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A New Method to Assess the Population of Sthenoteuthis oualaniensis
in South China Sea

FENG Bo, YAN Yunrong, ZHANG Yumei, YI Murong, LU Huosheng
(Fisheries College, Guangdong Ocean University, Zhanjiang 524025)

Abstract In this study we evaluated the biomass and distribution of Sthenoteuthis oualaniensis in
South China Sea based on the data collected by Bdstar Navigation fishery information collection network
that was mounted on the light falling net vessels. Considering the operation process of the light falling
vessel, we built a light fishing stock assessment model and introduced a probability function to calculate
the sweeping area and the biomass of S. oualaniensis. We then used kriging method to predict the density
of S. oualaniensis and the CPUE. We subsequently generated a map of the distribution of S. oualaniensis
and estimated the total biomass and the allowable catch. Our analysis showed that S. oualaniensis were
widely distributed in South China Sea with high density (4 t’km?®) in the area of 110.5°-111.5°E,
11°-12°N and 115.5°-116.5°E, 9.5°-11.5°N; in the area of 112°-112.5°E, 14.5°~15°N and 113°-115°E,
15°-16.5°N, the value of CPUE was as high as 1 kg/(kW-d-km?). The results of Kriging interpolation
suggested that in the area of 108°-118°E, 9°-20°N there was a biomass of 2.05 million tons and an
allowable catch of 994,000 tons in 359 fishing areas. The annual allowable catch could be 392,000 tons in
105 fishing areas inferred from CPUE. We assessed that there were 630,700 tons of S. oualaniensis in the
area of Nansha Islands and it could be one of the future target species in the deep-sea fisheries. Here we
only provided a crude estimate because all the parameters in our model were obtained by the sample
vessels. To make an accurate estimate, further investigation will be needed on fishing vessels and fishing
ground. It was found that the enhanced machine and light power did not necessarily increase the fishing
efficiency. Although a higher light power could enlarge the illuminated area, davits could not support a
larger falling net. Moreover, our model could also be used to assess the light arrangement, practice
distance, and cost effectiveness in light fisheries.

Key words Sthenoteuthis oualaniensis; Biomass; Light falling net; Light attractive model; South

China Sea

Corresponding author: LU Huosheng, E-mail: luhsh@gdou.edu.cn
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Tab. 2 Codes of phytoplankton species for CCA
Code Species Code Species
P1 (Asteroplanus karianus) P20 (Chaetoceros affinis)
P2 (Chaetoceros torttissimus) P21 (Chaetoceros lorenzianus)
P3 (Coscinodiscus radiatus) P22 (Chaetoceros curvisetus)
P4 (Coscinodiscus sp.) P23 (Chaetoceros spp.)
P5 (Guinardia delicatula) P24 (Thalassionema nitzschioides)
P6 (Meuniera membranacea) P25 (Thalassiosira rotula)
P7 (Navicula spp.) P26 (Alexandrium sp.)
P8 (Nitzschia closterium) P27 (Amphidinium sp.)
P9 (Pseudonitzschia pungens) P28 (Licmophora abbreviata)
P10 (Skeletonema costatum) P29 (Prorocentrum triestinum)
P11 (Gymnodinium sp.) P30 (Dictyocha fibula)
P12 (Crytophyceae spp.) P31 (Bacillaria paxillifera)
P13 (Guinardia striata) P32 (Chaetoceros densus)
P14 (Nitzschia longissima) P33 (Leptocylindrus danicus)
P15 (Nitzschia longissima var.reversa) P34 (Meuniera membranacea)
P16 (Pleurosigma affine) P35 (Navicula directa)
P17 (Pleurosigma spp.) P36 (Nitzschia spp.)
P18 (Rhizosolenia setigera) P37 (Ceratium furca)
P19 (Eutreptia sp.)
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Relationships Between the Structure of Phytoplankton Community and
Environmental Factors in Three Artificial Reef Areas of Laoshan Bay

WANG Xin , SHENG Huaxiang, TANG Yanli , HUANG Liuyi, WAN Rong
(College of Fisheries, Ocean University of China, Qingdao 266003)

Abstract In this study, we examined the phytoplankton community in the artificial reef areas of
Laoshan Bay, and analyzed the relationships between phytoplankton and environment factors. Hence we
provided references for the construction and evaluation of artificial reefs. The data and water samples
were collected from four surveys in three artificial reef areas (Fengshan, Yangkou and Gangdong) of
Laoshan Bay from March to December in 2011. By using Primer 5.0, we calculated the Shannon-Wiener,
Margalef and Pielou of the phytoplankton community. We monitored the quarterly changes of phytop-
lankton community with cluster analysis, and applied Canonical Correspondence Analysis (CCA) to
explore the relationship between phytoplankton species and the environmental factors using Canoco 4.5.
In four surveys we identified a total of 69 species with microscope. We found that the dominant species
was Skeletonema costatum in March, September and December, and it was Navicula spp in June. The
density of phytoplankton in December was 49.78x10° cell/m’, which was the lowest in this survey. The
density of phytoplankton in September was up to 408.65%10° cell/m’, which was the highest among all
months. Shannon-Wiener and Margalef varied from 2.034 to 2.83, and from 5.27 to 7.25 respectively,
both of which reached the maximum in September and the minimum in December. The range of Pielou
was 0.58-0.78, and it reached the maximum in June and the minimum in December. According to the
cluster analysis, the degree of similarity between March and June was 43.02%, and it was up to 42.38%
between September and December. The species-environment bi-plots were drawn based on the results of
CCA. The results showed that phosphate, temperature and silicate were the most important factors that
influenced the distribution of phytoplankton species.

Key words Phytoplankton; Artificial reef; Environmental factors; Canonical correspondence
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Tab.1 Physical and biogeochemical characteristics of the sampling sites

NO,-N(umol/L) NO;3-N(umol/L) NH,4-N(umol/L) PO4-P(umol/L)
. AVS(umol/g)
Station  Qyerlying Pore Overlying Pore Overlying Pore Overlying
ore water
water water water water water water water
S10 1.11 0.23 50.00 142.05 3.96 96.31 9.05 103.66 12.625
S1 0.93 6.03 62.14 101.59 11.43 65.29 2.57 78.57 0.784
S2 0.93 0.45 61.07 452.38 7.64 51.28 2.36 4.55 0.088
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Fig.1 OTUs patterns of the 16S rDNA clone libraries from sediments of the Nansha Bay
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Tab.2 The calculations of the coverage, richness index and
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The Structures of Sediment Microbial Communities in Different
Mariculture Models at Xiangshan Bay of China

SUN Chao'?, ZHU Ling' , MAO Yuze', FAN Yanjun', ZHOU Chunya',

YANG Aoao', ZHU Wei’, ZHUANG Zhimeng'

(1. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture, Key Laboratory for Fishery
Resources and Eco-environment, Shandong Province, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao 266071; 2. College of Life Science, Qingdao Agricultural University, Qingdao 266109)

Abstract Xiangshan Bay, the biggest marine aquaculture base in Zhejiang Province, is a semi-
enclosed bay with slow water exchange rate. In the center of Xiangshan Bay lies Nansha Bay where a
variety of mariculture models are applied. To better understand the structures and diversity of sediment
microbial communities in different mariculture models, we constructed the 16S rDNA clone library for
the analysis of samples from the shellfish culture, the seaweed culture and the fish cage culture. We
obtained 136 OTUs from three sampling models that included 58 OTUs from the shellfish culture, 48
from the seaweed culture, and 57 from the fish cage culture. The distribution patterns of OTUs were
highly different between the three sampling models which indicated the distinct microbial community
structures. The calculation of species richness (Chao), evenness (ACE), and diversity (Shannon) were
245/739/3.8 (fish cage culture), 313/330/3.6 (shellfish culture) and 89/174/3.6 (seaweed culture)
respectively. This suggested that the diversity of 16S rDNA gene clone libraries of seaweed culture model
was the lowest among all three models. The results of the phylogenetic analysis showed that
proteobacteria were the dominant microbes in all sampling models. The microbial community structure of
the seaweed culture model differed obviously from those of the shellfish culture and the fish cage culture
models. Rhizobium and some photosynthetic bacterial sequences were abundant in the seaweed culture
clone library. Moreover, microbes closely related to sediment pollution were found in the fish cage culture
model, such as Shigella, Escherichia, and e-Proteobacteria. This implied that the fish cage culture could be
the major source of pollution in the sediment of Nansha Bay.

