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Tab.1 Flux of CO, in different areas of Sanggou Bay
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(mmol/m~-d)
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10 -3.70
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SEH{E Mean —4.32+1.41
e 14 0.68
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18 -1.21
19 -0.12
F-HJ{ Mean ~1.02+0.83
M F Cage 13 Q.14
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AR m$iﬂ£%W% R, BEEFRAH X R A
CO, L IX.,

BRI BEIS I A K IE SRS, SIS kR
IR R 37 B DL 28 A K IE sh g, LA R AATT =22 1]
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1) Han TT. Photosynthetic physiological responses of macroalgae to different CO, concentrations and their ecological effects.

Doctoral Dissertation of Chinese Academy of Sciences, 2013 [l KAV EEXT AR CO, W E AGA A Bl N b HAE TS
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Analysis of the Air-Sea Surface Carbon Dioxide Flux and Its
Interaction with Aquaculture Activitiesin Sanggou Bay

LIU Yi', ZHANG Jihong'*", FANG Jinghui', LIN Fan', WU Wenguang'

(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. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract

To study the impact of different aquaculture activities on the air-sea carbon dioxide flux (F),

a cruise research was carried out in May, 2014 in Sanggou Bay, the most representative area of integrated
multi-trophic aquaculture in northern China. During the study, the partial pressure (pCO,) of the surface
sea water was measured using the pCO, underway system (OceanPack, SubCtech Co., German). The CO,
flux of the Sanggou Bay was evaluated through following parameters. Twenty-four hours monitoring was
set up and performed in the caging culture area, bivalves culture area and kelp culture areas. Furthermore,
the in situ hydrodynamic, chemical, biological and culture conditions, the impact factor of the air-sea CO,
flux in Sanggou Bay in spring were discussed. The results showed that the pCO; in cage culture areas was
much higher than the other culture areas. The F value was (-1.02+0.83) mmol/(mz-d) in bivalves culture
area, (—15.40+1.28) mmol/(m*-d)in kelp culture area, (—4.32+1.41) mmol/(m*-d) in bivalves-kelp culture
area, and 8.14 mmol/(m*-d) in cage culture area. The continuous 24 h observation showed that the average
values of pCO, in kelp, bivalves and cage culture area were (320£14) patm, (330+£10) patm, (413+
37) patm, respectively. The results showed that the Chl-a value was one of the key factors for the air-sea
carbon-dioxide flux F, with significant differences in F value among different culture areas. The F value
was negative in the bivalves, kelp and bivalves-kelp multi-culture areas, which means these areas 'sank' or
absorbed the atmospheric CO,. By contrast, F’ value in cage culture area was positive, which indicated
that it was a 'source' or producer of the atmospheric CO,.

Key words

Sanggou Bay; Sea-air flux; pCO,; Mariculture
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135 L5 XBEE-FAEL>N ffi /1 Canoco for
Windows 4.5 XJ KT JIE AT s 4 0 = B 5 R DX 5 [B) /)
% Z 9k 47 Y5 X R 43 # (Canonical  correspondence
analysis, CCA)(TerBraak, 1987). & IRI <10 (¥ #h
DA T (B — i 45, 2011), YR AR EE 0 AT
lg(x+1) % 48, 3E e A [] 48 A B0 67 38 AR 1Y 48 T D 22
(Flores et al, 1998).,
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16 Fl, AR T B (Moerella jedoensis) . 2L
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Tab.1 Proportion of each group of macrobenthos at the
Yellow River Estuary (%)

23 Group i Biomass #6525 & Abundance
%% Polychaeta 47.13 4991
ARSI Mollusca 24.86 11.16
T s Arthropoda 16.92 35.34
Tz 3 Echinodermata 1.19 1.92
HAhZ Others 9.89 167
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Fig.2 Biomass (a) and abundance (b) distribution of macrobenthos at the Yellow River Estuary
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Tab.2 Diversity indices of macrobenthos at the Yellow River Estuary

Ui Station FE A d ZHEMEIRECH IS EIRE | i Station FEEEELd ZREMERRECH BSEIRELD
A2 2.652 3.022 0.774 C3 2.548 3.144 0.786
A3 2.799 3.518 0.924 ca 3.523 3.805 0.866
A4 2.867 3.384 0.866 D1 2.254 2.550 0.670
B1 0.775 1.825 0.913 D2 2.059 2.817 0.740
B2 3.081 3.454 0.845 D3 4.052 3.125 0.637
B3 3.456 3.546 0.820 D4 1.874 2.229 0.644
B4 2.464 3.233 0.808 E2 3.350 3.743 0.898
C1 1.166 1.835 0.654 E3 3.768 3.976 0.836
C2 1.895 2.870 0.830 E4 2.993 3.323 0.769
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Ko 4% 3l 57 K HY JEE VG sl ) B 0 45 A B AT SR 2 bt
ULE 3. M 3ATLUIE H, 78 30%A ALK - Ll
18 N ulifirh 34, Hih, C4, DAk 14, BEV%

H K Bt (Apseudes sp.) . H A 2 i
(Ophiophragmus japonicus), #J#F 1 F(Gammaridea
sp.); C1. Bl ui y A, HMzzsmiim | &k
(Notomastus latericeus) 7% ; Hgvulifi M4, RE
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Fig.5 CCA ordination of the relationships between
macrobenthos and environmental factors at the Yellow River
Estuary
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Tab.3 List of main macrobenthos species at the Yellow River Estuary
Y LB iy Station
Number Species Bl C1 D1 A2 B2 C2 D2 E2 A3 B3 C3 D3 E3 A4 B4 C4 D4 E4

10
11
12
13

14

15

16

17

18
19
20
21

22

23

24

25
26
27
28

% B2 Polychaeta
[ [C 44 . Sigambra bassi
MiFE R Aricidea fragilis
HTHWY % G gurjanovae

88U RUE S
Nephtys oligobranchia

B 22 A 1

P. queenslandica

1%V 7E Arabellairicolor
SRR

Lumbrineris heteropoda

FURRA B
Paralacydonia paradoxa

FLRE R
Phyllodoce papillosa

5 #N. latericeus
22 B Cirratulus cirratus
22 S0 H. filiforms
/N3k H Capitella capitata
A b v
Ophiodromus angutifrons
B4 . Sernaspis sculata
HARKFD &
Magelona japonica
K vb# Glycera chirori
k¥ Mollusca
Jiit E #2 Neverita didyma
VL BHERES M. jedoensis
/NAEAEEA Nitidotellina minuta
W/ INE I Leptomya minuta

Bl 1A Zx e I
\okoyamaia acutangula

52 [ S0 Alvenius ojianus

& NIEREE

Nassarius variciferus

Y I 5h%) Arthropoda
# H Ingolfiellidae
FUF 1 Ff Gammaridea sp.
Jo i H Leucon sp.
41K 1 Iphinoe tenera

+ + o+ 4+ + o+ 4+ + o+ o+ o+ o+ +

+ + + + o+
+ + o+ o+ o+ + o+ o+ o+ o+ 4 +
+ + + + + 4+ 4+ o+ o+ o+ o+
+ o+ +
+ o+ o+ + o+ o+ +
+ o+ 4+ + + o+ o+ o+ + +
+ + o+ o+ o+ + + +
+ o+ +
+ 4+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+
+ + + + o+ + + +
+ + o+ 4+
+ + o+ +
+ + +
+ + +
+ o+ O+ + o+ + o+
+ o+ + + o+ 4+ o+ o+ o+ + +
+ + + +
+ + o+
+ + o+
+ o+ o+ +
+ +
+ + + + + + o+
+ o+ 4+ + + o+ 4+ o+ o+ o+ + o+ o+ o+
+ + o+ o+ o+ + o+ o+ o+ o+ o+ +
+ + + + o+ + o+
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s ik i Station

Number Species Bl Cl1 DI A2 B2 C2 D2 E2 A3 B3 C3 D3 E3 A4 B4 C4 D4 E4

Y SR B
Dimorphostylis asiatica
30 K Apseudes sp.
A B AR

Hyperacanthomysis longirostris

29 +

31

32 ZNELHF Leptochela gracilis + +

Wk Bz 3% Echinodermata
33 HABEZNEE O. japonicus
A3 5h%) Nemertean

34 YA H Lineus sp. + 4

+ + +
+ o+ 4+

+ +
+ +
+
+ + o+ o+ o+ o+ + +

3 itig
31 BERZTSH

G R AR, TEAE R AR AE MR,
2004—2009 4 8 yA] [ 36 35 3] 2 R AY IS 3l 4 A ) S
YIfE R 8.74 o/m?, Wi % BT ¥I{E A 260 ind./m?
(R T4, 2013a) , AR YR AT AT S 85 B v T 1 s R A A
T A= W 2T s PR A (R, AT DA B 9m] 11 9l
T I ATG B 1 R A 1T B 1] /NS AR 2 AR

ES B RE EF, RIGEA LR LUR L, 6
TSR AL sh i () A= it . W R 2 DA R A 2k
P HE B 1 L X 3 A0 H B TIT T T %) 4 0 VA 3, i A1
(B DX 3 ) H 37 B AT AU 11 ] PR R X b 2 A 4 )
) JE R 1] B S AT A B2 32 K RN V3l A4
IRBEH AR 2%, T ) AR IR SR R B 4 R e,
PR AR JEC A sl ) B 7 4 R AR R AR . XSk = AR
(2008)7EAH 5% 1L 7R 125 b &R v R AL AW sh ) B B
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32 SEMH

Shannon-Wiener Z2 £ 448 %05 AR IR K |
KR SRR S5 i A8 Ak, & — 3 B P TR
(ZE7Kk 45, 1991), Chainho %5 (2007)4& i i) Z ke 115
G G, B SR RIS 2l P 4 R 22 R
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Ecological Characteristics of Macrobenthos at the
Yellow River Estuary in Summer

L1 Shaowen'”, REN Zhonghua?, WANG Tiantian®

(1. Shandong Marine and Environment Research Institute, Shandong Provincial Key Laboratory of Restoration for Marine Ecology,
Yantai 264006; 2. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of
Sciences, Qingdao  266071; 3. Yantai Fisheries Research Institute, Yantai  264003)

Abstract Based on the survey data at the Yellow River estuary in June 2012, the characteristics of
macrobenthos were analyzed using canonical correspondence analysis and other methods. Sixty-seven
species of macrobenthos were identified, which belonged to 6 phylums and 53 families. Among them,
28 species were crustacea; 17 were arthropods; 16 were mollusca; 3 were echinodermata; 3 belonged to
other benthic groups. There were three dominant species including Leucon sp., Heteromastus filiforms and
Glycinde gurjanovae. The average biomass and the habitat density were 2.03 g/m? and 358 ind./m?,
respectively. The ranges of Margalef species richness index, Shannon-Wiener diversity index and Pielou's
evenness index were 0.775-4.052, 1.825-3.976, and 0.637-0.924, respectively. The results of MDS and
CCA indicated that 18 stations could be divided into three groups. The community of Group I (C4, D4)
was composed of Apseudes sp.-Ophiophragmus japonicus-Gammaridea sp., and their distribution were
positively correlated with the water depth, water temperature and salinity. Group I (C1, B1) had
H. filiforms-Notomastus latericeus, of which the distribution were positively correlated with ammonia,
nitrate, total nitrogen and dissolved oxygen. Group Il included al other stations, and it had
G gurjanovae-Moerella jedoensis-Leucon sp., and their distribution had no obvious relationship with
environmental factors. ABC curving analysis showed that the macrobenthic community tend to be
disturbed moderately. The depth and ammonia were the most and second most relevant factors in the
distribution of abundance.

Key words Yellow River Estuary; Macrobenthos; Community structure; Environmental factors;
Canonical correspondence anaysis
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Treads, HAMRMUR . RTANEE DS, IWZIH
F o A 4 R A5 R S TS e SR TR
- BFET A B H A v . A T R R R R, FRE A
20 20 80 AT 4 7E ¥ T g 3 HE A 7 o B 1) 38 B TR0
TG (4 WALEE, 2014), %% 5 5 M G FE IO X A6 T
WA AR AR, BAEATE0A J7 0 2 B v A R B
FIZHFBR, ST E A BERG GEOR 0Y F B X — . 1
BETICT 16 B #E A2 1F i R 3 7= 15 RV E & il i B e
P57 TR 2 T A A (AR T A R
A 5 | 1 A 25 R 35 A% AU [RIAE AN E Z2 R (Arraki et al,

FEr, BHBR; MM, mh SR
TEHS  2095-9869(2017)06-0018-07

2010; Gonzalez-Wangiiemert et al, 2012; Taranger et al,
2015),

WL 2R A Z R A RS, T2
A7 13— R J5T R BT e ) R AR, A R
Wy i #5217 5t A% A5 8 7R S AR ROk S st AL Z R MR
=K, T DNA 2L E R EHK, Fril DNA
AL A TN T A AR R SRR B (X A A
2008; WhiEidh, 20117), HC A DNA 43 Fhrid, SRR
faf B 7 4| B2 & (Simple sequence repeat, SSR), 7EHE[H
HpB A Z o sy, BAZEEFE . RaE
e R T (AR A, © &)z T REIAR BL 20
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for Central Non-profit Institutes, Chinese Academy of Fishery Science (2013B01XK02)]. ® &, E-mail: beyond702@163.com
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1) Yao HH. Studies on molecular genetic basis of wild and breeding populations in Tegillarca granosa. Master’s Thesis of

Shanghai Ocean University, 2011, 70-90 [#kifhik. Jeift B LRI 538 RN 0 F B G AR, i K= 5

2SS, 2011, 70-90]
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A TWAR 28 B TN SR MO IX F ¥ (Paralichthys olivaceus) [l i HE (AR 11 15t 1 22 HE4% 0 B 19

PERYA ST (Wang et al, 2013), £4-, FIFHH A DNA
AR AT I 6 A% 2 0 1k St A% 45 4 4 A il i
W%, RRAERE ARBHE . FRHEBHAMEE EARE
A, WE IR pKAE(2012) FIXIACHT 45(2013) 437 18 Xf
72 X R FRRic Xt 90 B 74 AL I 6
AT T astE ZREVE AT X0 42 55 (2008) A BB AT
Q009)5HIFIH 5 XA 16 Xk T2 4 FhRic xF
3ANH S AN FEEFRFE BRI T T L 2R 7R
FH 2245 (2009) 1 F 10 % i T 43 Fhric XF i 34~ 4 6
FERNBEAR A A T 1Y 4 DI EE R ARA
HEATIBAL ZREME AT o (H D& F 4 BRI X 2 B [ 4 A
A8t A% 22 PRS2 R (R 40 52 38 R DL R o A 52 R
12 X3 13 B F i i % 2 5L 05 0 T 34 9 5 I IX. PN 1Y)
G ] R 1 3 A% ZREPE AT 0T, IR S HOR
0 2 AR RO AR AR 19 8t 1% 2R e EA T L, A+
1A% 2 ) B T 2 607 34 B TR0 1T 8 5 | AR 118 38 A% JRURS: 1E
FrPAL S LAk 38 [ 2 60 Ao ol ¢ 050 47 AR 5 s o T
YRR BRIE R

1 MR57E=%
1.1 #mREF DNA RE

I3 AR 2015 ARG AR IR Hpc SEER
LB A 2R A (DL R RTRRSEAS M) . S5 RO T A
BF L)y £ (LA T T FR 0 T AE 1A P) S 2015 4F2R 0 1 45
Jer DA 5% 55 30 Vg 3 AR IX (R4 1) 2F F &)y £ (LA )
FRIEHRER C)o SRASHER BHCIA BT AR 25 R A
30 B, H, AR MIKRE N (3675.22£1572.45) g, 1k
£ M (81.66+£12.38) cm; I AT HEIR P IR E A
(1.59+1.06) g, R4 H4(5.94+0.97) cm, [FHHEEAR C 4
R UE NS N4 RERIISE 2 DN S (P
HEA 30 J8, IZBFARARTE 9(55.84448.65) g, TAK N
(12.49+6.82) cm, 5 UK BE P-4 ToRAFAC L, 37°CHE
TR . YA N4 DNA 2 H0L50 &
(TIANGEN, DP324)#2 UL [ 4H DNA, $#2EUE UG ,
SR FH BB W 356 e FiL Uk 058 A0 43 6 O BE T 43 Sl A
DNA 1Y i1 5t e .

12 WIESNH

PN 15 v A (2012) FTXI KB 45(2013) & e 1) 72 %)
FEE T EPRC R 12 X 28 WFRCH T4
5T . HPRic 2 FR . 51975 . IR IGREESE LR 1,
Sl A T A TR ARG RA R4 . PCR L
MAKRZ A 20 pl: dH,0 7.4 ul, 2xEs Tag MasterMix 10 pl,
E RS I1(10 pmol/ul)#% 0.3 pl, DNA it 2 ul . PCR

KSR N . 94°CHUZEME 5 min; 94°C7A81E 30 s, 54°C
Bk 35 s, 72°CHEMH 40 s, 335 MEFR; LK 72°C
FEf§ 3 min, PCR ¥ 447 PE9700 &I PCR ¥ L #47,
B B 5 i bR 100 1 IREHLTR )05,
1S pl A _ERE T, BEIA T pl 7B 10 %579 PCR
PR, SRJE A 3730XL WAL T B LK, F
JH Genemarker 1 Fragment (Plant) i B 43 M1 44 X
WA 21 1) S LR B A7 2 AT, B A UK EE N 4
DB O 57 B 5 45 Sl D (L O 57 J R4 7 HE 3 i, 753
R BRI

1.3 HIESH

FIFH Genepop 4.0 2K {ForHr o BILE 5, Geit 44
SR FERIBO(N,) « LI 2% 5 B (H,) IR Z2 A B (H,)
MZEAF B 5 8 (PIC), I A HrBEIA ) Hardy-Weinberg
AL DR AS o TT B4R R) 45 3 A 1 32 R 40 Ak R B
(Gy) . FEHL . BT AL R E( XA LT J7) Ml Nei
G EFE S, fd ] MEGA 5.0 #{, %1 UPGMA J5
AR 3 AR AL RE B R T R

2 #R

21 BEEZHEUESN

12 X1 DR E A ZHEPESEUN, . Hy . He.
PIC fH%I T3 2. MWK 2 v LIEH, 12 X AR
3 MRERF R PCR VSR WEY N,
11.917-22.167 4>, ¥4 H,} 0.800-0.836, V-4 H,
4 0.814-0.845, -3 PIC 2}y 0.775-0.818, HHr, [A]
FREAR C BT N, e, b 22,167, BRLHTHER P
B34 N, /b, R 11.917, 3 H, B K 2 Bl R
& C (0.836), H/NEHBORATHA P (0.800), “F
He ORISR SEAR M(0.845), f/MURIRITREA P
(0.814), Myl RO AR g4 K W, 1F 36 M
KA EAET, A 23 DHEAALSAS B2 WS
T —EAARS AR A (P<0.05) . 7E 3 ANFEMR A 25 1 3l
R AFTAS - A e /D B R AT AR AR P, AFERCTS
EFRriC Polil396TUF, 8-D2 Fil Poli1024TUF H i 2
B(P<0.05) . i 125 M e — I AT A% - R XoF i 22 1) 2 [ 4
R C.

22 BEEHL

3 RS AL B R L R B Gy fH R 0.005-
0.043, {5 HLIYPOO HYIEH ML RZEL G, (Hfx K
(0.043), fii /5 Polil408TUF 13K /b 28 Gy i ik
/IN0.005) . 3 AREAAK AL Ny (50
5.515-45.983(5% 3). i 4 Polil408TUF 4 N, {H K,
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F1 LRHHIERCHER. EEFT. 51WF5. BAEER GenBank ERS

Tab.1 Loci, repeat motifs, primer sequences, annealing temperatures and GenBank accession numbers of 12 microsatellite markers

(VA Bk 2]l B R E GenBank %55
Locus Primer sequence (5'-3") Annealing temperature (C) GenBank accession No.

Poli1l345TUF  F: AATGGTGAGGAGCCAGATTG 60 DQ888920
R:AGTGGGCGATGGAGATGTAG

Polil491TUF  F: AGGGAGGGAACAAGCACTG 60 DQ889053
R:TGATACCACGCTGTGTCGTC

HLJYP90 F: TTCTACACAAAACACCCGACT 60 FJ915043
R:GAGCTTTGAGCAGTACCTGGAT

Poli1124TUF  F: CTAGAAGACGGACCCACGAG 60 EF112920
R:AACACAACATGGCAGCTGAG

Newpao202 F: GTCCAGACCAGGACAGTGGT 60 HQ528205
R:AGGCATGGCCCTACCTACAT

Poli1l396TUF  F: ACATGTGACAGCTCGTGAGGC 60 DQ888961
R:AGGATCACAGCCACAGTTTGGAC

8-G3 F: CCCTAAATCTTCTGCGTGGA 60 GQ421174
R:AGGGAGGCAAGAGGAGAGAG

8-D2 F: CTGGTGGTGTGGAGTCACAT 60 GQ421181
R:AAAGGGCTGAAAACTGAGCA

Polil024TUF  F: CACCAACTGGCCTTTGTTTT 60 AB458916
R:CCCACCACAACTTGGTCTTT

Poli1l408TUF  F:AGCAACAGCTCAGTATGGCAGTGTA 60 DQ888973
R:TTCCAGAGGCCCAGGGAGTT

Poli1377TUF  F: CCCTCGGGGATGAATAAAGT 60 DQ888946
R:TGAGTGCATTTCCATTTTTCAG

Poli866TUF F: TGTGTGCTCTTGCATGCTCT 57 EF112814

R: GAGCGATAGGGACTGTCAGG

®2 FHARFENKE-RAKEEHHWEKRE RIEESHFE
Tab.2 The genetic diversity and HWE test of different populations of P. olivaceus

FEUN . . #1E S5 Genetic parameters
. v 55 Loci
Populations N, H, H. PIC P
FARAM Poli1345TUF 29 0.967 0.942 0.930 0%*
Brood stock Poli1491TUF 7 0.717 0.732 0.681 0.215
HLJYP90 7 0.433 0.767 0.722 0**
Poli1124TUF 21 0.900 0.907 0.891 0%
Newpao202 21 0.900 0.879 0.860 0.004*
Poli1396 TUF 8 0.817 0.791 0.754 0.516
8-G3 21 0.900 0.896 0.880 0**
8-D2 8 0.717 0.829 0.798 0.051
Poli1024TUF 20 0.867 0.888 0.870 0**
Poli1408TUF 6 0.617 0.619 0.565 0.009*
Poli1377TUF 36 0.917 0.941 0.930 0%
Poli866TUF 28 0.983 0.949 0.938 0%
F-H4{E Mean 17.667 0.811 0.845 0.818
R AT P Poli1345TUF 21 0.967 0.926 0.904 0.117
Pre-releasing Poli1491TUF 6 0.667 0.737 0.681 0.590
population HLJYP90 6 0.567 0.740 0.681 0.118

Poli1l124TUF 13 0.933 0.897 0.871 0.287




% 6 4 A TWAR 28 B TN SR MO IX F ¥ (Paralichthys olivaceus) [l i HE (AR 11 15t 1 22 HE4% 0 B 21

ﬁﬁ% (4 Loci WES K Genetic parameters
Population N, H, H. PIC p
B iR P Newpao202 13 0.900 0.859 0.828 0.401
Pre-releasing Poli1396TUF 7 0.833 0.778 0.729 0¥+
population 8-G3 16 0.833 0.893 0.868 0.118
8-D2 5 0.567 0.764 0.715 0.003*
Poli1024TUF 10 0.867 0.802 0.761 0.003*
Poli1408TUF 5 0.600 0.535 0.482 0.992
Poli1377TUF 23 0.967 0.933 0.912 0.574
Poli866TUF 18 0.900 0.898 0.873 0.445
SE${E Mean 11.917 0.800 0.814 0.775
R RE A C Poli1345TUF 41 0.965 0.952 0.944 0%+
Captured Poli1491TUF 10 0.802 0.747 0.710 0¥+
population HLJYP90 9 0.419 0.730 0.676 0%
Poli1124TUF 21 0.930 0.867 0.848 0.340
Newpao202 20 0.872 0.869 0.851 0¥+
Poli1396TUF 14 0.872 0.825 0.800 0%*
8-G3 29 0.907 0.887 0.873 0%+
8-D2 9 0.756 0.791 0.760 0%+
Poli1024TUF 28 0.849 0.865 0.850 0¥+
Poli1408TUF 10 0.791 0.657 0.617 0%*
Poli1377TUF 40 0.895 0.924 0.914 0%+
Poli866TUF 35 0.977 0.936 0.927 0%+
SEH4{H Mean 22.167 0.836 0.838 0.814
3 Total Poli1345TUF 46 0.966 0.958 0.954
Poli1491TUF 11 0.750 0.744 0.706
HLJYP90 10 0.449 0.774 0.736
Poli1124TUF 27 0.920 0.897 0.886
Newpao202 24 0.886 0.879 0.866
Poli1396TUF 16 0.847 0.807 0.781
8-G3 34 0.892 0.900 0.890
8-D2 10 0.710 0.809 0.783
Poli1024TUF 34 0.858 0.870 0.857
Poli1408TUF 10 0.699 0.622 0.579
Poli1377TUF 51 0.915 0.939 0.934
Poli866TUF 43 0.966 0.943 0.937
F-HI{H Mean 26.333 0.822 0.843 0.826

E N, AL B, Hy g W 28 A B H MRS 1, PIC M 455 EA i, WAl —JRAAAR A5 K6 36 4840 Bonferroni
FEIE, * 09 3 I 5 (P<0.05), ** g4 ik 2 fis 5 (P<0.01)
Note: N,: Number of alleles; H,: Observed heterozygosity; H.: Expected heterozygosity; PIC: Polymorphism information

content. HWE test was corrected by Bonferroni, * Indicated significant difference (P<0.05), ** Indicated highly significant
difference (P<0.01)

N 45.983, i HLIYPOO i N, HfR/)N, 245515, 3 ZIIAALREE, Xf 3 DA IEATRZE(E 1), 3 M

AT VRRH B B 3 A AL R BORT Nei [t A% BE 25 43 R FEH A N PSE, BORTTRRA P AR C LR
K 0.848-0.941 F1 0.061-0.164(F 4), RIELKREA BN, HERAE, RIFHSEAR M B,
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Tab.3 The coefficient of gene differentiation (Gy) and gene flow (N,,) among three P. olivaceus populations
i &5 Loci Gy Ny, i 55 Loci Gy N
Poli1345TUF 0.023 10.491 8-G3 0.018 13.974
Poli1491TUF 0.011 21.983 8-D2 0.021 11.965
HLJYP90 0.043 5.515 Poli1024TUF 0.018 13.383
Poli1124TUF 0.019 13.139 Poli1408TUF 0.005 45.983
Newpao202 0.019 12.896 Poli1377TUF 0.017 14.106
Poli1396TUF 0.010 25.330 Poli866TUF 0.018 13.326
SEXI{H Mean 0.019 13.025
x4 FEIANBEEERMERI )H1 Nei [RiEfEEEE (D )

Tab.4 The genetic identity (under the diagonal) and Nei’s unbiased genetic distances (above the diagonal)
of three P. olivaceus populations

. . FAM WO AR P EGEEEEN®
B4R Populations ! ) )
Brood stock Pre-releasing population Captured population
S£7Z5 M Brood stock - 0.164 0.132
FU BT EEAAR P Pre-releasing population 0.848 - 0.061
[nl i #EAR C Captured population 0.876 0.941 _

TR EEA P Pre-releasing population
[El4# A C Captured population

375 M Brood stock

F 1
Fig.1

JF B2 ¥ 1V L A Y B RO A0 2, BT
SEE S H 2009 4F TF U 7 28 5L 15 3T U 14 B 0 IX 2R AT
FEERETE OGB4 BT A [ RS A 6 1
130077 2 o W& O BRI 2, O AT [0 7
gL Z R R I EAS G E . STk, AWFELIZ
LIS 3TV O DX A 7 ) 2 B R R X AR
AT IR B A A% 2 AR, IF 50 A B 0% £ fn
T TR AR 1) 382 1 Z2 B S BV E XS LA T

L5 B &= (PIC) N s Anid st (& 5 B &
R FESE, Y PIC>0.5 i, KHZsEIRic B
R TR A S Bk, MImEZA; M 0.25<
PIC<0.5 I}, FIIZBRLFRICRENS 5 0 & B FL 14t 55
A58, ML 1Y PIC<0.25 I, F ik
Fric TR LR B, MIE LA (McDonald et al,
2003), AHIZEH, BAric Poli1l408TUF 78 i i #E 4
i) PIC {H°A 0.482 4, £FRichy PIC Y[R 0.565-

MR Nei [t &£ HE 25 1] UPGMA B4 £ (19 55 6F 3 AN REAA Y ALy

UPGMA dendrogram for three P. olivaceus populations based on Nei’s unbiased genetic distances

0.944, FWIFTHE AR TR ic BA @25,
0] LU 50 07 4 SEREOR (9 38 15 2R 1 . 25081078 3 4
BEA TR ALY N, JE RN 11.917-22.167, Hidr, [EHH
TR N, F50050(22.167), BEITEX 3 ANFRUAR Y 38 14 15
f e YO ST E T P NN AN ) N 1 = o
AR o T B UK 45 (2012) X1 7K B 25 (2014) 43 1) T
2009 HFH1 2012 45 X] 28 5L 5 R 3 i 30 2 BF B SR BEAAR )
NI BGHEATIIIE, 450 8.9 1 6.789, 1
T ARV IR (17.667)0 X ULHA, 1E R B RKHF 6
RAN, 3ok R AR 75 2 D\ 23 52 0 Vg 3 495 19 2 2F X
T A S R AR EOR AT AP FE S 4, PR T R 2F BT
FEARHRB L Z M EE .

e BEALAE WL 2 5 B2 (Ho) LB B 2 6 2 (H,)
B WL T R R IC AR s A A R R RS
B, RABHE SR EGE SR, AN, &
WITEAR NG Z PR bR s, s 8 S AR B
B BEAAR st A% A8 SRR FE /N (Nei et al, 1975), A
5T Ho 76 3 N FHAR T AE F Dl 0.814-0.845, JEARHF
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YN

A F 795(0.845), WU AT AF A BRAK(0.814) (£ 2). HlH
RIRER He AR TR AR 0 32 22 5 U2 IR BIr g 155
S 5B . Z RIS 45 R, FEEEAR
X5 AR Y TRk %R B 2k i (Hara et al, 2006; FREFE,
2013), fFHERBOEARBEAR LR B A/ N 8, H
JEAKk A D BOLREA . A7 BN T 58 iR XA )
R, W R 7 RN SR R A . A, AR
4 R S AR L AR AE K 7= S W O T &R R O il DR 3
A [A] R AL T B A 2 (Lacerda et al, 2013; Silva et al,
2016), BHHREAA C 19 HABM 0.838, imm THRARSE
(2009)BIF G H IR SR T AR, WoAR T M A A (15 IR VK 55
2012), hdPHZE 5L 5 30 v 3G B 0 X 0 N T 3% 3
A 51 B A 38 A% AU

F N Ak 2R B0(Gyy) S o e T R [ a8kt 4% o0 AL 2 i
EBESH, —BIAN, Gy fHAE 0-0.05 Z A, #F
s b5, MEREBES; G, HTE
0.05-0.15 Z [AlI}, i A% 4 AL K- H 45 Gy R T 0.15
I, %k K (Balloux et al, 2002), AHF5EH,
FEE 3 ABEARORE A S AL L 2B Gy (HH
0.005-0.043, 3 MR [HRI R LK, st
LA 55 o AR 2 8] 35 4% 434k R ECF- ¥9{E
90.019, BEEH 3 AEEARIAE S 206 1.9%2 H AN [H
FEIRZ (] 3 R AE S5 R, 1T 98.1% 0728 S ok I T
FEIRN . KIREE AR, SEARRHA M FIRHHA C
ol TR AL 0 A B M Tl R AR P i 22, Hop, SR
FEA M ZHCEERIH BE A AT, BIERER C
LRI R B AR A T B TR — ek
A TER T B 3] 55 — AT A Aof 415 5 2 35 PR A7 31
AR, DT = AR B B R s (I 41T 46, 2004), &
PR 5 3 R oAb R B MG, BRI
(AR B G, ast A% oAbl /N (A A4S, 2004; XIS
£5F, 2008), AT AL FEH K (NL>S), Wi 3
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HRL IR Tb 2R ORGSR B S
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AN BRSO T T RSN R (B P
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LS T A CA5 v 11 38 A% 22 1 /K ST 15 I 2 22 0 30 v
S 2 G B R S RO TG S B S T, AL 2R
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PRI, Xl B R A 25 P P A7 B 2R
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O 4 AR R AR AR AL 45 1 T2 7
Hl Bl IERE, 2009, 30(4): 57-63]
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Analysis of the Genetic Variability of the Captured Population of Japanese
Flounder Paralichthys olivaceusin the Coastal Releasing Area of Qinhuangdao

SI Fei', SUN Zhaohui', YU Shanshan?, ZHAO Yaxian', SONG Limin', WANG Shuliang3
WANG Qinglin'", JIANG Xiufeng', WANG Yufen', YU Qinghai'

(1. Beidaihe Central Experiment Sation, Chinese Academy of Fishery Sciences, Qinhuangdao 066100;
2. Ocean College, Agriculture University of Hebei, Qinhuangdao 066100;
3. Weifang Municipal Ocean and Fishery Administration, Weifang 261000)

Abstract

Japanese flounder Paralichthys olivaceus is the major species of released fish in the coastal

area of Qinhuangdao. In recent years, the ecological and genetic risks caused by releasing a large number
of hatchery-reared fish to the sea have attracted more and more attention. In this study, we used 12
microsatellite markers to analyze the genetic variability of the captured population of P. olivaceus from
the coastal releasing area of Qinhuangdao. We also compared parameters of genetic diversity among the
brood stock, the pre-releasing population and the captured population. The mean number of alleles was
between 11.917 and 22.167, and the maximum and minimum values were found in the captured
population and the pre-releasing population respectively. The mean observed heterozygosity (H,) ranged
from 0.800 to 0.836, and the mean expected heterozygosity (H.) was between 0.814 and 0.845. The brood
stock had the highest H. value, and the pre-releasing population had the lowest value. The mean
polymorphism information content (PIC) ranged from 0.775 to 0.818. Twenty-three out of 36 group-loci
combinations were significantly deviated from the Hardy-Weinberg equilibrium (P<0.05). The Gy values
among the five populations varied from 0.005 to 0.043, indicating a low level of differentiation. Results of
this study suggested the high genetic diversity of these three populations. Moreover, no obvious genetic
risk was caused by the large-scale releasing of hatchery-reared fish in the coastal releasing area of

Qinhuangdao.
Key words

Paralichthys olivaceus,; Captured population; Artificial release; Genetic diversity
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L% 8 K $R £ (Protosalanx hyalocranius) Cytb #0

CO | ERFSIERMENH

A4t = OE?
XN B ok ®

(1. VLIRE R TBE T e
2. FRUMIE R E Rl B

kA EAN XL
EHIE S BEAT

YL B K Bl PR B S22 Fe Al 210017,
210046; 3. VLA MBI EHE R S NE  HEZ  223300)

= 48 7 4, [F % ) kK 47 # (Protosalanx hyalocranius) i & % # M 300% , BL 2 4R 32 F0 428 7| A
KR EFMFERE, RALRAEEEE bEECH)FmEEE cAhE | TEEFCOL)F7,

AT T BRI A0 R AR AW A, B PCRY W 5770 2 95 % E T KE H 1141 bp
630 bp #y Cytb A1 CO I Z£ [ /7 71 . 40 4 Cytb £ H 57 7|83 A . T.G #1 C Wy FH & E 4 21.7%.
29.3%. 16.7%7F1 32.3%, i 6 MR FALE, EX 7 DREA, BER SHERE TR S AL
J 0.775 #1 0.00129, #F-F = FH oy 1.469. 40 % COl XEF 7w A, T, G M C T4
B 21.6%. 26.0%. 19.2%7F1 33.2%, #d 5MERAE, £ 6 MEEA, A LM
YA B % #1251 5 0.700 F1 0.00207, F344% 3 % 42 1.303, Cytb % CO T FH 2 A = |4 ty
HEEERAN, ENIRAHAKRL X, HAARELFELH B AR L2, FUSFH MR

RERMBER R TERLR, RERRREAHET T HHEY KEH.

KA

hESERE S017.4  X#EtiRINED A

KA (Protosalanx hyalocranius) ™y 1 4EA4: )/
s, SR8 TR H (Osmeriformes) . 4R 1 £}
(Salangidae) . K4R ffiJ& (Protosalanx), X #3548k [z
PSR, 2 RN - R A (B BIAE, 2002) ., RAR
]2 A TR ARSI | KILE K TLR W
TAJCECIG | S T 1 RO PG I R, A T
MR K E FE fafp, R RIREESE, HIRFE,
SV E R, 2R TRE R AN K
AR, TR o B . KR TR L A
BEWE WAL AE 2R R 2R (R 5 ], AR f ) b B i S
TR, RARGEIRC B Wil (£ 08158, 2002), I,
TR AR f0 SRR C 20 7R JA BE

HESEMN; AEEEDER; A RCcAMBEIE] XH; K4Ea; HEH
XERS 2095-9869(2017)06-0025-07

i A5 A% Z R PR R B 5T — O T RE % S 48 il
Fgc IRt A Z AR BR , 53— 5 AT LRy il B R )
A RREE K AR AL E SR BRI . 2R ZORIIR DNA
(MDNA) R B ALY T T 23k, oA S b S
RS B RE R G LT JCE AL SRR i, e s B A5
1% ZREVE RSt 45 K i AR RH(E R4S, 1998).
2RI AR 41 it (5,25 b (Cytochrome b, Cytb)FIZH i1 % ¢
ALV 3 T (Cytochrome ¢ oxidase subunit I, CO 1)
BP9 BA S FEAR . SRS, ST
FpRE K ST 3845 ZRE R BRI, 8k ) 32 iy FH a2k
SEIK A AR W ) 2R G TR RE a5 AG 22 R 9 b (PG 55
2011; HIFHEE, 2014; Z5A-fidis, 20158).

* VLI 7K A R W IR T KL 5 (ZY HB 16-3) % B[ This work was supported by Major Project of Hydrobios Resources in
Jiangsu Province(ZYHB16-3)]. Z= k4, E-mail: 1dm8212@126.com
O WifEE . WA, BFFER, E-mail: Jianlinpan2006@126.com

Weks HIY: 2016-08-08, Wi ik H 11 2016-08-29
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HEBE I N 1597 km?, VT IRE S KR ,
1 3 [ 26 D IR KA CRAA SR S5, 1993), L]
Wb TR E R IX 28 0 kR B E AR (K
§E, 2008), fE 20 HE2N-E ARG, BRI R AR 0 5E
IR F 5w, BRI RO AR A R, Al T
E R AT 806 (T8 MBS T 4, 1977), JT4E
K, BEEEWI AR 1 AR BT IR L 2R R R, ©RRIE L
AR BER o A LRI AR f0 A 9T A R
e . B A S A 0 T (TR b
PR 55 T 50 90 25 Tt 36 1) R £ 3 S AF 5T MR A4, 1975,
SKIF A4, 1981; AREAFISE, 2013). 5K i (2005)V i
B FH(2015) 2% 43 122 W0 24 F AR 5T 1 R 1 A [7) i
PR R R0 384G 2RV SO AL S50, A ¢
THETE A R £ P a8 A SR 1 U 1 A DL AR o ASF 5%
SRR AR MY Cytb A1 CO 1 4 Fr Be kAT
B MY, AR AL SRR FOR AL ZE R, AR A
T3 R AR AL BORE, Rl I] S PR R
FRAR IR AR A A R —E S %

1 #wRlERZE
1.1 Kewr#

2015 4F 8 J P\t A0 s A /K 45 (33°24'057N,
118°41'20"E) R4 40 B R kA {R K 7E 3.5-7.0cm
Z I (CFH4{E M 5.2 cm), {AHETE 0.1562-0.7680 g 2 [1]
CF¥IEN 0.4375 g). BYHUKARfRE, HATKL
B R AE, A SR = A .

1.2 EFEZH DNA BB

BIHCR AR 1 R € ZH 2144 100 mg, 22 A 1.5 ml &
O, SR, SR IG R4 DNA S BG50 &
(TaKaRa, HZAS)HRICKAR LN 4] DNA, 4 DNA %
T 200 pl TEHEW T, B T-20CHRASH .

