F B KA (1.60+0.04) U/mg prot,
TEWFSE 45 RN R [ 28 (1.18+0.04) U/mg prot, KT [
s ;s ThE 2G4 (AF-h) R VER BTG VE 20 d Z 7S
bR & 3 (P>0.05), 30 d J& U K G T Ak E
(1.77+0.04) U/mg prot, i 3 5 T HAth 4 41(P<0.05)

2520 22 () 2K BTG PR A He g . R R AR X R A
(AF-b)E [ R E PEAE 10 d B R T 55 2 (1.78+
0.09) U/mg prot, 3 & T HAh45 41 (P<0.05)( 3),
JEGE R % (1.06+0.11) U/mg prot; WF&E 41 (AF-en)

K2 AEBBANGRMNRNSEERRSEEKENTIT
Tab.2 The influence of different inputs on weight gain rate (WGR) and specific growth rate (SGR) of sea cucumbers

e =HA RGP G 0] i 2 WrE PUES®RIAL  hREZLL(AF-h)
Evaluation index (CF-b) (AF-b) (AF-en) (AF-mi) Chinese herbal
Blank group Adhesive feed Enteromorpha Microecologics medicine

¢ 74N
%_.il.nﬁii ) 20.84+0.15 20.85+0.10 20.78+0.07 21.10+0.06 20.92+0.09
Initial body weight wy(g)

2K
e PR _ 26.684+0.59° 27.944+0.19" 27.80+0.30° 28.83+0.38" 29.60+0.31°
Final body weight w,(g)
& % WGR(%) 27.98+1.99° 34.00+1.31° 33.74+1.51° 36.60+1.37° 41.50+1.39°
Fi 2 A K R SGR(%/d) 0.59+0.03* 0.69+0.03° 0.69+0.02° 0.74+0.02" 0.82+0.02°

T A7, AR bR R R R 4R 2522 5 (P<0.05)

Note: Different superscript letters within each row represent significant difference among groups (P<0.05)

R3 ARBRANBIRRSEFEENZIN

Tab.3 The influence of different inputs on survival rate (SR) of sea cucumbers

i F YK A L X AR A el MASHFL  PEAH(AF-h)
Itéms (CF-b) (AF-b) (AF-en) (AF-mi) Chinese herbal
Blank group Adhesive feed Enteromorpha Microecologics medicine
5yl g/% .é‘" N
E.ﬁ.” HZ BEBNCK) 7214321 722+7.57 720+9.54 720+5.51 723+5.13
Initial number
=R & é/%,'é\” N
s M2 BENCK) 657+10.44% 649+5.00° 658+6.25% 669+11.00* 677+£13.23°
Final number
715 % Survival rate (%) 91.01+1.06™ 89.93+0.40° 91.34+0.24% 92.92+0.93" 94.0342.28°

e F—47, AR_EAR TR R AR A 35125 5+ (P<0.05)

Note: Different superscript letters within each row represent significant difference among groups (P<0.05)
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Fig.2 The influence of different inputs on gut amylase
activities of sea cucumbers
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Fig.3 The influence of different inputs on gut protease
activities of sea cucumbers
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Fig.4 The influence of different inputs on gut cellulose
activities of sea cucumbers
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ZHIE T R JZ A0 B H B, SR WLER 2 s A 3R A6
HE TS B 22 5, (R AR 5 7 24 A g
R I 2 Y B, A AZ AR R N 5-D),
23K 19 4 30 2 i T 200 0 16 3% S HE B

T 3 X A A A2 SRR (I (e 4y, R
TR AT FRAL S hn=(46.2442.41)%, 285 T HAh 4
41(P<0.05), i FIRGPETRDRE X B AL 00 A i RIS - p )2
JELRE i AN, S GE AR R R 2R, (HE
SN (P>0.05) W& 4 hy=(13.46+0.61) %5 HAh
S AAFAE 35 22 5 (P<0.05), BB &5 4L =50 i AL
RV ERTE S ISR e

3 itig
3.1 FRBEHAXESEWER N
B SR , LU % 8k - R H



%5 TBARIEAE: TR AN 3 FOR AR A A 20T 1 A 40 2 (Apostichopus japonicus) i i A K 19 5 i 107

SIS NEEC NGO B i) 7R ikt b AT AT eV 3¢ ¥7l))

Fig.5 Microscopic observation of different inputs influence on foregut of sea cucumbers (Transverse sections )

A. ZFHYL(x200); B. iR IRA(x200); C. #F&41(x200); D. MUAESHIFILL(x200); B. 1 HZ4H1(x200)
A. Blank group (x200); B. Adhesive feed group (x200); C. Enteromorpha group (x200); D. Microecologics group (x200);
E. Chinese herbal medicine group (x200)
mu. ZhE 72 Mucosa; su. ZE T )2 Sub mucosa; ml. JLINJZ Muscular layer; ad. ZMR)Z Adventitia; il. 2 Intestine
lumen; Im. AWl Longitudinal muscle; cm. ¥FHL Circular muscle; sb. ZUIK#%E Striated border; cc. HUIR4HE Columnar cell;
ct. 4544041 Connective tissue

%4 REEN GRS H & A QR A EE M H0

Tab.4 The influence of different inputs on relative thickness of component layers of sea cucumber foregut

AT S H4 A P e sk X HE 2 WA T AR 2 FPQ%QH(AF h)
Evaluation index (CF-b) (AF-b) (AF-en) (AF-mi) Chinese herbal
Blank group Adhesive feed Enteromorpha Microecologics medicine
FIE R 2 IAHT R hpu(%)  25.40£2.75° 46.24+2.41° 31.1042.52° 26.29+2.16° 25.62+3.03°
FHIER B2 A SRR hey(%)  28.54+5.28 32.19£2.40 27.97+£4.07 23.56+3.08 22.4243.72
WLAZ RS IR BE h (%) 8.74+0.66° 10.26+1.10° 13.46+0.61° 9.81+0.87* 9.62+0.79*

e F—A7, AR_EAR TR R AR A 35125 5+ (P<0.05)

Note: Different superscript letters within each row represent highly significant difference among groups (P<0.05)
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The Effects of Three Types of Feed Supplements on the Growth of
Apostichopus japonicus Cultured in Cages

HAO Jiguang'?, WANG Yingeng®”, LIAO Meijie?, LI Bin?, CUI Hao?, XU Yan?,
ZOU Ange’, ZHANG Zhen*

(1. Dalian Ocean University, Dalian 116023; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of
Agriculture,Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 3. AnYuan aquatic
Products co., Ltd, Yantai 265600, 4. Haichang Biological Technology co., Ltd, Qingdao 266400)

Abstract High scatter ratio (SCR) of feed diets and the lack of effective disease prevention and
control method have been hindering the cage culture of sea cucumbers (Apostichopus japonicus). In this
study we used adhesive feed with bio-gel and 3 types of feed supplements (Enteromorpha, microecologics
and Chinese herbal medicine) to evaluate their effects on the growth and survival of the cultured sea
cucumbers. We designed two categories of feed (adhesive feed with 20% bio-gel and control feed without
bio-gel), and divided them into eight groups including the blank adhesive feed (AF-b), the enteromorpha
adhesive feed (AF-en), the microecologics adhesive feed (AF-mi), the Chinese herbal medicine adhesive
feed (AF-h), the blank control feed (CF-b), the enteromorpha control feed (CF-en), the microecologics
control feed (CF-mi), and the Chinese herbal medicine control feed (CF-h). The survival rates (SR), the
weight gain rates (WGR), the specific growth rates, the activities of protease, amylase, cellulose, and the
microstructure of foregut were measured as the indicators of the effects of feed supplements during the
42-day feeding experiment. The average SCR of the adhesive feed groups (AF-b, AF-en, AF-mi, and AF-h)
was reduced by 33.42% compared to the control groups (CF-b, CF-en, CF-mi, and CF-h). There was no
significant difference between the 3 groups with food supplements (P>0.05). The WGR and SGR of AF-h
were (41.50+1.39)% and (0.82+0.02) %/d respectively, which were the highest among all groups and the
values were significantly different from other 4 groups (CF-b, AF-b, AF-en, and AF-mi) (P<0.05). The
SR of AF-h (94.03%+2.28%) was the highest among all groups. The SRs of AF-h and AF-mi were
significantly higher than that of CF-b and AF-b (P<0.05). The activity of amylase of AF-en, AF-mi and
AF-h reached the maximum on the 10th, 20th and 30th day during the experiment, and the peak values
were (1.70+£0.05) U-mg protfl, (1.60£0.04) U-mg prot'l and (1.77£0.04) U-mg pro‘(1 respectively.
Compared to the other 4 groups, the activity of protease of AF-b fluctuated tremendously and reached
(1.78+0.09) U-mg prot™ on the 10th day during the experiment. The activity of cellulose of CF-b, AF-en
and AF-b first increased during the early stage and decreased later; the activity of cellulose of AF-h
continued to increase during the entire experiment; the activity of cellulose of AF-mi decreased during the
first 20 days and then increased in the later 20 days. The microstructures of the foregut of the 5 groups
(CF-b, AF-b, AF-en, AF-mi, and AF-h) were normal. The microscopic observation revealed an intense
secretion activity of the epithelial cells in AF-mi and AF-h. The relative thickness of the mucosa of AF-b
and the muscular layer of AF-en increased significantly (P<0.05). These results indicated that the
adhesive feed with bio-gel could effectively decrease SCR of feed diets, and that WGR, SR and digestion
activities could be increased with the addition of microecologics and Chinese herbal medicine.
Furthermore, Enteromorpha did not affect the growth of cage-cultured sea cucumbers, which indicated
that it could be used as a substitute in the feed diets for sea cucumbers.

Key words Apostichopus japonicus; Cage-culture; Bio-gel; Enteromorpha; Microecologics;

Chinese herbal medicine; Growth

D Corresponding author: WANG Yingeng, E-mail: wangyg@ysfri.ac.cn
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JGEERZAE 25 ml, & Thermo Fisher Scientific ICP 4§
B R OEIE AN E e M TR e, Hid,
SALTCE M (Se) R HAL I LIEF A Rl AFS-9900 4=
H 3l 3 18 S A )R BTN E

RO TIRFEM A RS, AR (50%H EE , 40%
IECBE =S BE, 10%DU S M)A, LUk 5
FHWBAH 3 22442 1100 43T 2 BRI ME Va St . /K
W Vi Vo, Ves. Ve ES 128 GB 5413.11,
GB 5413.12. GB 5413.15. GB 5413.13-2010 Jll &
1.2.3 BhR&ERENF E HR I A E R A 21/
TH 5T 4 40 (FAO/WHO) 1973 AF #1324 FE R 143

o VA A5 2 4 00 B 2 1 O ) SR R AR X 4 il LA
NI LRV 73 (AAS) . AL 3F- 73 (CS)(EFi 5,
2013), WAL EEAANGERESE, 2011), & X
TR 1Y 52 /55 1l [C(BCAA)/C(AAA) (X 1 #% 45, 2002;
X XA 4, 2010):
s—— 2 100
AA(FAO/ WHO)
aa
AA(Egg)

x100

EAA] =§/100AXIOOBXIOOCX.”XIOOH
AE = BE CE HE
A, aa ik 5 AR & A SR & & (mglg) ,

AA(FAO/WHO)ly FAO/WHO P-4 s 2 v [7] fh 41
HLIR 7 R (mg/g), AA(Bge) et i H i Al Fh
ER & (mg/g), n AT AR, A, B,
C, -, H ARER WL A B i 75 Z LR 2 (%, dry),
AE, BE, CE, -+ HE N&XHHE H BTG 58
HiE(%, dry).
1.2.4 34 IR I6 K Excel 2010 A1 SPSS
13.0 AT, 45 5 T S (E 5 i 2=
(Mean+SD) %7~ o

2 HRSIE

21 —BREFESY

M % 1 a3 B S REERAE K A .
FELNG 05 FK & 550 R 91.29% . 5.25% . 0.23%F11
3.09%, THHHER . HIED . K& a5 ah
60.23%. 2.67%. 35.53%, SHISMILE, EXES
PARRER AR UK o & By, 7K A3 RO R 5 7 B %
1%, S5#§4£5(Thelenota ananas)(F L4l 4%, 2010) . £1
Z:(Holothuria sp.)(FRFEHa4E, 2003) . ¥/ F(Cucumaria
cucumaria)(Fr BHAALE, 2003)F1 1, K ES TR
EETER R, UK TS, MR ;& 5 0 ok &
e Wik, ERESEAREA . IR A

22 AEBREEREFMBRITH

221 RABREFTLHEMR 2 ATLUE H, frE
HKESHRSREE R B2 R 7EAE K i B b gk
SEAREIRAN, LRGN E] 17 Fha IR, IR A AT
WA, Hrh, DFHEIEREAA) 9, JENFTEIE
FR(NEAA)S Ffi . 7EIXBE IR, —H MR HARS
Wi, RS ER. WA, EERESPIE
11 AR S TS, Hoay 6 Fha Mgt Tl =,
B ESRBE DEIER T8N 53.76%, W& FH
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Tab.l Comparison of nutrient contents in the body wall of Apostichopus sp. and A. japonicus  (Wet weight, %)(Mean £SD)
(B Ko HEA FHIE K5 EEP TN
Species Moisture Crude protein Crude lipid Ash References
. 5.25+0.14 0.23£0.01 3.09+0.07
EHES . 91.29:0. 5
JEKEZS Apostichopus sp. - 91.2940.57 053, 5 (2.67+0.18)  (35.53+0.54) A
. . 4.37£0.07 0.35+0.02 2.47£0.05
il % . . . 2y
HIZ A japonicus 92.36£0.87 58 7710.72) (4.72+0.11)  (33.25:0.34) AT
Hif£Z T. ananas - (63.02) (3.20) (12.49) FILT45(2010)
4I% Holothuria sp. - (51.41) (8.80) (12.56) I F5H 45 (2003)
i C. cucumaria - (49.44) (4.60) (19.04) I FEHREE(2003)

e 555 NEURE T &
Note: Data in bracket for dry weight content

S RE SRR P R (47.03%), SOHL AR 1 00 5 45 SR
—F

222 56FH RINERAR B EARE RN E
(PP B 8 7 i SR P SN H A1) A R 3R
(%5, 2003), Hd, EAA B& & 54 ERT
A NS TR SR PR B SR e A e
fabr. R 2 MTLIEH, ERESHRETHPLTE
HER SN 18.67% ., E TR Z MR SN 35.11%.,
BRI RN 53.76% . LHEEFMR B FEN 6.70%.
WAL M N 2.96%, FRETHZ, ¥k
ESHRZ) EAA/TAA 533108 34.73%F1 37.21%, i
WHO/FAO RN 35.38%(ZEMETELE, 2010), A
I, AR T AR T R A B T
223 R I/FEHH TSR B SR S
BRIK) S /95 LU Ay 3k 2.26 F 2.24, Z5R LW E LR,
EH RIS 25E N 3.0-3.5, T Y AFZ ik, )
ek 1.0-1.5CATHARSE, 2002), Hitk, ZE3KES MM
SREERA — & MIRITFER .