Key words Shellfish culture model; Seaweed culture model; Fish cage culture model; Microbial com-

munity structure; Xiangshan Bay
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Tab.1 Primer sequences used for the PCR
analysis in the present study

Primers Nucleotide sequence(5'-3")
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LHGSP5 TGGACCCGACCGTCTCCTACCCTGTGG
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LHNGSP5 CACTCAACACGTCCGACTGCACCTTCC
LHNGSP3 GCAGTAACAGCTCACGGCCACAGGGTAG

LHF1 GTACCAGCACGTGTGCACGT
LHR1 GTCTGGCTGCAGGCTCT

18S F GGTAACGGGGAATCAGGGTT
18S R TCGGGAGTGGGTAATTTGCG
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Fig.1 The morphology of oocytes at different developmental phases

a. ><40 b. >=<200 c.

><200 d. ><200 e. ><200

a. Oocyte of stage II x40 b. Oocyte of stage I[I1x200 c. Oocyte of stage IVx200 d. Oocyte of stage %200 e. Oocyte of stage VIx200
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Fig.2

(TGA)

3'-UTR  aataa

N-

cDNA sequence and induced amino acid sequence of LH f subunit gene

NTSD

The asterisk indicates the stop codon (TGA). The nucleotides corresponding to the polyadenylation signal in the 3'-untranslated
region (aataa) are marked with rims. The potential N-glycosylation site (NTSD) in N-region was single underlined
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Fig.3 Comparison of LH f subunit precursors between southern flounder and other vertebrates
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Fig.4 Unrooted phylogenetic tree of LH f in vertebrates
using Neighbor-Joining method (Mega 4.1 software)
according to the amino acid sequence alignments of

Paralichthys lethostigma with ClustalX.

Boot strap values are based on 1000 repeats. GenBank
accession numbers: Sebastes schlegelii( AAU14142),
Epinephelusbruneus (ABQ57400), Morone saxatilis

(AAC38019), Monoperus albus (ACF70665), Hippoglossus
hippoglossus (CAD10502), Paralichthys olivaceus
(AAKS8602), Solea senegalensis (ABU95600), Oncorhyn
chuskisutch (AAO72300), Oncorhyn chusmykiss
(NP001117677), Salmo salar (NP0O01167142), Acipenser
gueldenstaedtii (AAP97490), Anguilla anguilla(ACK87153),
Ctenopharyngodon idella (ABM73670), Danio rerio
(AAV31153), Equus caballus (P08751), Gallus gallus
(ADY03193)
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Fig.5 Expression pattern of LH f subunit in various tissues
of Paralichthys lethostigma
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Fig.7 Changes of plasma LH levels in female P. lethostigma during ovarian maturation cycle

* P=0.05 (P <0.05), n=5
*Different letters indicate significant difference at P=0.05 level (P < 0.05), n=5
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Molecular Cloning and Differential Expression of LH £ Subunit During the

Ovarian Maturation Cycle of Paralichthys lethostigma
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(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 Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract

The role of the endocrine pathway in the regulation of southern flounder Paralichthys

lethostigma reproduction has been unclear. Here we aimed to explore the underlying mechanisms by

investigating the expression pattern of luteinizing hormone B subunit (LH f). Using samples isolated from
pituitary of P. we obtained the full-length cDNA sequence of LH § with the RACE method. The spatial
and temporal expression patterns of LH f mRNA in different tissues during an ovarian maturation cycle

were analyzed using the qPCR assay. The levels of plasma LH and E, during an ovarian maturation cycle

were also measured using the ELISA method. Our results revealed an asynchronous oocyte development

and batch spawning in southern flounder. The cDNA sequence of LH f had a length of 597 bp and it

encoded 145 amino acids. LH £ expression was detected in all examined tissues except for muscle, which

implied it could be involved in multiple physiological functions in southern flounder. The LH f mRNA

level in pituitary was high through the entire ovarian maturation cycle, and peaked at stage V and VI. In
the ovary the LH f mRNA level peaked at stage V. In the liver the LH f mRNA level was the highest at
stage I and relatively high at stage V. The levels of plasma LH and E, fluctuated in a similar pattern

during the ovarian maturation cycle. These results suggested that LH f might regulate the ovarian

maturation cycle via endocrine, paracrine and autocrine pathways. Our study provided insights into the

functions of the endocrine pathway in the reproduction of southern flounder.

Key words
Plasma hormone levels

Paralichthys lethostigma; LH f subunit; Ovarian maturation cycle; Expression pattern;
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Tab.1 Starting and ending dates, culture days, density and temperature range in three experimental stages

Culture stage Starting and ending dates

Culture days (d)

Culture density (ind/m*)  Temperature range ('C)

1 1 2012-06-29—
First stage 2012-07-29

2 2 2012-07-30—
Second stage 3 2012-09-06

3 4 2012-09-07-
Third stage 5 2012-09-28

31 180 22-27.5
39 74 24-28
22 70 18-23.5
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Tab.2 Body weight of L.vannamei at different culture stages
Body weight(g)
Culture stage 10d 20d 30d Average daily weight gain(g/d)
1 First stage 5.03+1.42 6.62+1.58 8.74+2.49 0.179
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2 Second stage
13.56+3.14 16.08+3.35 17.05+4.74 0.277
18.88+3.59 18.66+4.28 — 0.100
3 Third stage
20.00+4.36 19.94+5.47 — 0.096
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Fig.4 Regression curve of L.vannamei weight growth in Boltzmann and Logistic models
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Growth and Survival of the Litopenaeus vannamei Nucleus Selection
Population in the Continuous Wastewater Discharge Mode

XU Xiaodong' 2, LUAN Sheng?, LUO Kun?, KONG Ji¢?

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao 266071)

Abstract In this study the nucleus families of Litopenaeus vannamei produced in 2012 were reared in
the outdoor concrete tanks with continuous wastewater discharge. To establish a safe and efficient culture
mode for the nucleus selection population, we analyzed their growth and survival at three growth stages in
five concrete tanks with certain water qualities. Electric PVC butterfly valves installed in the center of the
ponds were used to manage the timed water discharge. The shrimp were fed with commercial diets 4
times daily, and the wastewater was discharged 2 hours after the feeding. The concentrations of ammonia
nitrogen and microorganism were monitored on daily and weekly basis respectively. The experiment
lasted for 92 days. At every stage two ponds were in use except for the first one, which ended up dividing
into two ponds. The shrimp were transferred into new ponds with freshwaters, and the survival rate was
determined before entering into the next stage. Data collection, graphing, and the analysis of the growth
model were done with Excel 2010 and Origin 8.0. Under the high cultural density (180 ind/m?) the
ammonia concentration increased to 1.80 mg/L after the first week, and ranged from 0.50 mg/L to 1.80 mg/L
in the whole experimental period. The nitrite concentration maintained at a low level of 0.60 mg/L; the pH
varied from 7.2 to 8.2; the range of concentrations of V. alginolyticus, V. parahaemolyticus and V. harveyi
were 500—6200 CFU/ml, 0—400 CFU/ml and 0—10 CFU/ml, respectively. During the three growth stages,
the average growth and survival rate for the selected population were 0.199 g/d and 89.7% respectively.
The growth of the selected population could fit in the Boltzmann and Logistic models. The R?values of
the actual and the predicted weights were 0.978 and 0.980 respectively. These results suggested that the
inflection point of the growth was between 10 g and 12 g. The continuous wastewater discharge mode is
viable and efficient in shrimp farming because of its low ammonia nitrogen toxicity, stable pH and low
pathogenicity of the microorganisms.