13 Cytb#1CO | EREF . @ 5NF

AWFFEH, Ctyb P34 A ¥ 51914 L14321
(5'-CCAGTGACTTGAAAAACCACCG-3) . H15634
(5-CTTAGCTTTGGGAGTTAAGGGT-3')(Zhang et al,
2007), CO I ¥ s A1l J¥ 51 ¥k F1(5'-TCAACC-
AACCACAAAGACATTGGCAC-3).R1 (5-TAGACT-

TCTGGGTGGCCAAAGAATCA-3) (Ward et al, 2005).,
PCR J i s A 1444 50 pl, HiH 10xPCR Buffer (7%
Mg®") 5 pl, Tag DNA polymerase (5 U/pl) 0.4 ul, dNTP
(% 2.5 mmol/L) 4 pl, 5 4(10 pmol/L)4% 2 pl,
DNA 4% 2 pl (50 ng/ul), ddH,O %2, PCRY”
I FEF 4R 94°C HAEME 3 min, 94°CAEME 30's,
55°CiEk 50 s, 72°C#EfH 90 S(Cytb)k 50 S(CO1),
30 MIEER, 72°C fieJ5 HEH 10 min,

PCR #" ¥ 7=4) 2 1.5%I N MEEE R L vk o B 0
2 DNA i IGR 7] £ (TaKaRa, HA)4lifk % &4
TAEY) TR () By A BRA BT o AR uE Bl
SUHERAPE , A RE 342 FRL ] I .

1.4 HIESH

JIAR 5 Clustal X 3R 4517 4 % | B0 FIHET
(Thompson et al, 1997), [ DnaSP4.10 43 #1 % f:(Rozas
et al, 2003)i1%4 £ 2537 5 % H (Number of polymorphic
sites) . Hf%#U%L H (Number of haplotypes) . Fiff#l %
HEVE (Haplotype diversity) . ¥ li2 2 ££1%: (Nucleotide
diversity) Fil 7 34 5id & 2% 5 %1 (Average number of
nucleotide differences) . 1 MEGA 4.0 % f:(Tamuraet al,
2007)Ge it md A A, JF 2T Kimura WS Eis A 153
PR 2 Ta) () 3 AR E R . LA K 5958 £) £1 (Neosalanx
tai huensis) % [r] I /5 371l (GenBank % 5% 5 Ay JX524196.1)
YE R AR, SR AR 31 (Neighbor-joining method, NJ)
1R EE Cytb Fil CO T JEH HAAE R R Gk A, 4k
R s 3 2 B S B OKCF B A 514 A (Bootstrap
value)ftiif, 3t 1000 RAEH

FH Fu's Fs Hr A 30 FAZ 2 AN B 4347 (Mismatch
distri buti on) il it 8 I AR fo R ) D7 SR B A

2 #R

21 Cytb#ncol EEFEFIS

Z: PCR §8 . W F AR xT, RS R £
LRtk Cytb HEH KT, HKEN 1141 bp,
40 %% Ctyb BH IR T 6 M8, Hd A
ARG B, 21— (F RN AL T,
G Il C W& =N 21.7%. 29.3%. 16.7%F
32.3%, Hif A+T K& (51.0%)ME T G+C &g

1) Zhang Y. The study on the genetic diversity of Protosalanx hyalocranius. Master’'s Thesis of Tianjin Normal University,
2005, 1-63 [7KA. KA ML ZAEIERITY. KB R AT 58 A #0018 3, 2005, 1-63]

2) Xue D. Genetic diversity of 9 populations of Protosalanx hyalocranius in China based on Cyt b sequences. Master's
Thesis of Jinan University, 2015,1-53 [{# . & T4IME R b iy E 9 SRR AR L ZREFTE. R R2Fm Aot A4k

LB, 2015, 1-53]
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AR A UL IR 4R £ (Protosalanx hyalocranius) Cytb F CO 1 #6591 £ 25 M43 #r 27

(49.0%), 40 % Ctyb FEHFIIE LT 7 A HAFH
(Hbl-Hb7), Hid, P Hol R k£ (16 1), #
£5 7 Hb2 1l Hb6 i e/, A 14,

2 PCR § 8% . M RS XT, A9t Rl fa
LRtk CO 1 BT H By, HAKEE N 630 bp, 40 4%
CO T RHMFEEFIIA 5 AR RAi s, Hp, £
ARG RO, LR —FEAL . EA. T,
G fl C W& =55k 21.6%. 26.0%. 19.2%F
33.2%, HH, A+T [ 5 (47.6%)IL T G+C &t
(52.4%), 40 % CO Il HEHFFHIE LT 6 PHffi
(Hcl-Hc2), Hoop, PAfEi He3 B £ (17 1Y),

58 He2 a0 (1 1Y),
22 HEBABHEBESHESH

KT DnaSP 3 R AR £ 3 AL 22
PESH(E 1), I LATLIfSH, Cytb SR A5 Z
FEME R AT TR 2B 5054 0.755+£0.045 F1 0.00129+
0.00010, H&5:F-142: F 40k 1.469; CO 1 K sl
Z R M AT IR 2 FF M4 il o 0.700+0.047 Al
0.00207+0.00016, fif%E-F-34 25 5400 1.303, 4554 &
7, Cytb Fil CO I JEH 135t % ZHE KT R M K
1R B 7R S M MR A A2 1T TR Z R A

x1 HFPRREEEZHELSH
Tab.1 Genetic diversity parameters of P. Hyal ocranius population in the Hongze Lake

N PR g

Z/ALRC PR PRI AEE BHRZ R

Population Sample Gene Polymorphlc Haplotypes Hz_aplotype NL_JCleoT.Ide Average nu_mber of
number sites number diversity diversity nucleotide differences
KR 40 Cytb 6 7 0.755+0.045  0.00129+0.00010 1.469
P. hyalocranius col 5 6 0.700+0.047  0.00207+0.00016 1.303

23 Cytb#0 CO | EF B FRIRGH LK

K H Mega #4433l 155 Cytb Fil CO I 5& P L%
Y 2 (0] 9 35t 15 180 125 Cytb it R B A% 76 2 ] ) 35t A% B 2
1£ 0.001-0.004 Z [8](F 2); CO I F&[H A5 R 2 a] ()
1wt AL ] B AE 0.002-0.005 Z [A] (% 3). Hubnl LAfg i,
WL IR £ A Cytb A1 CO T FE [ PR Y 2 8] i) 15t 1%
FEER /N

DA B AR /R A E, SR NI vk gt Tt
B R Cytb A1 CO T LN A RIAY R G (1 1
FE 2), M 1 FE 2 A5, Cytb Al CO T FE[H Hfi
IR Ry —, R BLTR Z (] i R, X5
Cytb Hl CO T JLH A5 Z W] (B AG E B (R 2 M
P Q) A — Bk . BRI 2 ] p) g A% I S K R et Ak
IR, PEPE R M B T 2 B oA ) R A A

#z2 KiRfa Cytb HREBER AHBEEEE
(3£ F Kimura-2 parameter #£)

Tab.2 Genetic distance of the haplotypes of Cytb of
P. hyalocranius (by Kimura-2 parameter method)

(37 3]

i Hbl Hb2 Hb3 Hb4 Hb5 Hb6 Hb7
Haplotypes

Hbl -

Hb2 0.001 -

Hb3 0.001 0.002 -

Hb4 0.002 0.003 0.001 -

Hb5 0.002 0.003 0.001 0.002 -

Hb6 0.003 0.004 0.002 0.003 0.001 -

Hb7 0.003 0.004 0.002 0.003 0.001 0.002 -

#*3 KIR&CO| EERBEREMIEEES
(Z£F Kimura-2 parameter %)
Tab.3 Genetic distance of the haplotypesof CO1 of
P. hyalocranius (by Kimura-2 parameter method)

(ST
AR Hcl Hc2 Hc3 Hce4d Heb  Hcb
Haplotypes

Hcl -

Hc2 0.002 -

Hc3 0.002 0.003 -

Hc4 0.003 0.005 0.005 -

Hc5 0.002 0.003 0.003 0.002 -

Hc6 0.003 0.005 0.005 0.003 0.002 -

Neosalanx taih s
0.01

P1 o HEPEW R G Cytb JEDH S AL 1 NJ R 58 & A A
Fig.1 Neighbor-joining tree of Cytb haplotypes
in P. hyalocranius

53-Hc4
70} Hc6
64 l11c5
e
Hcl
|Hc2

Neosalanx taih is

L |

0.01
K2 PEPEBIORM M CO T P BAE AR NI R 58 K A
Fig.2 Neighbor-joining treeof CO1 haplotypes
in P. hyalocranius
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24 KRIRGFEFH LT

PRI AT A R s, Cytb Fil CO T JEH 1
Fu's F {4 A ffE, 43 %°h—-0.32836 F1-0.52548, 1H
Gtk R B (P>0.1), WO e AL
B3 15 25 43 A (Mismatch distribution) 73 Hr i 5L B
W TN (] 3 P14, r A 56 R Fe B a7 A PR 2
HEPE R AR A D S B AT R T REEY Tk F

0457
0.40
035}

>
g 0.30F
5]
3 0251
2

= 020

g 0.15
0.10}
0.05F

ot . . 4

—— JWEE{H Exp
—o— SLAI{E Obs

5 10 15 20
FiX} 22 5% Pairwise differences
K3 KA mDNA Cytb 3 X ¥ 51 4 i i 3 43 A
Fig.3 Thedistribution of mismatched basesin mtDNA Cytb
gene sequences of P. hyalocranius

0451
0.40F
035F

I
£030f
Q
2025}
2

K 0.20

g 0.15}
0.10F
0.05F

0 -

—— HIZA(H Exp
—o— JRWE Obs

0 10 15 20

5
FiX} 22 5% Pairwise differences

Bl 4 AR mDNA CO I JE K ¥ 51 4 B Bl 3% 43 A
Fig.4 Thedistribution of mismatched bases in mtDNA
CO1 gene sequences of P. hyalocranius

3 ifip

AWFFE T2k 1A DNA Y Cytb Fl CO 1 M
GIFRE T UERE 0 R 0 st A% Z 6Pk . B St Xt Cytb
A CO T FE K 4 Hr 5 H 3 371 AR il 5 2 o 2 B HE R 34—
Pk, 552k & DNA GRS B AT —B0PE (PMVIS 45,
2011; HA#RAE, 2014), Hrlr, Cytb SEPHFHIEIE AL T,
G 1 C WP &EDMNHN 21.7%. 29.3%. 16.7%F
32.3%, CO I FL[H /7 I 7 1 43l & 21.6%. 26.0%.,
19.2%F01 33.2%, 2 MEE P 5 rhisdE G &t sk, C
S, 2 B0 I Y e A PR (ki A% 2012;
BG4, 2014). 7341, Cytb JE[H 1) A+T 75 5 (51.0%)

&K T G+C 5 (49.0%), 1fif CO I JEH H By A+T %
1 (47.6%) 1% /N T G+C 7 1E(52.4%) , LI KAR fZhn
1 DNA REZEHR ) A+T S5 G+C H BT EER .

WL SRR AE YA N B A T, R
T N AR S HE SR AT 2R R A TR
Z TR BUR M i — RV R Z FEE A R R
HHEFE R (Vrijenhoek, 1994) , ABFSE 45 ok, A
T Cyth 1 CO 1 FE [H )7 51) 4 15 ) R 1 B35 7 20
P43 514 0.755+0.045 i1 0.700+0.047, % H R AL
4351 0.00129+0.00010 FI 0.00207+0.00016, %34
1 B TR 2 M R T R A R R A, 5 KT =
Ul 7K 22 F1R) AR £ B 8 Bk HL Al o 2 ) 22 B M AR AiF L
Bt Han, WK fa R A A R 22 BRI
4351k 0.850+0.045 Fl 0.02960+0.00017(Z% K fir 4,
2015b), oK 2 AR £ Y BRA AU RNAZ 1 IR 22 1 40
% & 0.804+0.032 F1 0.0014620.00009( % %% 1§ %,
2009), KAR 1)1 ZREMERRIE o, 1AM s
BRI REZ Dyt 7 s sk 4, B — BN A R
T AR A B[] PR A Sl — A R B 1R (Grant,
1998), AWFFELE R B R, Cytb 1 CO T FEH 1 Fu's Fs
EoM A, HREE oA 3 2 g AL, 1 3R 1]
PEPEW AR Iy s B2 0 T AR K FERNEEY K
AR, BEEFVEEECE ARG N, B 2R BT
e, (BB BT R R R R AR R
PRI, 2 38 S BT 8 20 o T 2 v T A Y TR 2 R T 31K
1)L Z FEPERE X (Grant, 1998), 7341, Cytb B
fERlE T CO T JEH AR A Z e, Uil KR farp
Cytb FE A4 CO 1 75148 S Faph, 3xX 5 FHoAth f
25 v A A AL (52 B O 55, 2009; PG &5, 2011,
T, 2014)

ELA I FT 45 S s, TRV T %) A T B AR B A5 A
FRZ T R 2 FEE Y 31 9 0.686+0.039 #i1 0.0021+0.0003
(Zhao et al, 2008), 7 [LHi4E ffi (Neosalanx jordani) .
fE R R AT TR 2 FEE 2014 0.583+0.109 F1 0.00067+
0.00017(#X 554, 2010). ASHIF5E A LRI AR £ 1) 5t
& 2 R T T AR A RN AR £, (EAI T K]
Fo = e P XY R AR 35t iR 2 M (B R AR 4%, 2009;
ZERAwSE, 2015b) MERMAORAE , LRI AR f b 5 5%
TRt L Z AL TR o — ROk UL, YR 5%
ZREVE R AR S HOE N B8 7 L AEAERE T Rtk Ak i H1 %
G F & M BE A T R A 5 i 11 3 N AR A7 T
J1. FEMEMABARRE T MR, YR
SEE/D I RE S BT E NG R, MTER . AR S
FARCRARG B ATRA0 A 1A 0T B 45 A8 Ak 1 3 1 g
(Yang et al, 2007). Ht, 75 EMAT A £ 0 R
PRA I BE B AR AR A0 BRI e, B e Hs 2R
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g LR R o U T R 2 S R ) JH B4 LA

BRI [0 ) 38t 1 B 5 R NI R G m LA Y
PRI R A BT Y 2 TR AL R B AR R AR, BT
FURE IR — 3, R KR RPN A S o
ko X % B LR AR fa AR R AF T b PR 2, L
AR ER IR S, BBV A HA B AL R Bk . (6
BRI Bz =0 g [X R AR A R A B B 70 2 i)l L
A A 5%, 2009; 25 KA, 20150) ., AHF
FEFR, BEPEW AR fr B R A R S, e,
TE Cytb K 7 AspfEalep, BA5R Hbl Sl
16 >, TiEAf%E%E Hb2 F1 Hb6 Fig HA 1 4 7E
CO I MM 6 N Hfis Rl | A5 He3 B A 171,
ML R He2 B A 14, MART o, X B fs RUg
RPN AR R R IR AR BASOLON L, HAT,
Bt L VK AR ¥ D R R 2 R VR T R
R I EE LR, 0 B ST A A R B A 2R U
T2 A0 B35 A% Z2 REE G 52 MR Bl = B2 DAY (TR HE 1 56
2013; W SCHAE, 2013), 3 izt 20 B A 5% 446 5 A A
SR A BRI 2 B s OC R, R AT BN TR A LA
B/ BB ARECRE , A AR T AT R T I s SR
PRIR L 2 ReE . L, A STt T LA JF R 5
0 NG N ER T T A R

2 £ X #
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species of Gadidae fish. South China Fisheries Science,
2009, 5(3): 46-52 [LEyHHH, R, HAKI, . 4 Fpdg
ZERifAR 16SrRNA . CO I il Cyt b Fe[R H B8 A4 L AT
7%. BJT/KrE, 2009, 5(3): 46-52)
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Genetic Polymor phism Analysis of Cytb and CO I Gene Sequences of
Protosalanx hyalocraniusin the Hongze L ake

L1 Daming, L1 Kang?, ZHANG Tongqing", TANG Shengkai®, LIU Yanshan',
LIU Xiaowei', MU Huan®, HUANG Yuefeng®, PAN Jianlin®”

(1. Freshwater Fisheries Research Institute of Jiangsu Province, Key Laboratory of Fisheries Resources in Inland Water of Jiangsu
Province, Nanjing 210017; 2. School of Life Sciences, Nanjing Normal University, Nanjing 210046;
3. Hongze Lake Fisheries Administration Committee Office of Jiangsu Province, Huai’an  223300)

Abstract In order to analyze the genetic diversity of Protosalanx hyalocranius in the Hongze Lake,
the mitochondrial cytochrome b (Cytb) and cytochrome ¢ oxidase subunit I (CO 1) gene sequences were
investigated in this study. Using PCR amplification and sequencing, 1141 bp of Cytb and 630 bp of CO |

sequences were identified. For the Cytb sequence, the contents of A, T, G and C accounted for 21.7%,
29.3%, 16.7%, and 32.3% respectively. Six polymorphic sites and 7 haplotypes were obtained from 40
individuals. The haplotype diversity and nucleotide diversity were 0.775 and 0.00129 respectively. The
average nucleotide difference was 1.469. For the CO I sequence, the contents of A, T, G and C accounted
for 21.6%, 26.0%, 19.2% and 33.2% respectively. Five polymorphic sites and 6 haplotypes were obtained

from 40 individuals. The haplotype diversity and nucleotide diversity were 0.700 and 0.00207 respectively.

The average nucleotide difference was 1.303. The kimura-two-parameters analysis showed that the genetic
distances of the haplotypes varied between 0.001 and 0.004 for Cytb, and between 0.002 and 0.005 for
CO I . Furthermore, the phylogenetic tree constructed with the neighbor-joining (NJ) method indicated
that the haplotypes of P. hyalocranius formed one clade, which suggested that there was no genetic
differentiation in the haplotypes of Cytb and CO I of P. hyalocranius. Fu's Fsvalues (-0.32836 for Ctyb
and —0.52548 for CO 1) in the neutrality test was negative, but there was no significant difference. The
mismatched bases distribution analysis showed a peak type, which indicated that P. hyalocranius in the
Hongze L ake had experienced a population expansion.

Key words Genetic diversity; Cytb; CO I ; Protosalanx hyalocranius; Hongze Lake
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H38 % 46 o B dt JE Vol.38, No.6
2017 4F 12 A PROGRESS IN FISHERY SCIENCES Dec., 2017
DOI: 10.11758/yykxjz.20160729002 http://www.yykxjz.cn/

K Z 8T (Scophthalmus maximus)PRL E A .
Na'-K *-AT Pase a1 £ FE X £h 2 e f i Rz

#X " HZEDVY #EEY A5 xFgY
EARDY EREY B KT dmpt

(1. R FRE e P RpE R R E SRS ST K AR 7 TR S AEYH AR E S
R E K R B B K PR TR R 266071 2. R OKE MR LI 201306;
3. BRI E S EARERLRE B AEYESEYHARIIREGE FH 266071;
4. WEIF KX KRFEARTHRAF  MHE  264003)

WME KA EE PCR AN A #HZ e T & 6 JH & & % #F (Scophthalmus maximus) 47 #
Ji . #8 % 1E 3L R (PRL) 3 B f7 Na'-K'-ATPase ol 7 #f 3£ Ky KR E3ATHRM , DR JE 30 A T4,
hE 5. 10, 40 150 K EBRAHTHEE M. ERET, WHEEARHAR T HERL, BHE
FtyxkEEA AL A B4R HE, B4 PRL, Na'-K'-ATPase ol LF Wk X &, A#E 50 F0
SEUT, M aEmEKERABERREEMAS,; B4R PRLEFNEKAE, £HEZ 50 M
BE S AMT, M E K S A BK, T Na'-K'-ATPase ol 3 K ki B K 44T (3
FESEHRELRN, EHRLAGETGEE SOMEREK ENLRREABTHNENESE ERAR T,
ARERGFAREENHEER MEREN AR, AHERNRAENZALEATERREAS,
HM*ARHBERT 1, EHEART, £1040BEHTEN, FAERNERAGFEARNEREA,
Y PRL EF WX A EEINFFETHE)&E A, Na'-K-ATPase al ZFE kKB EN TR FH)
Y, AWML E AKX REE N AE, FFEEY, PRL EAIH Na/K'-ATP Be iF MWy 1E A, W
A Ja 3 e o F R AL A R R KT

Kigia

hESERE S917.4 SCEkERIEAD A

K ZZ 61 (Scophthalmus  maxi mus) & Ji 7= F K K
VORISR A S B 1 (128, AR AE 1240 $h LRI
REBF R A, LR BRTEER BEAR 2 5 KRB h AR 77
(425, 2002), R T a0 KR ER ARk, f
RATAT A B S A 02 PR AL, I i 42 51
HE DR ) e TR R AR B 1A, DT 38 3138 3 P-4 1Y)

KZ4F; L& PCR; PRL #F; Na'-K'-ATPase ol £ ; 3h /% it
XEHS  2095-9869(2017)06-0032-09

R (Burel et al, 1996), 4K, 756 ks
BRI HLE BT H 585 . AT 2B I8y
AIRIFSE , 4 I\ i RS A8 22 % HL G 40 i i T8 A5 28 1k

5 B8 22 %535 33 VR 7 3% B Na'-K'-ATPase (197 P Al
SR T R A A A b TR AR, 20065 B RRAE,
2014; FRELLE, 2012; B HAE, 2015), IRAEI T4 F

* AL B AR R T H (CARS-47-01), T B AERFA SHEORE Z I F 28I AA TR B E | I1ARE E A
WF &3R5 B (2016GSF115019)H1 1L 445 4l B AP T #4235 H (2016LZGC03 1) 2L [/ % B[ This work was supported by the China
Agriculture Research System (CARS-47-01), the “Aoshan” Talent Plan of Qingdao National Laboratory for Marine Science and
Technology, the Key Research and Development Plan of Shandong Province (2016GSF115019), and the Agricultural Fine Breed
Project of Shandong Province (2016LZGCO031)]. £ 3CH%, E-mail: cuiwenxiao2010@163.com

O \EiRfEH : DR7E, W56, E-mail: maaj@ysfri.ac.cn

W H#: 2016-07-29, Weisehfs H #9: 2016-08-31


abc
图章


% 6 4

MRS K256 (Scophthal mus maximus)PRL H£[K . Na™-K*-ATPase ool & R % h BE k30 &4 v Ji7 33

IR ST RN AR, 2011), 177 DA 4377 ThI 8 7R K25 6
B R L DA HROE

7 & (Prolactin, PRL)F1 Na'-K'-ATase /F A £k &
WA G EEIREEE R, 523 [ N bk B 2 23
B . EARGE(2012)FEF 5T 12 i (Cyprinus carpio var.
Jian)fEFL K FL NI &, PRL 7E @) Z DB &R
aEMALHAGRIE . BHET, CHRIE T4 L 6H(Sparus
aurata) (Laiz-Carrion et al, 2009). @t #i( T 7 %,
2012) . 41 fig %5 J7 fifi (Takifugu rubripes)(Lee et al,
2006) . “Ffi§(Rhabdosargus sarba)(Kwong et al, 2008)
#; 4> ffi(Per ca flavescens)(Lynn et al, 2007). e % %4k
ffi (Tilapia nilotica)(Shepherd et al, 1999) . &} £7 5 {11
(Epinephelus coioides)(Zhang et al, 2004) . fif
(Acanthopagrus schlegelii)(Chang et al, 2007). =&
75 % A fi (Oreochromis mossambicus)(Breves et al,
2011). 4 ffi(Carassius auratus)(Imaoka et al, 2000) .
KP4 P fi(Salmo salar)(Agiistsson et al, 2003), 5 124
Ji§ ff1(Schizthorax prenanti)(Li et al, 2011)% 1A PRL
FE K3 9 S AR AN [A) 0 B R EE N R B AR 5%

TR O £ B S N A R PR R R | AR
U F KO B i 8 1 G40 B N Na'-K'-ATPase
mRNA () RIA e =, B P A3 0 5 S 40 M i ny 3
i % 68 Na* #hHE L IE H(McCormick, 2001).  H i,
EL 438 T 5 D 1 (Barchydanio rerio var)(Rajarao et al,
2001) . K% % % 4 fi (Sarotherodon melanotheron)
(Hwang et al, 1998) . W i (Oncorhynchus mykiss)
(Richards et al, 2003). KPEHEE(D cotta et al, 1996)
S ) Na'-K'-ATPase ol FEFFES], IFHIFH T A
[FI#FPIE] A Na'-K'-ATPase ol & [K 192 FelR 7 51 e
FARST

55 %W, PRL 5 Na'-K'-ATPase > fE3E A
B H 0 2 A ek, Hidr, PRL 7R HESI Y h B
AZ M AR, m7E 2R b 2R F 2 RE i
AR Na'-K'-ATPase {if PR W45 1M1 3238 1% R I K,
PIJET 98 35 RS T F-ffir(Li et al, 2011), ) £h
0125 PV K BRI R A R b, AL 2240 W 1 i A
il G A A /N ] Na™-K ' -ATPase TG M, Jdi/0 fil
XfNa'. ClUAYHE S (BRIE 5, 2001), L, 5%
AN TR ER BE 25 R WO RD ) 18 2 DXL A A B AR R AR L R 56
AL, XRS5 3 R 0 4y AL A A
PYHLEE SC, MR EEA HE . R, AAF5Ek
FHSEIT 0 E i PCR A, KA [A] 58 B2 2678 A
[AJ£H 2179 PRL Al Na'-K'-ATPase al BifhIhfEIE A Y
Fok AL, % Na'-K'-ATPase al, PRL £ 7E Kk

ES 8 il Ripors L iDL (SR e e I iOR RER (T
A O RS2 B (Y iR 8 PRI SR AIURL AR, O K22
Bt TARFT R I S B A

1 MRS
1.1 SRIgH#

2 K EE B4 A AR A 6 R TR K A R
ANa], K R(10.14+0.29) em (n=300) K FHEMA
IERLEHIE IR 2 J&, 25 B/, BK 160 L, KA
IKFERFRH, FRHH AR i g K . FR5E K ER
RETE 30104 BRAL) LR 1, 42 HITHE 5£0.5, 101,
301, 40+1 F1 50+1 X 5 AEREE, REAERIERE 3 A
S, e AR B RMIRER BE th R ARG K (FR B 30+1) 51
IR SR BL T, AR AR 90% . St
PR, SERITARSS 5. 12, 24, 53, 102 h 535
ORE , BEAER R 4 R Al g 2 1043 S LB R i 1 21
R A 10 f5RFH RNA (A0 T, 4 CEfE— B 1%,
PR 20 CUKRR I IRAT . 15 1 S 40 5 AT 56

1.2 = RNA $2EUK cDNA X FEHIE

B RNA AJIRIUZIR R RNA X7 & (RNA prep
pure Tissue Kit, KAR)IEAT, TSI KA RNA /)
afi g, AN IR ST . RNA JRIRE
F-80CHRAFE. HL 1 pg & RNA, ] Quant Reverse
Transcriptase 3% % S liff (TIANscript RT Kit, KH), %
TR VLI 454 B cDNA H—4E, —20°CH~-7,

1.3 AWK ER PCR Kl

SRt i PCR A& At RAR A (e R
i BRZN ] i) SuperReal PreMix Plus(SYBR Green); 5Z
¢t E B PCR SO R AT iR SCAE R R
H] 4 P2 FTC-3000P Real-Time Quantitative Thermal
Cycler . #2#}& GenBank 1 i & ff1 (Barchydanio rerio var)
PRL J¥%1, A Primer 5.0 %11 PRL 2 H 5[4, Na™-K'-
ATPase ol JEPH 951951 XA (2012) (3% 1), BIK
ZE8F B-actin FEFI NS, WA ERVNL A HE A
A RA R A H Oligo6.0 K555 #1145, BLASTX
SRS YR S T E— . Sy oilks il PRL Rl Na'-
K'-ATPase al F&H7E4 42100 mRNA MXRiAE
1E 96 FLM % A LI F A % . 2xSuperReal PreMix Plus
10 pl, 50xROX Reference Dye 0.4 pl. RNase-Free
ddH,0 7.4 pl. 51%) F FI51# R 4% 0.6 ul, cDNA £l
1 ul. PCR JZRZ4FM 95°C 15 min, 95°C 10s, 60°C
30s, 40 MEH; HIGLE 55-95 CHIVERfFih 4k .
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% 1 PRL # Na'-K*-ATPase a1qPCR 3|45l
(XI=E, 2012)

Primers of PRL and Na*-K"-ATPase o1 in

quantitative PCR (Liu et al, 2012)

5% % % Primer name JF%1 Primer sequence(5'—3")
PRL-F GTCCTCGTCACCATAAGCAT
PRL-R ACACATCTGGGACCCTCTTC
Na"™-K"-ATPase alF GTGGGCCGATTTGATCATTTGC
Na'-K*-ATPase alR CCTGGGCTGCGTCGAATGATAAG

Tab.1

B-actin F GTAGGTGATGAAGCCCAGAGCA
p-actin R CTGGGTCATCTTCTCCCTGT
1.4 BRSNS

FIFH M %5 http: / blast.ncbi.nlm.nih.gov/Blast
i blastN FI blastX T HEATRIJRIERIE R TEIRIE
PHBOR AT T, 1B 500 T BRI 2000 1 3Rk
SAFTRI 272 3, ACt=Ct(target)—Ct(reference), h
Rl IR A S R R R TR 274k, AACE=
ACt(test)~ACt(control), H:H', ACt(test)=Ct(test, target)—
Ct(test, reference), ACt(control)=Ct(control, target) —
Ct(control, reference) (Schmittgen et al, 2000), %5 %
FH- 28 47 #E 22 (Mean+SD)FE /1 o F Excel #4184
YEIE . B SPSS19.0 GE it H /1 K & J7 22 7 b
(One-way ANOVA) Duncan 46535 X% B4 #4758 11
3T (P<0.05 S EIKF), AHSCHEI M —AH G-
T T R MG 56 (Pearson correlation), ) K7 #4
FER RS HAM M, Pearson REHK AN

2% =X)(% ~V)

i=1

JZ(& =X Y. (v, -y’
i=1 i=1

rxy:

2 #R

2.1 ELEMEX PRL mRNA FixH 80N

PLRZZSE B-actin HHSEH, 262 & PCR K
Mz . #EH PRL mRNA X RE R, LR 30 2L
P XTI, ERBE 5. 10, 40 F1 50 A2, 4750
P07 o 455 W7, PRL mRNA 76l . S 4 ik,
HHLHZA A7 2H 2 PRL mRNA BIAHNT 3Rk, fEmEh
AT, FEEREE A TS IR ZEARER b
BT, REEREE IR PR AR R , Hd, Ew
ERPE A T e ak i f i HL 22 5 8 3 (P<0.01)(F 1),

FRE P SL R 25 0L, B T 7EfE | f7iE 2 418t
PRL mRNA ik 2= 5 8 3519 2 A (50 1 5)
TE R ] BEUN oA . AR BoR, B4 ZIEER

50 FEREE 5 PIAIm e A 0F T, Bl SE R A ) 2B 4K
PRL mRNA HJEEZLFm GG, HIESH
12 /NSRBI (B 2); i 7E R BE S0 FNEh s 5 & FF
M ZH4Y, (ESEE ] P PRL mRNA fY 26 1k ) 5 5
et e, IF HITE SRS 24 /)
35 ) W (%] 3)
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2.2 EEMEI Na'-K*-ATPase al mRNA &

PLRZEGE B-actin HNSHEH, 9¢6E & PCR K
Rz . 68 Na™-K'-ATPase ol mRNA FJAHXT &A=,
PAEREE 30 %5t %t BRL SR 8008 0 B o 25 R
Na"™-K"-ATPase a1l mRNA 7& i FliE 476 F£35  mdl

AUrhig L Rk e L IRER B A AR, B EE
E’\Jﬁﬁ(jzﬁéﬂfﬁ)zfju%ﬂ@ﬁ[%ﬁt%, TEIE 8 R
GO s, 2250 B3 (P<0.01); HH4 21 %
FORRAE S . AR B AR, BEER B A TR (B
B R ORRIR S, Hrp, 7E3hEE 10 B, 22
S 53 (P<0.01)(# 4),
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Fig.4 The mRNA expression of Na'-K'-ATPase ol
in the gill and intestine
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Effects of Salinity Stress on the mRNA Expression of PRL and
Na'-K*-ATPase a1 of Turbot (Scophthalmus maximus)

CUI Wenxiao'?, MA Aijun'*", HUANG Zhihui'?, SUN Zhibin'?, LIU Zhifeng'?,

XIA Dandan'”, TANG Qizheng'?, YANG Zhi*, QU Jiangbo*

(1. 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; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 3. Laboratory for Marine
Biology and Biotechnology, Qingdao National Laboratory for Marine Science and Technology, Qingdao  266071;

4. Yantai Tianyuan Aquatic Limited Corporation, Yantai 264003)

Abstract Turbot (Scophthal mus maximus) is an economically important species extensively cultured
in China. In this study, we exerted acute salinity stress on turbot to identify their response in the
expression of certain genes including prolactin (PRL) and Na'-K'-ATPase ol in the intestine and gill.
Relative mRNA expression of PRL and Na'-K'-ATPase a1 in four salinity groups (salinity 5, 10, 40, 50)
and a control group (salinity 30) were tested using quantitative real-time PCR. Sampling of the control
group conducted at 5 h, 12 h, 24 h, 53 h, and 102 h. Data analysis demonstrated that the two genes
expressed in all tissues in a spatio and time specific pattern. Over the time, the relative mRNA expression
of intestinal PRL and Na'-K"-ATPase a1 firstly increased and then decreased under the stress of salinity 5
and 50. The expression of PRL mRNA in the gill firstly increased and then decreased under salinity 50;
under the same salinity, the expression of Na'-K'-ATPase a.l mRNA showed a reversed pattern which
was a decrease followed by an increase. Compared to the control group, the mRNA expression of
Na'-K'-ATPase ol in the gill did not change significantly under salinity 5. In the intestine, the mRNA
expression of the two genes were highly synergic, and they both firstly increased and decreased along
with the increase of salinity, and the correlation coefficient was close to 1. However, there was an obvious
antagonistic effect between the two genes in the gill under salinities 10 to 40. When the expression of PRL
rose/fell, the expression of Na'-K'-ATPase a1 declined/rose, and the correlation coefficient was negative.
This confirmed that PRL could inhibit the Na™-K'-ATPase activity. Our study provided theoretical
information in the turbot gene regulation mechanism in response to salinity stress.

Key words  Turbot Scophthalmus maximus; Quantitative real-time PCR; PRL; Na'-K'-ATPase al;
Salinity stress
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0.1-0.3mg/L Z[H], WAFRERLT 0.1 mg/L.

12 #mlK. a5itE

121 AR IARG D E S5 T Uy 2 BB 53]
Xof 45 S0 WA b s R R AT AR E L 10k, T R
(Survival rate, SR), BEHLPkIE 5 B H ik id kAT, &
Je ), B N E RO E R R, SRR R L
(Hepatosomatic index, HSI), A L (Visceral index,
VSl), WIS T20CHE&E . HHEARIT .

SR(%) =100%N/No

V SI (%) =100xWi,/W

HSI (%) =100%Win/W;

No. Ny 73l E iR in Ak . LR BE W
Wi« Win 73 313 4R K (g) . PR R (g) AT EE ()
1.2.2 KA A T I 43 ) DA A B AL
O 5 Bt , SmbeahE T-20C KA, mikHE
HLR A E 2 08 AOAC Wik, Hih, KAy 2
KA 105°C HEAR TR 1E E v 5 R AR 1 A D SR R LG
FE L 5 RLAR D I e R R G s L4y oR
550°C Zh A I Kk o

AT 430l DN RE AR BEATLER 5 R w i, ik i BBUT
Ik, & T-80°CUKAATRAER T, M IR P pi o ok
A TR 5T IR i o o
1.2.3 ik A1 A IR AF G M T AT S 430
MAEAS PR R AL 5 R g F 2.0 ml JCR 1 4R
B R ML o B4 DO il BB 1l Y & - B T 10 ml G
HEOE P, 4CE B %5 , 3500 r/min &0 15 min,
B b 2 s & F-80°C vk A PR A7 & o Il B H
(TP). i H [ B (T-CHO) . H il =F5(TG) . 43 b
(GLU). JREA(UN). 2 55 2 i (AST) FA N e 2
it (ALT) Y8R FH R st s A= 9 TR 5 it o) 0 o

1.2.4 R ILB A= R B 02 64 ) 188 AT J 430 A
BEAS PR BEALER 5 R E g, B IO [R50 07 19 1
WA I )5 B IL R RE &, T 2 55 12 FN AR 17 2 1) DU
FE 5 LT LR B EARAT 1Y MLy HEA TN 2 5 B IERR 1K)
e 2k /R H 373 AL (H 37 L-8900) ; i i R 1)
) 5E % FSA 2 3% — i 3% X (Thermo  Quest Trace
GCIMS), BB i 1% ] 5 NIST o P28 % 1 0k £ 7
VCRC, HIARE S B B R, SR A E AR — 1k ik
T o0 W RE T B o B R R g 0 TR 22 7 W8 i Al
FEF AT AL S

1.3 HiERZIta

S 25 UL Y H bR 1fE R (Meant SE) %, H
SPSS 17.0 R AT REXTAEAS t K 56 . P < 0.05 i 2%
S P<0.01 B ESW T E

2 HR

2.1 MRITEEEERAERN RN

7 A% I 5 i I )R R A O Y TR R L 1A
B RO A S R LT, R Al B A 11 B
R PR E . ER R T (P<0.05), falfHl
JIE W 5 e b S PR A (P<0.05), £ A /K 43 FIAH I 40 75 1
2 T+ & (P<0.05) , JHFJIE ML Ag Wi & it W & T+ &
(P<0.05), A fii o {AKL IR (& WA —E BEAL, A
225 AN (P>0.05), BRACHR 2 R T A4 L AT
B JRL 5 1 (P<0.01).

22 BEMNEENFIRSSEEENIERRIT

HI 26 2 AT, A% SR T B IV U . H
T R RLER [, BRAC JR S I Y IORE A H 0 =
E o L IR (P<0.05), I MR A T
=1 (P<0.01), {HERAXTIMHEIRZ= A . SN[ R i S
B AR S A NG S ) T 18 3 i (P>0.05) .

2.3 MEXEERERAEMEREMK RN

A A3t S 6 ofn i Fo LB B IR BR 20 8, 0 %R

H 3 3 AT, A S R T R Y
SEEEEME PR AR LTFARRTEDET
F#(P<0.05), IMTEHALZEMR . B . KNEAFRE L
T R o R W AR (P<0.05), LI B9AS 2 1
2R T i TR A JE A IR (P<0.01)

H 6 4 AT A0, B4 s WL DR SRR A B,
K Je B g LA A 0 T IR | R S IR A L
PR A & A B T (P<0.01), i, RTREMR . 7
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Tab.1 Effects of overwintering on the body composition of M. albus

A& 2H 1%, Body composition

4 H Before overwintering  #4¢J5 After overwintering

P {& Significance

AL R Survival rate (%) 100.000.00
SF-H A Average body weight (g) 118.42+4.38
A [t Hepatosomatic index (%) 7.47+0.83
JIEAA 1 Visceral index (%) 13.76+1.32
a7k 4> Body moisture (%) 72.13+1.67
i {4 A% 7 Body crude lipid (%) 6.84+0.27
i1 {4 % 11 it Body crude protein (%) 16.65+0.19
4 14HL K 43 Body crude ash (%) 2.04+0.08
FFEHLIE T Liver crude lipid (%) 3.61+0.17
AFREE Liver glycogen (%) 20.77+1.17

97.14+0.45" 0.035
110.72+3.99" 0.023
5.01+1.05" 0.001
11.03+1.66 0.034
73.43+2.49" 0.027
6.01+0.19" 0.028
16.36+0.61 0.136
2.25+0.11" 0.021
4.09+0.09" 0.033
16.95+1.30" 0.009

T Bk RSE bR TR 2R B 3% (P>0.05), "#nER W (P<0.05), ~FoR2E 3 ¥ (P<0.01), F[FH
Note: In the same column, values without superscripts were not significantly different (P>0.05), *: Significant difference
(P<0.05), **: Highly significant difference (P<0.01). The same as below

®2 HEWHEENFIRSELEROZN
Tab.2 Effects of overwintering on the partial serum
biochemical indices of M. albus

x3 BEEESENFIERERSEMNEMH(MI/100 ml)
Tab.3 Effects of overwintering on amino acid contents
in the serum of M. albus (ml/100 ml)

MR =2 7 AT A G P (i
Serum biochemical Before After Significance
indices overwintering overwintering 9
MM TP (mg/ml) 26362341  32.24+2.93°  0.002
R [
5.09+0.31  5.24+0.19 0.377
T-CHO (mmol/L)
yih = e "
it =i 176:028  0.79+020°  0.017
TG (mmol/L)
A 3814023  324+004 0038
GLU (mmol/L)
F =i
REA 201010  181:018 0229
UN (mmoL/L)
I s
BERCEM g0 0811418 35414063 0096
AST (U/L)
N s =
B PIRCRR 184.36+6.03 178.76£10.91  0.625
ALT (IUL)

QIR DA . WAR . TRk, Em. KN
M. AR . RS ER I S A TR (P<0.01), %2
QIR . MEm. Ham., WAk ., Bai. AR
it i % T (P<0.05).