224  EZRALB N IR B ) A 5 A i
FRNE F PR T 2 EH RN A AR . REE MR
H R A H R AT R A0 2E S A (X U 4, 2010,
FOMESE, 2011), H1FR 3 WLAFH, ERESIREE LR
AR T 2R & i i, BATRIRZ, TSR RE
ARG REES, HEARKRZ, B HFTE—EER. &
T SRRBE AR RIRE LR & I TS, Rk
RALR B 5 S R S U (FAATAAYH 47.66%,
WETHIZH 45.04%, HIt, EXESHEERE
BT S,

225 96FBILBRUABAEN BIETRVE 77 (AAS) 2
H )z A H 0 —F 0 g 98 =0 W k(B
,2013), R4 TLIE 1, E3KES AR SRR
AAS B + MR i, P 100 4, HKOE
TREIR, SRt BT 100, T A RE fh kA

% + R SR A R AT & FAO/WHO BRI ; 781k
SEVESN(CS) T, K ESREMATR + HATR i
£5(89.73), HUKZINER(89.29), il S H 2 iars 4y
e i71(85.83), HKIEME AR + 82 MR i = (83.99)

HRIE AAS THI, 33 TS Tl S RE 2 2 #i
ARG E A%, HUORSe e R, HILs 1 RSP 3
TR AR, 5 2 BRI IR 2 e s MRS CS
AL, 3SR E S REE RS Ak, U i &
+ ARNER, 51 PRSI M o R, 26 2 BRI
PEEFEIR N IR R + RN ER . NIk, %3 £ S kEE
TR R 1 BRI IR, 5 R A
iRt + AP R [R) o B A 1

W SRR BOZ VAN & W B 1 5E 55 ek
FHI AR UE 2 — (KRR ZE, 2006, F#E#HT%F, 2010),
Oser(1951)42 124 EAAL > 90, F2/R 75 [0 (1075 Fe 0l
=, EAALTE 80 oA, RVEAMERNMER, &
EAAI <70, MZFR/REAFRMERATLE . HE 407D
Eil, EEESREED EAAL H 66.69, Hil 2K 65.87,
THEBWAL, FHEATERAB TS, KRB
ARG S i T 30 S 0 32 23R 40 2 vh e D 47 4k A
BN ZEAR 2L, AN ABE LA DC (B K i, 2001).,

23 [ERBRERSSE

% 5 W LUE Y, &3S S MBS RRE £ 2 AG
W 18 AR, 6145 5 Fhit FIAG iR (SFA) (B i
A3 G IR IR M) 16.51%F1 19.02%), 4 R Ay
FIRE M FR(MUFA) (i 7351 5 g D5 R S i Y 26.20% 11
35.86%), VUK 9 Fh Z A AR 5 R (PUFA) (L &2 53 31
NG TR 1Y 26.47%F1 22.14%), Ak, EHKES
I 2 A BE v A R0 R I T2 5 40 TG 5 TR 1 L
(UFRA/SFAY/3 5114 3.19 #1 3.05, [Hith, 3K ES KB
JIg W2 7 PUFA Fl UFA/SFA 7 T2, SFA Hil MUFA
T HIS, UL S T S R BE R IR 9 AS 1R R
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Tab.3 Comparison of flavor amino acids contents in the body wall of Apostichopus sp. and A. japonicus
(Dry weight, %)(Mean £SD)

2% Species

KITZAM Asp A &AM Glu

HEM Gly &R Ala EHEEIERR S E FAA FAAITAA

¥ ES Apostichopus sp. 5.3920.06 8.22+0.05  8.37+0.10  3.65+0.10 25.63+0.31 47.66
JZ A. japonicus 4.79+0.14 6.93£0.11  6.53+£0.09  2.93+0.08 21.18+0.42 45.04
R4 EXFESSNSHEFEARLESEBRARTEN( + )

Tab.4 Evaluation of the composition of essential amino acids in the body wall of Apostichopus sp. and A. japonicus(mg/g)

(Mean £SD)
AR AR5 . 2y DT IR TE AL
Content(mg/g) FAO AAS WEE CS EAAI
W AR g8 st
EAA EXEZ  WZ g BEXEZ WS ¥EXES 2 EXES S
Apostichopus_ A.' mode Apostichopus ) A._ protein Apostichopus ) A._ Apostichopus_ A..
sp. japonicus sp. japonicus sp. japonicus sp. japonicus
SRR Tle 29.89 30.12 40 74.71 75.29 49 60.99 61.46 - -
ZER Leu 39.85 4135 70 56.92 59.07 66 60.37 62.65 - -
Wiz B2 Lys 29.89 32.33 55 54.34 58.78 66 4528 48.98 - -
N 7 [=HA
WeRe + R/ 4y 17 3048 35 12049 11279 47 89.73 83.99 - -
Cys+Met
IR Thr 40.18 38.63 40  100.45 96.56 45 89.29 85.83 - -
HAER Val 41.51 3777 50 83.02 75.55 54 76.87 69.95 - -
ik = HA + =y I=
Hf%%‘ Gk 49.14 48.66 60 81.91 81.11 86 57.14 56.58 - -
iz Tyr+Phe
SN
- 272.62 26833 350 - - 413 - - 66.69 65.87

Total content

T TR Z. Uk, MK E N C12-Cl6
(1 SFA 2338 0o 1M A5 05 1) 2 93 38 (L 8B 5%, 2010),
I MUFA HAG R . 5 000G . R R A B
1EIC1Z T BRI VR (kA 5%, 2005), PUFA HAA W] 2
PRI . BRI . BRI . Prog . Sese vy A i 2
e AP DAL A9 114 893 2 VB P (B RS, 2001),
I, BB S R T D R B AN TR FNBE i I
WY, B ESREENR T B 24 T2
FEFFEAY T, DHA e X4 R SR GE R
gp e # BAE ] (Sargent et al, 1997, 1999), EPA J&H4
210 B R 1 471 B 2 AR 4B A T 2443 (Beell et al,
2003), WL, ZFHEAKET LA DGR
(Sargent et al, 1999), Reitan %:(1994)ik>}y, DHA 5
EPA 11 LUl & — A~ FE % 2@ B TR A5 , 7638 5 1 Ol
T, WA R R BRIk DHA 5 EPA By LN
201, BARAY AN 1 2 1 a] LS| RS2 6F(Scophthalmus
maximus){R AL S5 o DEZEE(2003) IR, R
LML DHA & A6, 5 DHA S5HALAR
PRI HL(EA . 3k s LR H, #ERES RISk
BE DHA &40 6.63 fil 4.49, EPA &858
5.45 f13.61, #EKESHE THIZ, i DHA/EPA Lt

AR 1.22 01 T 1.24 01, ARG, Rk, M3%E
¥ E S Ml = (kEE DHA Fl EPA @ MIILE LF, &
HESRAZRNS I —F AR S, [ 74 = Lk
W, HERESZIURET, W e ML
PR, ERTCARE B IS, i, R E S0
RE A0 i 2 8 B —AS B b Fl . A5 Rl L 2% . o
T AW 2R 25 Dy E I — 2 W AR 0 E % 3K B S RS
JE I —ASB A, A SRS 0 —F A4 .
EERMETESE

& 6 nIHl, EE¥XESIREES Na, K, Cu 3
PR &am TS, KRR ez, 0
THEYIE Na TR S, HEERESRE S K
THRIRZ, MIERZh Mg SRR, B ZF 1A
—E2Z5 . Hill f1 Matron ¥2H, HALEF AL T
R YA R A B UR, B2 Zn: Cu>10 K
Zn : Fe>1 Bl H & KA FEPUERMIELEE, 1995), %
KES MRS REE Zn/Cu 4390 20.15 Fi1 26.88, b
H M e, W Cu TR & RIRMC, 1M Zn/Fe 7510
0.61 1 0.50, FLE#CAHARE, KL, 78ERHEC H
YRR Cu B R, DIHBR TR B RSP

2.4
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K5 EXFESE5NSEHEDEHBHNEARRESE H, #miEESy wocERNA R, —BIA R, ST
( %)( + ) ARSI, Ca/P WAE 11821 Z[H,

Tab.5 Composition and contents of fatty acids in the body E R R T fet ek A e
wall of Apostichopus sp. and A. japonicus R Ca/P AP, B2 R A BFERKTITAY, 2006),

(Dry weight, %)(Mean £SD) HKES MRS REED Ca: P 435 1.60 Fl 2.62,

% Content I, ERESRBETEE Ca/P HLWE R, BI1E N
JE Vi A Fatty acid EEES W% R .
Apostichopus sp. A. japonicus . =
POSHICTIOPUS Sp. 7. Japonicy 25 HEESE
C14:0 1.0340.02 1.2140.05
C16:0 7.77£0.12 10.980.25 7 50, ZER ES M SRR S H FEEK
c16:1 6.27+0.13  10.08+0.24 e R, EXRESEEDRELS RS ERKIT N
C16:204 0.09+0.00 0.08+0.00 Vie>Vp>Vps>V >V, MHIZH Vie>Ve>Va>Vi >
Cc18:1 11.19£0.08  15.860.12 Ve # L 1.30 mg/100 g, i TRIZ, JLAbAEER
R S N pt
C18:3 0.5320.00 0.66:0.01 Eﬁ’%ﬁ%’#ﬂ  Z 'ﬁ?ﬁﬁ‘%?f\j’ ZEEE %ﬁﬁ}*ﬁ*ﬂg
C18:403 0.2120.00 0.2140.00 f%i’ggﬁﬁ%%%,jﬁﬁmxﬁ\ %Ef gﬁir%f
€20:0 1.2940.05 2.3120.07 ;;g&g%;«ﬁigﬁ@;lﬁ? ;ﬁmﬁﬁggﬁ
C20:1 7.01£0.13 8.9640.08 e \ll*rt%fm?q;%;ef’ {EE;Z:K : m;
Y ,‘ 2RI A RIL. L
C20:206 0.42:0.05  0.28£0.01 o oA E' j\ o s
ARG IIRERRS, A LA rl R A 4 (R AR L,
C20:306 0.3120.00 0.34+0.00
2004),
C20:4 9.4120.20 6.74+0.12
C20:503 EPA 5.45+0.12 3.6140.09 3 &
C22:0 1.32+0.09 1.30£0.05
C22:1 1.72+0.08 0.96+0.05 £ ESRBEML S A R & 5, /KA Rk
2 2 N - drs M %A= =
T RIIEITRR ST SFA 16.5120.41  19.02£0.57 SRR R WA A I 8RR o g TR

W

S FEMR A MM BT TR, B T i 4K
UF R T 23K BB REE g Rl S R AR R 7 Y

i S
HUORH AR S MUFA  26.20+0.60 35.86+1.01
@A‘Z'ﬁ =0 Ay ks i N
m TS, SEEREEL T2, &K TS IREERR I

LA FING TR B PUFA 26.47+0.75 22.1440.46

7
J

DHA+EPA 12.08+0.39 8.10+0.23 " o N

fi 1 PUFA il UFA/SFA = T2, I8 05 2 (1) A4 A1
DHA/EPA 1.22 1.24 e o

B, MR BTl %, &3 EZ DHA 1 EPA
UFA/SFA 3.19 3.05

L E RIS, H AT, FEsE 4" Bk

$6 ERESSANSKEhEBRMBETESE( ma/ke)( . )
Tab.6 Contents of major and trace elements in body wall of Apostichopus sp. and A. japonicus
(Dry weight, mg/kg)(Mean £SD)

2% Species Na K Mg Ca P Fe Zn Se Mn Cu  Zn/Cu Zn/Fe Ca/P
¥R ES 94646 7595 6022 4396 2751 26.84 1632  2.15 1.75 081 oic 06l 1.60
Apostichopus sp. ~ +152  +58.96 +87.45 5623 +87.85 +3.57 058 4026 +0.15 +0.02 : : :
PiES 79075 6413 6977 8447 3230 4166 2070 272 3109 077 oo (s0 56
A. japonicus 1236 £63.23 46938 4528 £54.89 285 £0.86 034 £0.29 +0.01 : : :

xk7T EXESENSHFEPELERIES( mg/100 g)( + )
Tab.7 Contents of vitamins in the body wall of Apostichopus sp. and A. japonicus  (Dry weight, mg/100 g) (Mean +SD)

ﬁ#@ Species VA VBl VBZ VB3 VB()
¥ ES Apostichopus sp. 0.56+0.02 1.30+0.05 0.10+0.03 1.20+0.10 5.35+0.05

= A. japonicus 0.59+0.03 0.21£0.03 0.15+0.00 1.66+0.16 5.41+0.03
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Branfh . ERE SR E B TR SR,
Ca/P LHIE T, FIERNAMSEY), AL, EHRES
e Z o s, H Ve Ml Vg, B, B
BRI OEE R . 25 Enk, ERESERMENLT
2, WA IR FIH .
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Analysis and Evaluation of Nutrient Composition in the Body
Wall of Penglai Sea Cucumber (Apostichopus sp.)

LIU Changlin', WANG Youting®, QIN Bo', RUAN Feiteng', CHEN Siqing'”,
YAN Jingping', ZHAO Fazhen', LIU Chunsheng', CUI Hengquan®

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Yantai Haiyi Seeds Co., Ltd, Yantai 265619;
3. Haiyang City Haiyang Aquatic Products Co., Ltd., Haiyang 265122)

Abstract Penglai sea cucumber (Apostichopus sp.) is a newly developed aquaculture species. The
nutrient composition in the body wall of Penglai sea cucumber has not been investigated widely. The
current study measured the nutrient composition of Penglai sea cucumber and compared with other sea
cucumber species. Results showed that the contents of moisture, crude protein, crude fat, and crude ash of
the body walls of Penglai sea cucumber were 91.29%, 5.25%, 0.23% and 3.09%, respectively, The
contents of crude protein and crude ash were higher than those of Apostichopus japonicus, whereas the
contents of moisture and crude fat were lower than those of A. japonicus. The total amino acids (TAA)
content of Penglai sea cucumber was 53.76%, which was significantly higher than that of A. japonicus.
Furthermore, the flavor amino acids (FAA) content was 25.63%, which accounted for 47.66% of TAA.
The FAA contents were higher than those of A. japonicus, suggesting that Penglai sea cucumber might be
more delicious than other sea cucumber species. In addition, the contents of PUFA and “DHA+EPA” were
26.47% and 12.08%, respectively and the UFA/SFA ratio was 3.19 in Penglai sea cucumber, which were
higher than those in A. japonicus. The body wall of Penglai sea cucumber has great content in major and
trace element, Vgg, Vg, and suitable Ca/P ratio. The content of Vg; was 1.3 mg/100 g, which was higher
than that of A. japonicus. In conclusion, Penglai sea cucumber bears better nutrition condition, and is a
promising species for aquaculture and stock enhancement.