Key words Litopenaeus vannamei, Wastewater continuous discharge; Ammonia; Nitrite; Microorganism;

Growth and survival
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Effects of Exogenous Hormone Injection on the Serum
IGF-1 and the Expression of IGF-1 mRNA and IGFBP-1 mRNA
in the Liver of Japanese Sea Bass (Lateolabrax japonicus)

QIAN Kun, WEN Haishen , CHI Meili, NI Meng, ZHANG Donggian, DING Yuxia
(College of Fisheries, Ocean University of China, Qingdao 266003)

Abstract Japanese sea bass (Lateolabrax japonicus) is a highly profitable fish in aquaculture industry.
They are widely cultivated in the southern and northern coastal provinces in China. The mechanisms
underlying the effects of steroids hormones on the growth of this fish are still unclear. In this study, we
investigated the effects of luteinizing hormone releasing hormone-A3 (LHRH-A3) and human chorionic
gonadotropin (HCG) on the insulin-like growth factor (IGF) family genes of Japanese sea bass. We
measured the level of serum IGF-1 using Radiate Immuno Assay (RIA) at 6 h, 12 h, 24 h and 48 h after
the intraperitoneal injection of the hormones. In the meanwhile, we also applied fluorescent real-time
quantitative RT-PCR to examine the levels of IGF-1 mRNA and insulin-like growth factor-binding protein
1 (IGFBP-1) mRNA in the liver. We divided the subjects into three groups — the PS (Physiological
Saline) group, the LHRH-A3 (3 pg/kg) group, and the HCG (1000 U/kg) group. In the LHRH-A3 group,
the serum IGF-1 level decreased significantly at 24 h after the injection of LHRH-A3 (P < 0.05), and the
level of IGF-1 mRNA in the liver was higher than the PS group at 6 h (P <0.05); the level of IGFBP-1
mRNA showed a constant decreasing pattern in 6 h after the injection. In the HCG group, the serum
IGF-1 level decreased significantly at 12 h after the injection (P <0.05); the level of IGF-1 mRNA
dropped at 48 h after injection (P < 0.05); the level of IGFBP-1 mRNA increased significantly at 12 h. In
conclusion, our results showed that the injection of LHRH-A3 and HCG caused dramatic increase in the
mRNA level in the liver and IGF-1 level in the serum. It is most likely that LHRH-A3 and HCG can
trigger the response of IGFs system in Japanese sea bass directly or indirectly. Future study will be needed
to reveal the underlying mechanisms.

Key words Japanese sea bass (Lateolabrax japonicus); IGF-1; IGFBP-1; LHRH-A3; HCG
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cypl9ala AF472620.1) pET-28a(+)
cypl9ala BamH 1 (GGATCC)
cypl9ala Hind 111 (AAGCTT)
1
cypl9ala-F:
1.1 5'-ACGCGGATCCGTGCCAGGTCCTTCTTTCTGTTTG-3'
cypl9ala-R:
T4 DNA DNA (Phusion 5-ATCCCAAGCTTATCACAAAATGGATTTCATCATCAC-3'
High-Fidelity DNA Polymerase) Thermo Scientific cDNA PCR
(E.coli)DH5a BL21(DE3) Phusion DNA Polymerase 0.5 ul 5xPhusion HF
RNA (TRNzol Reagent TRNzol) BCA  pgyffer 10 il dNTP Mixture 4 ul  cDNA 2 pl
C ) 2.5 ul, H,0 28.5 pl 98°C 30s 98°C 10s
DNA Marker (DL2000  DL15000) 55°C 30s 72°C 30s 35 72°C 10 min PCR
(BamH1 Hind ) (PrimeScript“RT 1.0% Omega
Reagent Kit with gDNA Eraser) TaKaRa
(E.Z.N.A. Endo-free Plasmid Mini Kit
I) (E.Z.N.A. Gel Extraction Kit) 1.4
Omega PageRuler™ Prestained Protein Ladder BamH1  Hind cyplYala
Fermentas SDS-PAGE cDNA pET-28a(+)
Solarbio
Ni*-NTA pET-28a-cypl19ala DH5a
His-Tag IgG-HRP PCR
ECL (BeyoECL Plus)
1.5
1.2 RNA cDNA
2012 10 4 pET-28a-cypl9ala
RNA BL21(DE3)
TRNzol Reagent TRNzol =~ RNA 5SmlLB ( kana 50 pg/ml)
RNA 37°C 1:100
RNA 50 pg/ml kana 50 ml LB 37°C
(Eppendorf) ODgoo nm~ 0.4—0.6 300 pl
cDNA TaKaRa RNA PCR Kit -B-D-
cDNA DNA (Isopropyl-B-D- thiogalactopyranoside, IPTG)
gDNA Eraser 1 pl 5xgDNA Eraser Buffer 2 pl 0.5 mmol/L 37°C 2 4 6
Total RNA 1 pl ddH,0 10ul PCR 42°C 8 10h 300 wl PBS
2 min 4°C Hold 5xPrime- 30 ul PBS 10 pl 4xloading buffer 3-5 min
Script®Buffer 114 pl PrimeScript®RT Enzyme Mix*x4 -20°C 5 min SDS-PAGE (
1l 10 pl ddH,O0 20 ul PCR 50 mg/ml 12 mg/ml)
37C 15 min, 85C 5 G-250
1.3 cypl9ala
DNAstar cypl9ala 1.6 IPTG
NCBI cypl9ala (GenBank 1.5 300 pl
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IPTG 2
0.1 03 0.5 0.7 1.0 mmol/L 37°C
4h 300 pl SDS-PAGE( 2.1 pET-28a-cypl9ala
50 mg/ml 12 mg/ml) RNA
G-250 cypl9ala-F  cypl9ala-R RT-PCR
1.7 cyplYala PCR 1.0%
. 1221 bp DNA
(12000 4C) cypl9ala (1 1
1xPBS (12000 g 47C)
) cypl9ala pET-28a(+)
4xloading buffer 0% ¢
3—5 min -207C 5 min SDS-
PAGE( 50 mg/ml 12 mg/ml) 2 3) 1205 bp 5343 bp
G-250 DNA
pET-28a-cypl9ala pET-28a-cypl9ala
1.8 Western blotting DH50 4
PCR 1.0%
1221 bp DNA ( 1
His-tagged 4-7) cypl9ala
SDS-PAGE Ni**-NTA pET-28a(+) 4
SDS-PAGE KCl cypl9ala 1200 bp
100% BCA cypl9ala
«C )
KCl SDS-PAGE 2.2
4°C 108 mA 1.5h PVDF pET-28a(+) BL21(DE3) IPTG
5% PBST 1 h PBST pET-28a-
3 His-Tag 1 h PBST cypl9ala BL21(DE3) IPTG
3 IgG-HRP 1 h PBST ( 2
3 ECL

1 cyplYala

pET-28a-cypl9ala

Fig.1 Amplification of cypl9ala gene and construction of pET-28a-cyp19ala recombinant vector

M1 DL2000 DNA Marker M2 DL15000 DNA Marker 1

3 pET-28a(+)

cyplYala PCR 2

4-7

cypl9ala
PCR

M1: DL2000 DNA Marker; M2: DL15000 DNA Marker; Lane 1: cypl9ala gene PCR amplification products; Lane 2: double
digestion product of cypl9ala gene recovered by agarose gel; Lane 3: product of linearized pET-28a(+) vector recovered by
agarose gel; Lane 4—7: PCR identification of bacteria
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34 kDa

Fig.2 Expression of fusion protein
and identification of the protein
expression pattern

M 1.
pET-28a(+) BL21(DE3)
2. pET-28a-cypl9ala
3. pET-28a-cypl9ala
BL21(DE3) 4.

M: Pre-stained Protein Ladder; Lane 1:

Empty vector pET-28a(+) induced
with IPTG in E. coli BL21(DE3);
Lane 2: pET-28a-cyp19ala vector in E.
coli BL21 (DE3) without IPTG; Lane
3: pET-28a-cyp19ala vector induced
with IPTG in E. coli BL21 (DE3);
Lane 4: Fusion protein supernatant;
Lane 5: Fusion protein precipitate

( 3B)
0.5 mmol/L

2.4

His-tagged

SDS-PAGE

(

4)

2.3

pET-28a-cypl9ala
BL21(DE3)

48 kDa
2 4 6
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4A)

KC1

SDS-PAGE
cypl9ala (
0.82 pg/ul
Western blotting

100%

4B) KCl

His 48 kDa

(40

DNAstar

cyplYala

61-460

cypl9ala

3 (A) (B) cypl9ala

Fig.3 Influence of different induction time (A) and different
concentration of inducer (B) on the expression of cypl9ala
protein in E.coli

M Al-5 pET-28a-cypl9ala
BL21(DE3) 2468 10h
A6 Bl E.coli BL21 B2-6 0.1

0.3 0.5 0.7 1.0 mmol/LIPTG

M: Pre-stained Protein Ladder; Lane A1-5: Bacterial proteins
from E.coli BL21 transformed by pET-28a-cyp19ala for 2, 4,
6, 8 and 10 h respectively; Lane A6, B1: Uninduced E.coli BL21;
Lane B2-6: Bacterial proteins from E.coli BL21 transformed by
pET-28a-cyp19ala induced with IPTG 0.1, 0.3, 0.5, 0.7 and 1.0
mmol/L respectively

cypl9ala
X C

BHER 34 kDa

34 kDa

B

4 Western blotting

Fig.4 Results of protein purification and identification by
Western blotting

M 1-6 pET-28a-cypl9ala
E.coli BL21 7 pET-28a-cypl9ala
E.coli BL21 8 C

Western blotting
M: Prestained Protein Ladder; Lane 1-6: Purification products
from E.coli BL21 transformed by pET-28a-cyp19ala plasmid;
Lane 7: pET-28a-cyp19ala whole protein in E.coli BL21; Lane 8:
polyacrylamide; C: identification of cyp19ala by Western blotting
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The Prokaryotic Expression and the Protein Purification of

Nile Tilapia cypl19ala Gene

WANG Jin"?, WEN Chungen', ZHAO Yan®, WANG Hui’*, WANG Yiya®, JI Xiangshan®

(1. Institute of Life Science, Nanchang University, Nanchang 330031; 2. College of Animal Science and Technology,
Shandong Agricultural University, Tai’an 271018)

Abstract

Cypl9ala gene encodes aromatase, the key enzyme that converts androgens into estrogens.