2.3.2 AL 5L A S B BR 2B, 59 %R 3
5 A, AT B EENLIA o AT AR TR (SFA) & B
F FF(P<0.01), {HH AP Y C24:0 & i 3 | TH(P<0.05);
AT R E LA B A AR I R (MUFA) & 50 i 2%
PRSI, (B A C17:1 Ml C20:1n-9 & & W3 It
(P<0.05), C18:1n-9c ¥kl FF%(P<0.05); B4l
fi JIL PR v ) 22 AN AR T B R (PUFA) & & 3 T =
(P<0.05), fiff n-3/n-6 {A .3 Ft=(P<0.05) , Hr1, C22:5n-3
i EFHE (P<0.05), C20:3n-6 | FHlEf % K (P<0.01) .,

%%M 1 t&g_ﬁ‘ﬁ ﬂié‘fé =) {E
Amino acids" Before After Significance
overwintering overwintering
KITREMR Asp®  0.33+0.03 0.29+0.03 0.602
TRERR Thr™ 0.78+0.00 0.37+0.02° 0.022
2R Ser 0.24+0.01 0.12+0.01° 0.017
HNEM Glu® 0.70+0.01 0.60+0.01 0.171
IHZ 82 Pro 0.73+0.02 0.64+0.20 0.116
H&m Gly” 0.39+0.00 0.57+0.04 0.126
W& Ala* 0.75+0.01 1.12+0.04"”" 0.006
iR Va™ 0.74+0.03 0.67+0.13 0.718
EHR Met™ 0.10+0.00 0.04+0.01" 0.007
SR e 0.37+0.01 0.35+0.06 0.676
2R Leu™ 0.77+0.02 0.70+0.15 0.756
HNER Phe” 0.39+0.02 0.32+0.02" 0.044
AR Lys™ 0.54+0.05 0.30+0.06 0.070
AR His™ 0.40+0.00 0.15+0.01° 0.044
K& R Arg” 0.72+0.03 0.47+0.01” 0.006
W IR TEAA  4.83+0.04 3.35+0.20° 0.012
R SRR TDEE  2.18+0.04 2.58+0.03" 0.001
MEE TAA 8.33+0.09 6.77+0.06" 0.018

LEZRRAM E; * . SERZELIR, Y. L7, T
1. Tryptophane was not determined; * . Delicious amino
acid; vx. Essential amino acids. The same as below

3 Wit
31 MEXTEEENEEMRRM

FEVY A T B AR AR L BT LR B, BTBR
AR T R, (HAL TULIE SRS T i B BE T B AR IR
R B SR B A R SR A i 8, T80T 3
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x4 BEUWEEEIASERSEMEML(9/1009)
Tab.4 Effects of overwintering on the amino acid
composition in muscles of M. albus (g/100 g)

x5 BZ 3 EEEN RS R B ZE AL HY R 00 (%)
Tab.5 Effects of overwintering on the fatty acid
composition in muscles of M. albus (%)

IR T AT WA )G P (i
Amino acids' Before After Significance
overwinteri ng overwi nteri ng
RIT&%H MR Asp®  046+0.01  0.68+0.33"  0.007
SRR Thr™ 0.24+008  0.35+0.01"  0.003
2251 Ser 0.25+0.01  0.36+0.02" 0.011
HE R Glu” 0.79+0.02 1.05+0.03"  0.002
fifiZR Pro 0.24+0.01  0.33+0.02" 0.035
H& % Gly” 0.33+0.02  0.54+0.04" 0.015
NER Ala” 0.37+0.02  0.53+0.04" 0.013
iR val ™ 0.25+0.01  0.36£0.02°  0.004
FEHR Met™ 0.09+0.00  0.15+0.01° 0.012
IR 11e” 0.17+0.01  0.25+0.01"  0.005
SRR Leu™ 0.40+0.02  0.58+0.03"  0.005
HKNE R Phe” 022001  0.31+0.02"  0.008
R Lys”™ 0.34+0.01  050+0.02°  0.004
IR His™ 0.13+0.01  0.20+0.02" 0.027
kiR Arg™ 0.24+0.01  0.37+0.02"  0.006
MM TEAA  2.08+0.08  3.08+0.15"  0.004
#RE MM TDEE  1.95+0.07  2.81+0.13"  0.006
BEIER TAA 459+0.17  6.68+0.32"  0.005

g IARE TR, HUARA R A28, K Wffi(Leiocassis
longirostris)(Z: 4 ), 2005)YF1fi f4 (Cyprinus carpio)
(AN, 2010; T-#%%, 2015) #4515 5]
TR 4

Wi IE SR KA S WTEDLA N B FEZE B, 1
W (R HE) R TER N ) Rz E X, s
o 2K = S E R e AL AR AR . YUBRET, T
FLIE S A D e i A R R A e, (HK ™ 3
YIIUVRIEA—E A RS, AR, WEIRRHHR
1 (Boleophthalmus boddaerti) (Lim et al, 1989)%L1# A}
e M WLA 85 F s, BPJE 85 6% (Trachinotus ovatus)
(24, 20120k I R ARG, S IHAEE
Jo ARFERY], AT EEEAAL . PR I il
Bl 2 o RIS, R A 0 R s R FL S —
AT DARI R I fE fhse &, 5 % B R ) (Carassius
auratus gibelio) (£ Ak >%45, 2007) i1 5 [K 5 (Acipenser
schrenckii) (i 2519745, 2004)YLHRAF ST A5 R —2

REZE IR sh ) i o s S SR o, 2 2L
MRS o B I SRR HH =B, B 3R

AT AR

=3 75y
thEtl)EE aE:T ds Be_fore_ After . Sigrfi)ffi%ance
overwinteri ng overwinteri ng
C13:0 0.12+0.01 0.12+0.00 0.861
C14:0 4.55+0.24 4.06+0.03 0.165
C15:0 1.54+0.15 1.57+0.02 0.873
C16:0 14.42+0.23 13.43+0.12" 0.049
C17:0 1.73+0.09 1.19+0.06" 0.013
C18:0 4.89+0.12 4.83+0.12 0.776
C19:0 0.23+0.04 0.31+0.01 0.166
C20:0 0.54+0.04 0.55+0.02 0.821
C24:0 0.09+0.01 0.13+0.01" 0.026
Y SFA 28.11+0.23 26.18+0.02" 0.004
Cl4:1 0.32+0.03 0.26+0.02 0.232
C16:1 9.11+0.20 9.01+0.32 0.815
C17:1 1.27+0.01 1.46+0.05" 0.035
C18:1n-9t 18.67+1.21 18.95+0.55 0.795
C18:1n-9¢c 3.26+0.04 2.62+0.10° 0.011
C20:1n-9 1.34+0.03 1.61+0.03" 0.009
Y MUFA 34.04+1.42 34.03+0.97 0.992
C18:3n-3 7.38+0.29 7.60+0.12 0.614
C20:5n-3 2.43+0.09 2.29+0.09 0.446
C22:5n-3 5.60+0.12 6.07+0.20° 0.019
C22:6n-3 5.50+0.12 5.62+0.16 0.687
Yn-3PUFA  20.90+0.26 21.59+0.19 0.191
C18:2n-6 2.55+0.07 2.67+0.21 0.789
C18:3n-6 5.77+0.20 5.74+0.15 0.992
C20:2n-6 0.89+0.12 1.66+0.20" 0.014
C20:3n-6 0.30+0.01 0.34+0.01"" 0.007
C20:4n-6 4.19+0.45 4.25+0.82 0.955
Y n-6PUFA  14.21+0.27 13.98+0.76 0.681
n-3/n-6 1.46+0.02 1.58+0.01" 0.015
Y PUFA 34.29+0.13 36.54+0.35" 0.038

5 3NN MW BRAE AT Fb 45 45 1 R, 38 Ao M A BRI A
TERRWT A 26 1 o SAHLIRTE ZEmE, [R5 3l 53IR 107 40
P B8 =T AR K i AR W B IR TR, LA A
A fQ P BE AR, A IR N 1y 2 S £51 £61 (Gadus
sp.) WUHKIS & Sash JH A REVR (A FE AR 55, 2011) , o 6
A Jr AL i | LT A AR R R, Ul
W A ) Bt vl SRR T, SRS MR IR , FEAE

1) Liang Y G. The physiological and biochemical adaptation of long-snout catfish (Leiocassis longirostris) to overwintering.
Doctoral Dissertation of Huazhong Agricultural University, 2005, 31-119 [/ 6. K M 4 59 A4 A= k@ . Ae bRl R

S 5T A 2438 3, 2005, 31-119]
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H, X 5KMIsERIOE, 2005) VA 4 AL, ST
BEIFAR L, A5 s TP A AR & 1 3 BT, U
JHF I B9 g 0 1 e B /0 AR D, LR o 4
X BT, X AT RE S IR R ) B G B A R
(ARG, 2015), ERA(Efa RN & & TR, LA
TR RGBT R, W] BB B4 DI TRI T RE Y TG )7
FER A NLABENA ¢, 166 (Sparus macrocephal us)
(XRFN4E, 2003) I HLERIF I -t A 2 HGE .

B A TS SR =20 B4y, A i aE
VERR, FEMLARRE AL A A, 8 5 T B3 o it
A8 LAZERF AL B ARG 80 B4 X fa AR & s e
WE W, FEEEE R B T, MM S LA
F14) S o 2 1A o o [ A o o a2, U A S ]
HEERR TR R AR I A1, R T —3 4 A
iR L fEdE . % B fifi(Sebastiscus marmoratus) Lk
BFBE T IHFERR W Ah, o IH #E & A Ik R (YL N e 5,
2011), AL B 6 1 R R LR A A T R LR A
P N, ATREL R R FE T B, T hE
& H T AT BRI AT BEAR T 280, WL 2 5 1R

T E LR & TR, S5 H £ (Chanos chanos)(Shiau et al,

2001) F1# £t (Miichthysmiiuy basilewsky) (M) & 45,
2009) LIk S 56 1 25 FE AR, X AT AR LA H A4 g i
IR IR K WA S B AR & BT 45 5

K= BN W TR 45 AR A AR K R A G,
Y KA £ R AR IR 0 1R 5 e B TRL /K P 8 28 T g . IR
JK R T 5 B0 2 AN R g v 22 At N IR U R R R
AN VR B B R LB v, AR RN AR R LL ) R
(Tocher, 2003)., M4 5, B P H B4R RIS 7 R 1
THFE, ZNRRAR TR L GI3G i, 1T A8 2 6 X} 988
IEEIE I A Ak, X FE SRl fa S (B 320, 1997) FIk
i ffi (Pseudosciaena crocea) (5k#J145, 2014)ik 4 Hf
FEH AR BRI A 45 5 o N8 R 25 1R R Ak B JE KA
k2 7K sl 3 AR ) — i E ML (3 A T A
2012; W75 2 4%, 2013), fIRMRET, 7K S i s
TS AT i I AT A 2510 1 i (SCD) A1 ik 17 1k 48 < i
T, AR AR R IR AT B I ITAS T A0 A i
MR LB T, SR s, RS LRI TERE . B
fEB A5, LA C16:0 Al C18:1n-9c & 7 fik 3 PR A%,
C20:1n-9 ¥ ft i} 2 Ty, X SR WG P14 T o i, mT
3 3 I U TR 2 A AR A R 5k AL ol FI AR FE VS YA K
PO EXT n-3 RIIEHIIR AT K 2K T n-6 RHIMA5

, s, HEEENLA T n-3/n-6 {HE T, XAl
n-3 RARIHER A F) T 2B IR RS P A TE

2 BEXTEEEMFR S EEELIERE R

MR R R s Y A AniG sh M B 2 —
R Bt 2 LR A BECR ZS A8 FR T i AR, ki 37 A 2
He Al AE A3 78 Al T iz Bl 60 X6 B A% P 338 I 1ML A 1
WEAEAMERE R, BABRHL . 5., skl
IR 45 B fE (Luk'ianenko et al, 2002); JIH [ B 2 44 il
£ it 85 ) L2 BB G, A R AN ) B 1) S B
(AR AR, 2010), KV T REOK = sh P B e
PERE ST R R FEMSSE, 2015; T 4E, 2014; X4,
2009), {HMAJ5 I S H & &I E, R IR
BT AU LA SE DB, g in i i B 8K
o, VRAMRRE SR R, kB e s, i
FlF i EERB A W IriE, X5XEEYIEM
(Oreochromis niloticus)(f 4 %, 2012) K i ke ifF 52
HH R 8 SR AFARL o A% T i 1 Y JE T VA
ERZA, 1] BB IV R JIE [ R o 200 5 A A
Jo A, R AN A R S L 3 AR TR R A G,
PP AE w2 AR A R AR IR N R g AR B T
Bk (X 55, 2011)

A5 R il AT T O LA R, AT A
W £H 28 (g R 5¢ 1Y) B 22 45 b (Srivastava et al,
2007), H.ONUFIFIEH U240, 4 Rofs (i F s
o R S U 1 B MLV TP (SRR B AR, 2013), IR
LR B8 R A R (SRS, 2009; #RT 4, 2015),
Y7 P 4 2 G Tl R A TR e 2 Bl T T S 2 T e, (R
A% SR I AN 5 T ML v A B N A TR A
6 1, AT RE R K B 22 SR RIS R AN A e 2K SF B IR
[ XS A A7 AL O UL B ASE 1) 25 R 2] T S BEVE A

B
[l

w

Cai LT, Li SY, Ge MF, et al. Effect of three pathogenic Vibrio on
the blood biochemical parameters of Pseudosciaena crocea.
Progress in Fishery Sciences, 2013, 34(2): 65-72 [#kkfe,
IR, BT, S 3 BhEUR IR G R AR
fEAEpRIFE. il B2k, 2013, 34(2): 65-72]
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2003, 24(2): 94-98]

1) Liang Y G. The physiological and biochemical adaptation of long-snout catfish (Leiocassis longirostris) to overwintering.
Doctoral Dissertation of Huazhong Agricultural University, 2005, 31-119 [ /26, 1 MW 4 59 A4 3 A= @ . AR bRl R

S 5T A 2438 3, 2005, 31-119]
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Effects of Overwintering on the Body Biochemical Composition and Serum
Biochemical Indices of Rice Field Eel (Monopterus albus)

LI Zhaolin**, LIU Zhuangpeng®, HE Zhigang®, TIAN Qiangian*?, ZHANG Junzhi*,
ZHANG Lu*, M1 Haifeng®, HU Yi*?"
(1. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization, Hunan Agricultural University,

Changsha 410128; 2. Collaborative Innovation Center for Efficient and Health Production of Fisheriesin Hunan Province,
Changde 415000; 3. Hunan Fisheries Science Institute, Changsha  410153; 4. Tongwei Co., Ltd, Chengdu 610041)

Abstract Temperature is one of the key environmental factors affecting the growth and physiological
functions of fish. Both the physical activity and the feeding behavior of fish can be significantly reduced
or even stopped at low temperature. In this case, fish may consume stored nutrients to stay alive. Rice
field eel Monopterus albus is a subtropical freshwater fish with great commercial values. They are prone
to diseases and have a high mortality rate in winter. Previous studies suggested that overwintering could
significantly affect the intestinal digestive enzymes, the immune and antioxidant functions (serum catal ase
and lysozyme), muscles and the liver lipid content of M. albus. However, changes in nutrients and
physiological adaption during overwintering have been unclear. In this study, we conducted a 124-day
experiment to investigate effects of overwintering on the body biochemical composition and partial serum
biochemical indices of M. albus with the initial average body weight of (118.42+4.38) g. Results showed
that after overwintering: 1) The compositions of the whole body, the liver and muscles of M. albus were
significantly affected. The body crude lipid decreased compared to that before overwintering (P<0.05),
whereas the body moisture and body crude ash were increased (P<0.05). The hepatosomatic ratio and the
content of the liver glycogen were dramatically reduced (P<0.01), but the liver crude lipid was
significantly increased (P<0.05). In muscles, the level of saturated fatty acids dropped (P<0.01), the
content of polyunsaturated fatty acids rose (P<0.05), and the total amino acids and essential amino acids
were markedly increased (P<0.01). 2) The serum triglycerides, glucose, total amino acids and essential
amino acids became lower than those before overwintering (P<0.05), and the level of total serum proteins
was greatly increased (P<0.01). However, there were no differences in the total cholesterol, the blood urea
nitrogen, the aspartate transaminase and the aanine aminotransferase before and after overwintering
(P>0.05). In conclusion, M. albus may consume the liver glycogen and body lipids to maintain life
activities during overwintering, which consequently changes the compositions of amino acids and fatty
acidsin the muscle.

Key words Monopterus albus, Overwintering; Body biochemical composition; Serum biochemical
indices; Fatty acids; Amino acids
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Wiz . bR . WOERIE ARG S, SXF R E M
(Pseudosciaena crocea)it i — & [ ie , M T2
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GO AEARE W . PMIGAE(2014) IR RBT, K
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o 380 BF 5T A R &2, A EE R B 6 kR B
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argenteus) (Besson et al, 2016; JitiJk5%E, 2016), pH X}
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HRE 15 2 , R AERT 56 MS-222 BRI 525 8 2—3 min,
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i BTV A R LA S St B il
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w(g) B (ml)=1 : 9 B LLBIImA 9 f5AEFER K, WK
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M JE B MDA 2 F 55 E L ZFR(TBA) 4>+
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A 5 TR AR Y S H R (DTNB)Y U, AR ik — i # €2,
L&Y, ATFE 405 nm AR SETT b 5E 5 E GSH
Sy HZHZUH Na'-K'-ATP BiEPEE LR . /Nt
BT HLEANAL T ATP B0 it ATP 774
1 umol CAHLBERIHEN 1 4> ATP B PEBAA

1.4 HIEHH
22 52 B0 I e A5 20 () B AR e 7R Sk S YA b o 25

1) Li CW. The detrimental mechanism of ichthytoxic microalgae species on marine medaka (Oryzias melastigma). Master's
Thesis of Jinan University, 2014 [Z= B ffi. 8Pk aR 05X NE 7 8 O M EBCER. B RFEM R A AR5, 2014]
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21 RMBEKEBEMEX MDA HRF
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211 #m XPRRAURZ MG, SR LU BN IE R 1)
AMIEAS, ez E AR, PR/ R X RR e, b
Bz A HES RN, LA AR F B 40 S A DR (8] 1-1),
BIKIMAEJE 2 h, SEALURRER, FEoraE L2 PN
R/ LR, b, B2z AR . K2 4
HWSEHE(E 1-2), Bi)E 6 h, SRAL0A R, 61
ANF LA U L A AR AT A e ORI e,
10855, B8 22FR 5 X I 8N Bl A S
o B BT R, AR N AR, SN R R
VR RN SRR = B A0 BRI 22, 4340 R K
i, PRFRIE R (& 1-3), MHAJE 12 h, S840 5 B
W, FERINE/N R EA M, HR G K
E /N i B 22 A W L, RS A3 b R A K b AR

BT B K BR300 X DU B 20 225 K 1) 52 )
Fig.1 The effects of acute off-water handling stress on
microstructure of gills of E. tetradactylum

1: XFHREL; 20 BAJS 2h; 3: BHAJS 6 h; 4: WHAKS
12h; 5. 6: WHAJ5 24 h; MC: Zh41ME; PVC: W I
AN MRC: ZORiRFw400; BL: 8/
BV: Ifi%; BC: IM4ij
1: Control group; 2: 2 h after off-water handling stress;

3: 6 h after off-water handling stress; 4: 12 h after
off-water handling stress; 5 and 6: 24 h after off-water
handling stress; MC: Mucous cells; PVC: Pavement cells;
MRC: Mitochondrion-rich cells; BL: Gill lamella;

BV: Blood vessel; BC: Blood cell

(1 1-4). WhiaJs 24 h, SRZHSUR BN A AT A 547
i o2 B A R IE RS, SN R HIINERTL, A0 E
JUE, AR AN EAZ R AR T AR (R -5 ] 1-6).

212 LA A 22 W30 1 Xk R ZH LA i 5 B O
WL, HAMERHRIR, WL 42 WHE K%,
G, AL T WLET e b de— M (8] 2-1);

TEWRA)E 2 h, LAV o3 DX BVLET 2 2 e
JEAH M, 2P eI BE 58, LA AR DL (18] 2-2).
ig)s 6 h, WAL, L4, &
3 DX UL ET S 2L, A e AL A BRULET 4 iy
2, W ZERIBRIA R 58, B (A 2-3). Hhid
JG 12 h, WU R, LEr4eHRpZEL,
A TE AR R, A0 UL 4E W, LA 2 ik
AR, AL BN AR AR B, o0 A0 M A
AR, WILET 4 SR 0] B 5, 23 6 Ak ™ (151 2-4 (] 2-5)
38 )5 24 h, LA AR R Rt — 2P N, LT
ZAEFULER M A A A B RIS, JULPA) L U AR 2 A
B, BB EEE 2-6).

P2 PR K BRI 36 X DU A8 Sk UL A 20 245 K 1 52 i
Fig.2 The effects of acute off-water handling stress
on microstructure of muscles of E. tetradactylum
Lo XPHRZH; 2. WhEJS 2h; 3: WMAJS 6h; 4. 5. WMHAJS
12h; 6: BMEJE 24 h; N: MR M: LA
1: Control group; 2: 2 h after off-water handling stress;
3: 6 h after off-water handling stress; 4 and 5: 12 h after

off-water handling stress; 6: 24 h after off-water handling
stress; N: Nucleus; M: Muscle cells
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221 XALA SOD &M 6g % 5x AL,
EKINE NS 2 h [ SOD &4 3% T FE(P<0.05) . i 5 B
(B AES , SOD & M Ft =, ELEMMAJS 12 h, SOD
IR e i, 3 T MR S Al Ak B A
(P<0.05), 4LFHJS 24 h, SOD JEPERERIBEAKT, &
FART X BEZH (P<0.05) (] 3).



%6 B X ZF A7 e B KR A i X DU 48 6k (El euther onema tetr adactyl um)4f 71 25 28 2544 14 Ak 107 380 A0 5% 1) 51
50 c 9
= 45 = 87 ¢
. g 40 u " g 7l ]
7 I <
!ﬂg o0 35 b b (ﬁg %Q 6f b
g E 30 <SE |l a a
22325 g% g
252 0 : : B
23315 SR
o 10 @R 2r
g1 gl
R 0 : : :
control 2 6 12 24 control 2 6 12 24
At [A] Time/h il Time/h

K3 2tk s KB Ia XT DU 45 Eh ik JLA SOD ¥ M 1 52 i
Fig.3 The effects of acute off-water handling stress on the
activity of SOD in muscles of E. tetradactylum

ANTR)Fhg R 7R 4 ) A7 7E B3 2% 57 (P<0.05), T [A]
Different letters indicated significant differences among
groups (P<0.05), the same as below

2.2.2 3FWLA CAT & 6g %k i85 2 h, CAT
YT AR B (P> 0.05) . B 5 , CAT {& B BT &,
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AT B2 R HoAb Ab BEA (P<0.05)(E 4).
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Fig.4 The effects of acute off-water handling stress on the
activity of CAT in muscles of E. tetradactylum

2.2.3 3TALA MDA 4% 4% BKME 2 h,
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MDA ik #l e R, 23 = T IR 4 R H Al Ak
ZH(P<0.05), BfiF A 2EK:, MDA &2 #il%%, B
% 24 h MDA % Ht R 2 4b BEET K- (B 5)

2.2.4 3TALA GSH A% 6% fiHE 5 2 h, GSH
it E PR (P<0.05), FfJEH & RIS, EBIE
JEH) 12 h GSH Fit il Bl i, 25 TX 2 &
HAh S50 41 (P<0.05) JHEJS 24 h, GSH & &k 3|
IEH K-, 5% IR AT i 2 25 55 (P>0.05)( 6).
2.25 SFALA T-AOC # % TEM B TR 2 h,
LA T-AOC & i & 28 f(P>0.05). Mrift)5 2-12 h, AL
K T-AOC Wi Tk, ELEIMMAJE 12 h B8 KME
JE 5 24 h, LA T-AOC 5 X%F #R4H JC 8 3% 22 =% (K1 7).
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Fig.5 The effects of acute off-water handling stress on
the content of MDA in muscles of E. tetradactylum
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Fig.6 The effects of acute off-water handling stress on
the content of GSH in muscles of E. tetradactylum

—_— =
S N

d

_I_

JiINARSET =R A P
T-AOC in muscle/(U-mg™" prot)

o o o o
SR -

[=]

c
control l 2 l I I

6 12 24
B[] Time/h

Pl 7 SRR K BRI 3E X DU 4 SRk LA T-AOC Y52
Fig.7 The effects of acute off-water handling stress on
T-AOC in muscles of E. tetradactylum

2.2.6 *F%8 Na'-K'-ATPase &1L 69 % 257K iy
JAJ5 2 h, #8 Na'-K'-ATPase {5 P i 7+ (P<0.05);
MrifJ5 6 h, Na'-K'-ATPase 1G5t S5WH0)5 2 h Ll &
225 (P>0.05); MO 12 h, #f Na'-K™-ATPase i
K F B E K (P<0.05), 24 h [5G K TR, S5xf
HRZH TC . 3% 22 5 (P>0.05)(&] 8).
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The Effects of Acute Off-Water Handling Stress on the Tissue Structure
and Oxidative Stress of Juvenile Eleutheronema tetradactylum

LIU Qiqi'?, WEN Jiufu', OU Youjun'”, LI Jiaer', ZHOU Hui'?

(1. 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;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract Eleutheronema tetradactylum is subordinate to Mugiliformes, Polynemida, Eleutheronema
in taxonomy. As a new aquaculture species, it has gained popularity in most farmers in recent years
because of the delicious meat, the fast growth, the high market value and other advantages. However, this
species is prone to stress from the pulling capture and the transport due to its weak anti-stress ability. In
order to understand the effects of acute off-water handling stress on the tissue structure and oxidative
stress of juvenile E. tetradactylum, we stocked the juvenile fish in the outdoor water tank and stressed
them by simulating the pulling capture. The samples were collected at 2 h, 6 h, 12 h and 24 h after the
off-water handling stress, and fixed separately with poly formaldehyde and liquid nitrogen. The samples
fixed with poly formaldehyde were used in tissue sectioning and we observed the changes in the micro-
structure of gills and muscles. The samples fixed with liquid nitrogen were used to examine the activities
of antioxidant enzymes in muscles and the Na'-K'-ATPase in gills. Results showed that varying degrees
of damages were induced in the gill lamella, the squamous epithelium cells and mitochondrion-rich cells
(MRQC) in 2 h after stress. Firstly, the muscle fiber necrosis appeared and then the gap of muscle fiber
became widened, followed by vacuolation and even muscle fiber loss. Superoxide dismutase (SOD) and
glutathione (GSH) had the same changing pattern, which was a significant drop (P<0.05) in 2 h after
stress, followed by the rise to the highest level 12 h later. Then they began to decline slightly lower than
the control level at 24 h. Catalase (CAT) and total antioxidant capacity (T-AOC) did not change
significantly (P>0.05) at the beginning of 2 h, but then it rose to a highest value at 12 h and subsequently
recovered to the normal level at 24 h. The content of malondialdehyde (MDA) did not have a marked
change (P>0.05), and it reached the highest value at 6 h, and then fell back to the normal value at 24 h.
The activity of Na*-K'-ATPase was elevated (P<0.05) at 2 h, stayed stable, and rose again until 12 h
when it reached the highest value, then it went back to the normal value at 24 h. In conclusion, muscles
and gills of E. tetradactylum will be damaged by acute off-water handling stress; besides, the damage will
deteriorate as the off-water time goes over. The muscle antioxidant enzyme system will only be activated
at 2 h after the handling stress. The synergy may exist between SOD and GSH when the organism was
stressed by external factors. At 24 h after the stress, the activities of SOD and CAT will be in a state of
equilibrium and the values will be significantly lower (P<0.05) than the control level, and this explains
that antioxidant enzymes were affected to certain extent by off-water handling stress. In addition, MDA,
the degrading product of peroxide lipid, can be used as a biological marker of rapid stress response in
E. tetradactylum. Na'-K'-ATPase in gills can provide energy support during this process to improve the
anti-stress ability of E. tetradactylum.

Key words Eleutheronema tetradactylum; Handling stress; Antioxidant enzymes; Na'-K '-ATPase
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12 EXWRITS5RFEE

SRS AE R T R K A BR A RIS T, e ER R
B 1Bt 720 BB, VIR N (13.17£0.68) g, ¥
TR IR M (11.86+0.53) cm, BlEMLA K 6 41, F4H 34>
BwR, BNER 40 B, EIEAERF S0, 50,

100, 200, 400. 800 mg/kg F i ZE M 6 LI iRk},
SRR 6 dSEgwta, sRlbRich T1-T6, T1 AXf
HRLL, 2Rl FURIZ M LI RS, 32 60 H, RS
Tk, FTL IR A MUZLM V4 R RHERE
LI TR AR R 2 mm A UTME BRI RDRE 28 R X
BT 2 h, PR T20°CUKAR AR .

FREH S I AR FRAE 1.5 m (BL#2)%0.75 m (i) I3k
2z T, SCERIHRIK IR N (24£2)°C, LA,
BRK 172, HEFERN 3%, FREMW 2 ), RIE
FLARMES AT IR . SRR 60 do SEI T Ak 2H i
KBS 1,

1.3 A&

1.31 #wbl& RIS HE, A EE L
M Fita 15 8, fdH MS-222 i, #RiEE)E,
2 ml — VR TG TR VR G e 2R 47 R e kL
4500 r/min 5.0 15 min, #1753 M FES . 7EUKIE AT
T LS R, RO L B FBRAE . RGO

F 1 RWRBERREFATF T ILA)

Tab.1

Formulation and nutrient composition of test diets (Air-dry basis)(%)

1A BL4H Dietary group

JERLBLA Ingredients

T1 T2 T3 T4 T5 T6

ff %) Fish meal 29 29 29 29 29 29
1 Soybean meal 20 20 20 20 20 20
4 Flour 13 13 13 13 13 13
4 FH Peanut meal 8 8 8 8 8 8
321 Canola meal 13 13 13 13 13 13
%k Bz Bran 8.50 8.45 8.40 8.30 8.10 7.70
il Soybean oil 2.5 2.5 2.5 2.5 2.5 2.5
iRk Premix! 4 4 4 4 4 4
R IR CMC 2 2 2 2 2 2
FH#E Curcumin 0 0.05 0.10 0.20 0.40 0.80
4t Total 100 100 100 100 100 100
H 41 Proximate composition

ML [ Crude protein 38.67 38.67 38.65 38.64 38.61 38.56

FLAE S Crude lipid 6.28 6.28 6.28 6.28 6.27 6.26

14 BE General energy (MJ/kg)? 11.95 11.95 11.95 11.94 11.93 11.91

MK 43 Crude ash 10.15 10.18 10.12 10.16 10.09 10.13

7K 43 Moisture 6.33 6.42 6.29 6.37 6.85 6.62

1) UK A& T et e ft .

Fe 150 mg, Zn30 mg, Mn 13 mg, Cu3 mg, Co0.1 mg, 10.6 mg, Se0.15mg, %’}

 C 100 mg, 4% B1 3 mg, 4E4: K B2 10 mg, 4L %K B6 12 mg, iZ /R4S 30 mg, ML 30 mg, =¥ K 0.1mg, R 2 mg,
44 % B12 0.01 mg, JLEE mg, JHBK 1000 mg, 4E4EFE A 2000 1U, 4i4E% D3 1000 U, 4E2E%K E 60 mg, 4% K 6 mg

2) BARE NI R AE=( AR 1% 5.64+ MG T x9.44+ M x4.11)/100x4.184

1) Premix provided the following per kg of diet: Fe 150 mg; Zn 30 mg; Mn 13 mg; Cu3 mg; Co 0.1 mg; I 0.6 mg; Se
0.15 mg; V¢ 100 mg; Vg; 3 mg; Vi, 10 mg; Vg 12 mg; Calcium pantothenate 30 mg; Nicotinic acid 30 mg; Biotin 0.1mg; Folic
acid 2 mg; Vg, 0.01 mg; Inosito 1400 mg; Choline 1000 mg; V 2000 IU; Vp; 1000 IU; Vg 60 mg; Vg 6 mg

2) Total energy can always be equal to (total proteinx5.64+total fatx9.44+total sugarx4.11)/100x4.184
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L KL mils . R, R . B4, NEIER
ANLE B — Tk AT, s A S B
AWML, WEEMT BN EMNER . HiE. E
AP FRIRRLE 1 4 A TS A BER K, HAH
ZUMA 19 B Ak, A YQ-3 #
HL B ST MLAE VKU 25 0 F AT 2503 . 21 i
Eppendorf 3% 5.0 HLTF 4°C |, 3000 r/min 5.0 15 min,
PRI 75 0 B A R
132 A KIgAResm e

4 H R (WGR, %)=100x(W—Wp)/Wy;

FiE A K #(SGR, %/d)=(InW—-InW)x100/t;

TRl R BU(FCR)=I o/ (W W)

B 1 R (PER, %)=(W—W,)/(14xPq);

FET (SR, %)=N,x100/N,

A, W Wy 43551 Ay i 118 2 R 44 B R ) 0 1R B
(2); t NELHRE g MEREENTER); N, N
A3 591 S S A ) R 3 ) fa R BB Py R DR R
M,
1.3.3 AfLIgAragm & 8 E ALY B A (SOD)
AL E I (CAT), W S (MDA) ., &M H Ikt &k
VIl (GSH-PX) . 4Bt H IK(GSH) . —E /LA (NO). TH
FEBEETE bR , R AT M @ A ) TR B R BT BT 1Y)
TR AT E
1.3.4  BHE AR SN T F ik Z: HR i [ b L
R, e RN R, AR KA 105°C
A IR AL T (GB/T5009.3-2010) I <& , K& (A
T a5 (GB/T24318-2009)1 5 , FELAE 5 FH 2% [ 4l
$275(GB/T5009.6-2010) & , #H K73 H 550°C =ik
B (GB/T5009.4-2010) I 5E

1.4 #HIRAIE

SR P S (AR R (Mean+SE)ER R , Hds
SrHrRH SPSS 17.0 b iy HLN 32 5 22 73BT (One-

way ANOVAALEE, DL P<0.05 2R 0%,
2 #R

21 ERERVNEFEEKERNZIT

BRI R K2 8 Z B mE, 60d 5, W2
SEG AR E MK, TP ER | RRE KR A
TR R RN F R (R 2). WNE 2 WA
W, MR RS RN, M EREIET R T
RefyAsfpiash, Horh, T4 2048 8K I 2 e T 0 I
(P<0.05), HA# 42 m 22504 8 3% (P>0.05); $¢E
HR R EIET R G FREARAE LIS, 490
T BRAL(P<0.05); Tk R AR I TR THE
A A%, T3, T4 4LiRRE R B KT X I 4l
(P<0.05); fHIGFEIETHRIG TN ES, %
S A 1 2 TR B4 (P<0.05); AR 1 RRCR 2 9
SeTtE e TR AR LS, Hoh, T4 dEARECE
5% H41AH b 8 3 THE (P<0.05), HASdlzZm iR
FEEF(P>0.05). ZFAEKIEMR, 200 mg/kg ZH R K
(BF 4 4] I 35 4R e A KR R

22 EBEEVNEFTEHLEE NN

WO R TR 1 o>t > E > 5 . i
T3 4. T4 4. T5 405 WMo f 3w X il
(P<0.05), K& ZHZRMERN TS, NS 2
e FIHE PR T5 45 RN S 1 w2
X BRAL(P<0.05); 45 3cedl, s 5
Xof HE2H AH TG ik 25 22 57(P>0.05); T5. T6 20 & g i i
I 2 X B4 (P<0.05)

UL YE R IS 1 o > 5 >R > . T4 4
T T 0 17 W 25 5 T % IR 2H (P<0.05), Bl 251
RIRME TS, JER B 1 2B L TG N
P RGP . S A E TR RS 15 % B4 A
G i 2 25 5 (P>0.05)

R2 ZEZWEPEEKBIFHZI

Tab.2 Effects of dietary curcumin at different levels on the growth performance of P. fulvidraco

2051 Groups HMER WGR (%) FrEMK A SGR (%/d) MAERE FCR  HiH# SR (%)  H AR PER (%)
Tl 131.05+13.28° 1.39+0.09¢ 1.93+0.05° 81.67+1.44° 1.4340.15°
T2 135.84+13.16™ 1.54+0.06° 1.70+0.02%" 85.83+1.44° 1.49+0.14%
T3 142.82+13.21% 1.73+0.03° 1.61+0.03" 86.67+1.44° 1.56£0.14%
T4 163.18+5.00° 1.84+0.02° 1.47+0.05° 88.33+1.44° 1.79+0.05°
T5 144.96+27.37% 1.66+0.00° 1.70+0.33%° 93.33+1.44° 1.59+0.30%°
T6 135.54+4.82% 1.52+0.03¢ 1.87+0.17% 86.67+1.44° 1.51£0.08%

T W B EbR RN 2 Z (A A 7 35 22 5+ (P<0.05), Tl

Note: Within a column, values labeled with different superscripts were significantly different (P<0.05), the same as below



KRR PR 45 32 8% 25X 8 1 f21 (Pel teobagrus fulvidraco)4= K . W1k 54t A AL BE 1 i 52 59

T TR (A BRE 1o8 E>R > > e . T2 4
B TP g R TS O 0 R T R A(P<0.05) . 45
SCISLH AT | J5 W AN S R TS S B A E TG
F#5(P>0.05)(3 3).