Key words Penglai sea cucumber; Body wall; Nutrient components; Nutritional evaluation
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7 i = £ 48 F & (Portunus trituberculatus)
FEERZEEARERNESTEL

haE F F KxFY HEK ITAHK

(TP RFIGHEFRE, TUW 315211)

WE 4 46E T4 16S rRNA £ FH T-RFLP A 5 B FHA, ME LB T8, &
B MR R T B R MICGE R4 W W B 48 8 DL B G M2(E38) KK Bl 4 i A 44
oL HERHT N ERET, ML, M2 FRFESE KR40 B #F % £ % 1 & 4[] (Proteobacteria) . )
#H I'l(Bacteroidetes) . 7 %4 |1 (Actinobacteria) . 1% # | 1(Cyanobacteria) 4l j . FRFHIT A2 1, 40 #F
HEMERE A ET EERMN, TRFMEBREAHEEEN TN F BT, ML FREEKEH
HEHTEFNBESHHERFT IUREREITEZ SN HFEENL R, M2 REKEEEEF
FTRWRAEHRNTERNBEEEMNAR, RAREEHAREAEKAEATERHAENE K, Tib 2
Ml #£E M2, UHHITES-9 AL ERS, ARBILETE M2 KENEEHLE T ML, MAER
FEETE IR, M1 RAEEKGAHBAED SRR E TN R EEEN T LI SR A e
SRR, T M2 KRR R MR RE N S B, PCA pMERE &, ML FRIEHEKEKH
WA ZFEAT M2, W M2 KEREEBEATRE LM EAE D KT M1, XML ITER

7R, 7Bl IRFEYE AR g0 A A I MR BN ]

KA

hESZES Q938 XHfFRIRAS A

TEFGEA R, O T M, MR AR
i T PR R A, SRR A R A AR K i %
b, JCHORAE SR 5 1, /K 5% A6 B ™ 82 (Sugiura
et al, 2006; Ma et al, 2013). 7K J5i 1 3% AL 25 37 58 6 42 1)
fa A AR KA R T, H 2 0™ B 2 & F
ZEUE, OO B K 7 SR R R N R
(Defoirdt et al, 2011), FT4FE3K, KREMWUEGEERD, 7+
T e 5 9280 G R d R B VAR OC , TEFRIE A S
ARG, NP5 SR A Y W R AR K DL R SR R G
REY) o Y0P TS FITBE A9 AR 1h 32 2 PR R 7 19 52
(Cotner et al, 2002), [R]HF Sz 3k 52 w45 2R 15 ]
F, WA AR B s ST S HIRE PR A

SRR TE; KK, MHEAE; T-RFLP
XEHS 2095-9869(2015)05-0119-07

(DO). pH “ZFEIEEHFHyAE L, [A] I AT )AL T =
BOW EWE YRS NRFRFEE IR, X FRFE A1
fa R AR KA RN RS2 . BRI, e fa B 1 MR AE
o 722 1A W R TP A B S AN ) A 8 7R A V% (Lucas et al,
2010; Boutin et al, 2013; Zhang et al, 2014). HA&HHY
AT LUAE 2 I % 58 X0 G005 28 48 A5 (Chytry et al,
2002), Berry 4 (2012)WF55 2B, 4 TR 4 45 14 1 A8
AT AR W B R B 5 I P9 5 4 s /R o Fortunato
Q013 R, HME /AT m A = ks AR
FEFRARFAE o oA 00 R T 2L Sk T L i R PR3 1 Jo
(Dang et al, 2008; Yeo et al, 2013), HTFY T 40 3 (0 2H
B AT 4578 75 YL FEE (Xiong et al, 2014), PR T #5558

* [ SR 1 20 R KR X SR YT H (2014-3 1 AT AR B BB B 58 6200 H (2014C920 1)L [ BE B . PR,
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IKCAA A BRI 7 1) 28 A X S 8 IR FEIR Dl AT BB I 56
TR =R T8 56 R A AR IR SRR A
2R T TR VR OIS R WL ARGE o AT A T-RFLP £
AREEE FOREN P 7, gl =R TR E A
SRR FRARE T T L 0 (O Bl 9 L ] i e SR B 8 ) A B
R GEIE (I8 ) KR AN [ 2545 40 B 7 45 A0 R A P i
FE43HT, SRV IR G R Th K AR P15 40 T Vg 19 A2 A
XTI G L =R B R A ) i B R A L

1 HREH®E
1.1 KHERE

SRR IR I YE AL T T BT S L A M AR A
X, FERLEAFPIAPISAL . — ik RIEML), JRETM .
VUSRI ERRD , BEEBASEATHE, MRS R HEM2),
B3 AT, BAYERATN 1600 m*, KT 1.2 m,
KRR A A, 2013 4 6 H 8 HE =9k
BT 4 WA RFIE, OSSN 6 H/m?®, TR
AEBE 1.75 kg B R A MR SR IR SEA TN TR 5%

FESCREET 2013 4F 6-12 A ha), B bR
[t 7 R K IR A I, B 200 ml ZKEEE E(0.22 pm),
Millipore), Frf3UEMEH F A4 DNA 28, Kik
TR BEERENT . Fra R IGRE F S0
20 CHRAFR
1.2 Bl

g FR g 3o R 91 ) D 7 3000 7 77 B 7K A4 ) KU
WA . R pH FBEHRE, S0 P E i 8
PR BA . BB JE VST HERA -
1.3 2 DNA gJ#2E#A PCR ¥ 1%

P IE BT 2 ml R34S HE T IR K S DNA 1Y
$HC, #EOT%RS % Noll 45(2005).
1.4 T-RFLP 4347

¥ L EEUTTE R AAL IS ) PCR =4 FH R 7 1)

Msp I(TaKaRa)#A7gY), Sk R K515 %
EIIFAE(2013),

15 ZEMEMRSZEEDH

PEHC M2 FEGEE 7 HOKIRRE S AN 16 S
rRNA BE K 5C SO R TE 9 hRic 1514 27£/907r
BEAT PCR 748, HiAy PCR &/ | DABER 4tk )5
PCR F2#) M6, LA pMD-19T Vector(TaKaRa) b #
I, 4CHRER. EE=WEE AR KA HE IM109

JEZ B (TaKaRa), H-7EF X-gal. IPTG /¥ LB
Rige ik Db T B . A BT 82 AN BH M o kg

HEATIN R, AR 25 S FH ARB S0 NT ik
(Neighbor-Joining)#E {7 R4 & B 4 #r o

1.6 HiEabiE

M # 16S rRNA K T-RFLP &3 45— R il
M A B&(T-RF)A—1~ OTU(Operational taxonomic unit),
PAEAS T-RF AT (. (B T-RF B0 & 5 R AR
W TR E 43 T A OTU BYARRT B8, AEXF 2 BEAIG
T 5% OTU AT & (Noll et al, 2005), 15 41 1Y
Shannon ZFEMEFEEL(H) M S EEFEE(E), 11
/(I

H'=—3PinP;; E'=H'/InS

A, PS4 OTU WUMIXTEREE, S o OTU
ISV
BOPAT T-RF AIXS FBERYF 36, 7E Excel 142
il T-RFLP A4 LLl&l, FIH Past 34X T-RFLP %5
AT ERR ST, AR HERNT, R CANOCO
4.5 FAEXF 25 AT TUAR S0, [RI R Past #4720
T 16S rRNA JE A 5 FREEAH SC A DL R A 119 534

2 HR

2.1 ETF T-RFLP WARE B R &R N

A YehRiCdlE 16S rRNA LA H 519
271907 H 3G H A B, I TR s R ME R Be 2 A
HEAHT(E 1), 5 ER, FELET, FEPEKIE
YR EZEHH T-RF 490 bp. 439 bp. 150 bp, 130 bp.
94 bp. 167 bp. 69 bp 4k, A~ F BAHXTF ARk
ANE ., FEERI, M1 H M2 ZKAA 20 B R 7% 2 1
AN, FERERY 30d6 H), M1 KIAELL 69 bp, 167 bp
439 bp N E, MXFFEETIN 43.5%. 31.8%F
18.2%; 1 M2 K4k 6 H EZELL 490 bp A F, HIXTFE
i 60%Z 47, HORF 439 bp, HAHMFEEN 17%
Zikio [RIET, 94 bp. 130 bp., 150 bp ., 167 bp /5 3%—6%
iy, HARHI 69 bp H B, M1 FRALKIRGH B HE
A M2 K, IR T 490 bp, HAHXT LA 46%4
41,69 bp F1 167 bp KM A7 FEAK, [ B 1 B i 130 bp
FBL M2 KR 7 A% 6 ATis 2R JRRI R,
BT 69 bp A B, BEREY 4%%E4, 94 bp H Bl
X BEA BT TV o AP SRBE E K AR 8-9 1 4 TR A 5 2
P22 AN, AR BE BRI Fr Be ¥ 490 bp . 94 bp
1439 bp, FEHEJEHH(10-12 J1 )5 35258 i K A 15 LA
490 bp. 439 bp I, HFHTE M1 Fl M2 H By AH %t
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100 100 M2 T-RFs J& Genus /"] Phylum
N =% = T
L i@\ % % % % w2 . iﬁ& =490bp  Synechococcus  Cyanobacteria
N ; AR R N A
Teormm A A MY M W | 38 4390
S M AR R N W W 2 A Rhodobacter
g A AN R R Y™ ™A g A m 150bp Proteobacteria
Bo60r) MO MW W W weE O
45 AT I W N W #‘B A E130bp  Erythrobacter
‘;‘ —g 40+ A EDE A ol X < 40 Al S KX
s JOCCO B VR  <x) = s i & 94bp Flavobacteriaceae Bacteroidetes
E > NN SN AN .E SN
220l | NN N OE 2o gy o 167hp
& . N ﬁfﬁ ™ % B69bp Cryobacterium  Actinobacteria
0 i a . O T
7 8 9 10 11 12 6

BtiEl: A

Time: month

Wl A

Time: month

Bl 1 FREESEK RN T-RFLP [ 43 L
Fig.1 T-RFLP patterns of bacterial 16S rRNA genes of aquaculture water

FEERTE] . 490 bp 76 M1 Fl M2 KA FR A X 3 B2 43541
H 55%—65%F1 20%—23%, 439 bp 7 M1 Fl M2 7Kk
FRIAF T 2 B 23 1R 27%—37%F1 40%—50% ., F75H it 7
A T-RF 5 LA UL R, SREE K AR 41 T8 B V%
20 b Bt 8] A= AR Ak, A () 55 B 8 K AR A 5 5 0 1 gk
AR B AN TR TR AL, ELR TR 3% 58 8 K R i o e 5
S5 KE Bt S [R] () AR AL AT

AT 16S TRNA E[A Y e B F R G0k B 4 2
RATH, FEBEKEMERE EZLERZIRRE]
(Proteobacteria) . AT [ ](Bacteroidetes) . HUZLH ]
(Actinobacteria) , #% %[ ] (Cyanobacteria) LA 722 B ]
(Planctomycetes) . i [ SCEEA 39.0%4 48 T i B
I, 13.4%)8 TATEHEIT, 17.1%)8 THRFFET, 20.7%
J& TR, 2.4%)8 I w ], #NHh y-2IE
AN FEMFN SRR AR T K S AE7E R T-RF 490 bp
FrAR R 40 J& T ¥ %0] . Chrooccoccales , R ER
J& (Synechococcus), T-RF 439 bp. 150 bp. 130 bp T
R ANE 53 3 JE T4 JE F 1 14140 5 J& (Rhodobacter) |
Leisingera, BT ]. TR 4R & (Thalassobacter),
#4 N8 "8 e 2 b (Sphingomonadacae) . & T I &
(Erythrobacter)., T-RF 94 bp J& T T EFT AL
T-RF 167 bp. 69 bp IR E R THEFATT.
AR Microbacteriaceae) 113 F1 1 J& (Cryobacterium) .

R T ik — 20 LA PR A S B I K R 4 TR R T 5
M= AL, XA I R] A TR 16S rRNA B 1Y
T-RFLP Z5 R 9647 F 8o, SR 2 fos. ™
Tl 5 5 3 AR 240 TR R 7 45 ) B 2 T R AR AE — 2 1)
AL, MFRFERIN B FRFEAR ], 35 i 4 TR A 7 R
D7 AN A . M1 FRGH E 7K A 20 B R 7 254 AT
W TSI S R RE s K, 1 M2 FRBE K
DA 200 DA TRE % 5 A0 DA 95 1) 32 5 O RV 25 44 1) AR T 2
MTESOBERE, 8. 9 AR —HMEEA N E
BIE—HL, BHIRASHBAARRL S A e 50 B
ST LIE AR R T M1 FRGE KR

48 F

36

24 1

12r 490bp

PC2 (25.8%)

-60 o
60 -48 =36 24 -12 0 12 24 36 48
PC1 (47.1%)

P2 405 16S rRNA B:[H T-RFLP 1) £ 143 53 Hr
Fig.2 Principal component analysis for the bacterial 16S
rRNA gene T-RFLP

AN LA A e M2 T, BEIAM 6-12 F M1 F5% 5t
IR B REVE 4540 22 F KT M2,

22 EF T-RFLP AR S HEMSHT

HTYHH 16S rRNA P T-RFLP 17 A i BE 4 1
FBRK R H DU R, AT ML AT M2 %%
A Ay 3R KRR 40 R BY Shannon Z2FEVETEEL H'LL
KIEIEFRBCE (R 1) S5 BN, M1 AT M2 7K iR 41
FBEE 2R 8 H K. M1 FRFE KR RETE 20
PEFEFRFHHTI6-9 H) R TFAEEI(10-12 A), i M2
IR R B V5 2 REMEAE FRBE I (67 Ao M1 5
M2 ZEHEL, FRFEAI(6-7 H)MFRIETIIE-9 )
MZEA SRR, M3 T IR H00-12 A), M2 3%
B KR A0 o AR B i KT ML,

23 HEASBESREERFHXER
T ST IR IR 1 4 A v 4 F AR A B2
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&1 ETF T-RFLP BiEHARE SHEMES
(Mean+SE, n=3)
Analysis of bacteria diversity based on T-RFLP
profiles (Mean+SE, n=3)

o O Shannon ZAEMEIERL H HSJEEIRELE
1) Shannon Diversity index H'  Evenness index E’

Tab.1

Time(Month)
M2 M1 M2
6 0.96+0.01  1.18+0.09 0.64+0.04 0.66+0.06
7 1.15£0.05  1.05+0.13 0.68+0.07 0.65+0.15
8 1.37£0.06  1.49+0.11 0.85+0.05 0.83+0.06
9 1.29+0.02  1.26+0.11 0.86+0.04 0.71+0.05
10 0.83+0.01  1.23+0.03 0.60+0.01 0.81+0.04
11 0.87+£0.05  1.26+0.07 0.87+0.08 0.75+0.02
12 0.86+0.01  1.33+0.21 0.79+0.01 0.88+0.11