However little is known about the protein expression and purification of this gene. In this study, the total
RNA was extracted from the ovary of Nile tilapia and was then reverse-transcribed to cDNA. The 1221 bp
OREF partial region of cypl9ala was amplified using RT-PCR, and the amplified fragments were purified
for the following cloning. The amplified DNA fragments were ligated into pET-28a(+) expression vector
for the construction of the prokaryotic expression vector pET-28a-cypl9ala. The pET-28a-cypl9ala
vector was verified with restriction endonuclease digestion and DNA sequencing, and then transformed
into E.coli BL21. IPTG was applied to induce the expression of pET-28a-cyp19ala recombinant proteins.
In order to optimize the protein expression we tested the inducing effects of IPTG at concentrations from
0.1 to 1.0 mmol/L. The results showed that the expression of pET-28a-cypl9ala recombinant proteins
started at 2 h after the induction with 0.5 mmol/L IPTG. The expression reached the highest level at 8 h
after the induction, and began to decrease at 10 h. Nonetheless the expression levels were not significantly
different at various IPTG concentrations. Therefore the optimal induction conditions were determined to
be 0.5 mmol/L IPTG for 8 h. The expressed recombinant proteins were mainly found in collected cells but
not in the supernatant, which indicated that these proteins formed inclusion bodies. After the purification
with Ni*"-NTA agarose gel chromatography column we obtained the products with the expected size (48
kDa). Next the products were further purified into the specific recombinant proteins using the KCI
staining method. The concentration of purified protein was 0.82 pg/ul. Western blotting results showed
that the purified proteins can be detected by the His-tag antibody; hence they should be the target products.
The successful expression and purification of the recombinant cypl9ala protein would fundamentally
improve the production of cyp19ala antibody and provide insights into the effects of high-temperature on

the sex differentiation in Nile tilapia.
Key words

Nile tilapia; Cypl9ala; Prokaryotic expression; Protein purification

Corresponding author: JI Xiangshan, E-mail: xsji@sdau.edu.cn



35 4 Vol.35, No.4
2014 8 PROGRESS IN FISHERY SCIENCES Aug., 2014
DOI: 1011758/yykxjz.20140408 http://www.yykxjz.cn/
%
( 518045)
ISAV LAMP Designer 6
RT-PCR RT-PCR 64°C 10 min
78.4 fg RNA RT-PCR 100
RT-PCR (IPNV)
(SVCV) (VHSV) (VNNV) & (YAV)
14 ISAV
S943  HAFRIZES A XEHES  1000-7075(2014)04-0051-08

(Infectious salmon anae-
mia virus ISAV) 100—130 nm
8 RNA

(Falk et al, 1997)
(Salmo salar)

(Infectious salmon

anaemia ISA) (Thorud et al, 1988)
20
80 1996
1998 2000

2001
(Rimstad et al, 2002) ISA
2002
(Oncorhynchus mykiss) (Oncorhynchus
* (20111K014)
: E-mail: livh@szciq.gov.cn

:2013-10-21, :2014-03-07

kisutch) ISAV (Kibenge et al,
2004) (Salvelinus
alpinus) (Salmo trutta) (Gadus
morhua) ISAV
(Olsen et al, 2012)
2007
563.321  hm’ 32783 t
( ,2010
, 2013 , 2013)
ISA
ISA
ISAV RT-

E-mail: sxiujie74@gmail.com


abc
图章


52 35
PCR RT-PCR ASK
(Loop-mediated isothermal amplifica- 3
tion LAMP) -80C
(Notomi et al, 2000) LAMP 1.2
LAMP Isothermal Master Mix
OptiGene QIAamp Viral
ISAV RNA Mini Kit DNeasy Blood & Tissue Kit
LAMP ISAV QIAGEN AMV One Step RNA
PCR Kit(AMYV) One Step PrimeScript RT-PCR Kit
1 TaKaRa
RNA Eppendorf BioPhotometer
1.1 LAMP OptiGene GENIE
16 ( 1) ISAV PCR Biometra T3000
1 REPERANFES. REEXKE
Tab.1 Viruses used in the study
Abbreviation Full name Number and Source
ISAV . o Glesvaer/2/90, ISAV
Infectious salmon anaemia virus
ISAV , o VR1554, ATCC
Infectious salmon anaemia virus
BIV . . Dr. Mark Crane
Bohle iridovirus
4
CCV o . CCV12665, ATCC
Channel catfish virus
EHNV . . o L 86/8874, Dr. Mark Crane
Epizootic haematopoietic necrosis virus
GCRV . 873,
Grass carp haemorrhagic virus
HRV . . 20080113,
Hirame rhabdovirus
IHNV _ o o HV-90, CEFAS
Infectious haematopoietic necrosis virus
IPNV . . o Sp,
Infectious pancreatic necrosis virus
KHV _ , vp1592, ATCC
Koi herpesvirus
PFRV . .
Pike fry rhabdovirus
STIV . 9701,
Soft-shelled turtle iridovirus
SVCvV . ) . . 10/3, CEFAS
Spring viraemia of carp virus
VERV . . . R Dr. Bovo
Viral encephalopathy and retinopathy virus
VHSV , A , o 1167, CEFAS
Viral haemorrhagic septicaemia virus
&
YAV Yo,

Yellowtail ascites virus
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Tab.2 Nucleotide sequences of the primers

Primers Nucleotide sequences (5'-3")
F3 GAA GAG TCA GGA TGC CAA
B3 CCG GAA GTC GAT GAA CTG
FIP(Flc+F2) CTT CAG GTC CTT CAA CAT CGT CGT GGG CAA TGG TGT ATG G
BIP(B1c+B2) CAA TGC TAC ACA GCA GGA TGC AAG TTT CCA GGG CTT TCG
LoopF TTC TCC TCC GCC ATG TCT
LoopB TGT ATG CCC TAG GAG CGA
PCR PCR ABI 7500 PCR 1.4.4 ISAV(Glesvaer/2/90 )
1.3 RNA Eppendorf BioPhotometer
GenBank 22.4 ng/ul 10
(GenBank : GU830902.1) LAMP
ISAV 8 1.5%
LAMP Designer (http://www.optigene.co.uk/lamp RT-PCR
-designer/) 6 (FIP) RT-PCR 3
(BIP) (F3) (B3) RT-PCR RT-PCR
(LoopF) (LoopB) (Devold et al, 2000  Snow et al, 2006)
2 ( ) 14.5 ISAV
1.4 TCIDsy=10"'7/100 pl ~ ISAV (Glesvaer/2/90 )
5000 r/min 30 min
1.4.1
QIAGEN QIAamp Viral RNA Mini Kit DNeasy Blood 08
& Tissue Kit 200 ul ISAV D
RT-LAMP
Eppendorf BioPhotometer . )
2) 50 ml 4°C 5000 r/min
1.4.2 LAMP .
LAMP Isothermal Master Mix 30 min
RT-LAMP ISAV
25 ul 1x  Isothermal Master Mix 15 pl 5g
250  AMV 0.5ul 5umol/LF3 B3
1 ul 40 pmol/L FIP  BIP 1 ul 20 pmol/L
LF LB 1 ul RNA 3.5u GENIE 2
7
(59-65°C) 1h 98°C 2.1
0.05°C/s 80°C GENIE LAMP
6 min LAMP 59C 60C 61C 62°C
63°C 64C 65C 7 (D
86.64—86.79°C
5 ul LAMP 1.5% 64°C 9 min 25 s
( 2 64°C
1.4.3 1 64°C
LAMP (D
GENIE 10 min
5 ul LAMP 1.5% 60 min

LAMP
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RNA ( 6
ISAV  RT-PCR
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RT-PCR 107 22.4x107 ng/ul
ISAV RNA RT-PCR 10°°