23 EEENEFESAR/MELENNZIT

231 EHEsEM e LM SOD E AW %h
AR P SOD i 1 o >8> 1 1 ik > AL k> v
B> B> 1L (R 4). SXTIRAM L, T6 4LAFBE
TS HME . T4 43/ SOD % i W& =Tt
(P<0.05), T4 ZH#E . TS 4. A4LIMiE R SOD & 7
55X B4 A LL W 2 155 (P<0.05)
232 EHFEANHHE LML MDA 4 F M HA
HHMIRN MDA F i 0 R E <t <3k B <rp B
<L ¥ <M AR < (2 5). T4 AATFENERY MDA & & i
FART X BB ZH (P<0.05); TS5, T6 4k 1) MDA & &
P F AR T X R4 (P<0.05); SZBG A2k 1Y) MDA
T LT IR (P<0.05); HiA 45 414 SC 02 1

MDA & 5%F B0 AH H TG 8 25 22 57(P>0.05) (3% 5).
233 EFHFANEHME LML CAT & H %k
WK A HLT CAT 15 77 9 T T > i > filg >
MLE>H B>k B>AE . T6 ATIEAE . TS 41T
CAT 1% J7 538 8 T R4 (P<0.05); HiA4HZ11% CAT
16 55 6] B 4H A Bb TG I 35 2% 53 (P>0.05) (3 6).
234 HHEFNHHE LML GSH-PX & Nt %ok
AR K Y4 2H 20 GSH-PX 36 11 03k B> T e e >
ML 3E > B >R E>BE> A . 5% B AT B, T4 dLAT
JIE . T5 HRAES T5 45 rY9 GSH-PX I ) b 427t
(P<0.05); #4175 1 GSH-PX 1% 1134 1 3 5 T-%F IR
2 (P<0.05), HEIIE TG TREMER, 2 EXT
B AL . 6. A9 GSH-PX 1 )1 JC i 3 5
(P>0.05)(% 7).
235 E2HEMNEHM LML GSH A FH T
WA N &S GSH & M s> >k 5>
JEF f P >8> P B > LR 4% 4H BT BB 11 GSHL 75 44
=T R4 (P<0.05), HE PG ETHE TR E

R3 ZERMNEHEHEUBEINZMW

Tab.3 Effects of dietary curcumin at different levels on the digestive enzyme activities of P. fulvidraco (U/g prot)

RE| , FZWEZ WML Curcumin groups
ZH 21 Tissue
Items T1 T2 T3 T4 T5 T6
BENiEE AT Foregut  52.55+4.89°  99.30+1.87°°  109.08+£10.73° 121.57+53.83" 115.97+6.61°  75.28+29.41%°
LPS  iifi Midgut ~ 50.23+4.29°  38.79+£9.12°  45.01+13.38"  68.41£26.86"  60.01+18.84"  58.56+5.27"
J5l% Hindgut  28.87+4.30°  42.26+10.57% 42.5149.54®  39.98+6.56™  59.25+14.95"  41.33+18.43%
B Stomach  36.02+6.42°  45.86+9.71°  28.98+3.34°  30.76+8.14°  46.89+24.19°  51.50+15.11°
NG HI% Foregut 1.32+0.59° 2.73£1.35% 3.25+2.07%° 3.54+0.77° 2.69+0.51% 2.67+0.08%
AMS il Midgut  13.07+£1.42°  13.0744.69°  11.03+0.93° 9.9541.20°  12.4942.19*  12.6840.99%
J5i M Hindgut 2.29+1.57% 2.22+1.59° 2.3542.08" 2.05+0.58" 3.27+0.71% 3.01+1.32%
B Stomach  0.78+0.22° 0.38+0.17° 0.50+0.06" 0.71+0.13% 0.63+0.32% 0.42+0.22%
EHM B Foregut  67.82+8.76°  62.56+£3.55°  61.59+4.12°  64.51£16.95* 64.70+7.59"°  69.70+3.68"
TRY  thijl Midgut  64.96+13.28%  54.65+£5.64°  57.77£6.36™  72.55+4.11*°  63.47+12.75®  65.03+5.59%
5% Hindgut  63.60£9.89°  54.7247.98°  57.31+12.49°  48.10+11.68"  57.18+12.00°  68.34+11.05
B Stomach 109.58+5.64°  112.50+1.66°  107.83+4.13*  106.34+4.99°  100.00£3.97°  122.75+3.41°
F4 EZEZVWEHGEKHELR SOD FEHRIEN
Tab.4 Effects of dietary curcumin at different levels on the SOD activities of P. fulvidraco
21 51 IR JELE Spleen ) EP"I%L %‘% # Gill i Brain IML7E Serum
Groups Hepatopancreas (U/mg prot) Middle kidney = Head kidney (U/mg prot) (U/mg prot) (U/ml)
(U/mg prot) (U/mg prot) (U/mgprot)
T1  249.64£99.58° 193.65+39.11°  178.02+19.36° 141.74429.88° 307.32+38.12° 311.07+£99.87°  56.71+7.96°
T2  247.82+7.64° 177.70£20.03°  182.85+15.70%° 112.59+8.84%° 312.50+£20.62° 433.59+123.67° 75.26+5.66°
T3 209.39+33.67° 210.00£41.50°  190.10£3.71°  92.10+15.37" 390.62+36.78" 280.94+49.26°  70.55+7.54°
T4  161.63£32.09° 170.57+21.40°  180.38+43.89% 170.29+6.07°  399.34+68.83" 372.83+£96.17%  79.90+6.94°
T5  230.80+24.42° 485.74+272.52° 252.86+7.88"  98.37+25.48 384.68+33.97° 423.70+49.47°  74.17+13.01°
T6  373.81£92.48% 396.55+127.70°° 168.05+40.37%°  62.88+6.40°  382.25+25.88" 375.13+93.12%®  67.29+6.95°
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T6 A . T5 2HHh 5 . T4 ZH68 . T5 2H 3% (9 GSH
SR R T R (P<0.05); 28RN sk
B . 0§ GSH & G il 52 10 (P>0.05) (3 8).
236 E£HEMNRMELMLBNO L EHHW0

R AR Y2021 NO Bt 4 LT >H B> i >t
JHF IR IE > G >3k B o A5 S gt b e o SR i, A
NO 7 it 5 %] M4 AH b JC 1 35 25 5 (P>0.05); TS5 ZA)iF
JBEAE . T4 4LARAERT T4 41100375 /) NO 5 1t W 3 i Tt
HE 2 (P<0.05)(3 9),

3 iTie
31 EEEWNEFHEEKMLENZM
AHFSE &I, FE R AR 7] 7K S 1 25 2 22 7

MR, MRS AR R | RRE R R A
B RRARRE R B AR S A RRCR Y — 1)
8o Hi, 400 mg/kg 2 HE 2 KX A0 A1 R AN
JE 36 3 ) 2 ROR e AR, T 200 mg/kg 25 75 28 K- 4}
B E R R K R A PR RO IR R R
BROR B . RIE L AFQO10FT A B, LR R
W E PR E LR AT R R E . H3gE | B E &
PRSI 4735 R (P<0.05), Ry mER, X5
AW LE AL, FEQ010)RIE, HKKIEFE
TEHR SN 400 mg/kg B2 R, W 3 JH, KX
BB 5 19 2E KM RE R I B35 (P<0.05), X 5 AFIY 4%
R o AH IR 3 i AR Y 22 B R AN i AR 5T
=, XA RS TR SRR R . XK= sh
(IBIFSE B, e ARDR s N 25 3 25 0T DURR s K = sh 4

x5 ZHEXNEFE MDA FEWMFII
Tab.5 Effects of dietary curcumin at different levels on the MDA activities of P. fulvidraco
1) N
2H 53 A J9HE Spleen . il % % % i Gill Ji%i Brain 1% Serum
Groups Hepatopancreas (nmol/mg prot) Middle kidney - Head kidney (nmol/mg prot) (nmol/mg prot) (nmol/ml)
p (nmol/mg prot) gp (nmol/mg prot) (nmol/mg prot) gp EP
T1 0.53+0.27% 8.08+2.78° 4.25+0.54* 4.19+0.34* 0.95+0.69% 13.04+4.14° 4.68+0.62°
T2 0.49+£0.11% 7.43+1.31° 5.50+2.19* 6.15+1.40° 1.13+0.97° 7.47+4.37° 7.05+2.76%
T3 0.42+0.12° 8.85+2.32° 4.86+0.57° 4.32+0.23% 1.28+0.89° 8.83+3.17° 15.58+10.86%
T4 0.27+0.17° 10.01+1.41° 5.31+0.71% 3.914£2.11% 0.89+0.61% 5.81+1.90° 15.32+1.24%
T5 0.34+0.15" 23.80+13.67% 4.06+0.19* 2.99+1.21° 0.82+0.45% 6.67+2.16° 8.27+0.33%
T6 1.12+0.77° 9.98+5.95° 5.99+2.24% 2.77+0.38° 0.62+0.23% 8.80+4.10° 5.77+1.89°
*6 ZHEZEWEHE CAT EIHMEIE
Tab.6  Effects of dietary curcumin at different levels on the CAT activities of P. fulvidraco
N 13 N
e AP JELIE Spleen . i % * % g Gill fisi Brain 1.7 Serum
Groups Hepatopancreas (U/mg prot) Middle kidney  Head kidney (U/mg prot) (U/mg prot) (U/ml)
p (U/mg prot) Ep (U/mg prot) (U/mg prot) gp &P
Tl  241.18+114.49°  7.18+0.50° 21.1042.46° 12.7542.73*  134.07+18.51* 215.96+53.70*°  42.53+1.65"
T2  246.35+37.40° 7.07£2.23° 19.63+3.07* 10.49+1.93%°  123.84+6.50° 215.98+32.35*  46.84+0.89"
T3  227.27+73.77° 7.05+3.04° 17.18+0.78% 10.96+3.24%°  107.33+13.46 183.11£19.89*  45.42+0.90°
T4  190.46+10.01° 6.12+£2.29° 18.29+3.66% 9.91+£2.46°°  103.48+22.15% 188.27+67.34*  45.27+1.94°
T5  250.69+37.99°  22.85+15.74*  23.9646.88" 6.68+4.28%  88.23+12.12° 177.08+24.68*  42.77+0.18"
T6  404.62+59.30*°  16.86+9.66*°  20.73+2.11% 4.71+0.59° 86.52+11.51° 199.68+54.15°  43.74+5.39°
R7 EZEEZWEHE GSH-PX FHRIEMN
Tab.7 Effects of dietary curcumin at different levels on the GSH-PX activities of P. fulvidraco
1) N
2H 57 PR JHE Spleen . il % % % i Gill fi¥§ Brain MLY% Serum
Groups Hepatopancreas (umol/g prot) Middle kidney Head kidney (umol/g prot) (umol/g prot) (umol/ml)
p (pmol/g prot) " gp (umol/g prot) (umol/g prot) H gp H gp H
Tl  177.78+17.82° 24.78+2.18° 52.65+0.71° 516.78+52.48°  10.82+2.75% 2.63+0.40°  137.14+55.07°
T2  127.32437.05° 24.26+11.02°  57.90+24.41°  384.41+48.12°  12.39+2.05%® 3.37+2.78%"%  215.38+5.49°
T3  136.67£35.19° 31.33+10.20°  47.07£15.04°  244.66+£96.92°  16.27+4.10® 6.31£2.33%  214.51+42.96°
T4  238.50+£18.13* 37.08+3.91°®  60.65£10.66° 391.45+£72.87°  19.36+5.14° 2.51+1.02°  251.43+35.61°
T5  194.75+20.88° 62.50£20.26°  71.34+£25.00°  555.59+27.00°  10.07+2.77% 4514335  251.54+37.20°
T6  184.08+94.82° 45.99+24.66*° 61.74+11.60°  488.70+55.28" 6.57+0.76° 11.334£9.67°  260.22+45.40°
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Tab.8 Effects of dietary curcumin at different levels on the GSH content of P. fulvidraco

#x8 EHZXMNEHE GSH FENEM

JHF IRAtE

ot

St

2H #E Spl i Gill i Brai 3% s
Giﬁjs Hepatopancreas (ﬂ*jzl / P :Itl) Middle kidney = Head kidney ( mgl / ' rot) 1&01 / ralfot) ( {;017;111;1
p (nmol/g prot) K EPp (pmol/g prot)  (pmol/g prot) K gp K EPp K
T1 36.44+14.83¢  2.88+0.98" 13.294£9.14°  39.89+31.26° 20.12+16.77°  44.56+33.29° 524.38+89.00°
T2 72.09+9.54°  3.11x1.38° 17.31£1.90°  31.87+25.51*  15.05+20.39°  35.10+£25.62° 607.17+113.53¢
T3 74.63+14.24°  4.58+2.66" 16.24+11.96"  43.45+27.71*  47.52+12.43*  22.3249.58*  572.62+167.78°
T4 80.88+5.88%  5.70+4.41%®°  28.06+9.70°°  35.95+£20.40°  40.45+23.02°  50.19+13.91* 782.76+427.12°
T5  118.66£22.97° 5.05+2.47° 35.33£6.55%  37.76£15.12°  15.62£12.77°  46.95+1.01°  938.03+194.57°
T6  104.32+£8.03*  9.85+3.77° 27.8745.25%  26.25+14.10° 21.62+19.73°  55.32+£7.75°  801.87+288.77"
*9 ZHEZWEHENO F=MEM
Tab.9 Effects of dietary curcumin at different levels on the NO content of P. fulvidraco
[} NN
el IR JLIIE Spleen ' % x % 8 Gill Jixi Brain M.% Serum
Groups liepatopancreas o ooy Head kidney - Head kidney oo o) (umol/g prot)  (umol/ml)
P (umol/g prot) K Ep (umol/g prot)  (umol/g prot) K Ep K EP K
Tl 0.29+0.13" 0.21+0.02° 2.20+1.04° 0.18+0.17° 0.54+0.35° 1.15+1.16* 3.03+1.63°
T2 0.37+0.13° 0.19+0.05° 0.83+0.62%° 0.37+0.28° 0.40+0.27° 0.53+0.22% 5.93+2.27%
T3 0.47+0.25° 0.34+0.14° 2.10+1.68% 0.45+0.27% 0.37+0.26* 0.79+0.57% 6.3242.08°
T4 0.47+0.10° 1.17+1.21° 1.35+0.37%° 0.25+0.14° 0.21+0.02° 0.38+0.09* 5.41+£1.79%
T5 0.70+0.22% 0.59+0.13° 0.14+0.28* 0.24+0.27° 0.12+0.09° 0.87+0.70% 2.77+2.11°
T6 0.51+0.22° 0.45+0.26° 1.20+1.28% 0.12+0.06° 0.39+0.32° 0.48+0.52% 3.47+1.51°

MR R PERE . W R PESE (2003) 7E £ W R IR FLfl
(Ctenopharyngodon idellus)fRIFFEH, 43 51l 78 # fa 3k
RiGRDRHR R INZE R, LIRS 30 d, 25 EOR,
TERAA AR PRI 0.02% . 0.04%H1 0.06%HYZ X
AL UL A3 B A8 AR X AR KRR 14.67% . 16.22% FlI
22.93%, [FIE, TPEFR B EAR 13.29% . 9.79%F1
18.88%, #RMH22H KX A A K HA W85 HEE
FH, AT SRR R A RRCR,, X SR 54,
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LR R H,0, Flad ARSI, JHBR A ik i 6
fi(Chen et al, 2009), AHfF5EH, WWINASEIKF-Z5
RN A0 0] DA S 2 R v A TR L U L i
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WAE 55 5 o NO Fl O, [ T i i Z1 48 A 1 ) it 4
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The Effects of Curcumin on the Growth, Digestion and Antioxidant
Ability of Yellow Catfish (Pelteobagrus fulvidraco)

ZHANG Tengxian'’, CHEN Qian'*, ZHANG Baolong®, LIN Chengli', ZHU Guoxia',
FANG Zhenzhen', BAI Dongqing'”

(1. Tianjin Key Laboratory of Aqua-Ecology and Aquaculture, College of Fisheries, Tianjin Agricultural University,
Tianjin  300384; 2. Tianjin Chenhui Modern Technology Limited Company, Tianjin  301800)

Abstract

A feeding trial was conducted to investigate the effects of dietary curcumin at different

levels on the growth performance, digestive enzyme activities and antioxidant ability of yellow catfish
(Pelteabagrus fulvidraco). Juvenile yellow catfish with an initial body weight of (13.17+0.68) g were fed
with 6 different experimental diets containing curcumin at the concentration of 0 (control), 50, 100, 200,
400, and 800 mg/kg (namely T1, T2, T3, T4, T5 and T6 respectively) for 60 days. There were 3 replicates
per group of 40 yellow catfish. The results were described as follows. The specific growth rate (SGR) and
the survival rate (SR) of fish fed in the control group were significantly lower than those of all treatment
groups (P<0.05), and the feed conversion ratio (FCR) was higher in T3 and T4 than the control group
(P<0.05). The lipase activity in the foregut of fish from T3, T4 and TS5 was significantly higher than the
control group (P<0.05). The amylase activity in the foregut of fish from T4 was significantly higher than
the control group (P<0.05). The level of superoxide dismutase (SOD) was higher in the hepatopancreas of
fish from T6, in the brain of fish from T5 and in the head kidney of fish from T4 (P<0.05). A significantly
lower content of malondialdehyde (MDA) was observed in the brain of fish from all treatment groups
(P<0.05). In TS and T6, there was a significant increase in the catalase (CAT) activity in the spleen and
hepatopancreas (P<0.05). The glutathione peroxidase (GSH-PX) activity was enhanced (P<0.05) in the
fish from T4, in the spleen of fish from TS5 and in the mid-kidney of fish from T35, furthermore, it was also
higher in the serum of fish from all treatment groups compared to the control group (P<0.05). The GSH
activity in the hepatopancreas of fish from all treatment groups was higher than that in the control group
(P<0.05). A significantly higher level of nitric oxide was found in the hepatopancreas of fish from T5 and
in the spleen and serum of fish from T4, compared to all other treatment groups (P<0.05). The results
indicated that 200 mg/kg curcumin supplemented into the diets could effectively boost the growth
performance, and enhance the intestinal digestive enzyme activities and the antioxidant ability of juvenile

yellow catfish.
Key words

Curcumin; Pelteobagrus fulvidraco; Growth; Digestive activities; Antioxidant ability
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Fig.1 Pampus argenteus
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JEREIN, JE GG b R 724 S YR
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Fig.2 The metaphase chromosome and karyotype of P. argenteus
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a. The mataphase chromosomes of P. argenteus with homotypic sex chromosomes; b. The karyotype of
P. argenteus with homotypic sex chromosome

x2 REPHSRBELEEEAXNKEMELE

(

+

)

Tab.2 The relative length and arm ratio of metaphase
chromosome in P. argenteus (Mean+SD)
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Chromosome Samples Preparation and Karyotype
Analysis of Pomfret (Pampus argenteus)

LIU Kun'?, ZHOU Liging’, LI Fenghui®, CHEN Siging”",
GEJ ianlongz, LIU Changlinz, SHI Zhaohong3

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  200090;
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. East China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Shanghai  200090)

Abstract In order to protect the germplasm resources of pomfret (Pampus argenteus) and provide
some theoretical basis for its genetic breeding, this research was carried out by thermal titration method
for preparing chromosome specimens of pomfret in living state and analyzed its chromosome karyotype.
Finally, the evolutionary taxonomy of pomfret had been preliminary discussed. The pomfret involved in
this experiment were juveniles 70—-80 days old and their sizes ranged in 7.0-9.0 cm. They were divided
into three groups, each group of three fishes, and kept in seawater containing 0.005% colchicine for 4
hours. Then, each group took three individuals, and a part of the gill tissues were sheared for preparing the
chromosome specimens. The methods in this experiment prevented the pomfret from the physical damage
caused by the operations off the water and ensured the experimental materials were obtained from pomfret
with normal vitality. The analysis of chromosome karyotype showed that there were 48 telocentric
chromosomes in the diploid and their karyotype formulae is 2n = 2SM + 10ST + 36T, namely, there were
one pair of submetacentric chromosomes (SM) and 5 pairs of acrocentric chromosomes (ST) and 18 pairs
of telocentric chromosomes (T), and their fundamental number (NF) was 50. There was no visible
evidence of polyploidy chromosome and sex chromosome. and the karyotype was in accordance with the
typical characters of karyotype in the higher group of fish evolutionary taxonomy. As the research objects
were juveniles which had the immature sexual gland, and were unable to distinguish between male and
female, it is uncertain whether there is a sexual chromosome in pomfret, and it needs to be further studied
when the gonads are ready.

Key words Pampus argenteus; Pectoral gills; Chromosome; Karyotype

@ Corresponding author: CHEN Siging, E-mail: chensq@ysfri.ac.cn



#38% e wool B b R Vol .38, No.6
2017 4 12 H PROGRESS IN FISHERY SCIENCES Dec., 2017
DOI: 10.11758/yykxjz.20160724001 http://iwww.yykxjz.cn/

A EIERL A FEFEINMEXT
X & & (Larimichthys crocea) X 78 £ IR I

WHR Y EHY wEEE' KmE'
Q. TSR T 315103; 2. TUOAS TR 315211)
WE  AFFREITRER F IR AR B 1A R SR 7 0y 58 7 K # & (Larimichthys crocea) 4 #4 ,
FAREDN . ERDPAONARHARN NN SUAREEHEEZFHITON. ERET, FERFES
KE#EEG., RKEEREYW, MARASNAEEKE. Ra. RK. AEFEREY W, F
it 4t D34, D3-6. D4-6. D56 EXBWAFEREY W, 2R FEEF TRTWH. kUL FH
BETAEBSTAT G RAE A X, T HR AR A 0% om 7 =2 B O & IR 4 B AR B B
TE. REMMEFR, BAABAGRAKNFALSEFENR, W5k FAEERI, BitE R
IMERINERL, EFEAFAHASREANBEAEERS 1 LT, BEEERS 3 LHFAZ R,
Tk EER R A AR S E g BB, RAANFNBKERRREAE AN S0 ERA, KA —B K,
FIRHAR M, MEIHFGETAE2ERAHNESR, EXEHIE, ANEBRSTHLEEER,
TRATARFREBEAKREANHAAL KR KW, B RTRAFTAR . FREEH KD,

FRTE-ERELAFEARENSKR,
ES7 a0

hESERE S917.4  XHEkRINED A

K # ff (Larimichthys crocea) 3 J& #% & H
(Perciformes) . 1 1 ffi #| (Sciaenidae) . % ffi J&§
(Larimichthys), [ 20 20t &4 B A B R e sk
Kigfa N T EFHAE W HORMESS, K iE 0 &
3R R K FRAE A0 2 B RN 2 —, FRIH LR i
AE R o FEBE R B 0 SR 7 B AR BT R T, B
H B R R A R Bl R R RN R, KA
FA) i SO AR 9 20 T R R B BB T G0 BT I o 2B A T
Kt R R B CBIE 3 55, 2014; Z=W] =45, 2010) .,
AE R 43 (F) 8 CAF, 2013) 55X HiA K | f i
M)A T T A OGS, [HXT 37 4 K B £0 A 7E i o 4 A
IRIE TR D, Bk Z AR SR G AR 2 SR K

KE@; WA; R HE; S0
XEHS 2095-9869(2017)06-0070-08

IS5 W ST o

IR <5 TN SN TN P 7 T2 2T
M RIS Z T 9T, CEAFE M2 (b2 45,
2010; HBEE4E, 2008; PK7°4%, 2007; BEHi4F, 2009;
W 5, 2011; R4, 2016) . Dl S (ARR1ESE,
2003), HIFe28 (T4, 2016)%5: 2 N Fh i i,
HA R RE Y . S AR B AMERRIE, AL
ST S B AR , [ s A s AR A7 3R B S
AR F A AP e B 7 SE M £ 28T 25 I i 2 A ME [T R
d, REEFUPRHE A B IR N T i, A
T 5% 308 3k %o A [i) 35 A X el X £ A 5 £ T
A BEA TS, LU N O B A B £ 0 0 3R Al 4

* T R B K % 3 (2015C110005) Fl T K AE W VT AE B 2 B 2E BT O 4 T H (XK ZSCOL) 2L [7] % B[ This work
was supported by Ningbo Science and Technology Major Project (2015C110005) and the Open Foundation of Zhejiang Provincial
Top Key Discipline of Ningbo University (XKZSC01)], K, E-mail: sweleon@163.com

O WilEL . R, BF5H, E-mail: 1058837162@dg.com

ks H Y. 2016-07-24, Wfg ks H #1: 2016-08-31


abc
图章


% 614

Yo B4 N R PR R SR 5 3135 5 K B 1 (Larimichthys crocea) 2 745 22 7 By 52 1 71

AR B AN [R) Gl Ak 25 B A A 4R
1 MRS
1.1 SCIg#ed

SR BRI R IS K= A AR EE N R
AN R B, YIUG RS S (8.5+1.1) g EHEALE
TEDRHRUR SR TR 2 B g im e o Be &k el v D
KEpZ ARG L AR, b LA YR A RS
F) il 3 5 R SRAERL R 77 U b XK £ SR L o
(Pneumatophorus japonicus) 7K &}

1.2 SIEHE

B K EAm R IR YL 3d ), AT, S
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Fig.1 Morphological characters of L. crocea

AF:. &K Total length; AE: {&+ Body length; AC: k&
Head length; AB: W4 Snout length; DE: E#i{ Caudal
peduncle length; 1J: EA# & Caudal peduncle width;
GH: {1k Body height

K2 KeEmpes
Fig.2 The scheme of L. crocea

: Tﬁ)ﬁ%ﬂ{ﬁ, 2: Hﬁjﬁﬁ%{}; 3: HE@%%E@,

4; FEERGE N 5. BB 6. W IEEE UL ORI
7. BEERCKNN; 8. FREEEKNG; 9. RN AE AL
10: JREERTT IR AN
1: Mandible end; 2: Snout frontier;

3: Pelvic fin starting point; 4: Dorsal fin starting point;

5: Anal fin starting point; 6: Dorsal fin spines ending point;

7: Anal fin ending point; 8: Dorsa fin ending point; 9: Caudal
fin ventral starting point; 10: Caudal fin back starting point

2 #R

21 FHEEKEBER

W 25 R B, LA T Rk 4 - 35 44 5 h (406.7+
65.5) g, IR 4 (28.6£1.2) cm, VKEELE Rl L 44
1A 4 (435.8+ 82.6) g, F-I1AK F(28.4+1.8) cm., IE
K A6 4 ) S Y K Tl (428.6297.9) g, “FIIAK N
(27.9£1.9) cm, SHERKL T EZ 0N, LR EXER
(P>0.05),
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Tab.1 ANOVA of morphological traits of L. crocea

JEAZ% Morphological traits

SERE PR EZ MeantSD  F {H F value & #M: Significance

5k

K&K I Body height/Body length 0.291+0.019 21.431 0

4 KARK I Total length/Body length 1.175+0.047 1.273 0.285
kK AR K e Head length/Body length 0.233+0.009 2.861 0.063
WK AA K Lt Snout length/Body length 0.088+0.009 2.405 0.096
FEKARK It Caudal peduncle length/Body length 0.248+0.012 13.082 0"
FEKEE L Caudal peduncle length/Caudal peduncle width 3.495+0.215 12.248 0"
##JE4K K It Body thickness/Body length 0.140+0.009 11.919 0"
D1-2 The scheme D1-2/Body length 0.144+0.010 0.720 0.490
D1-3 The scheme D1-3/Body length 0.171+0.011 0.478 0.622
D1-4 The scheme D1-4/Body length 0.282+0.016 0.524 0.594
D2-3 The scheme D2-3/Body length 0.307+0.018 0.560 0.573
D2-4 The scheme D2-4/Body length 0.297+0.018 1.722 0.185
D34 The scheme D3-4/Body length 0.273+0.018 7.274 0.001""
D3-6 The scheme D3-6/Body length 0.324+0.023 10.052 0"
D3-5 The scheme D3-5/Body length 0.413+0.028 0.080 0.924
D4-6 The scheme D4-6/Body length 0.178+0.012 4.709 0.011"
D4-5 The scheme D4-5/Body length 0.491+0.028 1.028 0.362
D5-6 The scheme D5-6/Body length 0.358+0.022 3.222 0.045°
D5-8 The scheme D5-8/Body length 0.243+0.016 1.349 0.265
D5-7 The scheme D5-7/Body length 0.087+0.009 2.652 0.076
D6-7 The scheme D6-7/Body length 0.389+0.025 1.815 0.169
D7-10 The scheme D7-10/Body length 0.256+0.017 0.805 0.450
D7-9 The scheme D7-9/Body length 0.243+0.017 1.397 0.253
D7-8 The scheme D7-8/Body length 0.161+0.011 4.362 0.016"
D6-8 The scheme D6-8/Body length 0.471+0.029 0.504 0.606
D8-9 The scheme D8-9/Body length 0.141+0.010 0.176 0.839
D8-10 The scheme D8-10/Body length 0.103+0.011 0.670 0.514
D9-10 The scheme D9-10/Body length 0.097+0.006 2.966 0.057

*h 25 5 i 3 (P<0.05), ** 2% Sl i 3 (P<0.01)
* indicated significant difference (P<0.05), ** indicated highly significant difference (P<0.01)
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Tab.2 Duncan's multiple range test of morphological traits of L. crocea

Morphological traits

Duncan ;% Duncan's multiple range test

K &K [t Body height/Body length

KA K I Caudal peduncle length/Body length

K E®H Caudal peduncle length/Caudal peduncle width
B A K [ Body thickness/Body length

D3-4 The scheme D3-4/Body length

D3-6 The scheme D3-6/Body length

D46 The scheme D4-6/Body length

D5-6 The scheme D5-6/Body length

D7-8 The scheme D7-8/Body length

ficl & Ak 2 VKA A 21 K MG 2

Formulated dietary group Fresh dietary group Net-cage group
0.2772 0.292° 0.304°
0.243% 0.244 2 0.256 "
3.54432 3.355° 3.5852
0.1342 0.141° 0.144°
0.2642 0.280° 0.274°
0.3112 0.329° 0.334°
0.1732 0.179° 0.182°
0.351°2 0.365° 0.359 ®
0.1592 0.1582 0.165b

SR SRR bR R:3RR 28 7 3 (P<0.05)
Note: In the same column, values with different superscripts were significantly different (P<0.05)

0 5 10 15 20 25
ALA R 2ttt
Formulated dietary group

YOKFALL 4
Net-cage group

vKEERRLA
Fresh dietary group 1

K3 AN[FZH K I AR o b
Fig.3 Thecluster analysis of L. crocea in different groups
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Tab.3 The component matrix and the contribution of principal components to the total variance in PCA analysis

EESH B Tt 2 Fr 3
Morphological traits Principal component 1 Principal component 2 Principal component 3
&k K 1t Body height/Body length 0.265 -0.292 0.824
4K AR K Lt Total length/Body length 0.354 0.131 0.254
3k KA K It Head length/Body length 0.224 -0.459 -0.381
Wy KA& K b Snout length/Body length 0.121 -0.576 -0.008
A& K [t Caudal peduncle length/Body length 0.165 0.459 0.582
FK R Caudal peduncle length/Caudal peduncle width —-0.022 0.777 0.037
ISR K [t Body thickness/Body length 0.238 -0.437 0.691
D1-2 The scheme D1-2/Body length 0.793 -0.206 -0.103
D1-3 The scheme D1-3/Body length 0.647 0.020 —-0.205
D1-4 The scheme D1-4/Body length 0.922 -0.094 -0.015
D2-3 The scheme D2-3/Body length 0.885 —0.096 -0.174
D2-4 The scheme D2-4/Body length 0.863 —0.055 -0.287
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D7-10 The scheme D7-10/Body length 0.825 0.420 0.034
D7-9 The scheme D7-9/Body length 0.806 0.433 0.019
D7-8 The scheme D7-8/Body length 0.761 0.124 0.074
D6-8 The scheme D6-8/Body length 0.863 0.022 -0.203
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D8-10 The scheme D8-10/Body length 0.637 0.514 -0.013
D9-10 The scheme D9-10/Body length 0.854 -0.044 0.124
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Fig.4 The morphology analysis of principal component 1
and principal component 2 of L. crocea in different groups

Fig.5 The morphology analysis of principal component 1
and principal component 3 of L. crocea in different groups
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Fig.6 Thediscriminant analysis of L. crocea
in different groups
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Tab.4 The discrimination analysis of L. crocea
in different groups (%)
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Rl ES . et et
| dentification 46 20 iaip S| iaip S|
accuracy Net-cage Formulated Fresh dietary
group  dietary group  group
J W R SR PL 90.0 93.3 66.7
J W E A 2R P2 79.4 84.8 86.9
ZRA R
Total discriminant 62.5
accuracy
A% H K Cross validation
FIWTHERR 2 PL 86.6 90.0 76.7
ST HET R P2 74.2 81.8 91.3
ZRAF R
Total discriminant 61.6
accuracy
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The Effects of Different Dietsand Culture Environments on the
Morphological Variationsin the Large Yellow Croaker (Larimichthys crocea)

SHEN Weiliang"?, WU Xiongfei'”, SHENTU Jikang", LIN Shugin®
(1. Ningbo Academy of Oceanology and Fishery, Ningbo 315103; 2. Ningbo University, Ningbo 315211)

Abstract The morphological character is an important externa indicator of the value of a large
yellow croaker (Larimichthys crocea). Therefore, it has become a hotspot how to improve the
morphology of the cultured large yellow croaker in the fishery industry. In this paper, we analyzed the
morphologica differences among the large yellow croakers cultivated in different environments and fed
with different diets. We collected the morphological data of three groups of large yellow croakers, and
then applied methods such as cluster analysis, principal component analysis and discriminant analysis to
analyze the data. The results showed that there were significant differences in the body height, the caudal
peduncle length, the caudal peduncle width and the trunk width between the groups. The environment and
the diets also had effects on the frame morphology of D3—4, D3-6, D4—6 and D5-6. The morphological
differences primarily existed in anterior trunk of the fish, which indicated that the morphological changes
caused by the environment might be associated with the flow velocity. We also speculated that the diet
might affect the fish morphology due to different nutrition compositions and accumulation. The cluster
analysis showed that the formula diet group and the net-cage group clustered closer than the fresh diet
group. Three principal components were extracted by principal component analysis, and it showed that
the formula diet group and the net-cage group shared similarity in principal component 1, but were
different in principal component 3. The fresh diet group was discrete on each principal component. This
finding suggested that the large yellow croaker cultured in the small net cage and fed with fresh diet were
more diverse in morphology. We also applied discriminant analysis and established the discriminant
functions of the large yellow croaker under different conditions. The cross validation analysis showed that
there was no significant difference between the discriminant functions and the expectation, which
indicated that the discriminant functions could be used in the morphological identification of the large
yellow croaker cultured in different patterns. Our study suggested that the morphological improvement of
the large yellow croaker would be achieved to some extent by altering the flow velocity, the size of the
cultural space and diets.

Key words Large yellow croaker Larimichthys crocea; Morphology; Diet; Environment, Multivariate
anaysis
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Xt 4R (Litopenaeus vannamei) Xt B 42 & 1iE
R ER UL 3
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)Jj E/E’i 1,2 —%— %{ it 1,23 E EU:] «Iék 1,23 E g 1,2,3 E% éI 1,20

(1. AW SRl AT Hp L R R H A S80S P DK RE B S B B IEE T 8 2660715
2. W REHA AR LRE WA SRy i E RS RE 2660715
3. RHREEERYOKTE S Ebe B 201306)

WE KR 5 xt b E T A 2K (Wild-Fenneropenaeus chinensis, W-Fc). i [E &t 41 % & #F
& ‘¥ 2 5 (Selected-Fenneropenaeus chinensis, S-Fc)fn FL44 1 %t #F 7 b — X & FF (Commercial-
Litopenaeus vannamei, C-Lv)k Al # 2 & & U 47 & % | 3847 6 1E 7 2 (WSSV), ik W-Fc. S-Fe &
C-Lv xr WSSV fy gkt = 3, R E R, KR %4 E WSSV &, W-Fc, S-Fc #1 C-Lv #-F ¥ 7
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AN, A FER B A NN AL REREN AL LRSI RSN ZR, ER 0T
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PIXFERFET - R A K 5] 100%, FUH 4 BR X IR 5558 b 8
ZH RS FHUR (IESE, 2010; Cavalli et al, 2008;
Verbruggen et al, 2016), XJ#F&E WSS J5, & HlR
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TREF A TAY TREEE) BB ARAF G, 206
FEHE PCR LW K % (20 pl): 1xPremix Ex Tag™ (Probe
qPCR) . IEX M 5I#4 0.25 pmol/L(F* 1). ROX
Reference Dyell 0.25 umol/L. #4%t 0.125 pmol/L .,
i FE DNA AR 2 ul, KERZEAKAMEIRFL, PCR L
NIRRT 95CHIAEM: 10 s; 95CAEM: 5 s, 60°Cik
KFEMH 34 s, 340 NMEIR . DIAZEE A 470 5% &
A H R B E 4L TR PUC]-T/WSSV69 M bR b,
¥ WSSV b EAT 10 5 RIVB R R, 467 8
B, 23 51h(1.02x10%)—(1.02x10%) copies/ul, JoH W%
IKAER BT IR, BB E 3 P47, TIFER
PEXT HE AR HE T R A i . B8 DNA B -4 T A
3, WOHSEYEAE izt i i) WSSV it .

x1 ZWETASIMES
Sequences of PCR primers in this study

Bk 2]l
Primer sequence
WSS probe  AGCCATGAAGAATGCCGTCTATCACACA
WSS1011F  TGGTCCCGTCCTCATCTCAG
WSS1079R  GCTGCCTTGCCGGAAATTA

Tab.1
5194 Pk

Primer name

1.7 HBEFHITRSW

M 1 BXTERIET- I 4R, AR 1 h 4T 005%
P AT RR, SO SRR T, B A URE A I
F20CukAH , HEXUREFIET: Gl WSSV
J5 B LR R F- ARG R, 25 SR 08 R P (4R
2% (Mean=SD), & SPSS 19.0 #{4F1 Origin 9.0
HEAT ARG 1T 50 b, JF BRI R 7 22 43 BT (One-way
ANOVA) HE A7 X RS- 227 47 17 B[] AR P UL 1A 4 48
BEEE Y22 50T

2.1 WSSV B Xt Hh7EiE i i £ BRI tL

3 XFTHRAE 40 h JEIFLR HIFET-MA, S-Fe
B RAFIER A C-Lv K 9 h, kb W-Fc K 62 h; S-Fc
B/MEHRR T C-Lv K 6 h, H S-Fc K 7 h, X /R4H
JCFET, 1M WSSV IRYLLA BT H R 100%., A
RO 24T LR R A S R d R T 3 A X R
YIfE st R 22 5, 458 8, S-Fc. W-Fc Ml C-Lv
VR T 22 )P Y5 A0 B T 4 A A il 2 M 25 5 (R 2)

2.2 WSSV Biff5 3 AX MRt EERMET R

WSSV JEYL 5 3 ZHXTHRA B R B A SE T 18 L : 40 h
Bi, 34HXFUFICHETS; 40-48 h, W-Fc. S-Fc Fll C-Lv
HICT BN 8. 2 F2 F; 72-96 h, 3 4INFHF
FIFETZ R E R 78, 39 Fil 9 &, W-Fe SET- %k il
# FTF, S-Fc BT 96-120 h, W-Fc gkl
AN PR T R Hli RAE L 80 25 120-144 h, S-Fc
H1 C-Lv [A]Hs 3 21 By i (0] BE SR T R AR KAA 43931
J7 96 FEFI 89 &, W-Fc 7F 72-168 h FFE R F5 A X} 45
EIBET R, 7E 126 h JET- R &Sk %] 100%. S-Fc
TE 192-216 h ik BIFET- A — s g

2.3 WSSV Biff5 3AXMMRFIFE T EAILL K

SCESTFER 40 h Y, 3 AR BEBET- RN 0,
BE A SCUR R HEA T, XTARFFIREWIIE T, H R BT %
AW . W-Fe. S-Fc 1 C-Lv XT#F RFIETHAE
120 h iF435035 %) 48.93% . 13.62%11 35.34%; 168 h
I, 353K 5] 84.71%.55.53%F1 76.19%; 43+ HITE 216
288, 264 h ik 100%.