BB TF—KE . R . hE . pH. BE . &
A . AAULTVHERAS T-RFLP 45317
RDA 7 #1 (Kl 3), Z5H W, BEH 9 ANFR5 5%
M1, M2 FFE 3 7K A4 A5 B 1) o5 40 TR7 53 A 1 e o 0531
K 58.4%F1 39.1%, H.rp 4 RDA1 B4 5 h
33.2%H1 25.2%, Ui WA e B A IR BT X M1 KR
YH TR 43 A0 B SE IR FR BE KT M2 FRAEKAR . X F M1 7
FEOKAR, RV pH. BHEE | ERAE . BBk AT 7-9
BT AEOR s B IREEXT 10-12 H 48
3R PR A, R B R RN 10-11 H 41 e 73 4f
5 M .4 P B 5 IABE R F X 6 H 4 ER 40 A7 B 52 I 4%
/N, ARG, XTI M2, 6. 8. 9, 10, 11 J
FEZWAERA . SWEm; 12 M 7 A FEZ8
A pH. #EWREE . DO, . AA R m,
{HE MmN AR EF . I RDA Tl LA, %

<
=)

RDAZ2 (25.2%)

-1.0

—0.6 RDA1(33.2%) L0

A 3

AN IR BT PR 7 X6 N (] 37 58 3 7K A 40 7R A R sh S AR TR Y
SN AN ]

A T-RF 55 FREE K 7 19 A0 S 43 B (3 2) AT LA
5, MEIR T-RF BB, fEAFFRESE KA, 2
FABE N T 1R AN R o ZR TR T T A R AE 3 (M2)
A2 BB A R I ARG, ARG S R I TR R B A
RCTATHE I 5 T E R IE (M) FR 58 3 AN 37 3% B BE 1) 5%
M B, L3 B v ARG AR, UFF R T T B
TE M1 B IAEE h Z A BE 2 BEK, JE . pH. B
FE L RREGE R, IR A A T A A A K
{B7E M2 FRFESE S, {2 pH IS4 B3, 1F pH
BARA B B o R T T4 R 2 IR B I 2 A
ZE5%, 16 M1, 40 15 & (Thalassobacter)(150 bp)
FIR AT 1 )& (Erythrobacter)(130 bp)3Z FREE 52 5k,
M7E M2 1, 21407 & (Leisingera) (439 bp)=Z ¥ 15 5%
MRS . FE M1 KR, B R s B RERRAIG, 35
FTHTE & i 2, SV . A A SO0 H A R e 55 L S A
K, MAE M2, 0T 4 v Rl R T S R 2
A . B AR, BEEERR, SEER. M
KMo AT R B, R GR FP2EAS [R] ) AR 28 R g b A2 2135
BE RS2 AN ]

3 itig

454 T-RFLP S5l F 45 8 o, i
PR 75 BE K AR 20 B A Ve B A B ] . AT A
T TR ] BEBE LN, X R R AR AR 3 3k A7
TE B 20 T4 (Warnecke et al, 2004; Kirchman, 2002), %
B TR R, AR PR Vs 450 B e BE I 25 2

1.0

Salinity 5

RDA2 (13.9%)

-1.0

-1.0 RDA1(25.2%) 1.0

R TR 6 R B K P A B 2 M S R B PR T 0 TR S

Fig.3 Redundancy analysis for bacteria community compositions and environmental factors of aquaculture water during different period
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R 2 YE 16S rRNA EE S GEHE XM UK & B I35
Tab.2 Correlation and linear regression analysis of bacterial 16S rRNA gene and environmental factors
69 bp 167 bp 94 bp 130 bp 150 bp 439 bp 490 bp
M1 M2 Ml M2 Ml M2 Ml M2 Ml M2 Ml M2 M1 M2

Temper- r 0421 0321 0.493 -0.495 0.419 0.027 0.549 0.261 -0.479 -0.399 -0.623 -0.550 -0.681 0.733
ature p 0.133 0.167 0.073 0.0263 0.134 0.907 0.042 0.266 0.082 0.081 0.017 0.012 0.007 <0.001
DO r -0.183 —-0.221 -0.269 0.255 -0.755 -0.392 —0.095 -0.396 0.494 0.320 0.267 0.622 0.561 -0.479
P 0.531 0.348 0.351 0.277 0.001 0.087 0.745 0.083 0.072 0.168 0.355 0.003 0.037 0.032

Salinity r 0.016 0.365 —-0.409 —0.243 0.272 0.300 0.608 —-0.065 —0.519 -0.323 -0.354 -0.256 0.390 0.194
P 0957 0.114 0.145 0.301 0.347 0.198 0.021 0.786 0.057 0.164 0.214 0.276 0.167 0.413

oH r 0.331 -0.183 0.303 -0.018 —-0.529 -0.486 —0.100 —0.069 0.765 0.284 —-0.316 —0.002 —0.269 0.262
P 0248 0439 0.293 0941 0.052 0.029 0.732 0.771 0.001 0.224 0.271 0.991 0.351 0.265

Tran. r 0360 -0.128 0.613 -0.539 -0.537 -0.276 —-0.374 -0.448 0.704 0.076 —0.128 0.606 -0.603 -0.610
P 0207 0.589 0.019 0.014 0.047 0.237 0.187 0.047 0.004 0.749 0.661 0.004 0.022 0.004

TotN r 0.001 -0.405 0.272 0.683 -0.719 -0.119 -0.699 -0.235 0.733 0.418 0.377 0.357 —0.112 -0.562
P 0.998 0.007 0.346 <0.001 0.003 0.615 0.005 0.319 0.002 0.066 0.183 0.122 0.702 0.009

Tot.P r -0.290 -0.186 -0.236 —0.189 0.307 0.051 0.025 0.148 0.557 -0.162 0.364 0.462 0.532 -0.576
P 0314 0433 0.415 0423 0.2806 0.831 0.932 0.531 0.038 0.494 0.200 0.040 0.025 0.008

NH,"-N r -0.137 0.382 0.001 -0.275 0.965 0.390 0.409 0.225 -0.414 -0.188 —0.326 -0.534 -0.145 0.355
P 0.640 0.096 0.996 0.240 <0.001 0.089 0.146 0.341 0.141 0.428 0.255 0.015 0.621 0.123

- r -0.331 -0.231 -0.159 -0.089 -0.080 0.335 —0.403 0.171 -0.334 -0.193 0.641 -0.207 0.267 0.135
NO; =N P 0.247 0327 0.586 0.706 0.784 0.147 0.153 0469 0.242 0.416 0.013 0.382 0.355 0.571

e BARFEIR B E I (P<0.05) Note: Bold means significant correlation (P<0.05)

P (Gilbert et al, 2009; Or et al, 2012; Teeling et al,
2012), THAHEIE S5 A0 1) 28 A0 5 A AR T e ) U A
XK, WERRM, TR W RE T S50 A A K AB A AT g
g 5 A7 H A 5 T fiE (Xiong et al, 2010; Comte et al,
2011)0 2 PR V% 2H B 5 SR 08 0 52 ) 9 A8 2 VT AR G
S TR % 2 BT ft SR P b 55 A £ B BR A v ] S S
[7](Lucas et al, 2010; Boutin et al, 2013; Zhang et al,
2014), AR Y ZR 500 37 58 A W AR 1 R B 1 T
B, UF U AN TR T PRARAS AL AT g T BRI N G AR R
J% (Beardsley et al, 2011), M PR 57 4 I8 7K 1R 20 12 B
TR LSRR AR, oA R S 7K AR A TR A Vi 45 4 A Al
FER ARG IS, AP 2 B TR 45 0 R 5 KAk
R DIReRRE ME/NTAR G, (R BF o R 30 AH T TR
SRASAL AT REXT F5 58 A= W)l R ASFIRE )

FRAE T AR AR 2 A IR T L BT
Fl(Flavobacteriaceae) FIAS LR [ ], ZLAN M & . R EREE
J& o TR SR B K AR R TR R A X 3 B E R i R AR
(8.9 H)itVifite 2, HAr ok RIE AR fLig B R T4 .
WIFREHE S FTRAEY, LTIMMEZAIE, S HAb
FEAE WAL ] R F S Y (Teeling et al, 2012; Williams
etal, 2013), AWFFRW, BAFFERAY RS I8 T2
B RBL, HRCE D IE R R i (Abell et al, 2005).

UL AT O, 0 S 3 7K AR B A 0 B A /N T AR
Yo LLANTR S SRR AR B AR T A Y B 1 (Lang
et al, 2007), ZL4HFJE 5 FRFH XTG4 i fa R 25 YT AH G,
s JELUR T 21 40 1R ) e SR A AR W IR R R AR T
(Zhang et al, 2014), FRFEIFEF, PIRPIRGE KR
MWEIRZEES £, IS ABERIEAH X, Zhang 5§
(2014)RHF 5T R, o T I8 55 (R IR K AR 40 B A 7 1 A2
b 32 B 2 o 3 I K R B LA 2 Ak 2 4R R (COD)
WEIETIE, Wik, NAMEENZRE, 27T
FREJE I, KRR BTk MO R) T IR R A K
W R 5 K AR Ak B DR DG I — A B (CF = AT,
2008), A w0 K B BAH 2 T BUR B K (R OK E AL
(WRIEFF45, 2011), MK BEAN T AR LSk, o B I /K
G EAR 2, MGG K A SR A o3 . 2k
A FCE TN T YR IS Z R A 300775 (Stam et al,
2010), PRNSFRFEHE KRG VR SRR 7E 8 Al
RDA Z#T &3, 8 H AN BE 511 52 S A 0 &5 . 24
RAE R A= Wy vl R A 38 R Z—(Schimel, 2000), 8
A R R v B A R AN AR AR 4. 2
FEVEFR B AR AL S5 K R IR B B A AL A ¢, 2 BETR 4540
I\ 22 REPE 5 B0 5 R G 5 ke 1) 2 RE PR FE S IR 1Y
ANFESE LERIEAY X IS AR A AR X I 55, 48 K%
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B AR R LR CEIRIY A, 2013) M HEPETREL
AR, 1R G FRIE A AR e P R T ol o
VR o 5 5 3 K R 4 R R T 245 4 A A 1 R [ FT
it TP i st et LIF NS PR W
MUER, 1 T /K G B T 3K A RE 77, TRl sk 38 v )
B ALY I 283 i W o e J 1 KA 1T T BRI G
HLERSE, tRER MK AR BI AR 7, 31X 0 37 58 00 301 i i A=
KL T RAF A4 o Mi7E s R IE A, RSl o9 1 ) 4l
Wk KA IS T 3 5 K R il i T AR, 3R )
B EARREE TK, R0 KRR . B
FRICE LUK AT BT 5 AR B, AN 3 08 1 40
FIAAG, KR BT Ry R P o (ELR 2 Ao ] F 3
B, JRC VR I JE BN BT 188, % B 3 K (A I g AS D 44
(BT IE3HE, 2006), i i 1] 20 0 AR KR T A R
Sl o ARG rh, B SR RS, RS
T A RRE RS A A, XK AR ) — S 1
PR 5 e A= W R, IS oAt 3 AR A B sh 2
A, PN 3R RS A 8 DL R SR B A )
REIE D, AR KA SRR, X T RE R
FrFE 5 K A T A TR D A LR R R R A
a4 Y 2% S T RR R AR AR L 25 S Y R E R
Ao JesK ST 202 IR AR DL A L e i
2147 [t (Hargreaves, 1997), JiCHH M DU JE 4l ib ol = di >
TRAGEZHE R, ATRE S BCE Y AR RE S
LG £ JESS, X AT RE L AN TR VR S5 R 2 R 2
— o FRBEN G X IR VR Bl 1) 25 55t ] B 5 B Fh 7%
WA RN B TR S50 1 22 52 o IR VR B ol B2 i A A5 s
BEREE it B (2R ME4E, 2010), A . W& E SRR
SR P R s A 1) S DR 2R RS il X I ) e b e
KL it D/ 1 SR A G IR R B M B, TRl st AT i ik
PR SR IE A . B SRR R A 22 5, AN
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The Seasonal Variations of Bacterioplankton in Two Types of
Ponds of Portunus trituberculatus

CHEN Yifei, WEI Meng, QIU Qiongfen@, JIANG Xiamin, WANG Chunlin
(School of Marine Science, Ningbo University, Ningbo 315211)

Abstract

The dynamic changes and diversity of bacterial communities in two types of ponds (M1:

pond with sand around and netted bottom, M2: traditional soil pond) of Portunus trituberculatus-

exopalaemon carinicauda polyculture in different seasons were investigated by the technology of terminal

restriction fragment length polymorphism (T-RFLP) analysis based on bacterial 16S ribosomal RNA gene

and cloning. The results showed that the bacterial communities in both M1 and M2 consisted of

Proteobacteria, Bacteroidete, Actinobacteria, and Cyanobacteria. The composition of bacteria community

changed dramatically with breeding time with various compositions in different ponds. The bacterial

community in M1 is composed of Actinomycetes, Cyanobacterium and Proteobacteria, while the bacterial

community in M2 included Cyanobacterium and proteobacteria, indicating that M1 was conducive to the

growth of Cyanobacteria. The highest relative abundances of Bacteroidetes were in August and September

in both M1 and M2, and M2 always has higher relative abundances of Bacteroidetes than M1 during the

whole farming time. The bacterial community of M1 pond changed from high diversity index and stability

structure to low diversity index and instability structure over breeding time, while bacterial community of

M2 pond remained high diversity index in the late breeding time. PCA analysis showed that the seasonal

variations of bacterioplankton were much more obvious in M1 than M2, indicating the greater ability of

M2 to resist environmental change than M1. Correlation analysis results indicated that environmental

factors have different effects on bacteria community of each pond water.

Key words

Portunus trituberculatus; Aquacultural water; Bacteria community; T-RFLP
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The Skeletal Morphology of Snout Tube and Its Effect on Feeding of
Juvenile Yellow Seahorse, Hippocampus kuda Bleeker

WANG Zihui, XU Yongjian®, LI Xiang
(School of Marine Sciences, Ningbo University, Ningbo 315211)

Abstract The most effective way to protect wild life resources and to meet the market’s demand is
artificial aquaculture. The low survival rate of sea horse juvenile due to low food intake slowed down the
development of the culture industry; however, the reasons that impact feeding behavior and its
metabolism of the juvenile are unclear. To address this, ten 2- or 3-day-old juveniles of Hippocampus
kuda were fixed in paraformaldehyde with PBS, and its skeletal morphology of the snout tube was
observed and analyzed. The tube snout’s profile and structure included metapterygoid, quadrate and
symplectic, were important to juvenile’s feeding. A hole composed of metapterygoid and the end of
symplectic is the smallest diameter in the snout tube, which decided the size of the feeding food. In
addition, there is a crevice between metapterygoid and symplectic, which could slightly compensate the
limitation in the snout tube and can pass bigger food than the smallest diameter. These observations
suggest that properly increasing the size of food might enhance feeding efficiency and promote survival
rate.