22.4x10"°ng/ul ISAV RNA LAMP
RT-PCR 8 ISAV RT-PCR
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Fig.6 Agarose gel electrophoresis of sensitivity test of
ISAV LAMP products

M: 2000 bp DNA Ladder, 2000 1500 750
500 250 100bp 1-10:10 11:

M: 2000 bp DNA Ladder, from top to bottom: 2000, 1500, 750,
500, 250, and 100 bp; 1-10: Serial 10-fold dilutions 10°~107";
11: Negative control
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Fig.7 Amplification plot of ISAV real-time RT-PCR sensitivity test
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M: 2000 bp DNA Ladder, from top to bottom: 2000, 1500,
750, 500, 250, and 100 bp; 1-10: Serial 10-fold dilutions
10°-107%; 11: Negative control
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Fig.9 Amplification plot of ISAV LAMP for fish tissue
mixed with the suspension of ISAV
ISAV-PC:
LAMP

; ISAV-1-3: ISAV
ISAV-4-6 ISAV
LAMP
ISAV-NC:

ISAV-PC: Positive control; ISAV-1-3: Amplification of
LAMP for fish tissue mixed with the suspension of ISAV;
ISAV-4—-6: Amplification of LAMP for supernatant of fish

tissue mixed with the suspension of ISAV incubated overnight;
ISAV-NC: Negative control
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10 ISAV

LAMP
Fig.10 Agarose gel electrophoresis of LAMP products for
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The Detection of Infectious Salmon Anaemia Virus Using Real-Time
Fluorescent Loop-Mediated Isothermal Amplification

SHI Xiujie, YU Li, WANG Jinjin, HE Jungiang, ZHENG Xiaocong, JIA Peng,
LAN Wensheng, YANG Jinshun, LIU Hong

(The Animal and Plant Inspection and Quarantine Technical Center, Shenzhen Entry-Exit Inspection and
Quarantine Bureau, Shenzhen 518045)

Abstract The infectious salmon anaemia virus (ISAV) is classified as an Orthomyxoviridae. Its
genome consists of 8 single-stranded negative-sense RNA segments. ISAV is the pathogen of fatal ISA
listed by the World Organization for Animal Health (OIE). It mainly affects salmon farming in Europe
and Northern America, but there has been a high chance of its introduction into China due to the increased
salmon importation. Therefore it is very important to establish a rapid and accurate method for ISAV
detection. Conventional ISAV detection methods involve cell isolation followed by RT-PCR or real-time
RT-PCR. Recently Japanese scientists have established a novel technique with high sensitivity and
rapidity, namely Loop-mediated isothermal amplification (LAMP) assay. In this study, LAMP assay was
developed for detecting infectious salmon anaemia virus (ISAV). Six specific primers were designed
according to ISAV genes using LAMP Designer software. A novel LAMP instrument was applied for the
amplification and detection. The reaction time and temperature were optimized, and the sensitivity and
specificity of this method were analyzed and compared to those of RT-PCR and real-time RT-PCR. The
results demonstrated that the optimal amplification temperature of LAMP assay was 64°C, and its
detection limit for ISAV RNA was approximately 78.4 fg, which was 100-fold lower than that of
traditional RT-PCR but similar to real-time RT-PCR. LAMP assay showed no cross reaction with 14
other fish viruses such as infectious pancreatic necrosis virus (IPNV), spring viraemia of carp virus
(SVCV), viral haemorrhagic septicemia virus (VHSV), viral nervous necrosis virus (VNNV), and
yellowtail ascites virus (YAV). This indicated that the primers were highly specific for ISAV. In this
study we developed a LAMP assay for ISAV detection. Using specific LAMP assay equipment we could
improve the sensitivity and monitor the amplification process. Furthermore this assay does not involve lid
opening, hence it greatly reduces the risk of cross contamination.

Key words Infectious salmon anaemia virus (ISAV); Loop-mediated isothermal amplification (LAMP);

Detection
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Tab.1 The padlock probe and primers used for HPV-RCA

Primers and probe

Sequence (5'-3")

Padlock probe

PAGAGAATGTAACAATGCCTATGAAGTA AGTCAGATGTCCGAAGCAGGTGCA
GATATC TCGACACATTCGCTTACTGGGAC GGAAGGGATTATGTGGAGG

P1 CACCTGCTTCGGACATCTGACT
P2 CGACACATTCGCTTACTGGGAC
EcoRV

Note: The sequence underlined is unrelated sequence with HPV, and the italic sequence is the site of restriction

endonuclease EcoR V
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HPV-RCA EcoR V
(TaKaRa ) (20 pl EcoR V 4 pmol/L
820U 1x HBuffer 1 pl ) 37C 4h 53_66°C
1 0,
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1.1 IHHNV WSSV MBV
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HPV-RCA
( 1b)
HPV 53-
GeneFinder 2% 65C 53-65C
RCA 58°C
( 1o
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5-60min 6
2.1 HPV-RCA 62°C 30 min 5 min
HPV-RCA 15-45 min
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1 HPV-RCA
Fig.1 Condition optimization for HPV-RCA

2% GeneFinder M DL 2000 DNA marker (2000, 1000, 750, 500, 250, 100 bp,
) (a) 1-6 400 40 4 0.4 0.04 0.004 pmol/L (b) 1-6
53 56 59 62 64 66C 22 min (c) 1-6 53 56 58 60 62 65C
(d) 1-6 10 20 30 40 50 60min (e) 1-6 5 10 15

30 45 60min 62°C 30 min
All the products were electrophoresed on 2% agarose gels and stained with GeneFinder. Lane M: DL2000 DNA marker (2000, 1000,
750, 500, 250, and 100 bp, same in the following figures). (a) Lane 1-6: The concentration of padlock probe in the reaction mixture was
400, 40, 4, 0.4, 0.04 and 0.004 pmol/L, respectively; (b) Lane 1-6: The amplification temperature was 53, 56, 59, 62, 64, and 66°C,
respectively; (c) Lane 1-6: The ligation temperature was 53, 56, 58, 60, 62 and 65°C, respectively; (d) Lane 1-6: The amplification time
was 10, 20, 30, 40, 50 and 60 min, respectively; (¢) Lane 1-6: The ligation time was 5, 10, 15, 30, 45 and 60 min , respectively
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Fig.2 The sensitivity analysis of HPV-RCA
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electrophoresed on a 2% agarose gel and stained with
GeneFinder. Lane M: DL2000 DNA marker; Lane 1-7: the
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respectively; Lane 8: Negative control
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from shrimp infected HPV. Lane M: DL2000 DNA marker;
(a) Sensitivity of HPV- RCA. Products were electrophoresed
on a 2% agarose gel and stained with GeneFinder. Lane 1-6:
the template was 10°, 10", 102, 10%, 10* and 10°-fold dilution,
respectively; Lane 7: Negative control; (b) Sensitivity of
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Fig.4 The specificity analysis of the HPV-RCA
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WSSV, V. harveyi, MBV, penaeid shrimp, and H,O, respectively.
(b) Lane 1: Undigested products of the HPV-RCA; Lane 2: The
EcoR 'V digested products of the HPV-RCA
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Development and Evaluation of Rolling Circle Amplification Assay for the
Detection of the Hepatopancreatic Parvovirus

WANG Qintao'?, ZHANG Qingli', YANG Haolin'?, LIU Tiangi'?,
LIU Sun', YANG Bing', HUANG Jie'

(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 Hepatopancreatic parvovirus (HPV), first isolated from Fenneropenaeus merguiensis, is a
single-stranded DNA virus that belongs to the Parvoviridae family. It has a spherical shape with an
average diameter of 1822 nm. HPV infects major aquacultured shrimp species, causes slow growth in
penaeid shrimp, and consequently seriously threatens the penaeid shrimp farming. Therefore, rapid and
cost-effective detection of HPV should help prevent or control disease outbreaks in penaeid shrimp. In
this study we established the rolling circle amplification (RCA) assay for the detection of HPV in penaeid
shrimp. We used a conservative sequence of a unique gene of HPV to design a padlock probe based on the
genomes of all HPVs, and used an unrelated sequence as the primers of HPV-RCA. Using one-step
ligation method, we obtained the best results at 4 pmol/L probe with 40 min ligation followed by 30 min
amplification at 62°C. The detection limit of HPV-RCA assay was 10> copies/ul. HPV-RCA could detect
HPV at the lowest concentration of 2 ng/ul in the hepatopancreas DNA in the shrimp samples, whereas
the detection limit of HPV-RCA for PHV was 20 pg/ul. Compared to the conventional PCR, the
sensitivity of HPV-RCA was 10 lower. However the HPV-RCA probe exhibited very high specificity to
the HPV sequence, and showed no cross-reaction with either shrimp genomic DNA or the most common
pathogens of shrimp (including infectious hypodermal and hematopoietic necrosis virus, white spot
syndrome virus, Monodon baculovirus disease, and Vibrio harveyi). Thus HPV-RCA could be established
for the diagnosis of HPV infection under a practically isothermal condition. This is a simplified diagnosis
method under farm-based experiment conditions, and thus has great potentials for the detection of HPV in
both laboratories and the fields.