24 WSSV BifE 3AXMNMAIARSEHEEMNTL

W-Fc S-Fc il C-Lv HAR P LA 41 200 55 3 7F
3-12 h HEFEAR K (1.01x10°-3.60%10° copies/ng
DNA), FfiJ5 5 B0 5 1G58 e 06 0], PRl SE T 0

&2 WSSV BEE 3 HXHRTFE T 8
Tab.2  Survival time of the three groups of shrimps after WSSV infection

TIE ] Survival time (h) W-Fc S-Fc C-Lv
% K Max 212 273 264
/N Min 41 48 42

-4 Mean 124.11439.49°

166.79+51.54° 136.90+41.99°

TE: AR REFRIR 0] 22 5 835 (P<0.05); W-Fe fUR T E XS IREF AR, S-Fe AUk EXTIFEFREA, C-Lv A&

JUEABER IR R A, R 1)

Note: Different letters indicated significant differences between groups (P<0.05); W-Fc: Wild population of F. chinensis; S-Fc:
Selective breeding population of F. chinensis; C-Lv: Commercial L. vannamei seed. The same as below
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Fig.2 The cumulative mortality of shrimps after the WSSV
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5 24-36 h, W-Fc 155 (2.12x10%+£5.24x10%) copies/ng
DNA, S-Fc fl C-Lv fRFEFEARIKF-; 2 48 h, 3 W4
W35 2 (1.22x10°46.14x10%) . (7.10x10°+7.26x10%) Fl
(1.50x10*+4.19%x10°) copies/ng DNA, 3 ¥4 &Pk
%5 (P<0.05), S-Fc Ml C-Lv M4z A 2 5 A & (P>

0.05); & 72 h,S-Fc 1.5 (8.71x10°£4.80%x10°) copies/ng
DNA, C-Lv 1§ 7E (1.90x10*+2.57x10°%) copies/ng
DNA, WiZH 2% 5 (P <0.05); 4 3 4% R4 Py LA
HAR TR IE 10° copies/ng DNA B, HT T
{64351 48, 144 F1 144 h (36 3),

48 h ZHi, 3 HXTEFEARIETE A W-Fe Hi K
ek, C-LvikzZ, S-Fc i, 48-144 h i}, HIE%5H
R W-Fo 3K MU e, S-Fe 3478 3 B T 46 1
L7, C-Lv&1E LTt

TERGLXTIR Y AR Z2 9 B, WSSV Y £ 53 e ™ 1
(Bonilla et al, 2007). W% [ X5 HFAS [a] i A LA KA
[FIFP2EXFHRXT WSSV YRR SC &, X T IR Ay st 4%
VEH A H R SO PSR, 2005). BLE AT b EI X AR
FTH AR BEXT IR (T B 5, 2013) . FLAN T HR FTBE ST
X #F (Wongtavatchai et al, 2007) . H A& {H ¥F
(Macrobrachium nipponensis) Fl ML 44 i X 85 (B % 45,
2003) 2 B AN [R5 7 g v IR (R B 4, 2015) %95
9 P R 22 S

3.1 XWiNES4S

6 EXF WSSV St AT g PR Rhom 5,
WSSV 5| E[ B X} R (Penaeus indicus). B3 XFHF
F % {3 ¥ (Macrobrachium super bum)100%4E -3 (1 i}
] 43 A Y S5 72 h, 48 h, Sd A 8d, MMi% [GiR
IfF(Macrobrachium rosenbergii)7e i &Y WSSV 15 d
J5 P& SET-(Sahul et al, 2000), ZEZL1%:(2007)HF5%
T, B[R] —Fh)E AR 5 R Z G e E R, X
WSSV W HUBRMEWAFTEB R ZE 57 . BKF 5 (2013)%}
JUAREEXTEREAT WSSV BRI B, AFZRZRMN

* 3 3 AXTERA[E B E 5% F H = (copies/ng DNA)

Tab.3 The viral loads in the three groups of shrimps at different time points (copies/ng DNA)

i Time (h)

W-Fc¢

S-Fc

C-Lv

3

6
12
24
36
48
72
144

1.96x10°+5.27x10" *®
1.01x10°+1.74x10%°
1.55x10°+2.51x10%°
1.82x10*+1.51x10%?
2.12x10*%5.24x10°°
1.22x10%+6.14x10°°
2.82x10%47.93x10°°
8.44x10°£1.25%10°®

1.17x10°+6.65x10*°
2.26x10°£8.17x10%°
3.60x10°£8.16x10%°
9.42x10%£3.98x10%°
3.39x10°+2.12x10%°
7.10x10°£7.26x10%®
8.71x10°£4.80x10°®
3.21x10°£8.21x10°*

2.33x10°£5.21x10%*
1.20x10°+6.49x10'®
2.04x10°£1.96x10%°
6.55x10°+3.09x10°
5.04x10°£1.79x10°®
1.50x10%+4.19x10%°
1.90x10%+2.57x10% ¢
1.49%10°+6.59x10°°
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B} [8] Time/h
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Fig.3 Changes in the viral loads in the muscle of the three
groups of shrimps after WSSV infection

XTUERXT WSSV BHitEARTE . AWFS LhEe T v E iR
LG5 X5 0 DA R v R e IR N T3 B AR 5 B A
TRz E) % WSSV S E , HAE S Ts it ] . 2
FUT RN MR P9 2 2% 0 7 T A AE 0 5 25 57

32 MFEBMR

20 tHag 90 AFAXHT, FRE AU Ty %t iR R 5H 32 2 A A
ST EXTER . 2001 4E )5, BT FLATEXTER AR R
FEFR [ VI S5 AT T, B Ry R G AR R A 1)
o WA A (B KBS, 2013), AWEFEF, HERFER
Y A A 5 FLAN I X IR Rl A A B3, P XA B
[ (R 2). BTSRRI TR m (& 2), JFHEE
ST s [ Py SEE R A R i 2 o 4 A S PR (1]
3), \Bt WSSV HEREF BEfg 7~ T FLAN XS R 22 fr A fig
2= AV RN ES DO N S O R e Y S B [ N 7
Hh, FLA T X R R M v b 5 v X 2 ML,
HXE WSSV itz J1 52, nIREE i T AR AZ 4%
— A H 2 B E KX | 55 [ BT %% SIS X iR 45 it it
ST, LB AU R R S 8 i e D
LI 2 CRERABE. RRE5ZHERE ST
AR, 2 10 ARG A H Y D6 R SR B8 B (A
BHicS: GS01-002-2008), H LI H I & MHTHE T,
REA SPHIE WSSV R e RIS LA B Bk g E AR, o ]
FoebrAz =, RRUEAE— BB LR ff A il WSSV
PEIR B) J Ae, DBD FRBE ) 2 T e GE R E 4
2013), M E AR 2 CEEREINA. KEE.
WAL VLI U T N, IR E RS
WO T R 23025 2B 328 (FLASZE, 2012),
FESF i WSSV JERYL R, v X R B AR 2
F H X MR B A A AT RS, O H G % SE 50
(R4 T X B PR 5 2 1 P AR X281, E— e FR R i

B E IR A B E ARG T — 5 k20 MR |
AT HEA W BRI LSS . @i Pom B Rk
B, AR EXTER R LR FIPUN RE J1, A R Ty
e B 1 B 17 EE R i 2 — (40 28 245, 2008)

3.3 BEHH

XTHR & T ICHHMES Y, BA Ja R IR S i I
W/ (Adaptive immune response), ‘& X R A 6% 11
AT H e KA P R 45 (Innate immune system), X
oI5 RGATHE— R 5 BRI TN S R (L et al,
2013) ¢ B4 55 (2003) % H A T8 4R F1 LG 3 X R A4V 5
T FRGE rh d e A LU 5, A B LAR T ot i L
PRI TR B P L LR v ) IR P W R Tl (A CP) R P 1
MR B (ALP)IG PR i T HASTHAR, 8 FLAY X R Y
T TR T NS AT 1) S B8 D RE LG H ASYR IR HASTE
IR f 8 480 AL 4 57 b B (SOD) Al it S8 fk W i (POD) 14
o T LA XTAR , BT H ASVE (R BT S8 A RS ) FE L
AR XS HRER . Jiang(2010)38 jek X e [ X 4R AT H A< 48 %)
HRTE R YL 45 WSSV B B0 T 2 A e sie A A2 4k,
Pt HASEEXTERGT WSSV 1Y Sy R ET0 T o [ X
XL FT F B, A [RS8 X R E S e ML A7 2
S, HSGT o [ TR R PLA I X R TE WSSV L R4
PERFA 225, 2t —L .

AHIFSE H [ R IR R AR 2 TR N TG
WSSV 4RI R AP0 e . &SP
TEH RIS X AR db FOE B iR WSS 1Y — A RuE e,
BN RN R T WSS SR

£ % X M
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The Comparison of the Sensitivity to the White Spot Syndrome Virus
Between Fenneropenaeus chinensis and Litopenaeus vannamei

FENG Yaping"*?, KONG Jie'?, LUO Kun'?, LUAN Sheng'?, CAO Baoxiang'?, LIU Ning'?,
LU Xia'?, CAO Jiawang"**, WANG Mingzhu'*?, WANG Jun'**, MENG Xianhong"*"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao  266071;

3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract In the present study, we applied the quantitative feeding method to compare the sensitivity
to WSSV infection of shrimp species including Wild Fenneropenaeus chinensis (W-Fc), Selected
Fenneropenaeus chinensis (S-Fc) and Commercial Litopenaeus vannamei (C-Lv). We found that the
average survival time after being fed with equal amount of WSSV-loaded baits was (124.11+39.49) h,
(166.79+£51.54) h and (136.90+41.99) h for W-Fc, S-Fc and C-Lv respectively, which were significantly
different among the three groups (P<0.05). The death peak of W-Fc appeared at 96 h after infection and
continued to 216 h, and the death peaks of C-Lv and S-Fc occurred at 144 h after infection. The quantity
of virus in muscles of living shrimp samples was examined with absolute quantitative PCR at eight time
points (3 h, 6 h, 12 h, 24 h, 36 h, 48 h, 72 h, and 144 h). The virus loads in W-Fc, S-Fc, and C-Lv at 48 h
were (1.22x10°+6.14x10%), (7.10x10°+7.26x10%), and (1.50x10*+ 4.19x10%) copies/ng DNA respectively.
At 144 h, the virus loads in the three groups of shrimps were (8.44X106i1.25>< 106), (3.21x 10°48.21x 105),
and (1.49x10°£6.59x10%) copies/ng DNA respectively. These results indicated that W-Fc was more
sensitive to WSSV, and that S-Fc had higher resistance to WSSV. It suggested that S-Fc and C-Lv had
different sensitivity to WSSV infection and thus might have distinct immune mechanisms against WSSV.
S-Fc showed higher resistance to WSSV, implying that the resistance to WSSV was well improved in
“Huanghai No.2” through long-term artificial selection. Therefore, an effective way to prevent and treat
WSSV is selective breeding, which could greatly reduce the damage of WSSV disease.

Key words Fenneropenaeus chinensis; Litopenaeus vannamei; White spot syndrome virus (WSSV)
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REemEAsRRmEs FAkBEEAXLWE
STERIE4E R R B WM AL EE R

ZEW OE B R Y eEL kAR EEW

GERRAAN AR I AR R SR i s T AR I 5 2 P B s ] 361021)

WE UaRkTh 30%WEAIEaR A BA, NWEMEREERELT 50%%8 KR
ik LAt ok, R ARSI 0. 05%. 1.0%. 1.5%7F 2.0%1K 0T K& &G, B4
6 B LI R, XTATEA R E 4 (0.44+0.02) g By A4 7% Xt 4T (Litopenaeus vannamel) 4 51 #EAT 48 d By 7%
FHSERy, LIS RJEREAE S, NE IR Mk B BE(ACP) ., BB BE(AKP) ., & A E b4k
1. B (T-SOD) /& /1 fn i —BE(MDA) & &, H /41 38 58 K £ 8 [ X H(IMD), i % 3a 2 F
(Penaiedin 3a) ., % T B#(LZM)fr Crustin 48X %% ZLH 0y Rk &, TR FAM & & G LN E
IR R W R ) A B, SR TN, AR AR R i H AT TR
7% G A D B E SHIT BT IR T-SOD . AKP #1 ACP H7E #7, 1% MDA W4 &; E 1.5%1K 2 F
KA E E fe ¥ An IMD . Penaiedin 3a. LZM # Crustin XE £ % &, £, LA ETIFES R 2%
AFRENE N BRRTEED AN EORERERWXBERNZ —, MAANFH T
1.0%1.5% MWK FAMAEEGTHEARG A EMNTRBEHELLEAN KA E, HRLEFR LR

A AnGLE AR A
KA

hESERE S963.71 SCEkERIDAD A

FL 4 75 X IR (Litopenaeus  vannamei) 143 Bk B 35 H

XFUF, S H AT S IR A e e i = R 22—, H

AHTEPESE | EIREORAR ., AR SRR
LA (R FE 48, 2008), AT, 1EAELAfLRIEE R A,
WL KA RIS E R R, FEES R AR
PREGNIBURONE , AT RE D 2t e 0 T %,
SR . AR GG o AR 2 )iz
Gk T A2 X FRAE X U 2 AR, e TR
iR g FL A T X 0 B 70 R A R S 5 BE T 2 T 9 e
SR R B 2 R IS B AR

o> T oK i A o — 2R s SR 7 5
JIK, Le w4 o W T B AR A MR A

FUgE AT e B R; KEaEA; FHREE; MRER
EHE  2095-9869(2017)06-0085-07

FEQO10FFEUEM, 1 2-6 MR IR 4L LA /INIK B A
WMWY EIEE, AR | R e s
FEHW IR Z AT B &, PR, ek
WS IMK S 0 B BB = 2R B AR | A sE T RN i
RYHEHT J1 (Liang et al, 2006; Tang et al, 2008; Khosravi
etal, 2015; A LH%E, 2016), Nazeer 55(2012)tHF 5L
M LT ZF 411 (Otolithes ruber) AL A 2 B5CRN il £ 1Y 7K fir
R A TER AN A B s ok .

AR, R TR TR 198/ RN K 7 S Y
P kR, TR AN BB, TR R E AR,
ARG ATE, (HA5 IR0 A B B3, g iRk =
A N FRFEME A T B R RSPk, i, e

* AR AR £ PEAT Ml L T3 H (201303053 ) Rl A 4 Hh AR BUM T RHITITH (JA15284) 3L [7] B B [This work was
supported by Special Fund for Agro-Scientific Research in the Public Interest (201303053), and Young and Middle-Aged
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A AR 1 RO BEOR T 2 A IR R Y
AR BR AL R e, &2 e . B HATAiTFSE
T, Rk A B s A R O 2 S BUK T S R
K218 . mRRI 222 . %y )1 T B 5 (Francis et al,
2001; Opstvedt et al, 2003), HJFH, —J5 H ity &
HEPUERHET | ez F /NP, s T a2k
{# B (Rahman et al, 2010; Bulbul et al, 2015; Chiu et al,
2016), 53—l RERY EZE N Z Y E A E b
T RIS 43 7 KA R R L ) 5 £k B AN [
(Aksnes et al, 2006), £ T 4% 8 5 I A%
IR 5E A o GRAARDRE R AR INAS [R) 2K S 1 /N4 K fige 2
1, ARS8 X FLAA T X MR AU A b LA A DG G e 5L R Ay
ma, ARG G AR A IR R R S |

1 MRIERE
1.1 RHoFhkBEEAG S

B8 8 /g 7P T fh(Sardina melanostictus) i ¥E T
G, GBS IEHL(Retsch GM200) S IR BEH . 1 BES
Fi2 10 4 BIHEIMANZE K, FH 1.2 mol/L i NaOH
VA pH A 7.5, SRIGHEEEN Y 0.4% 0 AN
FBF(80 T U/g) R (4000 U/g)(IT.75 e 7 et A= 1)
TAEAFRA TN (HEI N 3 1 1), 7ETEIRTE SR S5
HS5°COKME 8 ho RNASHE, 95CKIE 15 min, X
MV 5000 r/min 20> 40 min, FEMFIRZ 200, 1000 Da
T VI I M Y (TSR EE-00 L A)HEAT M UE , 1 /N Ik g
o VEWAE ES R R TN PR A R T & Hil&
) AIK 53 F 7K A £0 8 7 R R RO A 3 Y
(HPLC)I 75 7K fift 8185 1 2H 53 CRB BT BT 4, 2011) (% 1)

1.2 SEIgER

DL A GORA E R H R, Al SRR
R AR IR, /NAZ TR R 2 WEIR , JFAb s TohlEh
2 A 28 S R RRE , LA 30% 0K AR Ry = ok
XTHRA , DIAR Y& AR s A T kL 50% 19 ok £
P EC A AP F A SE A ARk, i) AU fE0R S At e v 2 Sl
o, 0.5%. 1.0%. 1.5%F1 2.0%{%73F/KFaEH,
FLFELH K 6 B LI AR ER 2).

A R ECRH MR, 1 80 HIHIN, H1d
FeAR i 5 B IR G 5], SRIE IMAGE K EES), &
SUZATH R HL(CDAX1TS £ I REAE AL ) ATE AL in T

A 1.5 mmx2 mm BOPCRCIRAEDRE, FEAE 60°CHET Z 14
RK &84 12%, T-20CoKARAES .

1.3 SRR RIAFEE

S FIT FH LA i X M ) A A A TR T I R AR
HE WY 20T LR L h 17,
IERSLIHET, JLONEXTIREFR T 2 4~ 1000 L A7K %
Farh, DISCHG I faoky S ah DR IR 2 J), A HGE N 5K
BB S, 25 24 h, RIGEBEMEE . (KEN
(0.44+0.02) g MR, BEPLELA 24 > SEEAH (2 120 L
KR, BRI 30 AR, EaRSERm, AR
BHE M 4 ARG, B4 R R 3 7K(08:00,14:00
H1 18:00), SCHGFFEE 48 do SEERIMHIN], A K FRIR I
FIFEME, oS i A AR R IR O . 5256 FHK 42
WU F R BRI, EhE R 20-23, FRAE A FE A H] W
R, K IEKIE A 25-28°C, pH N 7.9-8.2, &
fif 58290 6 mg/L. B RHETE 1R, BRRBK A Bk 5
25 10%.

YGRS, KSR ARAS 24 h, DAT Fh(L ¢
10000)R M. 43l N EERRBEHLIHE 10 RBIZRIF, 2
JPR B I BB F A A 3 TR R, A —-80°C VKA
oy

14 #HmoaMENETZE

141 FHRY> M SR I IR A0 D 5 ek
FLER A& it SRR IR, DLk R 4 590 I
TEPELRELRR D7 25 at R RS AR LA L (105°C) 6 h
Je A RE K 43 3 1
1.4.2 A4 7 Vi A AL G AR ] T W
(MDA) &, Bl ALY B AL (T-SOD) . Hi M i iR
il (AKCP) 1 1 B 22 T (A CP) P Tt 0% 10 440 R FH e ot 2t
B W) TREAIE ST BT B35 6 I o
1.43 RNA #RAf=%Ea %% E PCR  HEHD)
WEEE{SCK: 50-100 mg il 44U 20 Kb, F
Trizol(Invitrogen, 3&E)RELE RNA, AL,
SABETUE RNA, T 75%1 CBEGES 2 K, &)a A
TCH K f# RNA . ] NanoDrop 2000 4366 RE 46
RNA ZEEEFIREE . 1.5%A B IR SR i vk 46 18 H:
SE#M: . L)L Thermo Scientific Revert Aid First-Strand
Synthesis System (Invitrogen, 3 )X &4 A cDNA,
SERF G E i PCR SR 20 W KR . LIS

1 ROTFKBEEBNDSTFENH

Tab.1 Molecular weight of low-molecular-weight fish hydrolysate
/+F1& Molecular weight (Da) <200 200-500 500-1000 1000-1500 1500-2000 >2000
& 1t Content (%) 24.10 68.71 4.02 2.92 0.25 0.00
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Tab.2 Formulation and the proximate chemical composition of the experimental diets (Dry-matter basis %)
J5UR} Ingredients HFM LFMO LFMO.5 LFMI1.0 LFMI1.5 LFM2.0

24y Fish meal 30.00 15.00 15.00 15.00 15.00 15.00
T H1 Soybean meal 25.00 47.00 47.00 47.00 47.00 47.00
fift £ B Squid visceral paste 2.00 2.00 2.00 2.00 2.00 2.00
¥R Shrimp meal 5.00 5.00 5.00 5.00 5.00 5.00

5 i
£§£—igjfeﬁ;i£r:§iv§ght fish hydrolysate 0.00 0.00 0-50 1.00 150 2.00
/NAF5y Wheat flour 31.00 22.30 21.80 21.30 20.80 20.30
a3 Fish oil 1.00 2.20 2.20 2.20 2.20 2.20
K2l Soybean oil 1.00 1.00 1.00 1.00 1.00 1.00
K G Wi Soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
S ABAEH Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
R — 245 Monocalcium phosphate 1.50 1.50 1.50 1.50 1.50 1.50
¥ ) IR A& %) Mineral premix® 0.05 0.50 0.50 0.50 0.50 0.50
i ZIR 4% Vitamin premix 0.20 0.20 0.20 0.20 0.20 0.20
Ytk 2 C #iBRME L-ascorbate-2-phosphate 0.10 0.10 0.10 0.10 0.10 0.10
785 7 Mold inhibitor 0.15 0.15 0.15 0.15 0.15 0.15
T FEER £ Sodium alginate 1.00 1.00 1.00 1.00 1.00 1.00
FIFRIREY Amino acid mixture” 0.00 0.50 0.50 0.50 0.50 0.50
A MWk Ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
E % A 4) Proximate composition

/K53 Moisture 12.97 13.46 11.78 11.35 11.26 12.27

## F Crude protein 44.44 44.49 43.68 45.74 45.37 45.56

HMLUIEM Crude lipid 7.59 7.56 7.55 7.55 7.54 7.54

W a: DLEE TR b, &4 Mg233.3 mg. Zn92.8 mg. Se40mg, 120 mg. Mn 220.1 mg fil Cu 128 mg;
be DA SRR Y T 2 AR, BUER N 50% . SRR 30% . AR 20%. P Z LR N R IR LR

Notes: a: Provided per kg of feed, Magnesium 233.3 mg, Zinc 92.8 mg, Selenium 40 mg, lodine 20 mg, Manganese 220.1
mg, and Copper 128 mg; b: Provided as percentage of total amino acids, Lysine 50%, Methionine 30%, Threonine 20%. All

amino acids were crystal amino acids

%1 ul, WFER cDNA BIHIARE 9 ul, AceQ® qPCR
SYBR" Master {8454 10 pl, 25K 95°C 10 min Fil
Pk, 95T 15, 60°C 155, 60°C 60s, 340 ME
R, LN R ASE R A ke, DL 274C
RTINS R e SE . NS EH B-actin
ST 55 2% 5 H 5 (2015) (% 3).

144 %tk K SPSS 17.0 X} Fr A3 504 ik 47
52500, AR B EEKTE P<0.05, WHETT
Duncan [CZ & L4,

2 #R

2.1 ARERMES FokiER & E B3 AR TR
RIEF R REMRELIERE R

TRDREFR ISR 231 7K fifp £ 2 5 60 PLAATEE RS MR IR
BRARAE S P SR BRI A AR PR AL R L3R 40 i3k 4 n]

AL, JLANEEXTER T-SOD Y36 7 7 4K 4 F BRI i 41
(LFMO0.5, LFMI1.0, LFMI1.5 1 LFM2.0) ¥ 2 &= T
18 LAl ZH (LEMO)(P<0.05) , i £E AR 231 7K fift 1145 14
windir, LEML.0 0976 i s, w3 s THAY,
055 4 (HFM) 2 748 8 35 (P>0.05). 41K+
IKfRATE A IR T 1.0%0, T-SOD #Yi% /1
FEREAL(P<0.05). XTHFFEHME MDA & 7E LFMO 41
&, {A5 HEM #l LEMO.5 2025 5K i 2 (P>0.05),
MR T KBTI TE 1.0%-2.0%Z a1}, MDA &
T L T HAB 4 (P<0.05) . XFEFATIHE AR AKP 3% J17E
LFM1.0 4, 3% &T HFM. LFMO #il LFM2.0
ZH(P<0.05), H:f HFM., LFMI1.5 il LFM2.0 4Hi% 4
ZRARFE . SRR ACP 1§ 176 LFM1.0 4l
i, 5 LFMO0.5 2R A R E(P>0.05), HEHEST
HFM F1 LEMO £ (P<0.05), 447> /K fif (3 H B s
TS T 1.0%0F, ACP 1% 7 3B 1A
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Tab.3 Primers for genes of nonspecific immunity of L.vannamei(Zhang et al, 2015)

Em 519 LR 1B R
A Gene i _ . .
Forward primer(5'-3") Reverse primer(5'-3") Annealing temperature (‘C)
IMD ATACATCCTGCCGTTGCCGA CCGAGATGGGTTCCCTTGTT 60
Penaiedin 3a CACCCTTCGTGAGACCTTTG AATATCCCTTTCCCACGTGAC 60
LZM TGTTCCGATCTGATGTCC GCTGTTGTAAGCCACCC 60
Crustin GAGGGTCAAGCCTACTGCTG ACTTATCGAGGCCAGCACAC 60
B-actin GAGCAACACGGAGTTCGTTGT CATCACCAACTGGGACGACATGGA 60
x4 ARKRNESFRFEEEAX LHEMTHRERIESREEMRENERKHZN
Tab.4 Effects of dietary low-molecular-weight fish hydrolysate on nonspecific immunity and
antioxidant indices of L.vannamei hepatopancreas
F84% Indices HFM LFMO0 LFMO0.5 LFMI1.0 LFM1.5 LFM2.0
2
s e 5.47+0.35  3.19+0.09 4.51£0.00° 5.93+0.13° 5.120.15° 4.47+0.31°
T-SOD (U/mg prot)
N ¥ MDA (nmol/mg) 1.93+0.07" 2.09+0.05° 2.04+0.10° 1.67+0.08% 1.70£0.06* 1.8240.03%

i 1 W

265.26+14.75"
AKP (U/g prot)

234.16+1.13°

323.92+8.91°

344.08+4.31°  333.52+23.81° 245.05+21.12°

TR RTE ACP (U/g prot) 348.24+30.72% 406.19+3.58%¢  532.65+12.63™ 578.35+24.23% 461.94+21.16* 349.05+41.60¢

e ARREFERER R 25 57 3 (P<0.05)

Note: Different letters denoted significant differences (P<0.05)

2.2 JLYEITEREZIE IMD, Penaiedin 3a. LZM #0
Crustin mRNA HIfEXI RIS

FLANEXHEF 7 3E IMD mRNA AYAI X F A A
LFML.5 dffm, W& m T LEM2.0 410Kk (P<
0.05), HoAh A2 1Y 35 1 25 578 18 35 (P>0.05)(F 1),
XTUFi71E Penaiedin 3a mRNA AYAHX} F A AE LEM1.0
Higrm, W&EST LFM2.0 2H(P<0.05), HAt142H |
Z R AR EEP>0.05)(F 1), XFTEF7IE LZM mRNA )
AF X 2% 3 1 AR AR FE Al 40 (LEMO) AR 437 K 48
R 4 (LFM2.0)fAIK, {H A4 1] 22 55 A8 35 (P>0.05)
(K 1). LEM1.0 Fil LEM1.5 4%t iF38 Custin mRNA
RN 855 B i 3 E T LEMO 4H(P<0.05), HAfth#4H
] 22 5K 5 32 (P>0.05)(& 1),

3 it

3.1 ARHBRMES FREEEBNLAEXTENE
BHEEENMNELENNZN

AR EAPUEA L . BRI IR R A
DL R 3o S e 4 22 A AR W) oE e, 3 S AR T T
T A TE R (CE B 2 4E, 2012; Bui et al, 2014), i
I IR L 00 L MG B L R 1 AR R 03 A0 M P 3 R
PRI B G BRI A DR R S K fi £ i B e
PE R AN BT A9 E F (Fitzgerald et al, 2006; Hartmann

L. JHFM
- [ ]LFMO
C_JLFMO.5
C_]LFMI1.0
- E_JLFML.5
CJLFM2.0
a

.- ab][ a;babﬁab 1[][ a]][ﬁ :{

IN]
—
®

—
]

—
W

ab
ber] | PS b

(=]
=)
=
[¢]
]

mRNARHIXT KRB R
Relative mRNA expression level
8 8§ 5

et
w
T

(=]

IMD Penaiedin 3a LZM Crustin

B 1 FLYYEXTER 73S IMD . Penaiedin 3a. LZM Hl
Crustin mRNA FJAE X ik

Fig.1 Relative expression of IMD, Penaiedin 3a, LZM and
Crustin mRNA in the intestine of L.vannamei

AN FBEFR R 22 7 W 3 (P<0.05)
Different letters denoted significant differences (P<0.05)

et al, 2007). FELRAEH IR TN K i 8 1 RE RS 2 i a2
SOD YT A ALEE TG F1 LA SV TR T . PRI M & . 1L
THAMA | o EER R 14 bR AR YRR %0 71 (Liang
et al, 2006; Tang et al, 2008; Khosravi et al, 2015), A&
WFFE R IR, FE DR S IR 437K ff £ 2R 1 nT 3 4R
5 JLANEE T AR AR o T-SOD 193§ 71, JF H LFM1.0
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215 HFM 41 T-SOD Wi )] 2 5 A i 3 . T-SOD J&—
FhyT AL/, TE3E0R H R DAL % S by 1k
Y5y F 5040 5 Oy i LA W Oh EE AR (ol BH 4
2004), Nazeer 45(2012)ill #5343 #7 T 204 fa LA B K
firfaEH, KM NING BT E NS Z IR 51
Lys-Thr-Phe-Cys-Gly-Arg-His (861.6 Da)f X, B £ 1
EQ011YIAR, FK i o 2 11 53 fidp AE ol i e i 2 2
iR AT AE 2 SOD MM fLls, 7T {H SOD B &M, ¥
BRXFUR AN 20 A i, PRI, RS TT.
TR YA HLARE i B R S5 AERE R G A A
B, EHERRIGE AR S SRR, 51 &5
Fid EACAE R, JF B R BN B A A, anE g
(MDA) ., Fii3t | FRILFPRILSE, L= Res 40 i
i, HEMT. HmMA4 MDA B8 &% 5 nl it
HLAAR N I Bt AU Ak A R 3, T b sz e o 40 g 45 1%
R, AR R BN, 850+ KBRS 7E
1.0%-2.0%M}, fig W FEACTERAF IR B MDA 19
Ho LR LT, ZEGEEN IR K A B R TS
SR AN 7 SO AN SN B =/ = K i

AKP Fll ACP J& E g 4 M 75 B AR 0 b i il , 72X
WR G 28 PR R v 2 A ML S 58 HL 1 R 4 FRIR 150 1)
BLERAR, X PIRN B RE fE T R B K A, R R PR RN
PESRAF T KB IR R 0, RO B, 7R B
2 SRR I A 2 B A IR 75 45, 1999) (%
B RE 1.0% 7K #9035 N 2H (LEM1.0) - o) B T i
AKP Fl ACP i J i 35 5 T = fa AR 4L (HFM) . IR faAs
FEAZH (LFMO)F 2.0% 7K fif (285 IS INAL(LFM2.0),, {H
5 LFMO0.5. LFM1.5 5 A E, xR, ek
TS A H AR A7 /K A £ 8 R4 = AKP Fll ACP
(A3 7, T e 7K i ) 25 B AR AKP T ACP 1936 17
J¥ 1 45 (2011) 78 X 1[5 B Xt IR (Penaeus chinensis)
FIBFSE L L B, BN 10%7K fif 0 55 2 F#Ik ACP
M AKP {935 7, 3 U8 BA FAk sk vy 14 7K A 2R 1 RT e
243 ACP Fl AKP 935 11,

32 ARHBRMES FRBEEEBNLAREXTIE
& EE R

A= WAL R S8 2R GoRARBUR R AR I AR S 5t
R B 98 2 TG AT ) 0 Bl 18 B0 R 1 i B 4R
(Iwanaga et al, 2005), — RIIGEEH T, WXFIFER 3a
53 (Penaiedin 3a). ¥R il (LZM)F1H 72 % (Crustin)
SELER e R R T EAE T, 5 LG AR B R g
RE IR 55 B UM 6 . FETCEMESI b, Wi e R
FEFAFEH IMD gt —Fh ez Bl 8 1 IMD, 24411
432 B9 I AR, IMD E FUEH S E S AR BIE

5 F A B AT ) A PR A O | A L AR — R S
BRI, B R f B 50 R F (AT B RK (L et al,
2013), ARWFFR R, 76X ERRDRL R TR 2 7K i
11 3% 4252 IMD | Penaiedin 3a il Crustin 2 [H (193
K, (0 LZM [N 3R 3A AR 45 SO0 2 ) 25 S5 N o
FEAR AR DR IR A3 oK i 0 B TR I 1.5%
i, fig 2 2 HE S X IR 73 IMD mRNA A 35 1,
{EA AR 2.0%F, IMD mRNA A AH X2k 24
R XERWT, RAUB RDR R NS E AT AR
Oy T K A 2R L RE RN IMD mRNA (3635, din
i B B2 i 3k o XFUR R4y A7 AE T XTI rh
RIEPUEIBE(L et al, 2010), ABFFEH, fER G0
1.0%A91 53+ /K fift £ 85 H 2H A9 Penaiedin 3a mRNA #f
X F AR, MR 2.0%M1E 2> T 7K i 025 1 41
] Penaiedin 3a mRNA AHX} A H Ak, X1 IE B
(A - 7K A £ 28 P S 2 ] 2 8 FLAA I Xof S s
AT =% S ) RS ol R R e

VTR Z 0 A0 T XTI, e IR 5 22 [CBH P
TR 4 LR e ) IR BRI, DA (S ATL AR F 8% H A5 JL 1k
YR AIR GR T RESE, 2014), TKBEEHZE(2015) LRI
13K (Vibrio parahaemolyticus)Xif ML 7 %t iR 14
S B R 4% AR B S N ZH X IR LZM mRNA (R AI %) 363k
i S TR NG, FEAVIR T, £%EAH LZM
mRNA FJFIXT R AR A BE 25, SR SRk 5t
T (LFMOYMI HE , R4 LZM mRNA A1 55
Bl I R 1 N Rl N s el = I RN | e ¢ 2
0.5%—1.5%FMF, XTUFHAIE LZM mRNA AYAXT A&
WA TR UBH @ SRR AR AR T BE 23 3k o B
0 3 i R S 7 BRI T A N et IR 43K i £ 2
I ] R 7E — R B b 2 5 WA JE 5 T % 77 . Crustin
YRR e WP B T, e R Ry Ak, B
AP ISR BT S M AR I £k AR R R R
1.0%—1.5%MK 5> F /K i Fa B 1, BE R 3 35 Crustin
mRNA WX FiEE, JFHEEF&S TRAakh4a
(LFMO). X B, 7EAK o imbek b s i B K7 19
KA /K fift #0281 0T R 2 42 ve FLAA T X i i 3 1 4
WA . DL SRR, AN EE B AT,
JLAH U XT W 7 38 45 S 8 Jk TR 3 58 1 28 AL A A7 16 35
KES, & G 5 RHIL o /K i 2 15 0 DO AE
ANTEL I ST, AR 3 7K ik 2 1 6T PL A T %o W £ 928 )
(5% ) ] REAEAE ZFPiR AR

25 BRTR, FERREP AN 1.0%—1.5% A% 53F 7K
fif 0 2R (BB =y FLAN I XT R P LR 0y, 3o R
e RIERE T
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Effects of Dietary L ow-Molecular-Weight Fish Hydrolysate (LWFH) on
Nonspecific Immunity and Antioxidant Capacity of Pacific White
Shrimp (Litopenaeus vannamei)

LI Xiaoli, WANG Ling, SONG Kai, LU Kangle, ZHANG Chunxiao(D, YUAN Xiangli

(The Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture, Xiamen Key Laboratory for
Feed Quality Testing and Safety Evaluation, Jimei University, Xiamen 361021)

Abstract In this study we investigated effects of low-molecular-weight fish hydrosate (LWFH) on
nonspecific immune and antioxidant capacity in the hepatopancreas and the expression of some
immunity-related genes in the digestive tract of Pacific white shrimp (Litopenaeus vannamei). A diet
containing 30% of fishmeal was regarded as a high fishmeal diet (HFM), and a diet containing soybean
meal that substitutes 50% of the fishmeal in HFM was considered as a low fishmeal basal diet (LFM).
Five LFM diets were formulated by adding LWFH at incremental levels (0, 0.5%, 1.0%, 1.5% and 2.0%)
to LFM, which were designated as LFMO0, LFMO0.5, LFM1.0, LFM1.5, and LFM2.0, respectively. The
experimental diets were fed to L. vannamei of (0.44+0.02) g in a water recirculation system for 48 days.
The nonspecific immunity and antioxidant indices, and the activities of acid phosphatase (ACP), alkaline
phosphatase (AKP), total superoxide dismutase (T-SOD) and the content of malonaldehyde (MDA) in the
hepatopancreas were measured to determine the effects of dietary LWFH. We studied the expression of
immunity-related genes including IMD, Penaiedin 3a, LZM and Crustin using qRT-PCR. The results
suggested that a certain amount of LWFH could significantly improve the activities of ACP, AKP and
T-SOD while reducing the content of MDA in the hepatopancreas. Moreover, the relative expression of
IMD, Penaiedin 3a, LZM and Crustin were up-regulated in the LFM1.5 group. Therefore, the plant
proteins may not be an ideal substitute because they may reduce the nonspecific immunity and antioxidant
capacity of L. vannamei. Our results also suggested that 1.0%—1.5% LWFH added in LFM might increase
the expression of the disease resistance related genes and enhance nonspecific immunity and antioxidant
capacity.

Key words Litopenaeus vannamei; Replacement of fishmeal; Fish hydrolysate; Nonspecific
immunity; Resistance gene
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it (Scapharca broughtonii) A [2] #h 38 2 K B
SR ME SN

NEH S 2O xEw 'Y wzE' AWT' AFHK'
(1. A BB PE U FT 32 & BT A2 P EUK SRR B s K R i B8 2660715
2. GRS SEm¥RE BiE 201306)

ME XA PCR ATV HTHELAKE. K&, k. RammERE 5 IR EEH
(Scapharca broughtonii)# A< f CO I . 12S rRNA. 18S rRNA #r 28S rRNA £ F 4 F 7], 24 7 #
S AN IEBRA R SR AR N K R, BN TFHE. TEE, 20HEF 67 % 776 bp By
CO I J¥7] .72 % 443 bp  12S rRNA J7 7 .75 4 909 bp ¢y 18S rRNA J7 7| #1 75 4 894 bp £ 28S rRNA
Fol. FA MR ER, 5SANBEKTS MR CO T F7] 340 ] 466 % AL, 32 ##f
A, BEA LSRN 0925, ZHR LML 0.086; 12S rRNA 77| # 40 2] 292 %
AALE, A3 MR A), B EA LM 0928, T B L4 H 0.0856; 7 18S rRNA 77|
H,OSABRSEINEF BN RE SN, £ 74 HEEA, 909 MEAM A, EEA LMK
K10, MR LHEMEHEEN 0717, Kb REHETFALARS . SHERFE; B 28S RNA
oy 7V AT R, 15 MAMERER N R 27 A S ALk, 18 A A, BaA SN 0778,
WAFER M H O 0289, M RHAR L MR FE. REEBHONMERRY, HEFESHM 44
BAMEEEERA; £TCOL FAMARANME TH ZAN KB,

KEEIR A COLAERE; 12SrRNA £ [H; 18STRNA R H; 28SrRNA A H; itk £
FESHES Q953.1 XHFRIRA A XEHES  2095-9869(2017)06-0092-08
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FIRD SR D AU IX (B B AEAE, 1991)7, AERRE B PRIMIAIRALAEH, JEHEA TR BT R AT LR . ATt
PR R, B TR DT AR, RRIEAL B C ST T LA SR B IR A A T T Y
TTERMAT N — RS BRG] B9, s 2RI S H 7% . RAPD Al SSR
WrfEe, e E R E TR Z G, (HAEHERE . B BRiCEOR, Xbah ERR E i 4 b B Y T
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1L AR S st Al Z RE VS DU T TR CREB 4, 2010;
RAE, 2012), L5 NoR, 4 DRERB G 2R,
BREROBEMUES; XF 4 A B PR RE AR b
& RNA 19 2 4P s ) B X 3R (ITS-1 1 ITS-2)i#E 47
P, RIS HHAZ BIfFE—E R EES, &5
JEA TRV BE AR XTI B A AR 24 1, P T S e ki 2y
L E R R 4, 2012), 34k, An 5
(2005 10 N2 AT RN ST BHEHE T T 2
BEHET T, SO E A B AN 11 31 23 ORAE, e
B2 AT R, 10 A 05 Z RIS 778 8 BN - 1
MG PV Q015)F M AR E X BHEHE R &R
AT T 508 o (BRI FHZR A 5 DR RIAZ A S DR A 7
A 5 B R A AT A AR S o R g

RS A ARG | s/, TS
PSR S, ERTRERKTHN I Z. CO 1
(SRR MR C E LB T, coxidase 1 )FEM
WA e, THRIEERR (Y S, 2016), T LI4R
B E AR R, © IR B % /i /il & goilk
AEHFFE 1 (Chen et al, 2009; Shen et al, 2009; Zheng et al,
2009). 12S rRNA FE K H A m B ORSF M, 78 D280
ST RGE G K E R ERAIETY, 20147,
a4, 2012%), 18S rRNA F1 28S rRNA TE4E#11A N
TERK, HfEd e B rp BAa s, Wik, &4
AFRR R G LT VS, e A a0 A4
Witttk . MERENITCRELE RRNEE ST
e, BTZ R T Y B R T E R Gk B
5o BEARTEZE(2012)M GenBank FEFEE VAN 11 4~
SFE 80 NFERY 28S FRAMFS, HITREKE RER
WFoE, WU Ehr4s

ARG it 5 A RRIADEST COT | 128,
18S F1 28S J¥51 28 5540 M X R b Ab /3 Ar, & 76 I ff
B TR AR 35t 4% 22 R M KT FIAN (] s B A4 1) R G i
FEIRFR Ay b B s R 4 S ot i R H A L Atk B}

1 MRIERE
1.1 SEIEH

SCEG TR 5 A M FRAE A 0 JEL I 23 5 3B T AR
TR IARRER) . AR (), IZREHR

(P). WREZEH), MBI AR, (Kiks
Y M AR, BOASENL, B T80 CHli ik vk
FPRAT o

1.2 E[FZH DNA 2EF1 PCR ¥ 1&

BEAFEARBENLI 15 MRS, SR B 055
HUEEIZ] DNA, S230 ] DNA BiRFs B E 100 ng/ul, 15
FH PCR ¢4 bt CO T | 12S. 18S i128S L[, Frfl5]
YPsIL#E 1, PCR N KRFRA 30 pl: 3 ul PCR
10xbuffer, 3 pl =5 4 ) ANTP (2.5 mmol/L), 10 umol/L
FIIES 18518045 1 ul, 0.5 ul Basy Taq (5 U/ul), 1 ul
DNA(80 ng/ul), 20.5 pl KHF7K. PCR WA : 94°C
iS5 min; 35 MEFR(94°CAEME 20 s, 52°CIE k 45 s,
72°CHEAH 1 min); B, 72°C ZEH 10 min, 75235 0 .
By H R B, TS PCR P21 T 1%B IS e e e,
KK (1xTAE, 130 V, 30 min), 2R F FEE R 1% &
SEATEAR IR, VIHCE M 5 . BRI, fF H R
B T #uk s, HALRSZASg, s T RekE,
M13 3 5 A e s . Horr, 8 MR Y
Hit COT 4%, 3 MMREAT B 128 4.