Key words Seahorse juvenile; Snout tube; Skeletal morphology; Feeding
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AR A A IR RN I 23R T S ) R g
(Rao et al, 1998), 2% il it 55 11 5119 60%(Nascimento
etal, 2004). & FEE HET Tk fbiz A, = a
BRI —2KH, MR . R, B2,
B B0 B A Wy R it v AS T Bl ) — e L A B

WA PHEAE; FRFEE; LI BRAHMRL
XEHS  2095-9869(2015)05-0131-07

TEOCAGIZ B B 2% PF LA v G B il ™ o, S Tl
ARG 2R, I 2 MBS S T T R
B HER

1 MR57EE

1.1 BEHREERE

PR FR P LK R B 22 0 T B v T K R A 5T T
FEGEIR S5 TR % o B R

WAL IRIE . HERE 1%, EAK 1%, FRFE
0.3%, NaCl 0.5%, pH & 7.0;

FER R BERGFRAL  Bl SIGA R IR IR A o [ {4
KR BN 2% 05 45 -

12 HHRHERE

K 16S rtDNA FE[H B0 e b 1750 F A W) 2
Y0 o 5L DNA HRBCR I CTAB (5K &K, 2008),
PCR P 3R H514%) 27F(5'-AGAGTTTGATCCTGGT-

* [E PR A VE 538 (2014DFG30890) . [E % A AR B FH 4 (41376175 A1 B i AHE R T H (14-2-4-11-jch) 3 [F] %

By By,
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2 )R %36 %

CAG-3")Fl 1492R(5'-TACGGCTACCTTGTTACGAC-
TT-3"), PCR % 4% 95°CHiZAE 5 min, 95°C7F
PE40s, 55°CiBk 1 min, 72°CZEf 1.5 min, 30 M
R, f%J5 72°CHEMF 10 min, PCR P=¥)6 44 TR (L
V) A BRA R S8 Bl AL S 00 TAE . F Bl 2 i AR 19
16S rtDNA JF31#252 & EzBioCloud i@ BLAST #%
CAFIEATARRIE LB AT, T 305 S R R R 2
KRBGENFS), F BioEdit #AFHEIT 255 LT,
K 1 MEGAG6.05 %K 4 () 4K £z I (Neighbor-joining
method)Z il RGE LB .

1.3 FHix

1.3.1 RAAEAF* AR R b B— 3R T
1A% 25 ml WAAFD T 55 35 25250 ml =FA%), 30C.

200 r/min B53% 20 h, $AFEREER SR, RIS T RS
7% 72 ho KEESS RS, K EER 10000 r/min #.0> 5 min,
B VS, R R Y AU I .

1.3.2 BE SN E Tk i B2 Tk AR E(QBT
1803-1993)ik47, BI& J1 807 U & o0 . B2l ik
fififE 40°C . pH & 7.0 %M FKMEREE T, B8R
1 g P2 R P R A

1.3.3 EREZX%&iH(EHF, 2006)" PRAr HoAth
RWESAEAAS , or BIR R A RV . AR . TCHLER
PeRhRr | 2R . RIG pH. A BEIR RN K EERT Ak
W 2 R I KF . A E R WK, Bk
3ANTAT, AR A I A, 3 e S 2 A
BHERPEA 45 R 2% 7 i 1) 5211 (Genckal et al, 2006).

2 HRE5HH

21 BrPHMEABERNERE

211 HEHk S-3685 A I AALHFIE X S-3685
HEAT T A BRAE AR S S0, MRS (AR AN 40 TR 4
GE/\RR) ) (1984)rik, Kk S-3685 Tif &b Mk hr, 76
7% NaCl 57 A K RAF, 10% NaCl il H 28
SR, K pH YERTR 5.0-11.0, A KR EEREIR
FE, FE 4-40°CIREE NI RIFA K . Hoph A 24
YEGEIR IR 1,

212 F3H5H PCR Y HI 45 5 1422 bp YA
F£%1, GenBank % fii 5 & KJ023685, 7E EzBioCloud |-
LA AR R 2, 15 BIAHUBE 95% LA L35 4 2R fF
W, @it MEGAG6.05 # {4 Neighbor-joining 112 &

F 1 THE¥k S-3685 Y4 TE 4 4k 454

Tab.1 Physiological and biochemical properties of
strain S-3685
FEIE RIS FHIFTES T E S-3685
Characteristics Bacillus subtilis Bacillus sp. S-3685
Gram stain + +

Flagellum Lateral Lateral
Width (um) 0.7-0.8 0.36-0.55
Length (um) 2-3 24-3.2

Anaerobic growth - -

i i + +
Hydrolysis of casein
. . + -
Acid production of glucose
Gas production of glucose - B
V.P V.P experiment + -
M.R. M.R. experiment - -
Indole experiment - -
. ) + +
Citrate experiment
H,S H,S experiment - —
+* -

Hydrolysis of starch

4, Bootstrap T4 1000 U, BUREFERR p-distance,
RENARANE 1, B 1 AT RUEH, S-3685 5 Bacillus
safensis fi[F]—73 3¢ I, TESEALALE bR o
PRI, AR A= BRAE AL S e S5 SRR 16S rDNA S5 45
R, W= PR IR TR bR S-3685 $ERE AU IR o

22 BEZEXWEITSHW

221 BRIRIE OB e SN eh|
A RE AN FIRRR , BV . WIRE . 2230, 3L
Wi ORERE . EOKM . RIAMETER . SR BN . FR
B, BkE, Wi 10 g/L.

P 2 TG B, ISEREES IRIE N &, B
PAES R B AN [RI RSB U, LA LRl 1 5 5k BT it 7% )
1o AR BENG 7 AR IR AR KRG, BN 1 AR
HEM A 22 o 2 2 T B AR TR, X A2 TR P 1 5
FA B EE R, gy G2 AT 1 (Bacillus
natto), AL, BEFIHIZAEN R, O e SR
222 RIBRXERGHF B A i FH Z Fh AR
RBFFERFRIPE AN, WARNE . BT AEA
i BREE I . R L BRREE . S . BEREE (10 g/L)+
AP (10 g/L) . SRI(10 g/L)+EEREF (10 g/L)+24F R #
(10 g/L)55, Wi~ 10 g/L.

1) EM. AR IR R T . R BRSBTS, P R PR R B A S AR A AR S, 2006



55 3 e s —RRIGPE PR 2R IR R A S-3685 Y MERE ST AR 1F 133
100 Bacillus sonorensis NRRLB-23154 (T) (AF302118.1)
44 Bacillus aerius 24K (T) (AJ831843.1)
90 Bacillus atrophaeus JCM9070 (T) (AB021181.1)
Bacillus methylotrophicus CBMB205 (T) ( EU194897.1)
Bacillus tequilensis 10b (T) (HQ223107.1)
[
86 87 Brevibacterium halotolerans DSM8802 (T) (AM747812.1)
Bacillus aerophilus 28K (T) (AJ831844.2)
Bacillus stratosphericus 41KF2a (T) (AJ831841.2)
100
Bacillus altitudinis 41 KF2B (T) (AJ831842.1)
91
—|: Bacillus safensis Fo-036b9 (T) (AF23485.2)
95 Strain S-3685 (KJ023685)
i': Bacillus herbersteinensis D-1-5a (T) (AJ781029.2)
38 Bacillus halosaccharovorans E33 (T) (HQ433447.2)
19 Bacillus foraminis (T) (AJ717382.1)
Bacillus idriensis SMC 4352-2 (T) (AY904033.1)
33 I: Bacillus pallidus CW 7 (T) (EU364818.1)
Bacillus abyssalis SCSIO 15042 (T) (JX232168.1)
22 Bacillus acidicola 105-2 (T) (AF547209.01)
96 _|: Bacillus marisflavi TF-11 (T) (AF483624.1)
99 Bacillus aquaemaris TF-12 (T) (AF483625.1)
Bl 1 AR¥E 16S rDNA 751 Rl PER HE bk S-3685 (9 RS04 7 1
Fig.1 Phylogenetic tree of strain S-3685 based on 16S rDNA sequence homology
2z 3.0 61
g 25} 25t M
go o 2.0 &
& ® 4t
SR1st e
= &
Z o 10f r g‘ 3r
E E [
Il
~ IR %1
S B 0 B S O, 0T
FF %ﬁg%égﬁﬁﬁﬁﬁgﬁ' NIE N AN N =Y .
FoF & o o B - & < NI N2 N3 N4 N5 N6 N7 N§ N9 NIO
& ¥ CP& @@9 -@&@é& R PEFHZE Nitrogen source
T S
¥
) N, N ”
e B3 SRR = R
o . Fig.3 Effect of nitrogen source on the production of protease
B2 BRI i) 52 el

Fig.2 Effect of carbon source on the production of protease

AR S R R e R A0 BRE S 1A 1
Hi1& 3 0] LA, 4 0 8 A0 S0 Y S B AR
5%, TERRR NG 10 g/L i, G, 4 W E Mk
AL RO B ) RS2 JE Y, 2 8 R0 I
5% o 18 A LRI ETCHL R 5 T T 4R e e
7 R EEHPIAE, 2008), AT RER K 2 AR
ol ) DR QM 1 AR TR R A IR
PR EEBE A KM WA, b A
EERRESE . RN, TOPLEL | dEAE R RO KT

N1: Peptone( F i); N2: Beef extract(4- A F); N3: Yeast
extract(fiEEH); N4: Fish peptone(ffL 2 9 I5); N5: Nancreas
peptone(JE 2 [ %); N6: Urea(JRE); N7:Ammonium
sulfate(Bfi ik £4); N8: Bean flour(5.1f); N9: Beef extract +
yeast extract(BEF:F); N10: Bean flour(Z51f) + beef
extract(4- &) + yeast extract(lEHEE)

(FERAE, 2007), FrUAMERESIN . 4 RE MEAE R
A RIEHATZ 5 B

223 BRRRKIEE IHik LA 10 /L %0 Ayt
VR, WSS TRl B % T, 32 TR S R VR



EEWE

134 wook B R %36 &
& 3.0 12
Z 25L
% 10_
@’E o 20 B
ﬁgLy 2
=8 1oL 5 08|
g, 10 ]
2 o
é’ 0 L I L I L 1 L 1 L 1 L 1 1 1 ) ?’? 0.6_
5 10 15 20 25 30 35 40 z §
g
~

Concentration of bean flour/(g.L™)

P 4 ST R S 7 it )5 W
Fig.4 Effect of bean flour concentration on the
production of protease
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Fig.5 Effect of glocose concentration on the
production of protease

P DA i T VR B O e A AR . A AR UK

PL 10 g/L # G0 5 /L TR B R ik Z R A AY
PTG 1o 1, RN G B A Y
i, AL WA RN, JTAE 10 g/L MR BE R IA
F iRl , RfA SOE S RGN, B RS ST T
(& 4).

PL1 g/L BN 10 g/L 501 5 M Bk IR Y

BRSSO 1, BEE R AR ISR, o s b
THEa#, IFTE 10 g/L & AR R R E ; B AR5
WA R, PRROTAA T N, R R ik
DR S 2 PR AR D D a2 L 3 400 ol 7 D PR 4
SR IS 10T B (R %HESE, 2013), PRIIL, BEEUH
LTI 7 B S R 2505 10 g/L FIELTH 10 g/L %S
I A IS IR R LA 5.
224 AL AT KB F R G B R FE
% %% KH,PO,. MgSO, 7H,0 . Na,CO5(Z ik 5 56 UE
Na,COs Lt NaCl XoJ 6 52 e 55 R AN [] 78 e ) 7 i o
A5 o I 6 8 AILLIE HY , KH,PO, . MgSO, 7TH,0
Na,COs 2 BIFETRIE N 0.1%. 0.02%. 0.2%, Fkk
S-3685 j ittt 15 B i 15 5 e R E Nap,COs X T bk S-3685
PR EA I HIAVE R

04
02
0 | 1 | 1 | 1 | 1 | ]
0.2 0.5 1.0 1.5 2.0
BERR — SR

Concentration of KH,PO,/(g-L™)

Bl 6 WML — SR e 3 7™ i 14 52 )
Fig.6 Effect of KH,PO, on the production of protease
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Fig.7 Effect of MgSO,4-7H,0 on the production of protease
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Fig.8 Effect of Na,CO; on the production of protease

225 BAFANAESPREOBGI A 1E
250 ml 9 & T 15 77 25 v g il 4 BRAARFR 3 80 1% . 2% .
3%. 4%. 6%. 8%. 10%IEAFFIEFW, MK 9 n]
H, REEERAEZMER 4%,
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226 EREMNAEZFHREOBENG A 1
250 ml = h 25 ZEAN [ B W 6 S-3685 I 5
Me, FH ] 1O PTJRN, 24 Y 1 X Jil 7 F F) 5 Mi REL X A/ N
TE A W 7K T (< 50 ml) = i A R FA S 5 R4
AU LK), B b, X R EOE TR AR
I, PR RT3 Y

227 AR pHMAEF FREGHGYw  HAb
AR, BELRBERTFRIL LR pH X B RE = il 5%
Wi, p P11 AT, JEAR pH N 7 B, BRI AL
228 ABBEMNAESPHEGBRGYR B
AEREERS. 30, 33, 37, 40°C)XFEREERFZ M, M

—
W

IS
Relative enzyme activity
o =
5 S

BEFh R Inoculation/%
B9 42 X 7 i ) 52 i)

Fig.9 Effect of inoculation on the production of protease
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Fig.10 Effect of culture volume on
the production of protease
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Fig.11 Effect of initial pH on the production of protease

12 W LIEH, RS EREREGOC) N, o
B BEmIRE A E33°0), PR R, X
EjTERk S-3685 o [ IFEIAEE I - RKAIIE RE IR B A .
2.2.9 K BERA) AT A B PR G B ¥ ol N
FlF 55 F2 0 P 4% 4% ()RR A 15 m1/250 ml =i
H, 30°C, 200 r/min ¥55%, [AFRHURE, W EE T .
ZERANE 13 i, R 3R 72 h I, MEe Rk ok,
HIL, fELRAMT, SAERFRI N 72 he
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Fig.12 Effect of temperature on the production of protease
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Fig.13 Effect of culturing time on the production of protease
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Har, BN HEE AL LIgh . MY
W SRR U W R 2 2, A ) R T o R
TER BRI L, 55 R 3 MBS IR 4R A Ak, i rp bk
H I, AT B AR L R R I 1 I RN il
FLER g . Fujii £5(1983)M B.stearother-
mophilus CU21 21 1 e B A5 2] i 25 (gL N, JF
e — AR ik, SRS T 15 fi%.
Tsuchiya 55 (19974 — 1> 4 i () &5 1 g5 [N v P 3R ik
FERIGFFBE R, A5 2] 7 38 R P ™ i R 77 58 58 9 B
Fko Kim Z5(1996)Ks ELAT % 2175 F Y 26 11 i FH T R it
MM . Hirokawa 55 (2005 )4 rh 88 FI B T 141 &
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2 )R %36 %

PRI E o FEAD R SR AT DA R A 2 R
B, FE D) 2 Al e 5 T A P #E & (Niu et al,
2006) . A FE M B T 3 1 98 K R 0 0 I PR T S
¥ = A A G R EAR , 2 R ik gtk 55
FERER R L B E IR bR S-3685, SR RRER AR A
FbSZES A 16S rDNA P b, B k% E N2
FERF IR o ZEAOAT B AR P R AR AR Rk, BT
PR R L T R SRR R, 2006)", A
TV TF 2 1 —F B o 3 3 BRI A e e o HL A R 3
R FR AR, W5 T R B BS 37 A B AR AR SR A
AR SR AOHERE A 10 g/L Fl 10g/L, JEHLER
MgSO,-7H,0 . Na,CO; , KH,PO, cidhi i 430 0.2,
2.0, 1.0 g/L; TESEFRIEEALLS pH N 7.0, 4%HEFh i |
15 ml/ 250 ml(vAV)2E W F 30°CHY ST, & 72 h 3k
PS5 i PO b PP Bl B TR AR (3SR il = it 4250 U/ml,
5RMALR) 880 Uml #itk, bR EE . Hiy, A
S A IE AR AT S-3685 H M B 1 il ™ il 1) JpiraE 15
Al . RS BT R R Y TAE . B
MIBFFEEE SR, Tl ELAT LA R 1) il 2 1 o R - 45
¥, A E—E e .