Key words Penaeid shrimp; HPV; Detection; RCA
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F 1 2011-2013 R E @FhFr5E X 8R4 & HPV 1505
Tab.1 Detection results of HPV in different species of cultured
shrimp by PCR during 2011-2013

Province Samples Total Positive
number number
Juveniles 2 2
Liaoning  F chinensis
Postlarvae 9 0
Hebei F. chinensis Tuveniles 16 8
Broodstock 2 0
Eggs 1 0
Tianjin L. vannamei Juveniles 11 0
Broodstock 4 0
Postlarvae 0
Shandong L. vannamei
Postlarvae 1
M. japonicus Adults 4
Postlarvae 42 4
F. chinensis Juveniles 475 90
Adults 8
Juveniles 10 0
Jiangsu L. vannamei
Postlarvae 1 1
M. japonicus
Postlarvae 1 1
F chinensis
Postlarvae 10 0
Zhejiang L. vannamei Juveniles 5 0
Juveniles 29 2
Guangdong L. vannamei Adults 5 0

1 PCR (SC/T 7203.1-2007)
0.07 fg 20
Real-time PCR(Liu et al, 2013)
WSSV DNA IHHNV DNA
DNA
HPV
HPV HPV
67
pg/ul 2x107 copies/ul PCR
PCR
HPV 30 (Chong et al,
1984) Manjanaik  (2005)
PCR HPV

58% Claydon (2010) PCR

x2 HRENERRE

Tab.2 Statistic of detection results

Samples Total Positive  Positive
number number rate (%)
Postlarvae 52 5 9.62
F. chinensis Juveniles 493 100 20.28
Adults 8 8 100.00
Broodstock 2 0 0.00
Subtotal 555 113 20.36
Eggs 1 0 0.00
L. vannamei Postlarvae 13 0 0.00
Juveniles 55 2 3.04
Adults 0 0.00
Broodstock 4 0 0.00
Subtotal 78 2 2.56
Postlarvae 2 100.00
M. japonicus Adults 1 25.00
Subtotal 3 50.00
Total 639 118 18.47
HPV
3.8%
(HPV) (
1992  Yan et al, 2010)
(Flegel,
1997) (Chong et al, 1984)
(Paynter et al, 1985) HPV
HPV
7
639 HPV
18.47%
HPV HPV
HPV
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PCR Detection and Studies on the Prevalence of Hepatopancreatic
Parvovirus (HPYV)

LIU Tiangi"?, YANG Bing” , LIU Sun’, WAN Xiaoyuan®, WANG Xiuhua®, HUANG Jie*

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

Abstract Hepatopancreatic parvovirus (HPV) is one of major pathogens responsible for shrimp
diseases in the world. In recent years HPV disease has been found in coastal shrimp farming areas in
China, however data about its prevalence has been unavailable. In this study, we examined shrimp
samples at different developmental stages including egg, postlarvae, juvenile, adult and broodstock that
were collected from the rearing ponds of seven coastal provinces in China (2011-2013). We detected the
HPV in the samples using PCR according to the aquaculture industry standard “Diagnostic protocols for
Part 1: PCR method” (SC/T 7203.1-2007).

Our data showed that the primers were specific for HPV, and they had no cross-reaction with other

hepatopancreatic parvovirus disease of penaeid shrimp

pathogens such as infectious hypodermal and hematopoietic necrosis virus (IHHNV), white spot
syndrome virus (WSSV), and specific pathogen free (SPF) shrimp DNA. Under the PCR conditions, the
primers could detect as little as 0.07 fg purified HPV DNA which contained only 20 copies of HPV. This
detection limit was 10-fold lower than that of real-time PCR that was established in our laboratory.
Histopathological sectioning of HPV-infected Fenneropenaeus chinensis verified the existence of HPV
inclusion bodies in the infected tissues. Under the optimized PCR conditions, a single product with the
expected size (628 bp) was detected. The positive rates were 18.47% (118 out of 639) for penaeid shrimp,
20.36% for F. chinensis, 2.56% for Litopenaeus vannamei, and 50% for Marsupenaeus japonicus. The
positive rates were 9.62% (5 out of 52), 20.28% (100 out of 493) and 100% (8 out of 8) for F.chinensis
postlarvae, juvenile, and adult respectively. Furthermore, HPV was detected in penaeid shrimp samples at
different developmental stages including postlarvae, juveniles and adults. Our study demonstrated that
HPV has been prevalent in the farmed penaeid shrimp in China, and provided data about the shrimp
disease and its epidemic situation in aquaculture industry. Future studies on the disease will help us
understand its geographic distribution and host species, and help evaluate its prevalence.

Key words Penaeid shrimp; Hepatopancreatic parvovirus (HPV); PCR; Detection

Corresponding author: YANG Bing, E-mail: yangbing@ysfri.ac.cn



35 4 Vol.35, No.4
2014 8 PROGRESS IN FISHERY SCIENCES Aug., 2014

DOI: 10.11758/yykxjz.20140411 http://www.yykxjz.cn/

(Apostichopus japonicus)

B & ORAED F W OEEAT £ &
SeEE O EmE" F OB’
(1. 266071
2. 116023 3. 266400)

KT E R38R 5 R fn & KB, £ 11-13°C A BT, #F TR E 5 (20£0.15) g
By R AT B A, 10, 20, 30, 40, 50, 60 d), 4k ka8 i i B 1 Bk 5 B (ACP)E 1 |
VA HE BE(LZM)E M . A 4 S Ak B (SOD) & M . #F U A (RB)E M . &k 78 M DL RO R SR R &
JEEEL . FiEEMNBPE, AREREKN, MAIREEHEK, RSEERTH ACP &%, LZM
EHEIEMEAS, k60 dJE, B2 T % 47.06%. 17.57%; SOD & . RB & M
AU EIM S E AR TR EE, 25 IR E S 20, 20, 10 K B3k 2| & & KA Y 32.88.
0.328. 1.35U/ml, HE B EF T K, & 60 Kbt B E|MT WA, 27 T 27.87%. 38.08%. 53.43%;
HEREES 60 K W B EREL 68.08%, ZIAMAEK; BELZHE A, & 60 KK 0.56,
B EE TWHME 044 (P<0.05), A FHERDFWEE, ASERRERLFH N, FEETR,
BERSERTER AR B BFAEFE y=—0.0354x"+0.4354x+99.117 th @2k ¥ £, 2 Ak $h & & Mk i A0
Ko FRERTD 7, YUk bR 58 AR N 00 E R4 FURM RAVRE B, K I IR A T 6 1R
RAWREES, BEDHMASRERMEK,

S963  MHAFRIZES A XEHES  1000-7075(2014)04-0071-06

(Apostichopus japonicus) (Ech-
inodemata) (Holothuroidea) #f (Aspidoch- ( 2012
irotida) (Stichopodidae) (Apostich- 2012)
opus)
( 1997)
2013 580
17x10%t (2011)
50 d
* 863 (2012AA10A412-4) (2013ZHZX2A0801)

(13-4-1-65-hy) E-mail: 758342183@qq.com
: E-mail: wangyg@ysfri.ac.cn
:2013-06-28, : 2014-04-09


abc
图章


72 35
(2012) fif ( 2012) 3
WLR(%) = (Wo— W)W,
(2007) R=Wy/ Wy
20d
WLR R
Wy (g m
(g) Wy () Ww (2)
SR(%)= /
SOD ACP LZM (%)=(Qo  0)/0
SR Qo
O
1.2.3 SPSS 19.0
1 Duncan
P<0.05
1.1
2
2012 11 15 -2013 1
15 2.1
7 d 3% (
S0, o 1 2.1.1 (SOD)
0 ’ ) SOD
172 7d 1 20d  SOD 32.88
(20£0.15) g 7 O umi( ) 30d SOD
10 20 30 40 50 60d 3 20 (P<0.05) (0 )
15 (P>0.05) 40 50 SOD
3 30 (P<
40 cmx30 cmx 0.05) 60 SOD
50 cm 11-13°C pH 7.58.2 28-30 (P<0.05)  20.54 U/ml 27.87%
=5 mg/L 2.1.2 (ACP)
1.2 40
a
1.2.1 0 10 20 g a
2 30t be
30 40 50 60 d 3 5 c c
2. 25t
1 ml 1500 r/min £2 d
10 mi ACP 28%
min ( ) 2 < Isk
(LZM) (SOD) 2 o
O
wn
Song  (1994) 1020 30 40 50 60
(2011) I [E] Time/d
1.2.2