1.3 FFEIELAL I

56 Chromas A4 firfs )7 41 i I0JF i, I
NCBI %4fs i 4T Blast boXt, SFFL R4 . 32
BioEdit Al ClustalX 1.8 #4775 Ebxf, I DnaSp
KA A A L A 44 PR T 4% (Number  of haplotype,
H). FEZH R % 7 (Average number of nucleotide
difference, K) X% 11 1R Z 48 £ (Nucleotide diversity,
P31t Z S8, 18 ] MEGA 5.0 84X 751 1Y)
B 3L 2H A% (Nucleotide composition) . £ 7% i 5 £
(Number of polymorphic sites, S), ZAE 51 5 (Variable
sites)E 47404, R NJ (Neighbor-joining)k #4) £ et
S AN HIREER R R B LB

2 HERE5HW

21 COI. 12S, 18S #1 28S FSIHEE AR BT
SaHm

MF SRR CO T . 12S. 18S F128S H:[A A Bt

1) Liu CF. Phylogenetic analysis of Arcoidea and genetic diversity of different populations of Tegillarca granosa along Chinese
coasts. Master’s Thesis of Chinese Academy of Sciences (Institute of Oceanology), 2014, 32-54 [X|F&J7. ™ E VT SEl(Arcoidea)

DU RS R T Meiehl(Tegillarca granosa) A [FIRHAISHE ZREEDTFY. h ERLFBEOFTE A Be GEERIFSE BN BRI SE A 20018 3,

2014, 32-54]

2) Feng YW. DNA barcoding and molecular phylogeny of the Pteriina and Arcoida. Doctoral Dissertation of Ocean University of
China, 2012, 96-101 [##ifh. ZEkDIW HAMETH DNA FEH5 ARG EEVIS. PRI A AE 3, 2012,

96-101]
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KEAR—, K75 X BRI 909 3 58 o B 5L s, 4
WAEE] 67 LK EH 776 bp 1) CO 1 J#41 . 72 &K
N 443 bp BY 128 41 .75 £ BEHIH 909 bp Y 18S
FEH R B, 75 R KEEh 894 bp 11 28S FE[H B, it
S ANEEARRY COT . 12S. 18S Fl 28S FE[HFH4» H Bt
FITRFEAL L 2. 2 3. 5 DEHARY 18S JEHH/r
G IEAL A L FIAH X AR, CO T 2 FF4F51 A+T
SRELLL 128, 18S Al 28S MY A+T &HEs, 1M C 1
/b, 28S FEHF AT I, G B B AR

22 BEESHEESN

5ABERNIY CO T . 12S. 18S Fl 28S MR
L ZREMES RO 40 S ANEER 67 AR CO
[ o rh i 2] 466 D280, 32 FhELAE AL,
PAAEI ZREPEFE RO 0.925, I 5 MEEIRRY CO T 3
A AR & o B TR 2 RETETRECN 0.086, Ho,

i E AR L) 2 B0LS (ST RE R B K) AT
HABFER, 128 FRHILAG I F] 292 PS043 Ff
PR Horp, BAERD 3 T ANME, 3BTRS (R)
BEIR 34 K (OREIA 74 FEEP)REA 7 4~ 18S
FEAH LRI R 909 AN 74 FhEpAEAL, B
FERIZREPEFS N 1.000, 58] 5 DMREARR 18S BfH
R, BHREZHEMEIE R EE0.717),
T 18S P4, IR REARI 250 %, AR ZHE
PR i 5, SRR 28R AL, N 5 A
& 75 AR 28S 7 F) I ] 27 A~ 2008
18 P e fr iy, Horp, PARERY 8 A7 26 ANAMA, 43R
KB OB 74, EE)FHE 5 A, EREP)FHAL 2
A, BEEMFAR 54, RBER)BEHA 124, PfEiE
FEVEFRECR 0.778, AT TR Z A48 5k 0.289, Horfr,
SRR ) Z B R 0, HOR S A, wh
BRI 2 SRR AR

&1 COI. 12S, 18S%n 28S5|¥ /55l

Tab.l Primer sequences of CO I, 128, 18S, and 28S
L[ Gene 5|¥)F%1 Primer sequence 5|9y i 4k Reference
F: ATYGGNGGNTTYGGNAAYTG
Col R: ATNGCRAANACNGCNCCYAT Matsumoto, 2003
128 12S-SR-J14197: FGTACAYCTACTATGTTACGACTT Simon et al. 1994
12S-SR-N14745: GTGCCAGCAGYYGCGGTTANAC 0 ’
1F: TACCTGGTTGATCCTGCCAGTAG .. )
18S SR CTTGGCAAATGCTTTCGC Giribet et al, 1996; Okusu et al, 2003
288 3311F: GGGACTACCCCCTGAATTTAAGCAT Giribet et al, 1996: Okusu et al, 2003

4434R: CCAGCTATCCTGAGGGAAACTTCG

®2 BHAREZE COI 12SERERS F I AIHE AR
Tab.2 Base compositions of partial sequences of CO I and 128 gene of five populations of S. broughtii

\ . CO 1 12S

BEIR Population

T(%) C(%) A(%) G(%) A+T(%) T(%) C(%) A(%) G(%) A+T(%)
ez 39.3 14.6 23.8 22.3 63.1 26.4 28.0 27.0 18.4 53.4
K C 39.2 14.6 24.0 22.2 63.2 26.3 26.9 28.0 18.8 54.3
7R R 39.7 14.1 23.7 22.5 63.4 27.1 25.0 28.7 19.2 55.8
EEP 36.9 15.5 24.2 22.3 63.5 26.8 25.0 28.4 19.8 55.2
@iE H 37.0 15.6 26.4 21.2 63.4 26.6 26.7 26.8 19.8 53.4
EH{E Average 38.3 15.0 25.0 21.8 63.3 26.5 26.3 27.8 19.2 54.3

%3 BHAREBK 18SF0 28S EE R4 S M FE A R
Tab.3 Base compositions of partial sequences of 18S and 28S gene of five populations of S. brouhtonii

FEIR Population 185 285

T(%) C(%) A(%) G(%) A+T(%) T(%) C(%) A(%) G(%) A+T(%)
JiEE T 26.9 21.2 26.4 25.5 533 21.7 28.3 21.4 38.7 43.1
K& C 27.0 20.9 26.3 25.9 53.3 21.8 28.0 21.3 28.9 43.1
R R 26.9 21.2 26.3 25.6 53.2 21.4 28.4 21.5 32.0 42.9
R P 27.0 20.9 26.3 25.8 53.3 21.8 28.6 21.2 28.4 43.0
#iE H 26.9 21.0 26.3 25.8 52.9 21.5 26.0 21.2 31.3 42.7
FEH1E Average 26.9 21.0 26.3 25.7 53.2 21.6 27.8 21.3 29.2 42.9
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23 SAREHEES FRENMEMBESN

1 MEGA 5.0 A5 5 AR R EE A (A i
WA R (R 5 ME 6), W 5 DRHARAAKE LT
COT . 12S. 18S M1 28S [ NJ /i F R EGM . CO 1 Fl
12S Zpiras R R, BERNEE I B R 2 /N T REK
() st E s, Hoh E R S Al 4 BRI 8HE IR
B, Hep, 12S R, i E A S A 4 S

IRE B AG I B A, 18S JFAI Mg R s, 54
FEORIA A AL BE B AR /N, BRI 2 m T
FEUR IR ALHE 2 . o MRS oAt 4 AN TR ) A ast
L HE B FNT B K 8 28S P8, BEUARIA] (1Y) 35 4% 1
PR, T T TR R R SIE TR AR [ 1) 5 4% 1 8 izt - CO
[ NT RGEUEAR ULIE 1, R R B R A 8 4% 1
A 4 DMRERER, (HERISH WoR, 8 E A
BeA Y L — 32

x4 BEHAREEMKE CO1. 12S. 18S# 28S £ E H Bk S Mg
Tab.4 The genetic diversity indices of partial CO I , 128, 188S, and 28S in different population of S. broughonii

RN B BEME

HARE ppmmp f spprmgpppye  So0in S VIHBHIESI K BHREFFEREP

fragment POPUlation MRS Haplotypes  Ha Diversity | "OVEOPIe  AVETRE FREeaide - Rucleolte dhversity

Ccol JKemg T 15 12 1.000 36 16.758 0.019
K C 15 15 1.000 47 16.571 0.017

HER P 15 9 0.096 45 18.836 0.021

A R 15 12 0.097 472 125.703 0.197

HE H 15 15 1.000 505 133.057 0.155

128 JBeEE I 15 13 0.989 232 94.384 0.242
K& cC 15 8 0.769 311 116.080 0.287

¥ P 15 8 0.769 277 60.800 0.150

M R 15 14 0.990 322 125.700 0.353

i E H 15 10 0.857 388 176.120 0.426

188 WiRg T 15 13 0.971 488 69.724 0.080
K C 15 15 1.000 25 7.791 0.009

HEHK P 15 15 1.000 24 8.333 0.009

AL R 15 8 0.848 481 65.733 0.172

HhE H 15 15 1.000 25 7.829 0.009

288 JBeEE J 15 13 0.981 540 272.571 0.318
K& cC 15 10 0.857 536 276.029 0.305

HEKP 15 14 0.990 589 269.924 0.334

R R 15 13 0.971 557 275.057 0.334

HiE H 15 10 0.943 461 116.038 0.150

®5 ETFCOIMI2SHFFIH 5 AR Bk BB M E &G EE

Tab.5 Genetic distances between and within five different populations of S. broughtonii

PN col 128
Populations  fgmg) K& C AR 0 EKP #HEH 0 KEIJ K&EC R EXP WHEH
JBErE T 0.011 0.230
K& cC 0.001 0.002 0.335 0.260
S R 0.378 0.380 0.646 0.369 0.286 0.320
HEFP 0.038 0.039 0.351 0.002 0.381 0.206 0.236 0.127
HE H 0.321 0.323 0.606 0.357 0.297 0.405 0.357 0.390 0.338 0.437

T MR BRI R e e s, LA R I AR, TR

Note: The numbers in bold indicated the intragroup genetic distances. Others were intergroup genetic distances. The same as

below
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Tab.6 Genetic distances between and within five different populations of S. broughtonii

LN 188 28S
Populations  JKF§ J I Ne A R &R P #iE H B J K C A R R P wE H
JBE T T 0.176 3.333
e 0.089 0.001 3.062 3.166
R R 0.164 0.089 0.176 3.097 3.041 3.292
R P 0.088 0.001 0.089 0.001 3.229 3.168 3.210 3.549
i [E H 0.089 0.002 0.090 0.002 0.003 2.959 2.630 2.923 3.047 1.529
3 it M7 155 (2013) 9 25 3 — 2, R wh EREAS
J1E

31 S EEEES N

WAL Z R SRS AR T S L (5 B B, A
FEIR AL AR SRR L ks Ry, BVRER I B AL 454
SR N AR R B A5 | GEFER I A A kA )
WAEIERY, TP AR T IRR O — A E RS . St
AFPRE AL AR SR X A A7 PR BE 1438 [ A
SRR, PRI AR (R SCEAE, 2003; Sk AT,
2009), AWFFEH, T CO T Fl 12S Py BafsmidE
WA, A 32 R 43 B, JEHERFEBHA, £
OIS AP ZAT IR ZE S BHEIR Z . 3T 18S [F51,
5 AR LRI £ e 2R, EE 74 Fhon
£, BCRA R R Z 5005 488 4, ER T IR R
BRUE 69.724, KRR ZFEMEFEECE 0.080, AL T
RER, RSN S RE, SR FEE.
FET 28S JpAl, 75 ARG 18 Bl LAE AL, FESHTE
R . FmEHFQo12)X I ARENR . LR
B VLINAT = 5 SR E G 4 A M SR O R R A
HIRZBEIR RNA A P26 Sk [a] f X 3R (ITS-1 Fi 1TS-2)
BEATY 8 R A R R, ITS X 55128 S A %t
B, 4 ABEARITS KT8 R 5 rsfe £
R, X SAMI SR —8

19 A% 1 s A VR T G TR) AL 2T 4 A T) 3 R Ak A
S 0 — N BE (3K 2 A, 2002), FEMRGE T, %
P T R AR Pl 3 DR R A R B R B AR R ) 25
(Nei, 1987), R4 HA/INAT LUAH E FEIAR [R] R 4 ¢ R 1)
VAT o FEVRIA] 0 8t 15 00 s A, D) R R AR 2 S G
FUA T LB REAR I SR 2 00 R, 1AL AR DU /N 5
RZIRSR(H 5 e 45, 2013), ABFEd, et 5 R
A TE] A BE B AE 0.001-3.229 Z [a], i E R4 S H
i 4 SEEA B BE B AR AR X 5 R4 (2012)

Hh [RTRE MAIE A4 R B A 22 B0

32 ETF COI. 12S. 18S #A 28S FF 5 4F4E i 1TEE
FEEMERESHEESTHRAITHE

DNA i3 551143 Hr T AR o AG ) H el i 5 46 |
I TR 2SS 45 B, F e e S iR i e A
BE TR B IRAL ZE A, AT LABRAS 3 5 A s AL AR S 0%
B, A T AR b E AR E AL DG R, EL T
T S IR TR B AR T 75 55, 2012) Zekifk CO T &
KJZ DNA S8R H AR thi HI 43+ Fnic (15 Ha 73
2011Y; @FESE, 2010; W EIES, 2016), BHEaEFE
Hst LR S, 7T LARRIE T Fh 55 e PR FP 0 &
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Genetic Diversity and Geographic Population Structures
of Scapharca broughtonii

LIU Hanmiao"?, WU Biao', LIU Zhihong'”, YANG Aiguo', ZHOU Liging', SUN Xiujun'

(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 Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306)

Abstract In this study we applied PCR to amplify and analyze partial sequences of mitochondrial CO
I, 12S rRNA and ribosome 18S rRNA, 28S rRNA of five groups of Scapharca broughtonii (Jiaonan,
Rongcheng, Changdao, Penglai in Shandong Province of China, and Tongyeong of Korea). In spite of the
apparent genetic variation in CO I, 128, 18S and 28S, the base compositions of these genes were stable.
The genetic diversity of the five populations indicated the good condition of the germplasm resource of
these species. Sixty-seven sequences of CO I, 73 sequences of 128, 75 sequences of 18S rRNA and 75
sequences of 28S rRNA were obtained, and their lengths were 776 bp, 443 bp, 909 bp and 894 bp
respectively. Sequence analysis showed that the polymorphic sites, haplotype, Hd dversity and nucleotide
diversity index of CO I were 466, 32, 0.925 and 0.086, respectively. While that of 12S were 292, 43,
0.928, 0.0856, and 18S were 909, 74, 1.0, 0.717, and 28S were 27, 18, 0.778, 0.289. In addition, the
Jiaonan population and Penglai population showed the highest diversity in 18S and 28S. Genetic distance
data revealed the Korea population has bigger genetic distance with China population than that of within
populations from China. Clustering analysis based on the partial sequences of CO I gene showed that the
China S. broughtonii individuals from same population China clustered generally together, however, the
Korea individuals clustered more than one group.

Key words Scapharca broughtonii; CO I gene; 12S rRNA gene; 18S rRNA gene; 28S rRNA gene;
Genetic diversity
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Fig.1 The feeding behavior of A. fangsiao
new hatchlings fed on Artemia nauplii at different densities
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Fig.2 The feeding behavior of A. fangsiao
new hatchlings fed on different diets
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Fig.3 The feeding behavior of A. fangsiao
new hatchlings at different time points
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Fig.4 The feeding behavior of A. fangsiao
new hatchlings under different light conditions
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Fig.5 The feeding behavior of A. fangsiao
new hatchlings at different ages
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Fig.6 The survival rate of A. fangsiao new hatchlings
(0.03 g) fed on different diets
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Fig.7 The survival rate of A. fangsiao benthic
hatchlings (0.1 g) fed on different diets
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Tab.l The growth of A. fangsiao new hatchlings (0.03 g) fed on different diets
. Diets
Indices
Artemia nauplii Copepoda Shrimp larva Mixture diet
Initial weight (g) 0.03 0.03 0.03 0.03
Final weight (g) 0.16 0.11 0.16 0.18
Growth rate (%) 433 267 433 500
Instantaneous growth rate (%/d) 19 14 19 20

®2 FEIERTEWHMEDEO.] I EKER
Tab.2 The growth of A. fangsiao benthic hatchlings (0.1 g) fed on different diets
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+ +
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with Copepoda Shrimp larva shellfish meat
Initial weight (g) 0.100 0.100 0.100 0.100
Final weight (g) 0.230 0.408 0.353 0.355
Growth rate (%) 130 308 253 255
Instantaneous growth rate (%/d) 8 14 13 13
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AT 0.5 4~ /ml F1 1 A4>/ml < BOIGH A% B, Sy
WEATANTE 0.1 ~/ml KAEREKZ, X5HE
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2. 4. 104 /ml ) IS AR BEATORIE, KBtk
KA BAE % Carrasco 45(2003)ff H p B %%
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FEUR B ECHT, B B A T ORI P RN DL R 2 B
JE 2l A i) LR

Aguila J, Cuzon G, Pascual C, et al. The effects of fish hydrolysate
(CPSP) level on Octopus maya (Voss and Solis) diet:
Digestive enzyme activity, blood metabolites, and energy
balance. Aquaculture, 2007, 273(4): 641-655

Boletzky SV, Boyle PR. Embryonic phase. Cephalopod life
cycles, Vol 1I, London: Academic Press, 1987, 5-31



F 74 %5 U (Amphioctopus fangsiao) 4y Ak £ 47 RIS Al (R FLAE 1C L 471 B 32 ) 105

Boletzky SV, Hanlon RT. A review of the laboratory maintenance,
rearing and culture of cephalopod molluscs. Memoirs of the
National Museum Victoria, 1983, 44: 147-187

Boletzky SV. A contribution to the study of yolk absorption in
the Cephalopoda. Zeitschrift fiir Morphologie der Tiere,
1975, 80(3): 229-246

Boletzky SV. Juvenile behaviour. In Cephalopod life cycles.
Volume II. Comparative Reviews, Boyle PR (ed.). London:
Academic Press, 1987, 45-84

Boletzky SV. Recent studies on spawning, embryonic development,
and hatching in the Cephalopoda. Advanced Marine Biology,
1989, 25(6): 85115

Carrasco JF, Rodriguez C, Rodriguez M. Cultivo intensivo de
paralarvas de pulpo (Octopus wulgaris, Cuvier 1797)
utilizando como base de la alimentacion zoeas vivas de
crustaceos. Libro de Restimenes del IX Congreso National
de Acuicultura, Cadiz. Consejeria de Agricultura y Pesca.
Junta de Andalucia, Cadiz, Spain, 2003, 255-256

Cerezo-Valverde J, Hernandez MD, Aguado-Giménez F, et al.
Growth, feed efficiency and condition of common octopus
(Octopus vulgaris) fed on two formulated moist diets.
Aquaculture, 2008, 275(1-4): 266273

Domingues PM, Lopez N, Muiioz JA, et al. Effects of a dry
pelleted diet on growth and survival of the Yucatan octopus,
Octopus maya. Aquaculture Nutrition, 2007, 13(13): 273-280

Farias A, Navarro JC, Cerna V, et al. Effect of broodstock diet
on the fecundity and biochemical composition of eggs of the
Patagonian red octopus (Enteroctopus megal ocvathus Gould
1852). Ciencias Marinas, 2001, 37(1): 11-21

Giménez FA, Garcia BG. Growth and food intake models in
Octopus vulgaris Cuvier (1797): Influence of body weight,
temperature, sex and diet. Aquaculture International, 2002,
10(5): 361-377

Hernandez-Garcia V, Martin AY, Castro JJ. Evidence of external
digestion of crustaceans in Octopus vulgaris paralarvae.
Journal of the Marine Biological Association of the UK,
2000, 80(3): 559-560

Iglesias J, Fuentes L, Sanchez J, et al. First feeding of Octopus
vulgaris Cuvier, 1797 paralarvae using Artemia: Effect of
prey size, prey density and feeding frequency. Aquaculture,
2006, 261(2): 817-822

Iglesias J, Otero JJ, Moxica C, et al. The completed life cycle of
the octopus (Octopus wulgaris, Cuvier) under culture
conditions: Paralarval rearing using Artemia and zoeae, and
first data on juvenile growth up to 8 months of age.
Aquaculture International, 2004, 12(12): 481-487

Iglesias J, Sanchez FJ, Bersano J, et al. Rearing of Octopus
vulgaris paralarvae: Present status, bottlenecks and trends.

Aquaculture, 2007, 266(1-4): 1-15

Jiang ZF, Jia ZH, Bai QL, et al. Growth characters of cultured
juvenile Oncorhynchus masou masou. Journal of Fishery
Sciences of China, 2007, 14(1): 160-164 [Z{E Xk, TiFE%,
FIPRH, &5, N TFRAA L Ll a)) o i A Rk, K™
B2, 2007, 14(1): 160-164]

Kitajima C, Hayashida G. On the laboratory culture of
Amphioctopus fangsiao. Aquaculture, 1985, 32

Marquez L, Quintana D, Almansa E, et al. Effects of visual
conditions and prey density on feeding kinetics of paralarvae
of Octopus vulgaris from a laboratory spawning. Journal of
Molluscan Studies, 2007, 73(2): 117-121

Morote E, Rodriguez M, Mancera JM, et al. Las enzimas
digestivas como indicadores del estado nutricional en
paralarvas de pulpo Octopus vulgaris Cuvier, 1797. Boletin-
Instituto Espanol de Oceanografia, 2005, 21(1-4): 177-186

Moxica C, Linares F, Otero JJ, et al. Cultivo intensivo de
paralarvas de pulpo, Octopus vulgaris Cuvier, 1797, en
tanques de 9 m*. Boletin- Instituto Espanol de Oceanografia,
2002, 18: 31-36

Navarro JC, Villanueva R. Lipid and fatty acid composition of
early stages of cephalopods: An approach to their lipid
requirements. Aquaculture, 2000, 183(1-2): 161-177

Navarro JC, Villanueva R. The fatty acid composition of
Octopus vulgaris paralarvae reared with live and inert food:
Deviation from their natural fatty acid profile. Aquaculture,
2003, 219(1-4): 613-631

Okubo S. Spawning and rearing of hatchlings of the giant pacific
octopus. Animals and Nature, 1979, 9: 2—6

Okumura S, Kurihara A, Iwamoto A, et al. Improved survival
and growth in Octopus vulgaris paralarvae by feeding large
type Artemia and Pacific sandeel, Ammodytes personatus:
Improved survival and growth of common octopus paralarvae.
Aquaculture, 2005, 244(1-4): 147-157

Seixas P, Rey-Méndez M, Valente LM, et al. High DHA content
in Artemia is ineffective to improve Octopus vulgaris
paralarvae rearing. Aquaculture, 2010, 300(1-4): 156-162

Uriarte I, Iglesias J, Domingues P, et al. Current status and bottle
neck of octopod aquaculture: The case of American species.
Journal of World Aquaculture Society, 2011, 42(6): 735-752

Villanueva R, Koueta N, Riba J, et al. Growth and proteolytic
activity of Octopus vulgaris paralarvae with different food
rations during first feeding, using Artemia nauplii and
compound diets. Aquaculture, 2002, 205(3—4): 269286

Villanueva R, Norman MD. Biology of the planktonic stages of
benthic octopuses. Oceanography and Marine Biology: An
Annual Review, 2008, 46: 105-202

Villanueva R, Nozais C, Boletzky SV. Swimming behaviour and



106 woor B % 3 R %38 &

food searching in planktonic Octopus vulgaris Cuvier from Zhang XS. The breeding action and embryogensis of Octopus
hatching to settlement. Journal of Experimental Marine ocellatus in the man-made environment. Journal of Zhejiang
Biology and Ecology, 1997, 208(1-2): 169-184 Ocean University (Natural Science), 2002, 21(3): 220224
Yamauchi K, Takeda F. Laboratory experiment on hatching of [Ik2Edr. N I Ay iy BT R R 2. WL
Amphioctopus fangsiao. Aquaculture, 1964, 12: 1-9 WA B (A SRBL2ERR), 2002, 21(3): 220-224]

CL DN

Feeding Behavior of L arval Amphioctopus fangsiao and the Effect of
Different Dietson Its Growth and Survival

WANG Weijunl, DONG Gen'?, LI Huanjunl, LIU Zhaocun®, LI Bin', FENG Yanwei', YANG Jianmin'"

(1. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and
Environment Research Institute, Yantai 264006 2. Key Laboratory of Mariculture, Ministry of Education,
Ocean University of China, Qingdao 266003; 3. Shandong Huachun Fisheries Co., LTD, Dongying 257200)

Abstract Amphioctopus fangsiao (d’Orbigny, 1839-1841), aka Octopus ocellatus (Gray, 1849), is
widely distributed in coastal areas of West Pacific Ocean. A. fangsiao has high market value because of
the delicate meat texture and enriched nutrition. Hence it has been one of the most important economic
species in the north coast of China, and the development of the culture industry is promising. In this study
we used new hatchlings to study the food requirement of A. fangsiao at different developmental stages.
We first observed the feeding behavior under different conditions, and then investigated the growth
process of A. fangsiao fed on different diets at different developmental stages. As the density of Artemia
nauplii (the food) increased from 0.1 ind./ml to 1 ind./ml, the highest food intake rate of the hatchlings
occurred when the density was 0.1 ind./ml. Because the feeding behavior of hatchlings aged Day 1-2 and
Day 2-3 was highly active, the diet should be carefully prepared starting from Day 2 after hatching. The
food intake of new hatchlings was usually active in the nighttime, and was especially intense in the
shimmer and dark environment. A mixed diet helped improve the growth and lower the mortality rate.
Artemia nauplii was the key diet at the para-larvae stage (0.03 g). A switch of diet was needed at the
benthic stage (0.1 g), and shrimp and fresh shellfish meat was the optimal combination for the benthic
hatchlings. Results of this study may provide important information for the large-scale culture of
A. fangsiao.

Key words Amphioctopus fangsiao lavae; Feeding behavior; Diet structure; Growth; Survival
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HE 201354 A 201437, RAMARFMERARFF EHRTT AR ENZ HERAD T
(Cultellusattenuatus) iy IR X & . AR H . BER G2 KB, EREx, BZHEET, NI®KE
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F AL XA I3 A (= 2 5, 2005a, by RO 5E, v AR LR TE o AR X T [ b Ty 3 M S Tl N T s )
2014y, /IR KB 6L B A R, ey TEIRAERUHLLRIRIG S, R K A e AT T
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* IR R R L 28 3T /N T AL B B BORBIETE” & W 452013196 5 F1) T PRI AR M HOR
S 2 T A 4 B (GLMBT-201504) 3L [ % B [This work was supported by Large-Scale Rearing Techniques of Cultellus
attenuates breeding, and Open Research Fund Program of Guangxi Key Laboratory of Marine Biotechnology (GLMBT-201504)].
% %%, E-mail: jiangjili01@163.com

O WIRFEHE . XML, FIBFFER, E-mail: 1xq6808@163.com

Wk H I93: 2016-09-20, Wtz ki H 1: 2016-10-26
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22 INTIRMRRBERZELRE S

FEGEI /N MEMESMETTG , IBIEITIRIE N,
EPAAPIR | A EDRSEA KR, JEIATRE ], U8
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HOBE M BUOR AR, MV DELRE - ) UK S A,
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A BB IELIA) A5 Al A S R/ i e R
I, RERIER o PR BRI I P 0 R AR i Z A, R
AT FIEARAKRLI , BAT BIAR , I 100 98 i v e S
i, ARG R, SRS B BEPEDE
W, KSR B e, 0 PR T2 i B0 4%
WrBOE S REVLEE R, H B8 AR (181 1-b FIE]
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SR VT (0 I 300 o S M P S A R AR 1, A
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B 1 /NJTIREESURTE & E B4 2] R (100%)
Histological changes in the ovary of C. attenuates at different developmental stage (100x)

Fig.1

a: HFEINL br AR oo AL A0 HERCE; e AR IR
CT: Z54F414% FW: JEILRE; OO: BRJF4HA; MO: Bz bR+
a: Proliferation stage; b: Increasing stage; c: Maturation stage; d: Breeding stage; e: Suspensive stage
CT: Connective tissue; FW: Follicle wall; OO: Oogonium; MO: Mature oocyte
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B2 /N TR SRR R B 42U (100 x )
Fig.2 Histological changes in the testicle of C. attenuates at different developmental stage (100x)

a: SEFEI; b AR o G & HEROW; e RIEI
CT: 45%4F4HZL FW: JEIIRE; SN: KR4, SP: ks 1
a: Proliferation stage; b: Increasing stage; c: Maturation stage; d: Breeding stage; e: Suspensive stage
CT: Connective tissue; FW: Follicle wall; SN: Spermatogonia; SP: Sperm
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-7 H LA,

IR SR SE L Bk, SgRA L e SR
AMERR, MEREC JCIE S HR(E 1-e FNE 2-e)0 ARPYEE K
BEHEY 7 A A -2842 H

23 INTVERRRRRYREE

INTIWRSZHRE O A UIHEDR , TEREER 26°C . #hE
28 IR, AEABRWE 1 Fis, NE1ATUE
H, ZHRGENZ 3 h 45 min EAZENRIY, A IRAR E AT
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£ 8 h45 min J5 K B ZHiL4hdL; 24 h 5k A D JES)
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constricta) (IF41H5%%, 2009). KATIE(Solen grandis
Dunker) (H FE 5%, 2009). fii5¢ k4 (Mercenaria

®1 MTEHBERMYRLE
Tab.l Developmental stages of embryo and larvae of C. attenuatus

KA Y & B[]
Developmental stages Developmental time

2 il 2-cell 40 min
4 40 4-cell 50 min
8 2 g 8-cell 1 h 10 min
16 40 A 16-cell 1 h 35 min
32 4iififd 32-cell 1 h 55 min
ZEH Morula stage 2 h 50 min
WY Blastula stage 3 h 45 min
JE I Gastrula stage 5h 15 min
%4l L Trochophore 8 h 45 min
D JE4H D larva 24 h
Fe T AT Pre-shell stage 2d
5¢ T J5 ] Post-shell stage 8-9d

mercenaria) (MREAEAE, 2005) % A 71 X572 D1 28 A0
W, PR EAEAS L DA . AR R
HERTIFNR 130 5 AT /I8 008 Sy 0 A S D0 2%
it 240 HARS LB, HMEMELLBIZ9o0 12 1, [ARY,
A X ) B I A 2R R R B, /N T AE S M 5
VR SRR R 6 A -7 A BAT, 6 A pa)
R R, DB P B S R B AR T, B
FLA5 A A HECRAE 5 76 K0 & A IS B0 K R 8 2 A
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The Reproductive Biology of Cultellus attenuatus in the Laizhou Bay

JIANG Xu', WEI Xiumei', FENG Yanwei', HAN Huizong',
WANG Sheng', LIU Xiangquan'”, TONG Tong?

(1. Shandong Provincial Key Laboratory of Marine Ecology Restoration, Shandong Marine Resource and
Environment Research Institute, Yantai  264006; 2. Guangxi Institute of Oceanology, Key Laboratory of
Marine Biotechnology of Guangxi, Beihai  536000)

Abstract Cultellus attenuatus is a commercially valuable species that is widely distributed in the
north and south coastal waters of China. In this study, we applied histological sectioning and experimental
ecology methods to study the reproductive biology of C. attenuatus including the reproductive cycle,
gonadal development, breeding season, embryonic development and larval development. Experimental
subjects were collected from the Laizhou Bay of Shandong Province in the North China. C. attenuatus
were sampled three times per month from May to July, and was sampled once a month in the rest months
from April 2013 to March 2014. The results showed that C. attenuatus was dioecious, and that the sex
could be identified with the colors of mature gonads that were white and yellow for the female and the
male gonads respectively. The reproductive cycle of C. attenuatus was one year. The gonad of C.
attenuatus was composed of the follicle, gonaduct and gonadial tube. The gonadal development could be
divided into five stages, which were the proliferation stage in March, the increasing stage in April, the
mature stage from May to early June, the breeding stage from mid-June to early July, and the suspension
stage from mid-July to February of the next year. Its breeding season was between mid-June and early
July when the water temperature was 22.0-26.6°C. The diameters of fertilized eggs were 50-55 pm.
Hatching and the larval culture were conducted with aeration at a stable temperature and salinity. At 26°C
and salinity 28, the D-shaped larvae were hatched in 24 hours to the size of 90 um=60 pm. Since Day 10,
the larvae began to settle down and developed into the post larvae, and metamorphosis was completed. It
was found that the C. attenuatus had high tolerance to air exposure. No mortality occurred when the razor
shells were exposed to air at 20°C for 12 h. Our study provided useful information for the artificial
breeding of C. attenuatus.

Key words Cultellus attenuates; Reproductive biology; Gonadal development; Embryo and larvae
development
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F, o A 1Y 32 B e A 3R (Hurd, 2000), BF5Y
FEH, M PR B I TCAIL AR I MG R A A7 /K i
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pyrifera) = A B, K H WG A K (B S,
1998); # K Aif ] 14 7% & %] 48 ¥ (Padina boer gesenii)
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IRI/INFIRERAR S, Rk 83 7 LI &t 10 420k
RN, FEREFLGE T 10 AN HLET Hh SR AR RO %
LT R ERR AR A v SR A AR R R
IR BEF BEALI 10 AR AR Y =
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Fig.1 The equipment for water velocity control
(A) and photo period control (B)
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Fig.2 The sizes and the survival rates of G. livida discs of which the carpospores were incubated under
different water velocity after attaching for 1 d

AR FHER R 2 5 .35 (P<0.05), T [A] Different letters indicated significant differences (P<0.05), the same as below
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Fig.3 The sizes and percentage of sprouting disc and the survival rates of G. livida discs of which the carpospores were
incubated under different water velocity after attaching for 15 d
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23 EREBNRBMFHELERNZIT

T R s i B 2 S 6 A AN [] % E ] U Fn e B
SRR3R 30 d. 4R R, O R JE A RE G R X
FORAAR R A K AR EA B 2 M52 (P<0.05), H =& A
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= 300 [H35 pmol photons/m?s 5135 pmol photons/m? s 3 100
;a el
ug 250 | ﬁ%ﬂ 80 = =
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Fig.4 The sizes of disc, the percentage of sprouting disc, the survival rates of disc and the heights of plantlet of G. livida
carpospores incubated under different photo periods and light intensities
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5 15 d Ha#E T K IR
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Effect of Water Velocity and Light on the Growth and Development
of Grateloupia livida (Harv) Yamad Car pospores

CHEN Suwen, ZHANG Wenwen, GUO Yongjian, ZHU Changbo,
LI Junwei, XIE Xiaoyong, CHEN Lixiong”

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

Abstract Grateloupia livida (Harv) Yamad is a red seaweed that has high economic value. In recent
years, research on the seed production of G livida has gained more and more attention. To further
understand the progress of seed production, we studied the effects of water velocity and light on the
growth and development of G. livida carpospores under the laboratory conditions. G. livida carpospores
that attached for 1 d and 15 d were incubated in the water with different velocities (0, 1, 1.5, 4, 7, 10,
14 cm/s) for 20 d. The O cm/s group was the control group (without any water flow or under non-aerated
condition). Except that the 1.5 cm/s group was controlled by aeration, all other groups were controlled by
the water flow equipment. G. livida carpospores that attached for 1 d were incubated with different light
intensity (35, 85, 135 pmol photons/m?s) at different photo periods (6L:18D, 8L:16D, 10L:14D,
121.:12D, 14L:10D and 16L:8D) for 70 d. The results were described as follows: G. livida carpospores
that attached for 1 d developed faster in the O cm/s group than in the other water velocity groups (P<0.05).
The carpospores that attached for 15 d had grew and developed more slowly in the O cm/s group than in
any other water velocity groups, and the optimum water velocity was 1.5 cm/s (P<0.05). The photo period
and light intensity had a significant effect on the growth and development of G. livida carpospores and
had interactive effects on the growth of the disc and plantlet (P<0.05). The optimum light condition for
G. livida carpospores was 8L :16D and 10L:14D as the photo period and 35 pmol photons/m? s as the light
intensity. We recommended that the released carpospores of G. livida should be incubated in the still
water for 15 d and then in the water with a velocity of 1.5 cm/s (by aeration) under the light intensity of
35 pmol photons/m?sand photo period of 8L:16D or 10L:14D.

Key words Grateloupia livida (Harv) Yamad carpospores; Development; Growth; Water motion;
Photoperiod; Light intensity

D Corresponding author: CHEN Lixiong, E-mail: cz_cIx@163.com
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FRESEE, 2016), HAET, BidsfFH Rk EZE A m K
RHEEA CuSO,. KMnO, FINEE 45 55 Ak 2 24 9 il 5
KA FEFFNETE, 2016; 255045, 2009; Kuzminov
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A E PR RE , (B MEEA R, B4
FTRT R, B AR A 1 AR X AL I (Grossart et al, 2005),
P73 = o A Er P sl 1 A - B B PPN
iy, A FE S TE R ) B R R SR, Sl
VRESS A R A, RS B R MR B RRAIG, LA i
RO ZZ B GRS AE, 2013; AFARSE, 2013), B
B, IR A B R AR S B L B A ORI
JE | A R (R 0 A SO A A B A R R R
PR Z —. Yang FF(2013)FIH MIZF(2015)F5 11, &
TF 25 400 1) A0 AR A A A A B R 4 o R AR g 1 A4k o
VS TR M BRI B TR TR R BN R . AUE SRR (K 1R
5E,2010) . FiAk, REXTERAEZEAL 7 A 5 i A I AL 5 i
JE WA pHESASHE, E&E%Q12)T T
BT F XA B ST WIRZm, 15 INFEAN AL N &
I B ¥ b TRy e o N [ 9 Rt O (B X 1
P R I K SO SR B R RIS SR . L, Bl
PRI E S5 R 25 DR X6 i o A R A s, X 3R 4
PR B TR A 3G SR A A SR HL AT

HATIF R K 2 U LU R R S ko i s 3%
B AR 2 PRI X0 V5 9 TR P 5 T GRX NG A 5, 2012 TR RN
&5, 2015), %k BARRAERT ., (HABEZEA TR 1] FL AR,
ToEEHIW H 50 K &, Plackett-Burman SE56 & —FP RE
At 0 25 A DR 2R R0 {8 0 32 1 B 3 52w LR 1Y
SEBTT I o IR ED | IR A
0 L AT DRSS [ Bb 550 4% DR O R%0 {i (Maneeboon et al,
2010), 7EHARAESHE D, EFRMAESHER TH—
B 2 2 5 ) V5 B 1A 7 A P ) R e (O JRUA T 5, 2013
PR 2016; BRI, 2016), ML, AW EHEE—
HREA R S i e — PR 2R AT A4, FEHT
AN T B 5 RN SRR X TR AR A B i i 3 Ak L, DA
Plackett-Burman /7 ikZiA HLER . & . pH. $EFITH
dE LR R AR S N TR AR A K B B )
M, B A 22 R 28 L [A) 4E FT 4% TR 28 0] 1 ik A K5 T
M DR, NEE— S ZEfAF B A4 (B35 544 B
R & 5 N RS %

1 5T
1.1 B
ZEHIFF TR A4 b E K =R A 5 B R T 2K = A

FERTHRAL | 2R R DA PR 5 T e B ) U b v 3 S
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pyrenoidosa) . 5540/ NERiE(Cyclotella striata) . PU 4l i
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1.2 EFxFE
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MnSO, 0.03 g/L, CaCl, 0.10 g/L . %5575 45(2005)
H1 Rao Z5(2007) Ry 7 kLl . R 735 E RN
Bk BRI AR B SRR R R

1.3 MFikEH&E

WO RD, AP =M TR SR AL, 200 r/min
30°C fH i RIR G 97 12 he

1.4 AEEE. RiEXNEKRERKBRN

U430 FH R (Su) . 1 285 WM (G-Su) . mI ¥
PEVER(St) . FEEM) . EKHFK(C). kiM% (B-M)
Ko AT M TE M — KM (St-C) &5 B AU L Rl 055 2 4 op
IR ETRE(G), Tl A AR R A 85 37 3 . IR 435
HIBEREE (YY) . SRR (P-Y) . TR A). &
Hi(Sm). KEEH(Sp) & G-k & H (Sm-Sp) & =
BARELARE FR 5 b  EUR B E IR (P),  C A TR
TR R FREE . K A4 ERTIRUL 1% 0l 2
ARIREFRIE, 30°C . 200 r/min FLEEEFE 24 h, LU
AT T A TR B (DA, 1996), 43 AT A [l Ak
TR EIR XS Ad B K AR

15 HWMERERHNZEESN

AR 1.4 (09058 2528 , 2% Venil (20151 15,
PA Plackett-Burman SZEG 11T, EHUCERIK . K5
B, pH. BEFMREE . REE . R, e 7 A
FAE R AR i, #5728 5o sy . AIRME 2 KR,
MR A e R 12, FFHE 4 AR & DA/ 2
BEiRZE(ER 1)o FRLLTAME EEAE e N (B % L 2B L
K FXT Ad TSR Y DTk

1.6 HIEHH
D)8 [K & 7 2243 BT (One-Way  ANOVA) 4545 [H

1) Xi JY. Algicidal effects of algicidal bacteria against dinoflagellate from shrimp ponds. Master’s Thesis of Shanghai
Ocean University, 2016, 37 [ £ 2. SRt 860 S A0 B O B P R G . L VAR RS2 A AE 9 /B 24 638 3, 2016, 37]
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Tab.1 Factors and levels designed by
Plackett-Burman method

FF5 E5IES 7K Level
Number Factors -1 1
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X,  KIEHEH Soybean protein(g/L) 3.0 6.0
X3 pH 1 pH value 7.0 8.0
Xs  #JF Temperature(C) 15.0 30.0
Xs %% Rotation speed(r/min) 150.0 225.0
Xs }iﬁlrﬁi 1.0 3.0
Inoculation amount(%)
x, il 4.0 600

Liquid volume in flask(%)

R 22 Ak, W PR E S P<0.05; 385 Design-
Expert(8.0.6. 1) /4% Plackett-Burman 25645 R 4T
T2, A R DTk %

2 HERE5HW

2.1 AEERER B & KB E

AR FR s, A4 A HE BRI E
KA 2H (C)> 5k Kz W 25 2H (B-M)> 1] i 1 T By — oK 3
2 (St-C)> W 4 41 (MY> 1] V5 14 S 93 201 (Sty> 4] 2685 W — FRE A
ZH(G-Su)>FEMEA (Su)>FEAL(G) . BN Z 7 2 A 4
BN ARFEBIERT Ad HAE KA A B g0 1),
Hor, FRIA(C) R e = (3.58%10° CFU/ml), 5
R B (B-M)2Z A B 2 (P>0.05), HE E&ET
A A R 2 58 2H (P<0.05) o R R K 3 (C) 4 9 1A et e
FE, OB HAE A8 IR IR IR AT 5 2 5% .