2 £ X #

04, AREE, MR, 45 PCHREE B1 VRS RZEAAT IS
C5 KMk, NS4k, 2012, 18(6):
999-1003

2B, 28T, SEESY, A5 RbEE EEAE R R A E R R H
WA RBEAMNIIE. BRTR S5k, 2008, 29(5):
19-24

g, TERE, skl & —H-IRIRmT: R g A
AN YS-9412-130 Y5 BS FIBE SR EIISE. K=t
3%, 2000, 21(4): 1-6

o0, TR, K, AF. AR bR A A 0 i
W SE. i 520, 2011, 13(3): 89-93

SRER. WA S TR S ERE. st RO
R HipeE, 2008

b R BE R WIS B B AL R AR A E TR A
JR). dbat: Bl i, 1984

e NRSEAE R T ATV AR QBT 1803-1993. Tl A
FE AR Tk, 129-133

Fujii M, Takagi M, Imanaka T, et al. Molecular cloning of a
thermostable neutral protease gene from Bacillus stearther-
philus in a vector plasmid and its expression in Bacillus
stearthermophilus and Bacillus subtilis. J Bacteriol, 1983,
154(2): 831-837

Genckal H, Tari C. Alkaline protease production from alkal-
ophilic Bacillus sp. isolated from natural habitats. Enzyme
Microb Technol, 2006, 39(4): 703-710

Hirokawa K, Shimoji K, Kajiyama N. An Enzymatic Method for
the Determination of HemoglobinA . Biotechnol Lett, 2005,
27(14): 963-968

Kalisz HM. Microbial proteinases. Advances in Biochemical
Engineering and Biotechnology, 1988(36): 1 —65

Kim W, Choi K, Kim Y, et al. Purification and characterization
of a fibrinolytic enzyme produced from Bacillus sp. strain
CK 11-4 screened from Chungkook-Jang. Appl Environ
Microbiol, 1996, 6(2): 248288

Niu QH, Huang XW, Zhang L, et al. A neutral protease from
Bacillus nematocida, another potential virulence factor in
the infection against nematodes. Arch Microbiol, 2006,
185(6): 439448

Nascimento WCA, Martins MLL. Production and properties of
an extracellular protease from thermophilic Bacillus sp..
Braz J Microbiol, 2004, 35(1-2): 91-96

Rao MB, Tanksale AM, Ghatge M, et al. Molecular and biotech-
nological aspects of microbial proteases. Microbiol Mol
Biol Rev, 1998, 62(3): 597-635

Tsuchiya K, Ikeda I, Tsuchiya T, et al. Cloning and expression of
an intracellular alkaline protease gene from alkalphilic
Thermoactinomyces sp. HS682. Biosci, Biotech Biochem,
1997, 61(2): 298-303

(% HR™)

D) B PR AR AT R A B RIS ORSE MR B A A A B S AR A LB S, 2006



4] R AR — R TR PR S U R 7 R S-3685 B MEE K AR 137

Identification of a Marine Bacterium S-3685 with High Neutral
Protease and Optimization of Its Fermentation Conditions

MA Zibin'?, ZHENG Hongfei', LIU Junzhong', HAO Jianhua', SUN Mi""

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Food Science & Technology, Shanghai Ocean
University, Shanghai  201306)

Abstract The S-3685 strain, a marine bacterium producing neutral protease, was screened from South
China Sea. It was identified as a Bacillus sp. based on the morphology, the biochemical characteristics,
and the 16S rDNA sequencing results. This strain was gram-positive, and the spore located in the middle
had ellipse or columnar shapes. The bacterial colony was round, protuberance, and milk white on the agar
culture-medium. The surface of the bacterial colony was smooth and moist (30°C, 24 h). Over time the
colony slightly shriveled bumps in the middle. The length was 2.4—3.2 microns. The strain grew under the
pH 5.0-11.0, and could grow normally at the temperature 4—40°C. We then explored the fermentation
conditions using a 250 ml shake flask. The optimum sources of carbon and nitrogen were glucose (10 g/L)
and pulse flour (10 g/L) respectively, plus the beef extract (5 g/L) and the yeast extract (5 g/L). The
optimum concentrations of MgSO,4-7H,0, Na,CO; and KH,PO4 were 0.2 g/L, 2.0 g/L and 1.0 g/L
respectively. The optimum initial pH of the culture medium for the protease production was 7.0. The
optimized culture conditions were: inoculums at 4%, broth content at 15 ml/250ml(v/v), temperature at
30°C, and culture for 72 h. After the optimization, the productivity of protease was increased by 5 times
(from 850 to 4250 U/ml).

Key words Marine microorganism; Neutral protease; Bacillus sp.; Identification; Culture optimization

D Corresponding author: SUN Mi, E-mail: sunmi@ysfri.ac.cn
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EF PIVEARNAEMBE _ERIHHHT
¥ OXkE OB K od A K B 3 A

(Al AR el T R 22 R T G SC I A 77 By K R T TR S AR MR H A SR &
AR TS B A BE ST T 266071)

H/E FTHENARNEEARTSFTE—FWEREN, FRTE XA FHETERET A
BWHAEAEVEE, AFRXBLAERE, RiItT4AFRANEHRERNERTHRERA,
FF AT 3 AR (PIV) 5 £ 3 3% % H(ADV)RIEH A, 24T 7 W4T — 4w 70 i . Rk 9 &
HREFN . FRET, KAEGHAANFEHHAVENRERZR, TRENEESHATEX
FAY; MWK I REE AKX, ADV 5 PIV Il ELE FHEA -5, LknEE N 0.18 m/s
M, 4 ARAE TS SN TR REFTRERE 05-08 A4, XWENME WA REFZHE LT
FWE WA N E AR RN AL AT AN E RN, TRANTHREFRREERER
EBLAL, EREW, FAPIVEALHELNEPOEFETRT AN EEN, 7F

FHFAARENKRRETRERKL.
KA

RESES S965  XEKARIRES A

TR K PR A A7 15 1) T Sl o sl e A, PR, 7K
PRI 2R 0T AR Tt i Fe . S ARl M R ) e e 3 O L
TRIK I AH AR ARS8 iy, £ 28 BRAE ZEHZ0E A AR I B
b AR, ATAROB I F I A, DT = 3R o
JOT o SR, I 3k R 3 D A R TR A A AR (O
ZR4E, 2007; Zhao et al, 2007; £ 5 4%, 2010) L K F46
AR IE - H (Cui et al, 2013), X 11 25 1 filt HE S5 A e A

U, MEZ IR (Lee et al, 2008; # B4, 2011;
W/NARAE, 2011), MIFEZS R T 32 BK R AE 1 5
S BIE F, 7R X A S5 R VR I, a0
IR W ) AR AR S PR AR R IR 2 BLAk, MAE
Jei) B 3 18 3 A A 2 55 e AR ) o ) ik 5 A R
VIR ERIZ o R, A WhBEET X 6 45 R4 AR 15 L T
WS .

WA A8 %) 0 A 343 i IR 2 R, ELA 45 ELAR AN
AN MG AR REAE, T H., &R IR C,
XA B R 2 HAT, BT XTI I R ik
MIBFE 2 R KRS0 R 01T . #5075 — 55 (2007) 1k 4l

WA PRI ; RF s, AR
XEHS 2095-9869(2015)05-0138-07

W FA RIS Tk, Wt IR T A AR Bk i
KA . 2503500, 46 4540 1 a0 & B R RE S
A RO/ N . 2 A (2005) 3 T 6 il A
FERELAR R i 6 23 R XoF 3k 8 X 6 %) EL 38 850 a4 4 7 Ak
55, S lAs T A NS S AR B R A TR
K, BEETHADLKEE R AR LR, EWNIhEE G
I R Sl A X D A % T A6 485 4 1) 9 3 A8 AR iR AT 45
EAEHL, Patursson 45 (2010)%% M F 2549 F il 2 L4
i, I ARG M R S50 E A5l , %R R T e
AT BUE R, Zhao 45 (2013) ¥ AR I E N £ A )
AR R A, AR 2 LA TRy, 8 ik iy
A ER AR Fluent X R B2 A6 285 44 & BBl 3t 28 Ak i 1 7
5t o

Sy 4 TET A B DR A ] T o A A A R 4 A
ARG 2R PR G 4 AR (R FR PIV)5 = 4k i ik
IL(ADV)RE s R AR 25 A, o 2B e AN 8] e 26 A B
TE RS HEAT I &, X5 aT T H IR .
EP NN OB A T R A A O e S S

* [E K ARl 2R FE 4 (30972256 . 51239002) FIELAY Al f= Mk F7 AR AR R 15 T i (CARS-50-GO5) M Rl 95 Bh . 48 B3,

E-mail: cuiyong@ysfri.ac.cn
Wk H 45 2014-10-21, Wik H 19 2014-12-21
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Jei WIFE B K 8l 1 2 R e s 4R I 25 S %
1 #REFE
1.1 g &E

AWFFET 2013 4E 5 H 4 HAEKGEF T RF1 2
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Tab.1 Characteristics of the net models

9 1 2t [EREFIZN PN S MLk AR S5 ENDERTEN WA A4 R
Net No. Mesh shape Bar length(mm)  Twine diameter(mm) Knot Hanging ratio Net material

C1 #J£ Diamond 20 0.67 PE

c2 J5 % Square 20 T PE

C3 #J¢ Diamond Kontless 0.6 PA

C4 J7)% Square PA
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Analysis of Two-Dimension Flow Field of the Square Cage Based on
Particle Image Velocimetry (P1V)

CuUl Yong""D, GUAN Changtao, ZHAO Xia, LIU Chao, HUANG Bin, LI Jiao

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The current in sea can maintain the water quality in the cage, but the strong current can
cause serious deformation of the cage and reduce the effective volume of the cage. This study was
conducted to research the reduction in flow velocity downstream from square cages in currents. The
flow-velocity distribution downstream from cages was invested with four different net mesh shapes and
sizes. The reduction in flow velocity was recorded using both the Particle Image Velocimetry (PIV) and
Acoustic Doppler Velocimetry (ADV). The results showed that there was an obvious reduction in flow
velocity downstream in the four cage models. The height of the flow-reduction region was approximately
the same as the height of the cage. The flow velocity increased at the bottom of the cage. The results
achieved by PIV consistent with the data recorded by ADV. The average reduction factor of the four cage
models was from 0.5 to 0.8 at 0.18 m/s the incoming velocity. The reduction in flow velocity of the cage
with small meshes was greater than the cage with big meshes. The reduction in flow velocity of the cage
with diamond meshes was slightly greater than the cage with square meshes. The average reduction factor
was not obviously impacted by the incoming velocity. The results of the vertical plane through the center
of the cage by PIV were visualized by the velocity nephogram. These findings will contribute to the
understanding of the flow characteristics around the square cage.

Key words Fish cage; Flow-velocity reduction; Particle-image velocimetry; Flume experiment
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SRR T = 130% A, A R HGly-X-Y
BdE s, BIAERE A HA A B R R L (X . Y)EIA 14
HERR, Mz s SRS REM9.4%, I,
KA A0 B (R A R BN IR R 1 AR
ORI EER SR , 382 5 i N 2 (A 5RO A
WA KA ARG R (R 1, 2011) 5 TN R REAR F 1M I
HRTRE AR, ORI IIRE . RS R X 4P
FEMR B 3 A AARE R A 5

*k2 ADWREESEBARSEE( )
Tab.2 Amino acids composition and levels in the
skin of O. keta (Dry weight)

FFER Amino acids(mg/g) HFER Amino acids(mg/g)

IR Trp' 1.5 | B& %2 Tyr 10.7
KIT&RER Asp” 47.4 | ENE R Phe” 17.0
FEBR Thr' 21.0 | &R Lys’ 325
22 W8 Ser 28.2 | 4R His 11.5
BRI Glu” 75.8 | K5 AR Arg 45.4
[ %2 Pro 63.9 | BEHLMR TAA 682.1
H& W Gly 185.0 | AHEILMR EAA 152.8
N Ala® 58.0 | EIEEIEREE DAA  366.2
[t &2 Cys-Cys 3.4 | TEEEIERR SR BCAA 641
R Val’ 19.4 | FHBGEAFIR G AAA - 292
B[R Met” 16.7 | 3Z/75 tt BCAA/AAA 22
S AR e’ 16.7 | EAA/TAA 224
LA Leu' 28.0 [ DAA/TAA 53.7

# RN AR ; R BRESER
# Essential amino acids, * Delicious amino acids

R J AL TR 5 20, BIREAEMR
Fepilmr, o BRI & R A53.7%, INEER IR (1Y
IR AR T4 L) 4 18.1%, FIT R 2 IR (H 2 /R
NRR) 535.6%, I HIRIESESE , n] AR SEoR R
AP IBUURE 0B P SRR R EIR S 64.1 mg/g, A
SRR RN .4%, WFFE R, SCHEEMRHA fie it

Sl N LR R R 11 B PR F I DR AEE, 2001),
A L I g T RESE B SR AN Ak, RS
Wi B G SRR 0 S 05 HA L s RO R R TR
AR BRI, B I AR LAY () AR s 3 2 S/
F K (Kano et al, 1991), JHI Ak B0 #8117 38 B
I B A

KA 0 R Ty B AR S B E SRR oM 22.4%,
AFF4 FAO/WHOZE 7 Y BRAH 25 1 A, EAA/TAA
TEA0% A A7 Y SRR FAR A0 AR, KMy It
AN RAEG S SR B L PR A AT RECS HoAlh
R B g s R A AR, S R
T B RN TR, A R R S 7, B
BIRME AR R,