10 min

1 SOD
Fig.1 Effect of starvation stress on the activity of SOD in
coelomic fluid of 4. japonicus
(P<0.05)( )
Note: Different letters indicate significant difference (P<0.05)



4 : (Apostichopus japonicus) 73

10 20 30 40 50 60
] Time/d

ACP 0.238 (P<0.05)
2 10d ACP 30 d
(P>0.05) 20d 60 d 0.126 (P<0.05)
ACP 60d ACP 38.08%
18.18 U/100ml (P<0.05)
0.301
47.06% q
=~
o 0.25F ab a
2 be
5 ab b = 020r cd q
Eo T f: § 015t c
‘é‘\c d de E <
> <2 g L
22 e & 010
<8 B
o © = 005f
® 0.00 . s . . .
&:) 10 20 30 40 50 60
A A] Time/d
10 I 20 I 30 I 40 I 50 I 60 4
AF ] Time/d ) ) o )
Fig.4 Effects of starvation stress on the activity of RB in
2 ACP coelomic fluid of 4. japonicus
Fig.2 Effects of starvation stress on the activity of ACP in
coelomic fluid of 4. japonicus 2.1.5
2.1.3 (LZM)
LZM 3 5 10d
10d LZM 1.35 10d
(P<0.05) 20d LZM 20
10 (P>0.05) 20d LZM
200r (P>0.05) 10 (P<0.05)
s 180f b b c 60 d (P<0.05) 0.57
N 160 g 123 53.43%
5 l4of
£ 120} 2 L6f
5 & 100} g 2
g S g0t §o b
mo oor 2 c
o
SN S d
= 20 23 d
0 L E Q ¢
<
Gul
it
#
i

3 LZM
Fig.3 Effects of starvation stress on the activity of LZM in 1020 30 40 50 60
coelomic fluid of 4. japonicus i} ] Time/d
5
(P<0.05) 60d LZM Fig.5 Effects of starvation stress on the phagocytosis
147.66 U/100ml 179.13 U/100ml activity of coelomic fluid of 4. japonicus
17.57%
2.1.4 2.2
2.2.1 1
4 10d

20 30d (P<0.05) 30d



74

35
R 1 YUEMBX R S KSR R
Tab.1 Effects of starvation stress on the growth parameter of A. japonicus
Time(d) 0 10 20 30 40 50 60
Ratio of

_ 0.44+0.01°  0.41x0.01°  0.48+0.01¢  0.51%0.01°  0.53+0.01°
viscera to body wall

0.54+0.02**  0.56+0.02°

(P<0.05)
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Starvation Stress Effect on the Immunity and Growth of Sea Cucumber
Apostichopus japonicus

TIAN Qing'?, RONG Xiaojun', LI Bin', LIAO Meijie', JIANG Yan',
FAN Ruiyong®, WANG Yingeng' , LI Qiang’
(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. Dalian Ocean University, Dalian 116023;
3. Qingdao Ruizi Seafood Development Co., Ltd, Jiaonan 266400)

Abstract

In this study we investigated the effects of starvation on the growth and immunity of sea

cucumber Apostichopus japonicus. Sea cucumber seedlings with the initial weight of (20+£0.15) g were
exposed to starvation stress for different periods (0, 10, 20, 30, 40, 50, and 60 d). Non-specific immunity
including activities of acidic phosphatase (ACP), lysozyme (LZM), superoxide dismutase (SOD),
respiratory burst (RB), and phagocytic activity of coelomic fluid were examined to determine the effects
of starvation on the immune responses. The body weight, the ratio of viscera to body wall (VBWR), and
the survival rate were measured to determine the effects on the growth. The ACP and LZM activities
decreased along with the starvation time: after a 60-day starvation the ACP and LZM activities decreased
by 47.06% and 17.57% respectively. The activities of SOD, RB and phagocytosis first increased and then
decreased during the 60-day starvation, and they reached their highest values on the 20th, 20th and 10th
day respectively. On the 60th day the activities of SOD, RB, and phagocytosis were significantly lower
and reached 27.87%, 38.08%, 53.43% of their initial values respectively. The body weights of the sea
cucumbers constantly decreased along with the starvation time and reached 68.08% of the initial value on
the 60th day. The VBWR increased gradually during the experiment and reached 0.56 on the 60th day
which was significantly higher than the initial value 0.44 (P<0.05). The loss rate of the body weight
increased and the survival rate decreased along with the starvation time. There was a negative quadric
linear correlation between the loss rate of the body weight and the survival rate. These results indicated
that sea cucumbers could consume the nutrients in the body wall to meet their needs of energy during
starvation. Long-term starvation might cause suppression of immune activities thus affect the health and

growth of sea cucumbers.
Key words
Ratio of viscera to body wall

Sea cucumber; Starvation stress; Immunity; Negative growth; Survival rate;
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Tab.1 Composition and nutrient levels of the basal diet(DM basis)
Items Content (%) Items Content (%)
Ingredients ( Se) Mineral premix (no Se) 0.5
Soybean meal 35.0 Soybean lecithin 0.2
Rice bran 12.0 Choline (50%) 0.2
Flour 12.0 Antiseptic 0.1
Wheat bran 10.0 Antioxidant 0.1
Peanut meal 10.0 Binder 0.1
Canola meal 12.0 Total 100.0
Imported fish meal 4.0 Nutrient levels
Soybean oil 2.0 Crude protein 33.43
Monocalcium phosphate 0.8 Crude lipid 7.62
Salt 0.5 Crude ash 7.29
( V) Vitamin premix (no Vi) 0.5
( E) A 2500 TU D; 1200 TU K; 60 TU 5 mg
B, 10 mg B, 10 mg Bs20 mg B,0.15 mg 40 mg 20 mg 150 mg 0.2 mg
C 150 mg
100 ( ) 30g 0.7g 0.015 g 0.14 g 0.05¢g
0.03 g 0.005 g 0.15¢g 450 ¢ 280 ¢g

Note: Vitamin premix per gram (not including Vg) vitamin A 2500 IU; vitamin D; 1200 IU; vitamin K; 60 IU; folic acid 5 mg;

thiamin 10 mg; riboflavin 10 mg; pyridoxine 20 mg; vitamin B, 0.15 mg; nicotinic acid 40 mg; Ca-pantothenate 20 mg; inositol
150 mg; biotin 0.2 mg; ascorbic acid 150 mg

Mineral premix per 100 gram (not including Se) MgS0O,-7H,0 3.0 g; KC1 0.7 g; KI 0.015 g; ZnSO4-7H,0 0.14 g; CuCl,
0.05 g; MnSO4-4H,0 0.03 g; CoCl-6H,0 0.005 g; FeSO,4-7H,0 0.15 g; KH,PO,4-H,0 45.0 g; CaCl, 28.0 g

Fz2 ARG VI Se WRMERLRNEE
Tab.2 The addition amount and the measured values of Vi and Se

Group
Items
Ay A, A; Ay As B, B, B; B, Bs
_V.E 30 60 90 120 0 30 60 90 120
Vg addition level(mg/kg)
Ve 3091 56.22  85.73 117.36 14398 30.58 56.20 8525 117.86 143.40
Measured values of Vi(mg/kg)
Se