22 AEEIENEHRERKBIRIT

AR ARG IR T, A4 HROABRIRIK IR
5 H 41 (Sp)> M- K W4 H 4H (Sm-Sp)> LA 4 (Sm)>
B A R (P> BE T 4L (Y )> 25 F R TRe BT 4 (P-Y > i
MR (A)E 2). SRR T Z R ER, ARAEIR
BRI AERARBAR] . Forfr, KRG A F4(Sp) FaH-
KA H A (Sm-Sp) I B 1t 25 7 A 1. 2 (P>0.05) , {H i
2 T 52 56 4H (P<0.05), 4> Wik E] 3.19%10° .
1.85x10% CFU/ml. [RIK 58 (40 (Sp) T e defd: , 0%
HAE R B TR IR IR AT IR S 5%

23 HMEHRERNESERSN

R4 Plackett-Burman SCE045 R Znil &7
T, IR Ad HF R TTRL, $ermin R
N
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Bacteria quantity
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K1 ARRBEZET A4 R TE R
Fig.1 Quantity of Bacillus A4 cultured with different carbon
sources

FRESE A [ B A [F) 7R 25 57 AN 25 (P>0.05), ez
FoR S E (P<0.05); JAEIFEL. St: AR ;

C: FoKI; St-C: AIVEMEEM-F KK M: H#E; B-M:
P HEE; G: THME; Su: REHE; G-Su: MM
The same letters or partially same letters indicated no
significant difference (P>0.05), while different letters
indicated significant difference (P<0.05); the same applied as
followings. St: Starch; C: Corn steep liquor; St-C:
Starch-Corn steep liquor; M: Molasses; B-M: Bran-Molasses;
G: Glucose; Su: Sucrose; G-Su: Glucose-Sucrose
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Fig.2 Quantity of Bacillus A4 cultured with different
nitrogen sources

P: HAM; Y: BERE; P-Y: EAFE-EAE; Sm: T
#is Sp: KEHH; Sm-Sp: UHM-KEEH; A: WK
P: Peptone; Y: Yeast; P-Y: Peptone-Yeast; Sm: Soybean meal,
Sp: Soybean protein; Sm-Sp: Soybean meal-Soybean protein;
A: Ammonium sulfate

Y=0.65X; + 2.04X; + 0.27X; + 1.22X, + 0.45Xs -
0.19X¢ = 0.37X7 + 6.30

A, Y AR, XX 258 BRI RE
HEL pH, HRER . B, A R 7 D
KGR E . % TR E RN 0.9630, FLIERECH
0.8982, FUNZMAL )y FE ] 51k R4 (3R 3). Jr 2504
ZERIR, PR EZEAEHTF RO KRG >R
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JE > T RS> T >4 Rl R e >pH> 2 T 45 PR E
PRA KW sTEk 2 B . Hp, RGEA . BE
Ko B e R W 2 (P<0.05) . AT 0L, BT IR Z b,
Bk U R DR 20 TR AR A KR i ok B R T A S
TR

3 g
3.1 EFEFXI AIBEEKHEIN

B . BUEUE YR Kt FE b R R E SRR R
PEAE MR Wk K B T B il 2 o, B A S T 1A
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2011)o AN[A] BB A= 1 ml RIS ) A L 20T (F5) 4 ok
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TEARBFIE T, A4 BT RIRA DL IR TR R ARA
PMLER R G AR RO e, 1597 24 h R E S
BkF] 3.58x10%, 3.19x10° CFU/ml, X 53K 2%
(2010) 1) 4238 77 72 22 30, Al AT A g B65 03 2F A AT B
(Bacillus cereus)AR 156 I e fERk . ZIR 5> 310 22 28 b
MG, H3E 24 h FEES AT 4.76x10°,
4.56x10° CFU/ml. DA I 2 BREA YR 2 AT i s, (0
fEfR . FUE SR A2 5, TR R 0] AR R A M 2 1)
FEAE VAR TR AR 9 22 S 0, S TR G e e 7= A= 1) il 3R
A, 1 XS SR R A2 5 . ARG,
XPoUR . FRA S R L TR, A4 X RAR
A L AR A AR TS — A WL FLTCHLAY)

# 2 Plackett-Burman L3 i& it 54 R
Tab.2 The design and results of Plackett-Burman test

T e B
N?m%er X %e % X4 Xs X X7 Xs X9 Xio Xn Cell c?n{i%ration
(x10° CFU/ml)
1 + + - + + + - - - + - 10.31
2 — + + - + + + — - - + 7.23
3 + - + + — + + + - - - 4.92
4 - + - + + - + + + - - 8.22
5 - - + - + + - + + + - 2.67
6 - - - + - + + - + + + 4.02
7 - - - + - + + - + + 4.27
8 + - - - + - + + - + 7.52
9 + + + - - - + - + + - 6.92
10 - + + + - - - + - + + 9.88
11 + - + + + - - - + - + 7.80
12 - - - - - - - - - - - 1.87
H HREEAE, REIKF
Note: The “+” indicated high level, the “—~” indicated low level
#3 TRAREM ALEEKZMEES
Tab.3 The effects of different factors on the growth of Bacillus A4
1% MRER e s F i LA
Factors Coefflment df Mean square F-Value Pr=F I‘mplortance
estimate principle order
X, LK Corn steep liquor (g/L) 0.65 1 5.14 6.80 0.0595 3
X, KIGZE I Soybean protein (g/L) 2.04 1 50.14 66.43 0.0012 1
X;  pH {H pH value 0.27 1 0.86 1.14 0.3463 6
X, &S Temperature ('C) 1.22 1 17.93 17.93 0.0082 2
Xs  ¥%i# Rotation speed(r/min) 0.45 1 2.40 2.40 0.1490 4
Xe¢ A & Inoculation amount (%) -0.37 1 1.67 1.67 0.2117 5
X; Y E Liquid volume in flask (%) -0.19 1 0.44 0.44 0.4891 7

T PUE R R=0.9630; K IE A% Adj R*=0.8982

Note: Coefficient of determination R* was 0.9630; Adjusted R* was 0.8982
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W WA . pH SR FAML S E R T YA
S A AR (R AT AR, 2016; A DUEESE, 2015;
TREE, 2014) 0 I BE X i AR 1 s M) 5 AR R AE Tl A
WARN AN, SR IS ERT S R P ) i
AR A, XSRS AHE IR AR, A
T2 I D2 A AR L A T (G R A
2013). pH 25200 f A 1y 200 it At e 47 %) 28 A A 2 AR
Ak A R O, T ) R ORI FE B SR o
(AR5, 2013) o 1 00 T0A 90 18 52 ) 32 22 SR BLAE AR
WG S, — B AU W s R T R R
(BRYESE, 2015) fEAMIR D, WA S EF LM%
TR I TR R Y 2 Y 2 e 4 ) AU B R
S, Tt R D 2 3 o I o A AR s [ 8
RS EMEE, 2015; HRUEAE, 2015). H5 3R R0 XT
A A G R A AR BRE PR AN T, — 2 V5 O R 1)
FEML AL S SR R O A T DA TE T Y N Ao R
(XUFELE, 2015), ABFFRES R ER, BRIEBESN, pH.
W R R A4 KMWmL E, £H
A4 X pH K A m I sh AU, A BRI e A X AR
E, ART A o e S FR SR K
AL S S B 2200 Mo AR AR A T SR A
(ABHESE, 2013), AWE45(2012) T 2009-2010 4EXF ¥
FAVT AR KBTI, pH B SE RN 7.4-8.2, ¥
AU STEREN 4-14 mg/L; 2= 555 (2010) %) Al 2
X WE % B s K B R AT WS, pH B B LA
7.21-9.37, HHEBPEIVEEN 4-15 mg/L. A4 HIE
A pH BB TN 32 T8, TTIE I bR FRAE KR ER
B, AFTHET 5N,

33 ZEZRIHERM

FEXTRR MR A K AR R T, HETF SR 2 6E T
BB RR  RUIRRY0 E  AAE (R 42324, 2016),
XoF 7 37 R 2R RN 8% 3% 45 R B B R R0 6 TR 22 (A A T
4, 2012; 1 RILEE, 2009). 7340, HREITHFSE Z R TF
FHRA PR Z 52804007, 76 HoAh PR 718 2 B9 15 B0 1] Ee
AT, RAREER L, (EORNREE TR 1]
Fe#, ok A = £ (R E LS, 2010).
Plackett-Burman 555 J& — Rl AEA 11 H & AR 1) &
B4 I i 356 H I 3 R ) PR 2R 1 S 58 7 % (Maneeboon
etal, 2010), K, AMFFEFIH Plackett-Burman S5
IR, XPE IR AR SR SR AR T AR TSRS
XA AT WFFT R, KOG I RNE BT A4 B
KM, HARUOR ORI e, b

pH {H ., e, — 5w, Uil Ad @A KRR
PEPEMETE & o — IR X A4 AR K L
P I 2 TR IR, RIS SR AR B R AR KR R A
R B, FETPAR AH G PR 206 TR AR AR 1 185
B, ZB0HE 9 SR RG4S R A 2% R EE X 437
R, ARSI IR AR, 76 B4 BRIE 45 I R Xt
A4 WAERMZEG M, BB A E AR W
KR, ATREMELL IR BV B . Xk, NZER

FEIRBE AR A g IR Z AR AR R R RIS, £
JEI . 2 AT ARV 5T 0, BT A SRR
FIE

£ % X M
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The Effects of Different Carbon and Nitrogen Nutrients and Culture
Conditions on the Growth of Bacillus sp. Strain A4
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YANG Keng?, SU Haochang®, WEN Guoliang'*"
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Abstract
growth of a Bacillus sp. strain A4 and identified the growth characteristics of this strain during the
multi-factor interaction. We first applied the single factor test to study the effects of different carbon

In this study, we explored how the nutritional and culture conditions affected the

and nitrogen sources, and then employed Plackett-Burman (PB) test to evaluate the effects of seven
factors including carbon source, nitrogen source, pH value, inoculation amount, temperature, rotation
speed and liquid volume in the flask. The results showed that the absorption efficiencies of strain A4
for different carbon and nitrogen sources were different. We found that the corn steep liquor was the
best carbon source for strain A4, and that the soybean protein was the best nitrogen source. When
cultured with the corn steep liquor or the soybean protein for 24 h, the amounts of bacteria reached
3.58x10° CFU/ml and 3.19x10° CFU/ml respectively. The results of Plackett-Burman (PB) test
showed that the order of factors affecting the growth of strain A4 as soybean protein>
temperature>corn steep liquor>rotation speed>inoculation amount>pH value>liquid volume in the
flask. Moreover, the soybean protein as the nutritional factor and the temperature as the culture
condition both had significant effects on the growth of strain A4 (P<0.05). Temperature had a greater
effect on the growth of strain A4 than the corn liquid factor. The results above indicated that the
culture conditions played a vital role in the growth regulation of the bacteria. We also recommend
that it should be essential to associate the nutritional factors with the culture conditions when
evaluating the effects of related factors on the growth or ecological function of bacteria.

Key words Bacillus sp.; Carbon source; Nitrogen source; Culture conditions
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hESES S948 TEEHFRINAD A

4% 25 (Quinolones, QNs)Z5 4 Jy ) i # 2,
RO EAPCREE . ek K8 IS IR SRR,
TEBW . K= HEFRH AT Z (3 sF 5%,
2010), MEVAERZEHUIE 25 K T AR Mz BEI7
ARSI b DL s R R AR A 3 sh ) A K
(B 7R 5, 2013), METAFRZE 2591 0 N T & Bt
W 2T 7K 7 FRAE L A 45 BLORAE T Btk R A fil
FH—J7 A Kb A2 2F 7oK =S58 &, o5 — 7 Il
38 B8 T ¥ 7 FE K IR TS G RK 7 2 4 5 B
MR R ERANSE, 2012), BFFERM, KMy ERD
ERArHE A B YIEE . KIS ARG T, U DR
R BRI GEIT- 45, 2007, #RIGITAE, 2010), /&

B K A EAERG RAE - BB E; RAEEK
XEHS 2095-9869(2017)06-0127-12

BRZH AR PN, (B R T H A0 2 A
JFHEARES, SECUE BUCBRRRE IS, dEmixr Ak
TR LA SRS A 28 R G A IV e e (A i AL 4%,
2007). #F APREE P PLA: R AT e BRI BT R
VAR 2451, R K ™ 55 58 50 ) ) A 2
W, KSR AE S i B i AR R B SOk
4,2007), BT, MiAERCEESMHRE RS, 1
R (57K HBFIK | Hb T 7K 4% (Watkinson et al, 2009),
BEXTIAEE AR BIRIK = FRIA IR , iR R A EE b
Dk RS R BB 2 . ERAE(2012)
TIFFE 2, [T AH 26 B — i 30/ 8 e 5O R (i s 2 24 4
o PR B P AE 2 A AT B, = RGOR {53512 (HPLC)
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2 )R 38 %

BAA BB 20eRe . M 2R iR
B BE AE AL 40 BT B e i FH Az I =0 48 A — T LA
MEF(UV-VIS) ., Z&EK I #$(FLD)% (Ho et al, 2004;
Gabel et al, 2004; Toussaint et al, 2005), 254 [ A1 %
HU(SPEYFE dlh T AL BR ) €035 . BT 43 A1 e R e Ry 5 ki
(FERSAE, 2015). HRTRRIN 7 LA A I P A s
S | TRTSCRAIG L K S R 5 45 ) 8 (Reverté et al, 2003;
VKA, 2009; ARG, 2015; FHiHAE, 2015),
O TS5 B v 7K v v T IR 288 24 0 A I 5 1k IR A
N FRAERR Y, I, XK ™ IR PR rh P 25 5%
RN 5 2k g AF R BLAT K S AR SR 45 4 [ A 2
HUA WA 0% — i R R R, ST T IR IR
17 ol 5 T A 245 0 P A 00 g 3 o B R I Ak 3 DA B A
ST TR A, S5 WoR , 207 i
VETRTRR . PethaR . REUE G . HIML, "l E SR
AR K R 17 Tl i R 2 24 AR A DU

1 #REFE
1.1 (=S Fmik

TSQ Quantum™ Access & M {0 3% — I 3% 1%
(Thermo Fisher Scientific, 3¢[#); NEVAPTMII2 #I%
S WFH{Y (Organomation, 2[H); Milli-Q 4k [
(Millipore, 3% [); 12 45 [ A0 A B %% & (Supelco Co, 3
); 6 ml/500 mg Oasis HLB [# A1 B (Waters, €
F); AR .

K i ¥ A2 (Enoxacin, ENX) . Jif & ¥ &2
(Marbofloxacin, MAR). % 7> & (Ofloxacin, OFL),
1 3 V> & (Pefloxacin, PEF) . i % Vb & (Fleroxacin,
FLE). i) & (Norfloxacin, NOF). fi ik m b &
(D5-Norfloxacin, D5-NOF), N> £ (Ciprofloxacin,
CIP). M [t 7P & (Orbifloxacin, ORB). JRACHH I &
(D8-Ciprofloxacin, D8-CIP), Z¥HE iR (Nalidixic Acid,
NA). B B (D5-Enrofloxacin, D5-ENR), Ll
AR EMEEEE N 99.0%; FRifi VP & (Danofloxacin,
DAN, 4N 99.9%). B> A (Enrofloxacin, ENR,
4l 99.8%) . HIV) B (Sarafloxacin, SAR, 4l
93.5%) . 7} IF7b & (Sparfloxacin, SPX, 4l A 99.6%).
9,/ 14 (Flumequine, FLU, 4[4 98.5%). X2
(Difloxacin, DIF, ZfiFE 4 98.0%) . M fiR (Oxolinic Acid,
OA, ZEJEN 98.0%) . ¥ 3E) A (Lomefloxacin, LOM,
4lifE fy 97.6%), YW HfEE Dr.Ehrenstorfer /A 7 .

HIEE . 6 (HPLC K, Merck 24 Hl); HiR . LR
B¢ (HPLC %%, Fluka A7]); #4H/K(18.2 MQ-cm); #£

iz, SAEAREN
PRUEEIRBCH . 43 W FREL 10.0 mg b aRARIEM,,
P BB T B 25 % 10 ml, AN B 5 5 i B A o o
(Wig Vb B ARTETD B AR T A RIS )
HEm B E R E 10 ml, Bl 1.0 g/L BIARERG &
W, 20CHRAE 6 D H o LI, HIH EER R iR
WEAE R, T T AN ()R B2 1 YR A s o ol FH A o
12 EkER

KA AR H I R LS X R 4 AT
fEFA(A . B, C Ml D)o FHIAF O REE N 4351 N AR
FEFH I WK T | K ORI TR ) 37 8 1t P 3201 73 7K
KA o A F KRR R B 5 i R, 4 B
RS SRR 259 o Al X5 Rl [l S g 2 A0 B
1.3 Hmiain &

131 & &n %+ MG T (2.1 mmx
150 mm, 5 um), FE¥#EH 35°C, F#E A 0.20 ml/min,

AR 10 pl, JRshAl A B BR/KE B (E 0.1%H
f2). B RN, HEEVERFRT L% 1.

£ ORSIERERBER
Tab.1 Mobile phase gradient elution program
I ] A B #f

Time (min) Mobile phase A (%) Mobile phase B (%)

0.0 90 10

0.5 90 10

3.0 30 70

5.0 10 90

8.0 10 90

9.0 90 10

10.0 90 10
132 Juikdrt HIIGE 55 29 T JR(ESD), 1E B FH

X, ZRMEMMRM), BIZEHEN 4500 V, Efk
W 12 L/min, 5BV SR 2 L/min, 1%
S IRE R 350°C, RN AEE TS S EEE R 10V,
HA S HL % 2,

1.4 KEMBTAAEFE

TKAELE 0.45 pm K RIEBETUE, FBrAK B F B
B INAGE 5 B ER R IR 1T K AE pH oA 3.00+0.05,
TR B 500 mil 98755 pH 22 )5 BIZKEE  HERRIA 1 ng/ml
IRAWFRARIE TAEW 50 wl, LAZY 5 ml/min 3 #8058 5
Oasis HLB [EIAHAE B 1T & SE filidr ik, SPE /M I
KR, MKW 6 ml FEEA 6 ml 5 mmol/L ZFRE
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*2 EIRERERIERNSH
Tab.2 MS detection parameters of quinolones

B B i 4% e
J¥ % Number fea#) Compound Pare:t:ij(m) Daughiii (m2) Collisi?fii?gy (ev)
1 FE V) B Fleroxacin 370 269 26
326* 19
2 Z TP A Ofloxacin 362 261 27
318%* 18
3 Wi 1P B Norfloxacin 320 233 24
276% 16
4 A V) B Enoxacin 321 232 34
303* 21
5 RS A Ciprofloxacin 332 245 22
288 17
6 Blifivh B Enrofloxacin 360 245 26
316* 9
7 %2575 2 Lomefloxacin 352 265 22
308%* 16
8 FH#E Y & Danofloxacin 358 263 22
340% 22
9 B YD A Orbifloxacin 396 295 24
352% 17
10 WSV 2 Difloxacin 400 299 28
356* 19
11 YRV B Sarafloxacin 386 299 26
342% 18
12 HMAY) & Sparfloxacin 393 292 25
349% 19
13 EME R Oxloinic acid 262 216 29
244% 18
14 % H 1% Flumequine 262 202 32
244 18
15 K8 1P B Pefloxacin 334 290 18
316* 20
16 FRR 7D B Marbofloxacin 363 320 23
345% 29
17 ZEWEMR Nalidixic acid 233.3 215.2 19
187.4% 35
18 D5-i# 70 & D5-Norfloxacin 325 307 22
19 D8-# N> & D8-Ciprofloxacin 340 322 21
20 D5-RBlig 7P & D5-Enrofloxacin 365 321 19
T

*Denoted quantitative ions

G 1B (pH=3.00+0.05) EAT {8 AL o K BRI A TR o
10 ml Z, Bk R e, U TR 6 ml PRy 2 FRSIR
2 UCHFTUE . 1 40°C T , W VeI TR SR T T ‘
- e 21 ®EEEEHHMRT
FH 72 30 1 (0.1% K VW < 25 =9 ¢ 1)iE ¢ % HEARA
Iml, 022 um SCFLIERE, £, L FEV A €538 AT 6 R o T 5



130 ook B

2 )R 38 %

RPN, W B SR s A K- . K-
F BRI K - - 2 TG 45 (E 4Rk S, 2014), FEiR s
F4) 7K AE HFOI A T8 TR et R P T 85 4 e M LA B, T A4
1o B AR, RIS A B B AT T AR A AR
EIRIEIE (B 205, 2010). b T 255800 A H R i s
VBRI R AR, HO T Y i s A R
HeBE AR50 0, 0.1%F1 0.2%F, Xof s i il 24 25 Wy 16
FIFZI o & Bl K (R 2 R ) 20 A i s AR
HLMYR IR 1-a); 0.1% PR KIAR 2
O sh A, IR i H R B S (E 1-b); 0.2%0
FH R K V5 ORI 0 R T st AR s, B e SR A AT
(K 1-0) PRI, HE#E 0.1% T FR KA A 205 R i 2h
A, 17 FhsEERZE 258 LA K 3 Bh AR AR UV
(20 ng/ml) ) o 3% & UL & 2,

KR 0.1%H BRKER(A) . FEEB)FI ZHE (O
=G ANAH, RS (16 min) H R BUEREIT. R
PRvD B AR /N X, Iy sk FEAR (] 3-a)o 177K
0.1% T2 7K RN 25 WA A it s AR, PR VD 2 4 0 1
W (F 3-b); Fr A VEE I A [ 42 (10 min), 53
B L 37 5 B R

22 EEFERFZFHHLL
WAS 5 TR 2K 24 ) () S AR 5 M T B 5 R L g

=

100 () OFfi R 0 Formic acid 286 >3 _3.04

50

.14 4,
2 A0 4T 516 s 615 643

MR, BT, WG Ho e al,
2004) [ A ZE B A AT A5 5 A% R 4 26 UK PR 858 (1)
i ZE BN TS, Oasis HLB J2& 32 7K 37 B -1 760 [ 41
REEOE, PR AR B AR AR A AR RCR .
ARWFFEEFE Oasis HLB(6 ml/S00 mg) X 5% 58 i 7K H s
AT R A

KERMFK B pH JEFI R 7.8-8.3, /KA pH AT LA
P ER Y SPE MM ARCE, | R &M%
BUSOR . WFoiE i, Pk RERESAIE T e ECR
JEIT pH) . BPESPE TS SPE M4 & 0 W (A%,
2011; KA, 2009), I, ARWFFRE AR
pH 358 % 2.0, 3.0, 4.0 =Rk, i BRAT AL FE )
Dy 3 A bR [T N, 249 K FHER R Y pH & 3.0
i, KRRS04 R R 25 R RS, BB (] 4),
J AR S Rt R AT —F4 K pH Hh 3.0, X5
TR YEV 55 (2006) Fl5K B 78 45 (20 12) A FE 45 SR — 3

23 HEBREEBBRHER

23 Oasis HLB /MEREEZ G, X SPE #
HEATIRVE R 44 00, ASHIF 98 6 85 £ FR B /K B WA R itk
Ve, Aok EE 6. 8. 10, 12 ml ANFEMAFIIEF T2,
ALY R AR FR R 10 ml i, BEASAS 200 2 1 5
ZRACR N SR

NOR

715 7.36 764 7.88 838 861 9.8 957

0
100

50

378 408 451 509 538

ENX

599 619 685 7.07 737 810 849  9.08 937 9.54

(=]

100

W
(=]
T

0.34 0.69 1.04 164 211

6.35 6.79 735 7.58 8.10 845 9.05 9.60_ 9.78

[=]

FEXT F2BF Relative abundance
s
1

034 094 120 163 212 231 275 314 2% 417 458 506 545 595 627

|

682 700 759 794 847 895  9.50 9.68

023 065 091 139 179 219 292 330

4.65 476 553 580 620 646 7.01 7.30

PEF

791 839 870 898 936 9.75

i fE] Time/min
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FEXTFE BF Relative abundance

FHXT 3 FF Relative abundance

394
100 - . o
(b) 0.1%H B2 0.1% Formic acid
NOR
50—
o047 108 136 177 204 250 27 340 427 471 497 526 590 618 682 729 790 829 851 934 9.50 9.94
100~
50
047 11 175 207 250 292 330 3'L2 419 464 490 523 586 617 676 697 743 791 812 851 873 941 966

100~
D5-NOR
50
030 071 129 177 222 263 311 331 518 573 6.02 625 668 698 7.35 801 825 867 921 9.82

100~
CIP
50~
010 048 091 141 178 218 2.60 323 381 420 452 513 548 602 618 639 703 748 791 841 9.15 940 9.81

oL

397
100~
PEF

50

0034 071126 1S L84 208 263 3L 336 347 ) \ 421 497 S64 S8 631 658 706 726 781 806 841 883 930 966 99

0 1 2 3 4 5 6 7 8 9 10

i E] Time/min
100 o
(c) 0.2%FH R 0.2% Formic acid

50

IOl 050 13 164 184 235 267 314 34 38 522 579 599 663 698 736 785 841 863 9.13 944 983

100 - .t
50
021 072 093 135 164 209 231 272 320 344 423 4.52 531 560 599 631 699 7.15 7.81 804 871 889 941 9.62

0
100~

50 D5-NOR

oLo33 o5 133 165 184 264 293 429 461 528 580 598 617 669 7.11 749 781 841 903 960
100~

50

olo20 0s0 091 155 176 21 269 288 339 38 487 523 576 606 646 688 746 799 858 890 960 9.98
100 -

50 PEF

32 087 LS5 174 209 238 264 350 374 416 471 508 573 608 646 676 735 751 780 835 880 911 957

0 1 2 3 4 5 6 7 8 9 10

fist[B] Time/min

Bl1 SRS AR 7 B A 5 b v ) €3 ]

Fig. 1 Chromatogram of 5 quinolones in different mobile phases



v N 2L > p S
132 I A - 538 &
RT:0.00-10.01
100 529
NA
50 -
0 0.35 0.53 0.86 1.49 2.13 2.74 295 328 3.75 4.24  4.66 545 596 631 673 7.15 746 7.76 8.35 8.86 929 9.71
100 - 5.62
OA FLU
50
5.03
0 0.31 079 1.17 148 1.72 2.07 247 273 3.12 332 3.82 4.40 487 603 643 675 7.15 742 8.07 8.36 8.99 9.60
100 3.94
NOR
% 50
'E 0 0.47 1.08 1.36 1.77 2.04 250 2.79 3.40 471 497 526 5.90 6.18 6.82 7.29 7.90 8.29 8.51 9.34_9.50 9.94
100
C]
e 50 ENX
N ~
§
& 0 047 1.11 175 207 250 292 330 3.72 464 490 523 586 617 676 697 743 791 812 851 873 941 9.66
# 100 -
# D5-NOR
jé 50 |-
0.30 0.71 1.29 1.77 222 263 3.1 3.31 3.72 3 452 5.18 573 6.02 625 6.68 6.98 7.35 8.01 825 8.67 9.21 9.82
0
100
CIP
50 -
0 0.J0 048 0.91 141 178 2.18 2.60 0 4.52 5.13 548 6.02 6.18 6.39 7.03 748 791 8.41 9.15 940 9381
100 -
so PEF
0 0.34  0.71 1.26 1.51 1.84 2.08 2.63  3.11 336 38,L 4.97 5.64 5.86 631 6.58 7.06 7.26 7.81 8.06 841 8.83 9.30 9.66_ 9.94
LARAI RARI LALH ALY RALE AR RARY ALY RLAN RARS LARS LAAN AAAERAR | LRARE RARS AN RARA RARS LARI LR RARI RALY RALE RALE RALE RARY RN RALE RAE LARS LARE LAAS LA RARI AR RARI RALE RALE RALE RAnS |
0 1 2 3 5 6 7 8 9 10
5} [8] Time/min
RT:0.00-10.01
100 - 397
50 - D8-CIP
0 0.27 048 1.15 164 189 238 272 2.89 3.50 3.71 i‘.,lj _425 477 515 559 578 628 6.69 698 743 7.65 8.18 8.54 873 937 952 9.79
100 -
50 OM
0 0.40 1.02 1.66 1.89 222 240 3.17 442 465 5.09 554 610 629 6.75 698 743 781 844 872 920 9.50 9.97
100
o DAN
-§ 50
g 0 0.14 0.57 0.86 144  1.83 2.15 2.65 327 3.65 436 477 519 553 601 626 6.53 722 7.64 8.00 8.62 8.85 9.12 9.66
< 100
[
> ENR
g 50+
©
~ 0 0.46 099 124 172 224 2.65 2.94 342 3.8 422 445 495 550 568 595 643 6.6l 7.38 798 828 885 9.14 955
% 100 - 394
=
g 0T OFL
0 0.39 096 1.15 1.67 201 239 2.87 3.13 426 454 493 522 572 6.32 6.56 691 735 771 821 850 876 892 9.58 9.83
100 -
50 - MAR
0 0.J6 042 097 137 1.60 2.07 226 285 329 416 4.70 4.96 550 592 616 659 6.86 7.15 7.57 799 8.63 884 9.17 9.74
100
50 D5-ENR
0.09 0.41 1.14 1.69 2.18 262 3.04 329 39} 447 464 498 565 5.92 617 693 7.13  7.66 7.96 8.55 884 9.07 9.62 9.97
I L ol L e iy BL ML BRI A L
0 1 2 3 6 7 8 9 10

Bt 1] Tlme/min
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RT:0.00-10.01
100 -
80 -
60 |-
40 -
20 -

039 079 1.14

4.54 473 531 547 585 626 6.61 677 724

FLE

7.75 8.04 833 875 9.33 9.99

397
1.68 214 249 294 3.19 3.84

0
100 -
80 |
60 -
40 -
20

0.06 041 1.14

7.85 8.12 8.58 8.77 8.98 948 9.93

—

(=

(=]
1

80 |
60 |
40 |
20 |

031 061 1.18 133 175 2.16

4.18
SAR
162 2.01 252 2.72 332 4.02 4.56 507 549 5.84 6.06 6.73 7.25
4.18
PX
2.65 2.96 3.13 3.60 3.98 4,56 4.85 537 5.87

S

6.36 670  7.14 7.67 804 837 869 9.19 942 9.76

X+ =E B Relative abundance

108 _ 4.11

80 -

60 +

40 + ORB

20 +

0 045 063 1.14 1.74 222 290 321 344 3.69 454 476 5.16 562 599 615 6.57 6.92 7.51 7.82 8.26 8.81 9.41 9.61
100 _ 421

80 +

al o

20 +

0 T |0l|31| TT |(|)8|8| %L(l)7| T ;L?Z[ |2-]0:? |2|l3|3]2|'6|s| 712“'86] |3'|4~5|7]3|6? |4|.Q]1| TT |4i4? |4|.s|5 |5i.%8| ls-iSII T |5|'9]7| T 16"53| 167.|]4|‘ T |7|'2|7| Tlslsl T ?‘iwl T |8|‘4]6| ?"7|0] |9'|10| |9:|35| T |gis?]

0 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
it E] Time/min
B2 17 P LA K 3 Ff P9 AT 4 b v VI 43 1

Fig. 2 Chromatogram of a mix solution of 17 quinolones and 3 internal standards (20 ng/ml)

SPE AL, T U6 A R 2K LA B Aol P 4 it A
g, Hoo, MMM BT, 2 Mo
PRGETHATA, W R S R IR B , 22
i SR B A TR fi g, HL N AT B AR
JIT AR 5 R R R M o % P I e P R AT L
SRR R, 6 ml B IS 2 YRR T VR M BV AT Gk B
e, dRsEsm i 2 )5, BORAWI, HI
I R R A, FEAC T S (]

2.4 SMESEEMTERHR

FEOLAR I A rE FUTTIE 2540 T, I S AB AR R i
B IR A AR U S, AR BERS BEARMER A 1 pg/ml
IRE NARFRETAEW 50 pl, IR ShRE TR LW
A1, 2.5, 10, 20, 50, 100 F1200 pg/L. #rif
Mgk g SR o, 17 Fhods i R A0 ek 6 R 1 R I
RP>0.999, X &l L ETa R 1-200 pg/L, %5 H i
7K (500 ml)JIlAR B 77 3245 2] 17 Flds i B 1) 5 55 (SIN=3)
K BR B 78 BBl R 2-10 ng/L, & = FR(SN=10)AY 3 Bl Ky
5-20 ng/L(3 3).

25 FHEEKER, EREMERE
ABIEFER T AR BEAT S A0 AT , FEAE Al I

[RIACRFE 7R W, LA SR A SE RS AN 5 i Ak BB 2 14 [
MR, R E . KR MR E . AR AE.
FRE . P VE KRR UGERD E N
bR, RNV E . BV R TR B bR, B
WU R PHA R YR A FIThTD R L RGRID A
MR . T | ZENERR LUTACBIE YD B AR, R
FAFRAER NG, P2 AN 2 RS, KRS
SIAE 20, 100, 200 ng/L = NISIIKSE R BEAT ks El i
KRG B (n=5) ) % 5% . 25 ow, TSR
71.3%—125.0%, J7 i BIAHR AR DN 22 < 12.27%(FE 4).
L ULR, 2ok R HUE . ERRTE S AR
AL T K 7= 35 5 PR I 7K A s 5 R 21 5 R ARG

2.6 SEBRKEESHT

S PR £ 57 (0 F B0 K PR 17 PR VK 25 1)
Kot Jy v B R LLVASE A 4 TR g A it
TPHCRE . LRI 4 FROETERR 259, 4 WL
BRI R R, v R
ND-6880.05 ng/L (% 5). JUbt, JEI0 R AOK: th 30
B, 16 4 FFA AR, JU0 3 R IR
B  FERY C IRIIZS S R, 2 Rk
LAt TOIREM. kAR, B
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WU RJR T AVHERE M PUEZS, AR R W T IRAEK T 17 Fhds TR ER S 258 5% B 10 4T 0 i o
D AR R AL M AOTRZE . FAT, BUR ik TR B M T 2 e A LA
AT K AR s T TR 25 2 1y % B PR et b (ARG 0 45 (0 BRE R BE B MERR TR, BN 71.3%—
R, KPP IR R e IR A AFTEAR R FE L 125.0%. %07 Ul T 3R R K P B eV R 2K 25
OISR, o B0t — Ao e B8 R 45 L7 0 2 B T 39 50 S T
3 & BEIX WSS R 25 W ok B A, SR R, FRAE XK

PR s R 258, B AT, RIS X

AWFFE R SPE 5 LC-MS/MS BEHIHE A, vy AA1ERO™ 50 Rk T s v i 2 25 W i B 42

RT:0.00-16.00
100 438
E 4.32| 4.44 () NL: 3.29E4
90F TICF: + ¢ ESI
E SRM ms2 363.000
80k [319.999-320.001,
C 344.999-345.001]
8 F MS 20P
_g s
g F
| 60F
o .
2 E
5 SOF
©ooE
% 40F
Bt
E 30F
20F 12.36
C 489 536
10F 4.09 12.20 (\AIZ%
E 393 h 14.40
0 L 073 1|50 I240 1 1 vl 4V |5.118I1 .n.'6'|"26| 743 | 9461 9|62I lLl‘Z..gflllgﬁ . |13|6.A7I A | 15|’691
0 2 4 6 8 10 12 14 16
F5fjE] Time/min
RT:0.00-10.01
3.93
100 - (b) NL: 2.20E5
E TICF: + c ESI
90 - SRM ms2 363.000
C [319.999-320.001,
80 F 344.999-345.001]
C MS 20P
S 10F
g C
'§ C
g 9
(] -
> -
g S0
B -
~ C
jrﬁ( 40 -
ﬁi- C
= 30F
z C
20F
i 5 k'?\A\h“/\
C 4,57 4.88
0 _Q+09 Lol F'14| ]1'6J9| I 264 33& 3894 Lo M’lj.ﬁoslA/S\,}gl 1 ..941? |6'~Pq |7'|m644—k7r'7|7| 8~94| I 9~7|0I
0 1 2 3 4 5 6 7 8 9 10

fi} 18] Time/min
B3 ARV B RS ISR T 0

Fig.3 Chromatogram of standard marbofloxacin in different mobile phase (20 ng/ml)
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140
pH=2 O pH=3 [ pH=4
120 o
.|. il
i ¥ | 4
100 |- 7 : i R X
H H HE -" i | 1] % o % |
i 3 58 : RE nE:
N i @ i ] | i HE: HE!
N I N T A 1 i B N N T
3 | N N N N @] N N NE & &8 N N R
~ N NEE N & ] NE! N e SEENE Y ] NE N NE B
< 60 B NE NE B 8 NE S SRS R BEE BT B EE NE NE N
% 7 (NH NG NG NE N NG NGB N NE NE N N NE NG N NS
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Fig.4 Comparison of 17 quinolones recoveries with loading buffers at different pH
#z3 BMYINEMERE. MEE. BXRY. FERERURGEEER
Tab.3 Calibration equations, linear range, correlation coefficients (R?), detection limits and quantitation limits
. USRI HXERR R KRR ek
r_m 2 =1 /D( . I
ij A% Compound Linear r:jzrzlzfo?e Lation Linear range  Correlation Detection Quantitation
’ & q (ng/L) coefficient  limits (ng/L) limits (ng/L)
1 JRfRY) A Marbofloxacin Y=0.0066X+0.0029 1-200 0.9999 2 5
2 BV A Fleroxacin Y=0.0580%+0.0515 1-200 0.9998 2 5
3 K%V A Enoxacin Y=0.0438X+0.0187 5-200 0.9999 10 20
4 FAHEIE Ofloxacin Y=0.0660X+0.0415 1-200 0.9999 2 5
5 59U A Pefloxacin Y=0.0352X+0.0214 5-200 0.9994 10 20
6 P2 Norfloxacin Y=0.0202X+0.0021 1-200 0.9992 2 5
7 KNV A Ciprofloxacin Y=0.0229%+0.0027 1-200 0.9997 2 5
8  FF#&Y R Danofloxacin Y=0.0196X+0.0139 5-200 0.9998 10 20
9 RV 2 Enrofloxacin Y=0.0028%X-0.0007 1-200 0.9995 2 5
10 &30 A Lomefloxacin Y=0.0372X-0.0394 1-200 0.9999 2 5
11 BLILPP R Orbifloxacin Y=0.1580X%-0.0677 1-200 0.9991 2 5
12 XH I E Difloxacin Y=0.0199X-0.0086 1-200 0.9998 2 5
13 ¥hivb 2 Sarafloxacin Y=0.0117%X-0.0069 1-200 0.9998 2 5
14 YA Sparfloxacin Y=0.0190X+0.0073 3-200 0.9995 5 10
15 ZEMERR Nalidixic acid Y=0.0208X+0.0164 3-200 0.9999 5 10
16 MR Oxolinic acid Y=0.0236X+0.0102 1-200 0.9993 2 5
17 FH M Flumequine Y=0.0213X+0.0187 1-200 0.9999 2 5
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Tab.4 Spiked recoveries and RSDs of the target compounds (n=5)
e Ik F o AR A Ik e AR
= . e =} .
Compound Spiked Recovery 22 Compound Spiked Recovery UTE=
level (ng/L) (%) RSD (%) level (ng/L) (%) RSD (%)
BBV R 20 112.41 11.04 B Vb R 20 73.05 5.10
Fleroxacin 100 81.59 7.26 Orbifloxacin 100 84.66 8.73
200 97.48 8.09 200 71.33 7.35
Wi B 20 84.02 8.22 WEV R 20 111.21 4.52
Enoxacin 100 80.57 11.60 Difloxacin 100 97.01 9.97
200 83.61 6.10 200 91.24 6.74
AEDE 20 103.48 9.63 OZ RS 20 110.79 8.25
Ofloxacin 100 72.05 5.24 Sarafloxacin 100 100.19 11.72
200 93.87 10.98 200 99.98 6.76
o TR E 20 83.63 5.46 GiLRAY= 20 83.93 12.18
Pefloxacin 100 81.26 7.47 Sparfloxacin 100 71.98 10.16
200 91.42 7.46 200 72.04 5.38
e R 20 125.00 7.34 HE R 20 111.09 8.42
Norfloxacin 100 90.74 8.28 Nalidixic acid 100 113.65 5.47
200 123.59 5.21 200 84.22 8.72
RNV R 20 108.99 7.65 TIEE s i 20 85.60 12.27
Ciprofloxacin 100 78.10 4.73 Oxolinic acid 100 98.23 8.72
200 94.86 4.01 200 91.43 7.81
Frigvh 2 20 75.88 4.16 56 F s 20 86.82 11.32
Danofloxacin 100 87.62 10.67 Flumequine 100 87.95 8.94
200 73.06 10.91 200 114.41 6.67
B R 20 102.57 6.03 RRAR VD B 20 110.33 8.89
Enrofloxacin 100 94.76 8.60 Marbofloxacin 100 101.69 9.10
200 94.94 6.17 200 107.27 2.73
WEI R 20 106.36 9.31
Lomefloxacin 100 80.62 9.44
200 100.32 6.52
R5 FEBKPEEIAEGMENER
Tab.5 Results of quinolones detected in aquaculture seawater samples (ng/L)
ﬂﬁﬁﬁ BsTh 2 R W & HW(’/IE EXL#&E Bikih R R W2 %?ﬁ‘i/)\%
Samp!mg Enroﬂ- Ofloxacin Norﬂ- Clproﬂ- Samp!mg Enroﬂ- Ofloxacin Norﬂ- Clproﬂ-
location oxacin oxacin oxacin location oxacin oxacin oxacin
FertYy HEKkO 36.98 24.28 ND ND Fhily Kk 34.68 ND ND ND
A Inlet C Inlet
Farm A gepwoy  ND ND ND ND Farm C  segpeon  283.57 ND 60.03 30.03
Pond Pond
Hokd 87.40 35.63 ND ND Mok 6880.05 ND 135.31 79.03
Outlet Outlet
¥l ek 21.94 ND ND ND | %5 #kn 69.25  ND ND ND
B Inlet D Inlet
Farm B segzueh ND ND ND ND Farm D ez ND ND ND ND
Pond Pond
Hokrn 48.27 ND 71.15 ND H ok 177.07 ND ND 34.77
Outlet Outlet
ND: KA

ND:

Not detected
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Simultaneous Deter mination of Seventeen Quinolonesin Aquaculture
Seawater Using Solid-Phase Extraction and Liquid
Chromatography Tandem M ass Spectrometry

DONG Xiao'?, LI Zhaoxin'", SUN Xiaojie', XING Lihong', PENG Jixing', SONG Caihu'?