PIFAO/WHOBK A #E 17 i FAORE 2 XS FE A4 2N
S, KA 057 B R LIRS TR E A PPN 45 5 W83

H 3R, 8P SERR Y & R T AR R
LR PE4> AT 0, R W £0 7 10 26 1 BR ) 1k R R
KEERR, 1550 R31, PR EI e LR N AR
1 052.8. HAL2EaE AT, 5 LR M R
MR, 1550 182, HE2FR M & HL R M g & IR
FEENRRR, 195 44.1, w0, KRIGM a8 A ik
HESR S B BT, BT AT EEAR, 8
FH B 7 3 ARG A LR Y A R TR L

23 KROKEFEREZEEEE

2 e 2 A B SR R R IE R o 22—, AR T
IR R A AR RE AT, R R E A
o SO P B bR o K I B ) SR I R S SR
T LR, RFRATTA, KIHM f 7 v R I 2 R A i
JEUER A e SOk A R (R /NS, 2007)
A AN (AT 5, 2010) . 5 EE S A0 10 7 (B i 47 4,
2010)F1 % e e (b /NHESE, 2008) 7 SR AR — B, H
W, EEE AL SR, EEak SRR, K
Thih 7 P R R R S R 214.2 me/g, RIS

®3 ADKERCEIEBREMTN

Tab.3 Evaluation of essential amino acids in the skin of O. keta

TR ILER EAA(mg/g)

BUH Items ROUAM SRR OBARM CHRAMEAR SER GER SER REARENEAR
Ile Leu Lys Cys+Met Thr Trp Val Tyr+Phe

K It 7 O. keta skin 21.9 38.3 43.8 27.3 28.4 3.1 26.4 37.9

FAO #3 . 40 70 55 35 40 10 50 60

FAO evaluation mode

KILW 7 AAS 54.5 54.7 79.6 78 71 31 52.8 63.2
X537 1 it Egg protein 49 66 66 47 45 17 54 86

fk224y CS 44.7 58 66.4 58.1 63.1 18.2 489 44.1
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x4 ROBEBEREEAQEED)
Tab.4 Collagen contents in the skin of O. keta (Wet weight)

Lhig A R

£ Content O. keta skin

HHE S0
T. albacares skin

Bl £ 7 e Kidh; Bkt iz
L. litulon skin ~ R. canadum Linnaeus skin  O. niloticus skin

(RWF5T This study) (W A5%, 2010) (/NMEKEE, 2007) (MHEE, 2010) (H/N3HESE, 2008)
R E R HYP(mg/g) 19.3 20.4 19.0 18.1 18.6
2 JEZE M Collagen(mg/g) 214.2 226.4 211.0 206.5 206.5

R 168.9%, EHEPUR I F REZ T 3R R R
24 PEMRAMSSE

A0 B S T R B i S A RN L ER S . RS
AL, R 0 R S  E 1 2R AR R, i
FAG W RR3FN, TR A4%, ARG DR 9T,
AL 55 SR BAAS RN B 15 R AN 4D 22 A1 RIS R, 43931
B BT WIR6.4%H14.4% . AERE R AR & B fe g
#%152.8%, —1ik—M R \EPA .\ DHAIK Z , 45 7 1.6%.

R £ 7 H A R R B R e B T
FRR WiBR A 5 i, B AR TRl A= sh W G L, 2012).0
AN TG 0 R LA T ML | T B LA | 2 A D
AL ST AR« AR AV O il L 95 05 1) 2 9 236 45 A B
{#4% H (Domingo et al, 2007; Usydus et al, 2008)., EPA
HAHHM A PR TI6E, ARk TEIE K", DHA
HABMMAE | R | SEEI T TR, B R
WA (RAESE, 2006), IR ST & BL, EPAFI

DHA & N FIh ) A & 107 I 7 IR (R IR} 4%,
2013), KI5 iz HEPAFIDPA B 5 T3 A93.2%.
gi b, KGR N 7 IR 2 B A 55 s SR L

25 #HEZEHEMSE=

KL £ Je P AR A R R 6T

HIROFT A, RIS th Vs & i 5, Vs
RZ, VAFIVeARKG Y, X AT BEE V4 32200 A0 78 T E
i, APV RE D Vs NEERBRE G2 —,
U B2 g PR, R I AT PR R B, SRIN B AR
TR MRS B BRI R A S AR, PG, R fh
RAEEIETALRGE . AedP B R RR A5 BAT — 2 DAL

26 THMITEARSES=

R B i s S ILERT . R TR,
KBy g Bz G o R R OO B L BB
i, APRNEGIRITRS SRR V2 4 B 5l

RO KODMEBEEMBRANSSE( )
Tab.5 Fatty acid compositions and contents in the skin of O. keta (Dry weight)

&2 Fatty acids(%) N2 Fatty acids(%) N2 Fatty acids(%)
TRER Cia 0.8 TR Cig. 2.8 WAL C g 0.4
FRRIIR Cigo 2.8 ZHER—I R Caon 1.6 AR TSR Caon 0.8
T ASHER Cis.0 0.4 FFER Cay.y 0.8 EPA 1.6
YSFA 4.0 Z A PR — MR Cran 0.4 DHA 1.6
FEMEHER Cio. 0.8 SMUFA 6.4 YPUFA 4.4

®6 AODWMBEELERIE(TH
Tab.6 The vitamin contents in the skin of O. keta (Dry weight)

éﬁﬁi%’? Vltamlns(mg/kg) VA VC VBI VBZ VB3 VBS VB6
v & Contents ND ND 0.15+0.02 11.7+0.5 75.0+£2.8 39.1+1.3 2.8+0.3
NDJy AA ii; ND. not detected

RT XDWREBRTHMTRERIE(TE)
Tab.7 The mineral elements contents in the skin of O. keta (Dry weight)

%5 Ca 44 Na #: Fe fliSe 4 Cu 4%:Pb
76604202 2140+69 40.7£2.8 99.2+2.9 0.85£0.10 ND  0.20+0.03 ND

TCHLER As
0.08+0.01

JGE Elements(mg/kg) ¥ Zn B Cr

£ & Contents

NDN A&# Hi; ND. not detected
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KR fe AR (b R 2, 2009), FRlEfME TR .
EANTEANRN RS RARZ, #1547 SR B A
Ko BEIEAYLTMICE, NWILA . Mg AR
A 5 Ca® S AR E AR, EMafGd . Il
NG | IR EESS | PR RO FLT 53 W 55 W 75 1) T
5, B, B BRSEIRA B TR ARG . 4EHFIE
WA AR &S 5 A R 4T S (BT T AR
2013). i EA—E MU ERGE R £ 5%, 2004), &
K EFH, KROWBMEE S, . 5. SRS R
LR, BAEBENERNE.
HEeBILE LA RAFE, mHEAEE AL R
g HRG . ARG, KA R b AR
By JCHLE, SR T GB 2762-20126 4 Fhi5 Y4 R
wU LKHE M ESERERE, SHZ 2.

3 #Hit

Komfa i fEASE T oFER, HBER
31.10%, SRR N ATHHNIE AR H BT i B 2E
FA, MRl 682.1 mg/g, HorP EBRE I f A S
MR S 53.7%, LXK RAF . BB, [H
FER S BE SR LA 22.4%, AR FEE X ERE R
EH; HEARS (185 mg/g). MMAM(63.9 mg/g)
FRIZRR(19.3 mg/g) & =+ & (BRI, KEEH
FrR 214.2 mg/g (LABIETT), (HHLE A S 68.9%,
AR R B USSR AR 1 RO 5 R A R AN A
WilR & i T8 10.8%, EPA Fil DPA Jidd i T3
) 3.2%; A NRFTT e E 2R e R, Hp v,
TN 75 mg/kg, Ca i 7660 mg/kg, Na, Fe, Zn
FHRbENEE;, ESESEWNA, TESRIT S,
BG4 A

LW 0 7 H A TR R B I R AR, R R
2 DB 1 ol Fg D B 1 A W i et A R il A A B
RETEPERR Y BT JERE, D6 T il A= W 2L 3 W B s 11 2
A I R 22 41 (Helcke, 2001)F1A] #2520, H Aif
7 ) R Ak A 8 A i 7 SR o A o 5 e i 2R
I (MR 3815, 2006). A 80RO g £ 1 4 e
AR RE A, ATLVARR N E, 4 K
T B (A A ek 25, Ak K ™ SR Ml 1) A] Rk
K,

T, R, R, TR T R

TR, R BERE, 2013, 34(1): 133-139
HAE S T2 (EMak) SRR i s giabrk

(F). HP: TR AR TR, 1986, 74-77

WG, RN A, AR BRI E IR T M fn
M HE T Z R, #IT77K5™, 2008, 4(5): 55-60

RIBE, BOHE, M5, 55 SUKMNLAE TR 0T SO R
TEMY. R, 2013, 34(11): 246-249

XIS, 280, RBUR, 5. W R SRR R T2
TE. BRI S TER, 2013, 34(8): 97-99

XUPREE, XUy, R, s 55 i iy o3 Bovt s g i
AR BULARAFRISER. KRR, 2000, 7(4): 56-59

XUWIEE, MR, BART. R R IO N . T
AR, 2011, 38(20): 100-102

ZRlede . WRIRIKIK SRS R T A, ol B 48,
2009(6): 12-14

R, KA. BRIETEHLSUT AP RN . P E R, 2003,
32(5): 10-12

WG, oo, ANTE] s BEREORATFL B DL TR 00 Y LT
GO ELE, 2009, 37(9): 4073-4075

i Er, w0k, RIERE, .3 A AR A K IR
AT T ARIFER 2R, 2010, 30(1): 97-100

Wik, BRBT. TR OB R G A B B9 I R OFFE. b
PAFE2E, 2005, 5(4): 803-804

R AR VBRI B, RARPE, 2011(8): 41

TRl At dunt: @AREE AL, 1991, 126

SKHVE, EZAE, RUIE, & RIEMEHEY Y. Y
PE2E T REA 4R, 1989, 6(3): 216-218

skBAE, WRE. BRI RRAE A Ak B b A E RS . b
El3HIR, 2006, 31(12): 11-16

Wi/, J7BE, BIEKEE. sedn e i i SR AR 1 BRI Z00F
7%, fh Tk R, 2007, 28(3): 131-133
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(%3 RHE)

The Analysis of Nutrient Components of Oncorhynchus keta Skin

JIANG Xiaodong, LI Hongyan ,WANG Ying", WU Zhihong, LIU Tianhong, LI Xiao, SUN Yuangqin
(Marine Biology Institute of Shandong Province, Qingdao 266002)

Abstract The current study measured the contents of main nutrient components in the skin of O. keta
by focusing on proteins, common amino acids, hydroxyproline, fat, vitamins, and mineral ions. The
results showed that the contents were composed of 31.10% crude protein, 7.40% crude fat, 1.20% ash,
0.23% of total carbohydrate, and various delicious amino acids. There was 682.1 mg/g total amino acids
in dry sample having the highest Gly content (185.0 mg/g), followed by Glu (75.8 mg/g) and then hyp
(19.3 mg/g). The ratio of EAA/TAA is 22.4% and the ratio of DAA/TAA is 53.7%. The skin has rich
collagen content of 214.2 mg/g based on wet weight, accounting for 68.9% of the crude protein. The
content of UFA was 10.8%, and the results also indicated that the skin of O. keta was also rich in vitamin
B; (75 mg/kg) and mineral ions such as Ca, Na, Fe, Zn, etc. In summary, the skin of O. keta has high
nutritional value, which is a good source for extracting collagen that is widely used in medical, food and
chemical industry.

Key words Oncorhynchus keta skin; Nutrient components; Amino acids; Collagen
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3, = == A\ L=
RHEEENN FTRNSEZNRZITA
A Sl
K E
kfed ' xxxt THRE! #HmweE' K KD #ww
(1. ARApFRAK ™ BT 2 R SIEM S S0 g IR Ml 3R S5 A R R A S =
HEDK PR E R B K AR AT R 2660715 2. RENEFERFALF T HE  HS  266003)

WE R T REEERNXEYERDOC)VKZAT A B LT EEAFETZS TR
ZR I 7% . DL B-R 420 VR (pH=2.0) A L WAL T, 2.0x107* mol/L + = %t 3 K 8 B 41 (SDBS) £
FERARHIGTDOCHE S, EZERFAHT, DOC £ FHKBEMEM R E 1 F. 2 8F
HHBNATHEEMN, TRZY HEFR. XRTEEAMERELRE, ZoRA LR pHE. B5H
LR EEFERMREPTNERHTTHAR. RUEET, DOC B A& B 5 H Kk E A
1.0x107-2.3x107 mol/L & Bl 1 £ RIF &M X &, B IR A 4.5%10° mol/L(S/N=3). # % 1k
FEMATRAKBLAFEFREE DOC tikll, FE TRFEENERCEFHEREN 97.44%—

105.28%).
KR

FESEE 0657.1 XHEEFRIEEE A

i 1% & (Doxycycline, DOC) X A A +FHE .
VIR, MRS RS IR R LR
(Maryam et al, 2014; Ariza et al, 1992; Gurler et al,
2013), BRAHE 2 [C B RO B M A VR Ah, iemT
IS FEURAR il AR S A P IR S SR L BOK B

WA, WA Z T & S K IR (Gurler et al,

2013; Oka et al, 1997; Kang et al, 2013), —&IHH T,
IKFEFREEAE P, IR BT 2R VR S RS I 40 4%
o RLEA 30%09 2454 2w e 5 A Wy i & CHEh
IIHEHR B T ER ), H A U S B B e K A B
DUBUIHRBE Hh (Kim et al, 2006). 766 5 IR AE D TR P &
PPk B Y DOC ¥ B i ] Hat A A e iyl
(Kang et al, 2013; Gajda et al, 2009; Attia et al, 2011),
PRI, b R AR i T 7™ A% 1 BR AR HE(Le er al,
2012), ABHORE M BTG H AR A SRR, X4
T A B A 7™ it Dt 7 1 B 5 v i 24 1 ) ARG 5 4 o

WMABEFR, REATH; R@EER, o &I EE RN
XEHS  2095-9869(2015)05-0151-07

HHA EEE L,
EPXPEENE DOC, ETMpk, k. ek,

FL b 2 i 3 ) 22 SR 43 T O 1 2 A9 B E AR 5
F(Attia et al, 2011; Zhu et al, 2014; Surudee et al,
2006) Hor gk K (- T A ik BT e R AR
B R SR, (AR S | R A
A TE— R SL = HE (Attia ef al, 2011; Zhu et al,
2014), HEMIE, HFHAENITE, OiEEaE
HLUK R R AL A R, A e s | A AR I
N FHBEREAR SR, [ EY . Bt . DU H AR I IT
KM fE(Gupta et al, 2011), FT4E3E, Gurler 25(2013)
5% T DOC fE4rFERilb Lt b AR 2Ty 5 Attia 55
(QOIDWIFE T DOC T3 fe F Al FR AR FELA | A fR 22
MR, Ff S T AR 5% 5 Surudee %5(2006)4R1E T
FIHERB A WA BN DOC )ik ; Vega %%
(200755 T DOC FEMAIKE B i it L iR %A 7

* H IR R A B 42 (2013-12-012-ZH) % B, sKJBAE, E-mail: zhangxz@ysfri.ac.cn

@ WiREE . misail, BF5E5, E-mail: qukm@ysfri.ac.cn

W B 2014-11-21, YE ek H 1#: 2015-02-03
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RIS T —Fl L ARG Jr 75 5 Shoukry 45(1987)
WHRIIFRAE T HA AR 2R DOC B k.
W o 3 LE LAk 25 T R LA I i R L R O e A
R BRI R BN BB, AR RRilE— 2 RRAR

WG R IR, — SRR TH 1 P 5 0 A AE PT LA 3K
HESRIE AN A FE PR B (Wang et al, 2006) FI ) (Wang
et al, 2008) AR LA B, SRTT, 165 M1k, K
A 2% HTE ROV A B T AL2EN E DOC A5
8, AEgEr, DIEAG v ih P  AURN I7 5e
Tt 1Y 5 B ik SR 49T B8 Al CCBDE(Zhang et al, 2011.,2012)
S TAERAR, BFSE T BT 3R 8T P 7R T e SR
24N (SDBS)Xf DOC R AT MM, JFEESL T —Ff
ERAETAE | A i A A I 3, TG T 3R
BKEEHR I DOC E =il iE o

1 M ERE
1.1 EFE5KHF

1 A2 S8R CHI660C AL~ A A X (1 i J=
AR PR A —HL R G0 H ] CCBDE TAEH
(@ 3.3 mm) S FIH K S R AR A 22 % F AR 4 o
pHS-25 RUHCE. pH (R LG ) ) A LA %8 5 T
pH =

DOC , 5 HEL ik SRy 5 9ity 4 31 A ) 7 e . i B
NF L IR AR A T AR T A A A
PR, Hoftiatsmm 1 iR A A R, 5
afi, Rk —Bulifh . SCE K B gk (5 ]
PR Ak R G5

1.2 BAFELE

CCBPE T AEH M2 A Hr S Zhang 55
(2011, 2012)f9 77 %k o MNICHEER LT, TE MR L :(CV)
5 BHE R R 0.100 Vs o B A2 A A B P R i
F I TORERE . T A R SIS AR (25+1) C 444 T 17,

2 HR5WR

2.1 DOC ByfK %= Kz

P pH=2.0 1) B-R Z& MRy SCHFHLAR T, 1.0%
10~° mol/L DOC 7£ CCBPE =T 0.0-1.0 V 35l 4
SUREL 1 AMEAE (1 2k a), HARIERAL(E) N
0.636 V, LI (i) 2.206 pA, IZHLAL HLHAE
T EN L (Gurler ef al, 2013) ., BEBR M . BAS R
W (Attia et al, 2011), EEBMI 4 NI B (Surudee ef al,
2006) FIRRAK A B HLI (Vega er al, 2007) LK, &

<
=y
:
@)
g 301 .
K O b.-

—40 '_::

50}

1.0 0.8 0.6 0.4 0.2 0
HiJE Potential/V

K1 1.0x107° mol/L DOC #£ CCBPE I (1§ Rk 4 il £k
Fig.1 Cyclic voltammograms of 1.0x10> mol/L DOC
on the CCBPE in the absence (a) and presence (b) of
2.0x10"* mol/L SDBS

Supporting solution: B-R buffer solution of pH 2.0.
Accumulation time: 180 s. Accumulation potential:
—1.300 V. Scan rate: 0.100 V/s. Quiet time: 5 s

B CCBPE XI DOC 1 48 fb HA7 B ar i fb i vk o
A R T Y = (1 VS E R = =S =R
FiL 7L (Attia et al, 2011; Surudee et al, 2006; Vega et al,
2007), FH] CCBPE 2 DOC HA3 B 41 (1) R

1E 2.0x10™* mol/L SDBS f#7E F, 1.0x107° mol/L
DOC 7£ CCBPE _L FfE IR 2 th Ze il 1 il e b iR o
W2 T a, E, B TF0.633 V), ULIIZEN T
DOC LA AT 8 L AR B A B S 5 i (HIRF]
4309 pA, 2 a BUER 1.95 1%, KU 1=
TG 7 SDBS X} DOC 1 & 4 BA W E/EH .

2.2 SDBS {E A#LIBIRIT

SDBS J&—A~ HA KAk g K M3 A A B 28 1A 36
AT 6 PR R, 2R A K 3 A 5 1 W B TR 5 7K
f\) CCBPE # [fil (Wang et al, 2006), & ii— JZ 771 Hi, faf
DA ARFESN) A L% 50 T 1 DOC K& IR R
btk 2= (fhE g R LA 2-A), B 34 pKa f:3.3.
7.7 F19.7, KWL, AR pH ST HIE AL 6
SR, pH=2.0 i, HEZEEHEFES. b,
ST, SDBS H 4250y T2 fEAE A F T
HAE 10 Y B #E (%] 2-B)(Zhang et al, 2007; Huang
et al, 2005), [AIA, TTRE T 45 0 A - 7E 2
AT R 2 B 25, (1173 DOC A fbid e+
RTINS Sy, N Ep B4 T RE S S T8 Bk
PEAT T 57 Ah—4 5286 . ¥ # CCBPE 7£ 2.0x10~* mol/L
SDBS ¥ 1128 180 s Ji5 , T CV 434 1.0x 10~ mol/L
DOC, Z5H IR, Ep M 0.633V, iy {HiAF] 3.938 uA,
P LERUE T SDBS M FffJ2 MG B5k  o Beéh, 21
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(A) OH o o OH

OH (B)
@(SD e\lea\DOX

R
bi@%éa\ SDBS
Clomate

CCBPE

K2 DOC gk (A )M 1 P AOM A/ 7R (B)
Fig.2 Chemical structure of DOC (A) and the illustration of the surface activity effect on the accumulation of DOC on the CCBPE

T eE e = SRR AR B N S o i = R 3 TR Ak ROkt
Pscmy, 25538, 33X D BH B 2 1 I 1 590 Sl
DOC 1Y i, (EEAT ANFIFERE ARG, 3 122 R R
FLE A ARG TR A BT #(Zhu er al, 2014),
%S00 o5 — 7 TR T BT AU s A A B

23 FREFEMYBET DOC WEBLZEITA

TE 2.0x10* mol/L SDBS 7#7E N, SIS T
DOC 7t CCBPE [ HHLE17H . 0.010-0.160 V/s §T
FIN , AT DOC WPEFMAR 2 ma i a3 i .
HimESH#E v IR B2 R(E 3), blH
FREHR in(nA)=14.822v"7-0.337(R*=0.9985), KMt
T U S N e R A2 Y BOE S 4518 5 Attia
4:(2011)F1 Wangfuengkanagul Z5(2004) 45 W) 4 o

b
S

5

HLIfL Current/uA
&
(=]

|
]
S

L
(=
S
—

0.8 0.6 0.4 0.2 0
HLE Potential/V

3 DOC 7E CCBPE " FANRFT N A FE R %2
Fig.3 Cyclic voltammograms of 1.0x10> mol/L DOC at the
CCBPE in the presence of 2.0x10* mol/L SDBS Scan rate
(V/s, from inside to outside): 0.010, 0.020, 0.040, 0.060,
0.100, 0120 and 0.160. Inset: The plot of E, vs. v

—
[=)

i v X Ey, 1245 1 Bos (& 3), 7E 0.010—
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Z, BIEFER E,W(V)=0.0096 Inv+0.6615 (R*=0.9927).
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() HL A AL B A BT 2 (Zhang et al, 2012).
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Fig.4 Cyclic voltammograms of 1.0x10> mol/L DOC at the
CCBPE in B-R buffer solution of different pH

pH (from top to bottom): 1.8, 1.9, 2.0, 2.2, and 2.4. Other
conditions are as in Fig.3
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M, m=1.05~1, BIZ5 DOC W&k
B R FHCR 1,
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241 R @ERAAELRE Y H S5 R FHAG
AR ZEMIGE T SDBS Hl- e A R 494 1 Foft B 85
FRANEHEFRIXT DOC R ZEM R HL It B 5200, 45 5 i
N, A WEAER , SDBS AU ESCRL TR # .
PEMIHFSE A7 SDBS 9 8 X B Sk SR i s i (181 5),
FE(0-2.0)x10™* mol/L JLFEW, iy [HRfIEAF SDBS ¥k
JEE 4 38 A0 3G 0 5 24 SDBS 4k BE R 4 2.0x10* mol/L
Je, HHEEOSCR RO R, T DA AR S SR A SDBS
WSS Ky 2.0x10* mol/L,

242 X HYMRe s 29I, HAc-NaAc 2%
WA . B-R ZuhiAW . Tris-HC1 22 %7 . PBS 4%
IR . AT R TR BN 2% M URN KC IR =2
FReLff 5, 7EMIRIZECT EHE, 3843 1.0x10° mol/L

4.5

40}

w
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T
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w
o

N
n

2‘0 L L L L
0.0 0.1 0.2 0.3 0.4

SDBS¥¢J¥ Concentration of SDBS/(mmol-L)

K5 DOC HyrLEN BLE 5 347 SDBS W Y% &
Fig.5 The plot of peak current of DOC vs.
concentration of SDBS

Other conditions are as in Fig.3

DOC Y CV MR, Z55RM, AR i A Al
A& AL, 45185 Gurler %(2013). Surudee
Z£(2006)F1 Vega %5(2007) A4 HiiE—3( . 7 B-R ZZ il
I ey, REUE R, HISSERMK. 250
Ay DOC 7£ &% B-R Z2 i (pH 1.8, 1.9, 2.0,
2.1, 2.2, 23, 24, 25, 2.6, 2.7, 2.8)H i, fH,
455 Gurler 45(2013)#E ) —3%, HAE pH=2.0 /&
FHEARERBWN; X pH & T 2.7 5, CV lliZk
A ] LA S B, A SE g DL pH=2.0
) B-R 2% itk oy SO LA O

243 FHEEBALLE ERN — MR OLE 1) TAE
FL A R I 3E 224 1 E A A R B A Y BRI (R AT B
TE PR TEAS DU 5023 1 (] B i e RBRE - 4 RE AR S DA 4
Y /7% (Zhang et al, 2012, 2014), W5 T & FHAL
AUE FEF [ X R s . S5 R BN 1) Bkl
A BT DOC W E4E; 2) fE-1.0 ——1.3 VIERN,
HH IR & BRI ) A5 F T, i T8 5 4 FL (S PO 88 0 T 338 o
GX R T H RN ), HYEAAET-1.3 VI, R
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Fig.6 The plots of peak current vs. accumulation potential (A) and peak current vs accumulation time (B)

DOC M E BSM (R 1) — W E R THLER B T (K.

K1 AEEFWRAE DOC &M f gy FHkE

Na“. NO; PO4 S A I AT 7 A B B Tab.1 The effect of co-existing species on the
: : . detection of DOC
SR, 7T BB B T 32 G B i) S AT, — S HL o1~ (e s
S R B B 7 BL G T R0 95 A R 14 19048 L4 Fm Mo
T 1 230 LRI 2 Coroxisting species  (umoyry ' chanee®
Ca*", Mg*" 100 +2.1
2.7 EiREmAPIRE=E DOC Byt '
IREFERPIRE B A4 Na®, K* 100 g
W T RN 0 H A 2 D VR N TR K M K AR R NOsT, PO, 50 +1.7
DOC i, KFET SE ] 0.45 um ALIEREIE, RIE Ascorbic acid 20 -19.8
B S ml BRSS! B-R 25k (pH=2.0)iR &, W5 Diethylstilbestrol 20 -28.5
RS CV Bt FIIFRES ST IR 2). Cllh 20 237
\ . " i M i -16.
TR AT A7 FLAT R O Tachie green 20 102
F 2 EZERRAEVKEERNNELSR
Tab.2 Detecting results of samples from fresh fishery water
B Samples Ko e W] AR RSD
Detected (umol/L) Added (umol/L)  Measured (umol/L)  Average recovery rate (%, n=5) (%, n=5)
A AHH Not detected 5.00 5.09+0.29 102.32 4.54
B HA i Not detected 5.00 4.87+0.32 97.44 5.16
C 1.23 5.00 6.35+0.38 104.44 433
D At Not detected 5.00 4.93+0.34 99.12 5.12
E At Not detected 5.00 5.36+0.52 105.28 7.97
F 2.09 5.00 7.32+0.29 102.2 9.51
3 B i) B-R ZEuh¥Ai T DOC %4 1T, 2 L AR

CCBPE TAEH#; I, DOC HA REHE bk,
PR T T ROV B PR [FEIAE T, SDBS X DOC [ HL

A EAT W 2 R iR . SDBS Jt

£, 1€ pH=2.0

Anl A, AR

Eﬁm,«ﬁﬁ?, DOC
AR I PR AT 34 4.5%x10°° mol/L, AT LABTHRIE 1y v 1k
22 o W R N FH TR K b KRR ) R R ARG
W, B T ESR. SRTEN. S, Jeikae
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Voltammetric Behaviour of Doxycycline in the Presence of
Surfactant and Its Determination

ZHANG Xuzhi', LIU Wenwen”, DING Dongsheng', GUO Mengmeng', ZHAO Jun', QU Keming'"

(1. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture,
Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
2. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266003)

Abstract The effects of surfactant on the voltammetric behavior of doxycycline (DOC) were
investigated using conductive carbon black paste electrode (CCBPE) as working electrode. A new
electrochemical method for determining DOC in aqueous solution was developed with the help of
surfactant. The electrostatic interaction between the DOC molecules and the sodium dodecyl benzene
sulfonate (SDBS) by self-assembled on the surface of CCBPE promoted the accumulation of the analyte.
In B-R buffer solution of pH 2.0, the presence of 2.0x10* mol/L SDBS significantly improved the
sensitivity of detection of DOC. In the presence of SDBS, the voltammetric behavior of DOC was
investigated by cyclic voltammetry. An irreversible and adsorption-controlled electrode reaction occurs
with 1 proton and 2 electrons participation. Under the optimum conditions, the anodic peak current of
DOC is proportional to its concentration in the range of 1.0x10 —2.3x10"> mol/L with a detection limit of
4.5%x10"® mol/L (S/N=3). Inorganic ions do not have negative effects on the determination, while organic
molecules have positive effects probably due to the competitive adsorption function. The average
recoveries in the range of 97.44%—105.28% were obtained. Thus, the developed method for the
determination of DOC possesses advantages such as simple operation, fast response, low detection
limitation, good recovery, and repeatability.

Key words Doxycycline; Voltammetric behavior; Surfactant; Electroanalysis; Fishery environmental

monitoring
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