(1. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture, Yellow Sea Fisheries
Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Food Science and Technology,
Shanghai Ocean University, Shanghai  201306)

Abstract
aquaculture seawater by using solid-phase extraction and liquid chromatography tandem mass

In this study, we developed a method to determine 17 kinds of quinolones residues in

spectrometry (SPE-LC/MS/MS). The target antibiotics in water samples were enriched and cleaned-up by
solid-phase extraction cartridges after the acidification with hydrochloric acid. We compared the sample
recovery under different conditions to find the optimal pH of the loading buffer and the most suitable type
and volume of the eluent. The elute was collected and concentrated under a gentle stream of nitrogen gas,
and then dissolved into 1 ml liquid by the mobile phase. All antibiotics were separated by gradient elution
with the mobile phase of 0.1% formic acid in water and acetonitrile. The targets were then analyzed by
LC-MS/MS under the positive electrospray ionization condition in the multiple-reaction-monitoring
(MRM) mode. Seventeen kinds of antibiotics can be separated successfully within 10 minutes. Calibration
curves for antibiotics exhibited good linearity in the concentration range from 1 to 200 ng/ml and the
correlation coefficients were larger than 0.999. The limits of detection (LOD) were 2—10 ng/L and the
limits of quantification (LOQ) were 5-20 ng/L. The average recoveries of 17 quinolones at the spiked
concentrations of 20 ng/L, 100 ng/L and 200 ng/L were 71.3% to 125.0% with a relative standard
deviation (RSD, n=5) of 2.44% to 12.27%. This new method was applied to the analysis of four
mariculture farms located in the Lingshan Bay of Qingdao in China. The results showed that four kinds of
quinolones were detected including enrofloxacin, ofloxacin, norfloxacin and ciprofloxacin, and the
highest concentration was 6880.05 ng/L. These results suggested that the new method was efficient and
reliable, which was suitable for the detection of quinolones in seawater samples.

Key words
spectrometry (LC-MS/MS); Aquaculture seawater

Quinolones; Solid-phase extraction (SPE); Liquid chromatography tandem mass
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361013)

VR,
361013;
JE1]

DL KSR FE By 2 b F 7% 2K 3 4 (3 ¥ 4R T % Portunus pelagicus, H A %t #F Marsupenaeus

japonicus)fn 2 # W 7, £ 55 41 (50 Meretrix meretrix, 3E 4% % #-1F Ruditapes philippinarum) % 41 #},
HATTREHEN 4 HBERFAENNERERRARELIRAR. ERET, 4 HilEAFHEE
W T RS REHERER L RFE R AR B FEAM K, 8 A Bt m R T8 H AR
24 LCsp.48 h LCso. 96 h LCso 25| 4 2.07x107*,1.70x107*, 1.10x10* mg/L #1 7.32x107*,3.90x10°*,
143310 mg/L, %4 E 45| A 3.44x10° mg/L 1 3.32x10° mg/L; I 4 B b 50 3F 4 5 {7
f7 24 h LCsp. 48 h LCsp. 96 h LCso 27 4 1.52, 0.30, 0.27 mg/L 71 0.67, 0.11, 0.06 mg/L, %%
WE A H H 3.51x107° mg/L 1 9.50x107 mg/L, REAH B xR T4, HARITHHELEH L A
T A EERBF, W mEEZ AT ARRAGETFHRELH A 0.86-0.05 mg/L f1 0.37-
0.03 mg/L By KA H FFE 24-96 h B, H AR 449 B B9 MR 2 R %441 2.57-12.40 F7 3.03-27.85, X
MAE RS RAE RN R ERERENERENM X, SRERER AR, TEMENEKE
AR ARG SR AR EEGFEREEZR,

ES a0

hESHEE S948 THEKIRIRAE A

AR 4G BE (Deltamethrin, DM) X & R4E, 2&—
AT o- TR Y 1T AU B2 TR 2 0 A 2% JR, DA sk
AL BERE, RHET, MYUAMME RS YRR
HIEER . 250 b4 ER AR 25 50 25,
J Uz N T AAEYR B B iR R = FRAE s 0% . 2R
e DL S 53 5 4 b 1) 50038 2 W DA R R KOK = 3R B
R = N 1 B ] L=y (2T 5 e B B Uz O N N G
T8 T RIS 0 2 7K i A R TR, 3 U S 0l AR
s, JRE S E A AL, ST
FEC A A, AT R K™ il JBT 14 42 4 ) L (A 37 7K
45 2007; BXZEIE4E 2014; Thomas et al, 2008), K#B
TSRS A 2 B T IR MR R Y B, W B YRS
i, XTSRRI

REHE; F; BE; BARELEY
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YEFH W N SEE, 4 liFoT 1 IR A EE X HH 52
B My i 2 T (Portunus pelagicus). H A< #E % iF
(Marsupenaeus japonicus) fll XF7¢ 25 314 SC G (Meretrix
meretrix). JEEE N4 47 (Ruditapes philippinarum) i) &
PE R BN, 33068 T 3 48 TR 5038 e X 7K IR A
VIR RETENLER , B HAE K- R b 2 i %0
b Ak VR 548 TR TV 7K 55 B R AR RN K 7 O AR A A
FA)RUSS , Ay A b 488 o R Ak PR 5024 T o B P T R S
WOl 5 G SRR 2 AR, S4B E 0 N AN
LS Lo

1 WS
11 SEIEZhm. UEE

TR TR AR UE 1 (99.7%) , T FE S A 1 9 I
FEHG; 2.5% R 4G ER T, FEEBUMAE R A R
NV dHRTECR 1 g/L AREW . PR . A ik
LR TR EC K BB oh (a4l 5 6890N
RIS ML (L Agilent AT, BLA H TR
M, HP-5 BN HE(30 mx0.32 mmx0.25 pm); BT
3T R (MR 3 —FE R 2 A 38 AT BR 2 |, M
VRS (R LB S AR A BR A B, R205 T 758 A
(FiEH AR AR IR A A]), YGC-36 EMAX (AR
A A A F), 80-2B (R B O HL( 52 F)
FALERT), AR IBCR & (R B R A A AT IR
F]). YSI-6920 ZZH0K B M (G2 YSI AT,
12 Kz

T V1 T W AR R L VD VG I KK T 5 R
Y, 5eK M (11.90£0.60) cm, 1R A (150.5+21.0) g,
SERHIEREN 25 m® BN ETE KM N 3% 3-
5d, BIRBEHN 0.6-0.8 kg/m®, FIHWAR A, D
it 22 B IR S P A PR, Rt 2 O LR 1Y 8%
R R oKHET, WEERERE R .

HACSEXT R [ 0 BT xR IR, iR Kl
(12.00£0.90) cm, A K (11.7+2.7) g SCEHTLEARTA
10 m® (20 m*x0.5 m)A/K BN 3% 3-5 d, B3
WREN 10-20 F/m®. JF7EEE %Mt 1 3 5 — HOnUZ
PRI PE O, SRR RT FEOG LA . AR 1R
W BRSO R 24 B A AR

SCE R IE AL A A A VT L S K 5
Y, SCWBAT5E K M (4.89£0.30) cm, 1KH K(29.4+4.8) g,
TR 5T K R (3.75£0.20) cm, AT (10.8£1.6) g.
SCYG TR E AN B (AR 1.5 hm®) B FE 1, K
PR E W TR A DR, LRI — KRB E=E
PIK TR (EIAL R 10 m*) P CRHE 3%, BN

50-60 Fi/m>.
1.3 SCIGAK

SEE UK AP UE L ASURTE K . VKR B
24.20-26.58°C; LhEEJEHEI A 31.15-33.80; pH {HiEHI
h 7.95-8.12, WA S EVLER 5.96-6.55 mg/L.

1.4 EIF*E

141 AZHAEMEE TREEHEEXT 4 Fhifg K325
He Wy 2 VE TR S GB/T16310.1-1996 A AN iz
AR AL 25 S PR IRV K AR A 2t B I
BSIT ) AT o MR TR AR X R (Y SL I A AR
A3 BAAAR 1.00 m? (9% /K JE it AR 0.08 m? 1 3%
BE KA 5 SCA R AR A A 0 S0 25 o 41 M AR FR
0.06 m’ BEEE KA . IR FAGEEXT 4 FhL R shy
FEPE TSI A 24 h 2FBSETA 96 h 234715 (1Y)
VO, 7EIESNSEYR I, 78 I Rl P 42 S gkl iR
VOB 7T DY, HIREREILE 1, K 2, ik
24T . PRSI S) | fREREY 4 FEEIKIREE AP
YER B XIS, BAMASLEEY 10 H/kn, 525
(B AN, 24 h ANEBrigEE 785 R EF KK
T, R 24 h oK 1R, R, LR
WG, AT 8 h PELEMER, VUG E R s & T
WEL, T 24 h. 48 h. 72 h H1 96 h 43 B3 5 52560 5)
YIRIFET 8 DIRFE TR A < D1 285 Ml T A e il 42
T R D128 2 th TPl ) P 8, AR T 1) DL 2RISR 25 4 i P
o I8 F K P72 42, SET- DR AT 4
JIAS S, I A DRGSR SR KA o B IE T AN AT B
FFi AT HL

ST HAN], ] YSI-6920 £ Z¥0K AT K
M5E 1 ROKIE . . pH, DO ZFH LA T, 4 Fhz
KPR KSR R 24.41-27.66°C 5 $hEETE R
4 31.30-33.78; pH {HIEME N 7.48-8.04, A & &
JLFEIN 4.71-6.42 mg/L.
142 EHshHLERPEEORRE LR H e
LGSR 1.0 m? (Y KR L, XSS IK 5L 06 25 4
47 0.08 m® (B BE KA , 43 BB 20 Hi i 44 11
F1 40 & HASFEXTIR | 30 K7 SCHA AT 50 R FEA =G4 .
FTAT SE KR T A I BE R 4 N IRASUAS TR B RS, S
55 55 5 1E S BG4 W) o 76 S50 K AR v i A VR 46 e
fHROR A JG SEH 28 24 h HoKEE, Z39IR4E 1 ok
FE, VKA 4-5CY¥k. RIELZTE 24h, 48h, 72h
F196 h J5A7AE 1Y 4 FPSEESShPIRE S, BT -10~ 20 C&
IRRAT o KRR A TR & 2o R (AR s A K
FRAUER 6 5 AR 2546 H7 ) (GB/T5750.9-2006) H 4 5
(thAe N RSN [ B o W A g A 9% S R AF, 2006);
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PR R4 TR RS 4 Fhife K IR FE A W B B 1R SRR R 141

ZIRS PR R BUILA L 2L, A13K 0 LD s A TG 7
TR £ i oh A BILSEAR 24 R U 3 iR A
224 R B A AE ) (GB/T5009.162-2008) 1 ()
Ik (& ER AR F R ZE 143, 2009).
15 HEAH*
151 ¥ HURERZARETHE K Fi SPSS
18.0 F A, 713345 H 32 i sh W FE T F 43 R B A 3R BT
5 S e P TR T T 5 R SR 2 OB (LCso) o
A P (SC) 2K FH 4518 £ (Turubell) A8 22 4 e FE 1155
N (BT, 2016):
SC=48 h LCs0x0.3/(24 h LCs0 /48 h LCs0)* (1)
152 ZBAMKTEAABRORE ZHOTH E]
FIRF S ER A KR 5 ¥ e PR A, S s R v ik
JEE A F R IR AS o HIOR FH SE 56 /K A IR S TR 1Y)
WIUR T B 5 52 25 24 h K IR A v B G 2 (B A A2 3k
SRR Bl R ok A e, R R R A
Cwv = (Cu +Ciy) /2 @)
SCF=C,/Cy 3)
K@) KO, Cahgd IR w1 5ZiA8)
YR NTRF TR ; Cuo I IZI0 /K A b Y5 5044 TR
(IR E 5 C, AL 24 h Bk KR IR F 45
FEIHEE ; Cp M Cyo M1 Cyy WPV RE ; SCF Hy3Z
Tl P P8 TR A TR 1 R 2R R B

2 HERESW
21 EEHEMESETYHENE
W 1 R, TEVEE RS TEE R A9 X I i 52

100
90 |
80
70
60 |

JET-3 Mortality/%
W
3

40

30+

20 _
TR 8

10} P. pelagicus

1 x 1 > 1 1 1 J
0 0.50 0.73 1.05 1.50 2.18 3.15
e ¥ Concentration/(x10~ mg-L™")

KoK A, TR USSR VR BE 4> BIFE 5.00%107°-3.15x
107 mg/L F1 1.25x107*-1.25x10> mg/L {5 H P, %
VI RE P B R, A% S G 2 VA AR T R AN X R 1Y
FET-HpiZ LT, R B EEMX, 7ERFHE
W RE 4> R 1.50x107*-3.15%107* mg/L F1 7.90x10*~
1.25x107° mg/L HYES VR, LI E] N (24 h)iE i #
T8 A H AR B X R Y B8 TSR 43 S IR 40%-80% Al
40%-85%; TEIRFAGER I L 43 3k 5.00x107°-1.05x
10 * mg/L 1 1.25%x10*-2.00x10* mg/L HIKH A ,
WL AR T RN A A $EXT IR 22 & A48T, 96 h N4E
T HRAF 3K 20%-40%F1 50%—60% , H. 178 i 42 7 5% Fl
HZASJEXT IR A 2 85 B ) K, JETRflE, & &2
W IEA

1 RRIEFIT RS P i B B 5E 28
FET AR B Y (B0 5 R, REEAT T 1A R A A
O ZR B R AN T ZR B0 G A I, B YRR
BETERTE AR T AN H AR HEXTHRAY 24 h LCso. 48 h
LCso. 72 h LCso. 96 h LCso 235K 2.07x10°*,
1.70x107*, 1.27x107*, 1.10x10"* mg/L 1 7.32x10°*,
3.90x107* . 1.93x10* Hl 1.43x10* mg/L, JfH I
Turubell (Y4 4k BETFR A, TH H IR 44 e Xz
Ve TR A X MR 1) 8 VR 4 K 3.44%107°
A1 3.32x10° mg/L,

HH 76 25 31 1 V5L 552 1 b B S N E IR B AT —
MLtk . SCERTFIRRT, FEARVE B IR EAE e L s 4 v
TE TR AR T et IS TCA T, H AR 3 X MR A 3 389 K A
K ZRE | Wesh . WG ShIER, 55X RRAITCHA B 22
5o ME RN AR, 4 hJ5/NER S B AR T
B . R AT, 48 h 5 I AT,

100
90
80 |
70
60

FET-R Mortality/%

H AZEXS o

M. japonicus

0 1 1 1 1 1 J
0 125 2.00 3.13 500 790 12.50
¥ Concentration/(x10 mg-L™)

K1 AR T e Rai i s

Fig.1 Mortalities of the crustacean exposed to different concentrations of deltamethrin
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F1 AEETREHEETFETLINYIN LCsE
Tab.1 LCsq values of deltamethrin to the crustacean at different exposure time
S B i A EYEppE FHIC REL LEIER 95% {7 IX i1

Experimental animals Time (h) Regression equation R LCso (mg/L) Confidence-interval(mg/L)

TG MBS TR 24 P=5.209C+19.190 0.9539%%* 2.07x107* 1.64x10*-2.82x107*

P. pelagicu 48 P=4.160C+15.684 0.9241%%* 1.70x107* 1.25x107*-2.58x107*

72 P=3.497C+13.624 0.9592%%* 1.27x107* 9.49%x107°-1.72x107*

96 P=3.604C+14.261 0.9612%%* 1.10x107* 7.98x107°-1.49x107*

H 4= 5% X R 24 P=2.294C+7.192 0.9354%* 7.32x107* 4.83x107*-1.72x107

M. japonicus 48 P=2.606C+8.885 0.9854%* 3.90x107* 2.71x107*-5.68x107*

72 P=2.595C+9.639 0.9747%* 1.93x107* 1.03x107°-2.72x107*

96 P=3.470C+13.342 0.9550%* 1.43x107* 9.05x107°-1.81x107*

TE: *F 50 7E 0.05 F10.01 KV BAAFEREZ . PONSET-RMARAAL, CREEGBRIKEEXE, TR
Notes: * indicated significant differences (P<0.05), ** indicated highly significant differences (P<0.01), P: The probability
unit of mortality; C: The logarithm of concentration of deltamethrin. The same as below

FET AR W7 R FARME , — A TEND R L 2P R TT .
H A3 X 0R D) 3% 77328 8 ek 555, Xk A1 8 e i AR 4
AR S IEMIE, PR g . R, 24 b B>
AT TERVREEIRE AR A T, £ 12h )5, iE
AR TR R IAT A S, BRI AEAZE, 1
AP U, RIS AT R PRI, B R ) i g, 2
FE B RERATTT, B R R B A TR A R R T
MBETN . ARS8 X 0R 0] B0 2 s 22, (Rl BiobE 1Y 248
e g, (B BRERIERE | Bl 06 1285, Rk,
KRR B, B BCHhdE . sk, JERTE PN (24 hyt
MR HEIET .

22 REFEXIWZEIWHSHE

e 2 FroR, 7830 MR 2R A7 FR K R
TRE B EE W E 2 9 0.25-2.50 mg/L 1 0.05—

100

[—%—24h

oS O
T T

BET=% Mortality/%
o S W [« ~
S S

P

M. meretrix

0.25 040 0.63 1.00 1.58 2.50
e Concentration/(x10~ mg-L™)

2.00 mg/L, FifiE e BE BB, 4% S8 g0 20 SR AR
ISAFRIFET BB Z B, A B W IR A G, AR
BT e 73591 h 1.00-2.50 mg/L F1 0.95-2.00 mg/L H
R, 24 h PR AR SO AR ST K R A
T2, JET R H5A 45%—70%F1 50%—75%, 48 h )5,
SCHA R A A AT LT AR AE T 5 FE IR 4G R vk B 4y
%124 0.25-0.40 mg/L 1 0.05-0.10 mg/L HIMKHRBELH ,
S AR A = IR 22 & AR BET, 96 h PIAET R 4331
i 40%—90%F1 45%-75%, H.SCUA FHEAE S04 11 i i
FEITIH A, FET R, TR W A,
2 NORTRII B R, VR 48 PR v B X B -3 2%
FE T RME R AT (Y ML T A%, FEIEAT T A R Y
LR EL R FNRNE R0 B B AR, PR
TR AR RT SO FFEA M54 719 24 h LCso. 48 h LCsp.

(=]

(=]

FET-R Mortality/%
w S % N 3

V]
(=2 ]
T T

IR
R. philippinarum

—_
(=]
T

0 005 010 022 045 095 2.00
He ¥ Concentration/(x10~* mg-L™)
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Fig.2 Mortalities of the bivalve exposed to different concentrations of deltamethrin
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Tab.2 LCsgvalues of deltamethrin to the bivalves at different exposure time

SLE Y i i) 4 5 i I REL P IO 95% -1 X [i1]
Experimental animals Time (h) Regression equation R LCso(mg/L) Confidence-interval(mg/L)
pa 24 P=1.555C-0.2815 0.9644%* 1.52 1.10-2.61
M. meretrix 48 P=2.865C+1.5045 0.9149* 0.30 0.12-0.43
72 P=3.718C+2.0711 0.9220% 0.28 0.15-0.37
96 P=5.465C+3.1318 0.9471% 0.27 0.21-0.31
AR AT 24 P=1.051C+0.1865 0.9752%* 0.67 0.52-0.90
R. philippinarum 48 P=1.955C+1.8598 0.9945%* 0.11 0.07-0.15
72 P=2.666C+3.0887 0.9879%* 0.07 0.06-0.08
96 P=2.884C+3.5982 0.9995* 0.06 0.05-0.07

72 h LCs0.96 h LCso 4374 1.52.,0.30.0.28 .0.27 mg/L
F10.67. 0.11, 0.07, 0.06 mg/L, FH-#HE Turubell (1%
EUWRBEETHAA, T IR SRR S AR i
1) 42 4 1 BE 4 ) A 3.51x10° mg/L Fll 9.50%
10 * mg/L,

XTSI 0I5 A TR H 5 SO IR B AR A AR
FEAIRVR B IR A R S B d v, SEIRTT AR B, K MR B
SCIS ORI RS , 75 2 H AR S o SRR IS AF 1Y 75
A FUK A BB AR, AT IEEEIIRE, 5XF
M T 0 22 5. WG ZR R I I A A4, 2 DA
oy S K B RREELIR A, FEBN X A fi K A A
RNGRER, AZRIEE N FE BRG], £ 24 h )5
I ERIET . TE R B IR R L g A T, KRR
PFL A, 2 RO R DI R, 75 R RKAE Te
ainedy, TGS AT L, BRI ERE. TE
R, MGTRMIENLESR . i, KEESE . T
T, SMEREN A, DSk AR &, 320
WS TCH ZE O, JE ] N (24 hy LR HEBET .

23 REHGEPTENMVNZLWEANRER

WM 3 i, TR, HAREXT IR
KA YR A TR 0 R VAR B NS B 28 24 h $K 1Y)
PR TR B BRCY AR ), SOtk EHAY R
R R B(SCF) A PPAk HXT 52 56 7K A4 oA [] vk 32 VR 46
BB LR, 7F 24-96 h &, UM B FEAE M R
0.86-0.05 mg/L VR A HE KA, HX TR 2 g 7Y
SCF i 2.57-12.40; FEMRTEUG 112 55 7RV FU4G BT
WA 0.37-0.03 mg/L /KEH, HXFVREF 2GR 1) SCF
A 3.03-27.85. SCIAFIAEAL =755 48 h, 72h, 96 h
5 558 24 h PR EG, KR RS TR T 40k B R
SRIEE I 63.20%. 13.20%. 6.08%F1 17.80%.
9.73%. 7.30%, HXIVRLEEEERN SCF R b5 W

#*3 REFEARRLMVUELHNIENMNE
Tab.3 The bioaccumulation of deltamethrin in the
crustacean and bivalve

T Y BiH RF I 1]
Experimental Items Exposure time(h)

animals 24 48 72 96
TS T Cho(mgL) ND ND ND ND
P. pelagicus Cy(mg/l) ND ND ND ND
Cy(mg/L) ND ND ND ND

Ca(mg/kg) 0.02 ND 002 ND

SCF S —

Fl A 4 %t iR Cw(mg/l) ND ND ND ND
M. japonicus Cy(mg/l) ND ND ND ND
Cy(mgL) ND ND ND ND

Ca(mg/kg) 0.01 ND 003 ND

SCF _ = = =
P Cuw(mg/L) 120 0.74 0.16 0.08
M. meretrix C,(mg/L) 051 034 007 002
Cy (mg/L) 0.86 0.54 0.11 0.05
Ca(mgkg) 220 211 1.05 0.65
SCF 257 391 929 1240
IR AT Cwo(mg/L) 049 0.08 0.06 0.05

R.philippinarum C,, (mg/L) 0.25 0.05 0.01 0.01
Cy (mg/L) 037 0.07 0.04 0.03
Ca(mgkg) 1.12 059 095 0.75

SCF 3.03 8.88 26.80 27.85
I: ND JyRAi; —HN7E SCF {H
Notes: ND indicated not detected; “—” indicated no

SCF value

S 0.52, 2.61, 3.82 %M1 1.93, 7.84. 8.27 fi%.
LR, 75— IR FAHERIRETEE N, W5e2es)
W KR YRR 2 T 1) R 2R R B B R I [R] ) S K
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WK, THMOEMS; BERERME R TR s, —
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31 AREMUREIYHRERETFTEREE
SEE

ABEFEH, P 7e 2l 2 85 T8 i vk B IR AL
BE7K AR, HARFEXTHRF I SRS, [ &
TSN I BRI RE , Bl AKAR SRS, 2D 2 hiE
EAE oK TF S5 R . 31X 5 2 B £ 2 i £f (Tanichthys
albonubes) . fL 4E ffi (Poecilia reticulata) . &I &
(Xiphophorus helleri)FIJéff(Misgurnus anguillicaudatus)
LG TR R A — VR FE N S TR R A 2K A rh R LD R
FEUE . fROBE | il A R 0 i 28 v B IR AR A AR
(E#i 4%, 2007; Rukiye et al, 2003; Khalili et al, 2012;
HIGAeE, 2013) JLHEAR B8R I0 BT PRI, il
BT, 2R R ER TR, FRr el e a L ML
JEWTTF I SRR . X 540 2 H 8 (Scylla serrata) e
AR RE, hAAWL RN E(RETEEE,
1993), LK ju] % (Chinese mitten crabe)7t /i & 24 fig
BJE, PUBCTC T8 U mEmb) , A0 BRI 7% 1)
SR (K UK, 2009)—F . X528 sh ) SCih FEEH:
TEWAT IR IR h Rk, SR DU R | A
HEE B S Wi, KA TN 7 ARG TC T, B JE P FE LS4
Fasth, B TCEE M A AR R . X 5 HFL ks D (Chlamys
farreri) 2 & 75 = Wk FE FUR AR (0. 13 mg/L)KAR RS, 2
I AN E R B WA, SRR A, 2R (UAESh
B A B SR B, BTG P S RN ) R
(FREE2 4R, 2005)HEA AP

T EE A2y fm Tradion, Bk,
AR AL 32 22 20 5 X A2 X A AR B2 1 T4
fii i 2 RS L 7 Y AR AR I SE G, ] [l b e e 1 B0
Eiv=RERbATip ey WINSTiESEE e e T ) RS 102N
B ATPase, fifi % i j5 5 I A% £ Tk AE B iR i (A chE) 55
2Bk E R, MG AchE #Mifl . 1AL
HUANTER I A sl 2L R OIREZEAL . ARG . A
FH 2 K R 55— R A Y LIRS 15 (Burredge et al,
2000; FEFAIESE, 2000), Nl FHZ A Y KEIET,
TRTUAE TR AT 32 1A W 1) B MR LR FEZE R &
PE A EE AN, BROESH R OT DL R e [G DR B AF
(Procambarus clarkii) LA &8 fl 2 A 51473 , 30 20
MY PRAEIPI , FEH 2= A R i FLIR , FLIR M R
231 RS2 M PR A T 0 EE X A B R, A e FR
HRABE T (RAMAE, 2015) TREUAE FR o o SRR AR AT

W AchE. Na'-K'-ATPase FUFHE. it GST
WA, SEGPUAIE ¥ IhiEsZ 8 T E T,
JHF AN SR 22 A Az Bt . L B IRFE, JFE A B AR
UG AT 0 B8 20 SURNE AL S 28 40 M 5 e SE AR G AT
(BT IARAR IS, CLFE A M e g 1 B g, 1T S IR AR
AT AIFET (R IR 5, 2015),

32 REFEEX PR EFMNT LB SR

V5L 5B TR X [ 2R AN () S 56 50 4 1) 2 M A7 7 B
SRR 225 N 1, 3 2 IR EUEE T e iR 1% |
HABEXT IR AISCHS | JEA N9 24 h, 48 h, 72h, 96 h
VIO HE ML 2WRE AL, TR,
TR T XV AR B ) FE A = T H AN T 5 [
RGN, RGBT SR IR A R
T AR L IRRAG TR X S s e AR T
H AT U 9 B PR A G T e s Sy | R
WAAF o 3 T RS B 52 28 AN X 2 Bl 4 P 3 A Bt 4
AN AR R ES, SEOL A BB R GAHR
TR AR BE T A A I o 7R 2k d 1 S gk
P, XWFEZE B YK i [R] OBLSE AT, R
W5 B B AR A R S AE TR 1 B 5, 1T R 2 28 sl ) —
FLORFFIP I S A, STk R o U A TR 10 2 A
Jc 77 Inl sk

AT, 2 P AR 245 0] F 72 2 sl i 2 0B F
Bz, PEikiE, 1edgK ey, GUEAEm Xk
&g iR (Panulirus stimpsoni holthuis)i) 96 h LCsy A
0.104 pg/L; IRFAEEE X F-BIKRE N 4.6 g (1 FLANEE T
¥ (Litopenaeus vannamei)it 96 h LCsy 4 0.0714 pg/L;
FURBGEE X HARFEXTEFAY 96 h LCso 4 0.310 pg/L
(Burredge et al, 2000; ¥ FHF M, 2009; Bk T4,
2016). S 4G FEXF AR TR R 0 35 M 5 A 5 PR
BG RN H A FEXTUF A B (96 h LCso o~ 0.143 pg/L)tH
I EIRKH Sy, IR ER X H R E BF
(Macrobrachium nipponensis)A¥ 24 h LCso & 0.14 pg/L;
Xof 5 FCJEEKIR Y 24 h LCso F1196 h LCso 235149 0.156 pg/L
F10.0562 pg/L; X[ AT 96 h LCso 4 0.65 ug/L;
S 3 I % Hh AR K I (Caridina denticulata sinensis)
96 h LCsy 4 0.077 pg/L (ZBFi/E5F, 1996, B4,
2010; EZA%, 2009; BKE KA, 2009), H R,
Az T TR K SR K IR p R [8] B 5 2% 80 4 % 44 TR
BRI IR R R 2557, BAR L, IROKERE
X A5 R AR 24 HU I /K R 2 R RURR . 45 R AR 24 X WL
FERDY RO S D, PRRE , SUE TR A
UK BB AFLE DB 96 h LCso 43314 0.124 mg/L
A1 1.17 mg/L; 5UAG BR800 DL (Mytilus edulis) il
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FiFL I DU 96 h LCsp 4391 4 1.28 mg/L 1 0.30 mg/L
(R, 2005; FRERSSE, 1997). AWFFEAFH R
AR X SO B9 FEME(96 h LCso M 0.27 mg/L) 5
PREELRG A5 (1997) 41 A 508G 48 TR X AL B DL 1) B 4 AH
T, ARG AT A 4G ER AR 2 S AL IR DL L £R0R I
FSCHE AR HE R B AR 45 3 R, U4 B X
FiFL R DL s 22 SR A0 K, T BB SE 50 A 1 10 A
BRI ] B SEe K IE . pH . DO ZEFAL K 15 i A
Koo REGXFIE) 96 h LCso<1.0 mg/L, FHHEH I K
W i (B RUER, 2006), 75 5556 T X SCG AR A
WA A0 75 1 R Ry £ S A = FE 4, X H AR
TRIVAZE VA 2 - JE 1) B e v T A S I i B 0

33 RREMWELHWITRAFENRRYLM

WA ALAR 25 R B — AR 18 I
FH TR S B e K AR T B ) 45 R R A, SE Bt R v
R B A T RS IORAS o I SE B0 K A v R TR 114
VIR E S 24 h J5 K ik B 1 SF S4B AE 2 sh )
WO A B P S B K AR R IR BT R R AR,
Il 0 S b, S B AZ 3K Bl IR S A R T AR R e T o AR
FEH, T ImIEEAR T . H AR R R S A BRI N
ARURR, i AHL S 56 K A e ) VL2 i T B AT O ik
i B (1.0 pg/L), SEH K AR PR A BRI ARA 1, i
K BE T X F 4G R B R R B, SRR AR R
BETEASTIN Iy vk ek 5, REHE TR g . H A
X MR XTVR FA  A R 9 . S | R IR AR
A IR W 4r o 0.86-0.05 mg/L Al 0.37-
0.03 mg/L AYZK AR B 58 24-96 h i}, HXF IR 45 18 1)
FURRE R ER N R EAOG, 52 BRI L A5G .
XA] BB S TE e vk BE VR BUA TR AKAR b X e sh )
SR TG BRI, RS R A, SRR AR,
SIS E] PN A R BET S, AN T K M L 4 T
AW S AR R, AT 3 o HL AR PN VL 44 TR 1 R SRR 3
IG5 T A A B2 TR 4 T /K AR v RS 28 Bl W 3 3
N, BB TR A BTG B, KR IR A R AN
WEIR A . A AR, DT S O A N TR U4 TR 1 AR
FoRE e, HAZI S YIAE SEI0 /K A v 28 55 A7 1 B[]
K, X AR RE IR ORI R, AR PR
AR A SR

IKAE A PR IR AR T 4G R S 2 I B B F R
ZEURPCAEQ015) M5 R W], AR TR MR A XU AR A ] B
KPR 0.023-0.255 pg/L Y 4 Fhaglsife 2 fL R
28 d JRMFR B &2 %N 27.8-301 . B F| I # HE
(Oreochromis aurea)XJ 7K A& Hk 2 2.0-10.0 pg/L 11
TREEMENAR 15 d 5, 7EHNL R PR R &

Iy50M 3.70— 6.57 pg/kg F1 3.70-7.12 pg/kg, KM
LRB N 1.85 F12.20, 15-20 d 53] BRIk
4 2l 2 F i (= A6 5%, 2006) . #4 1 i (Hypophthal -
michthys molitrix)# #& 75 3 png/L ) S48 FR A+ 2 h
Je . AARNLA Y A B & i ik 0.020 pg/kg, BES &
WHZK LT, 7ERER 8 h JFikim{E 0.0412 pg/kg,
YRR R BN 411.3(EHIESE, 2000), R,
AN TR B 28 1 7K AR A W 6 K A H A TR 2 AR 24 1 FR R g
FIAFAE A S A ] 22 57

AR RN, &4 a- T PIR R Ak 2y
BEPERRR, A R U0 B o v, LR i e
F43 -5 B9 3G 0 i N (5K AE 4, 2006; Ensibi et al,
2014), X B SR SE 2 Bl W 0 2 S A v 2
B o AUCTE IR DX BRI N B A o- R A IR A
B . EUHAH TR SR AE ER e e 2, o fuf FH FH Ik 58
B . Megglie . A BE SF AN o- UL S XK A 3
BEPE AR HARR A BRI 24

& % X #
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TheAcute Toxicity and Bioaccumulation of Deltamethrin
in Four Species of Mariculture Organisms

ZHONG Shuoliang'?”, ZHENG Huidong'?, CHEN Yufeng'?,
XU Yibin'? JIANG Shuangcheng'?, WU Lifeng'?

(1. Key laboratory of Cultivation and High-Value Utilization of Marine Organismsin Fujian Province,
Fujian Fisheries Research Institute, Xiamen 361013;
2. Fujian Collaborative Innovation Center for Exploitation and Utilization of Marine Biological Resources, Xiamen 361013)

Abstract The acute toxicity and bioaccumulation of deltamethrin was studied in four species of
mariculture organisms including the crustaceans Portunus pelagicus and Marsupenaeus japonicus, and
the bivalve Meretrix meretrix and Ruditapes philippinarum. The results indicated that there were
significant positive correlations between the mortality rate of the mariculture organisms and the
concentration and exposure time of deltamethrin. The LCsy values at 24 h, 48 h and 96 h for the
crustacean P. pelagicus were 2.07x107%, 1.70x10™* and 1.10x10™* mg/L respectively, and the values for
M. japonicas were 7.32x107*, 3.90x10™* and 1.43x10™* mg/L. The safe concentrations for these two
species were 3.44x107° mg/L and 3.32x10> mg/L respectively. The LCs, values at the 3 time points for
the bivalves M. meretrix were 1.52, 0.30 and 0.27 mg/L respectively, and for R. philippinarum they were
0.67, 0.11 and 0.06 mg/L respectively. The safe concentrations for these two species were 3.51x%
10~ mg/L and 9.50x10~* mg/L respectively. Obviously the two crustacean species were more sensitive to
deltamethrin than the bivalves. Next, the bivalves M. meretrix and R. philippinarum were exposed to the
seawater containing deltamethrin at average concentrations of 0.86—0.05 mg/L and 0.37-0.03 mg/L
respectively for 24-96 h, and we found that the accumulation coefficients of deltamethrin in these two
species were 2.57-12.40 and 3.03-27.85 respectively. The accumulation rate of deltamethrin in the two
bivalve species was positively corelated with the exposure time of deltamethrin, but negatively correlated
with the concentration of deltamethrin. There were significant differences in sensitivity and accumulation
rate of deltamethrin between different species of marine aquaculture organisms.

Key words Deltamethrin; Toxicity; Bioaccumulation; Mariculture organisms
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Fig. 2 Expression of A. japonicus HMG protein at different regeneration stages
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sub: ZHfE T )2 Submucosa; muc: ZifX/Z Mucosa; lum: Wi Intestinal lumen
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Expression Analysis of HM G (High-Mobility Group Box Protein) During
the Intestine Regeneration of Sea Cucumber Apostichopus japonicus

MIAO Ting', SUN Lina*, YANG Hongsheng”, WANG Fang'?

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003;
2. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology,
Chinese Academy of Sciences, Qingdao  266071)

Abstract

High-mobility group box protein (HMG) is a novel cytokine that takes part in inflammation,

cell migration, and tissue damage and regeneration. Regeneration usually involves the regrowth of cells,

tissues and organs, and plays an essential role in the survival and adaptation of a species. Sea cucumbers
Apostichopus  japonicus (Echinodermata, Holothuroidea), which are phylogenetically related to
invertebrates, are capable of regenerating damaged organs and body parts, such as the intestine, the

respiratory tree, the gonads and the body wall. Sea cucumbers can eviscerate intestines and other organs

through the cloaca in response to external stimulations. Within a few weeks after losing an organ or an

appendage, the sea cucumber is able to regenerate the missing parts. These animals are thus excellent

candidate models for research on organ regeneration. In this study, we analyzed the expression of mRNA

and proteins of HMG during the intestine regeneration in sea cucumber using qRT-PCR and

immunofluorescence techniques, respectively. The results showed that compared to the control group,

there was no significant rise in the expression of either mRNA or proteins of HMG from 30-minute to

6-hour post-evisceration. HMG mRNA expression was significantly upregulated from 1-day to 7-day

post-evisceration. The protein expression was higher as well compared to the control group. These results

suggested that HMG was involved in the intestine regeneration of A. japonicus and could participate in

the activation of the innate immune system in response to tissue damages, and hence was required in the

processes such as repair, remolding of extracellular matrix (ECM), and the induction of stem cell

migration and differentiation.
Key words

Apostichopus japonicus; HMG; Intestine regeneration; qRT-PCR; Immunofluorescence
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