0.27 0.25 0.29 0.26 0.24 0.41 0.40 0.41 0.42 0.43
Measured values of Se(mg/kg)
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0 0.15mgkg Se Se 0 2
30 60 90 120 mg/kg Vg 10
A0 0) A0 30) Ay 0 60) A0 90) As(0 2.1
120) B;(0.15 0) B,(0.15 30) B;3(0.15 60) B4(0.15 3 90%
90) Bs(0.15 120) 10 3 (P>0.05) Vi
50 30 100 cm*60 cmx Se (P<0.05)
60 cm 2011 Se VE
6 10 -8 19 70 d 09:00 (P<0.05)
17:00 1 h 0.15 mg/kg  Se B,
1h Ay
Se
08:00 1/3 S (P>0.05) Ve
) (26.5£1.5)°C pH(7.1£0.1) DO(6.0-8.0) mg/L © F005) Ve 8o
NH,;*=N(0.03+0.01) mg/L (P<0.05)
1.3 1 Se
24h Ve ,
Y —0.6404x
15 86.098x 6409.4(R° 0.9662) Vi
10 min (4000 r/min) 67.22 mg/kg A 959
63.86-70.58 mg/kg
T-SOD GSH-PX  CAT
2.2
550°C 4 Se Ve  GSH-PX
HPLC CAT (P<0.05) 0.15 mg/kg
Ve ( 2005) Se  Se T-SOD  GSH- PX
Se ( 2011) (P <0.05) CAT P 0.05)
Ve Se T-SOD CAT
1.4 (P 0.05) GSH-PX
(P <0.05)
(1) RS 100xN//N; 2 Se
T-SOD  CAT Vi
(2) RWG  100x(W,— W)/ W, v, 60-90 mg/kg Se
(3) RSG  100x(InW,— InWy)/t T-SOD GSH-PX CAT Se
(4) FC  100xW,/L;
(5) RFC 1,/(W,— Wy) 3
RS (%) Ny N;
RWG (%) W, (g W, 31 Vg Se
(g) RSG (%) ¢ Vi
(d) FC (g/em’) L, (cm) RFC A
1y (g ( , 2009 Kocabas et al,
SPSS19.0 1999 Huang et al, 2004b) (1991)
Duncan’s (P<0.05) Vi 25 mg/kg
+

25-50 mg/kg
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£3 AR VeI Se M E ST IES LB E KA ME( + n=3)
Tab.3 Effects of diet supplemented with vitamin E and selenium on the growth of juvenile tilapia (O. niloticus)(mean+SD, n=3)
(mg/kg)
Dietary treatments
Initial
Se Ve body RWG(%) RSG(%) RS (%) L (2) RFC Fe,
Se addition Vg addition Weight (g) (g/cm”)
Group level level
A 0 0 0.37£0.01 6392.48+318.66° 6.10£0.28°  92+1.03 1672.47+70.86° 1.46£0.03* 1.68+0.08
A, 0 30 0.37+0.01 8550.98+277.13® 6.37+0.10™ 91+1.07 1927.16+44.75% 1.3620.03"* 1.89+0.10
As 0 60 0.36+0.01 8967.15+373.78" 6.43+0.16® 93+1.03 1952.60+32.14* 1.29+0.06* 2.33+0.16
Ay 0 90 0.36+0.01 9240.48+328.57" 6.48+0.12°  93+1.06 1959.91+48.61* 1.26+0.06° 2.25+0.10
As 0 120 0.36£0.01 7436.19+£381.47% 6.17+0.13°  93+1.04 1788.87+67.10* 1.47£0.06® 2.26+0.09
B, 0.15 0 0.37£0.01 7352.48+209.25% 6.1620.10° 98+1.02 1930.08+35.48* 1.45£0.09™ 2.29:0.12
B, 0.15 30 0.37+0.01 8127.13+247.13% 6.30+0.04**¢ 95+1.01 1927.76+6.60° 1.3420.07°¢ 1.70+0.17
B, 0.15 60 0.37+0.01 7526.40+304.98% 6.19+0.14°Y  91+1.01 1888.67+44.96® 1.53+0.05* 2.14+0.13
B, 0.15 90 0.37+£0.01 8630.43+389.52° 6.38+0.13™ 93+1.09 1968.78+15.05° 1.34+0.09°¢ 2.13+0.16
Bs 0.15 120 0.37+0.01 7654.58+199.46% 6.22+0.04°¢ 91+1.08 1948.03+67.66° 1.52+0.08%° 2.11+0.12
P P P P P P
Main effects P-value P-value  P-value P-value P-value P-value
(ANOVA)
Se 0.161 0.232 0.678 0.021 0.109 0.939
E Vi 0.009 0.010 0.874 0.018 0.028 0.175
x E SexVg 0.343 0.345 0.558 0.013 0.259 0.238

(P<0.05)

Note: Different small alphabets in the same column represent significant difference level (P<0.05), the same in the following
tables.

100001
T (%
8000} 5 \
| Ve
53 6000f Se
1 & v
EL 4000} H Se
e Se (Gaber, 2008 Lin et al, 2005
2000} , 2011) Vg Se
0 ) ) ) , | Se
0 Qﬁii;f . 50 75 1 1/(100k ; 125 Ve Lorentzen
Yk 1E KE/KF Diet vitamin E kg
iet vitamin E level/(mg-kg (1994)
! Ve Vi Vi Se Vi
Fig.1 The effect of different diet vitamin E levels on the
growth of tilapia
Vg
Vg 67.22 mg/kg(95% 63.86— Se
70.58 mg/kg) Se Vg Vi
(1994) Ve
Se Se

Huang (2004a) Vi
Lim (2009) Vg Ve  Se
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F4 FARHBRN Ve Se MEEF B Y E MBFNEWEGFEAIR M * n=3)
Tab.4 Effects of diet supplemented with vitamin E and selenium on the antioxidant enzyme of juvenile tilapia
(0. niloticus) (MeantSD, n=3)
(mg/kg)
Dietary treatments
S Ve T-SOD(U/ml) GSH-PX(U/ml) CAT(U/ml)
Group Se addition level Vg addition level
A 0 0 67.25+8.34¢ 659.01+35.41% 10.25+1.40°¢
A, 0 30 69.84+1.26%¢ 564.49+45.07° 13.86+1.01%
A, 0 60 67.69+3.31 576.37+18.34" 13.82+1.58%
Ay 0 90 69.8046.11° 417.16£16.14° 13.84+1.53%¢
As 0 120 73.49+3.77% 476.30+£13.47% 18.75+1.10%
B, 0.15 0 74.74+1.87" 650.56+25.38%° 11.82+1.16™
B, 0.15 30 76.96+2.50% 640.53+£28.47%% 9.76+0.98°¢
B; 0.15 60 73.83+1.89%° 577.19+28.91% 15.66+1.08"
B, 0.15 90 74.3042.62° 593.00+14.21% 16.41+1.54"
B; 0.15 120 68.97+4.79% 696.24+25.89" 21.38+1.05°
P P P
Main effects P-value P-value P-value
(ANOVA)
Se 0.014 0.000 0.608
E Vg 0.812 0.002 0.021
X E SexVg 0.118 0.003 0.678
Vg Se 0.15 mg/kg Se Vg 60-90 mg/kg
(2011) GSH-PX CAT T-SOD Se
Vi 0.15 mg/kg  Se
Se ( , 2008
2004)
Se Se
32 Vg Se
Se Vg GSH-PX
Ve Se GSH-PX
GSH-PX (2010) (2004)
CAT T-SOD Ve (Ve 0 mg/kg
T-SOD CAT 0; H,0, GSH-PX ) Se GSH-PX Se
H,0, (Fang et al, 2002) Ve Se
Se Vg GSH-PX
GSH-PX  CAT Vi T-SOD Se Vg A GSH-PX
Vi T-SOD Ve Se
Ve
(Liu et al, 2007) ( 2009) CAT
( 2004) CAT
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sor Se T-SOD Vi
A T-SOD Ve  Se
—
sS4 7 T-SOD
25 Ve Se T-SOD
5 E 701
® 9
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et 65F —o— /I10.15mg/kg Se
—o— AlnSe Ve Se
60 : s : ;
0 30 60 90 120
8001
B
600
S
K2
&S 400t
g g? 2 2 b
gt ,2011, (13): 32-33
= & 200} —o— 110.15mg/kg Se e
KH bl 9’ bl
—o— R JMSe . , 2004, 28(5): 496-503
0 . s s . , , . HPLC A
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D, E , 2005, 17(2):
33-34
251 E
ol C , 2009, 2(3):
_ 131-135
=
W E 15 / : E : , 1994,
S5 W 40-42(2): 42
Ej; 1 . , 2001, (10):
© 52-53
s —o— Ji110.15mg/kgSe
—o— ASe : E ’
. . . . . 1991, (12): 10
0 30 60 90 120 , , , E il
#i1: ZE/KF Diet vitamin E level/(mg-kg ") , 2009, 33(2): 288-294
2 Vg  Se T-SOD GSH-PX , , , E
,2011,

CAT

Fig.2 Effect of different vitamin E and selenium levels on

the T-SOD, GSH-PX, and CAT in the serum of tilapia

GSH-PX H,0, (Avanzo et al,
2001 Reddy et al, 1998)
GSH-PX H,0, Se GSH-PX
Ve CAT
(2004)
Se GSH-PX CAT
GSH-PX
GSH-PX  H,0,
Vg Se T-SOD
(2004)
Vg 0 mg/kg 0.15 mg/kg

23(10): 1745-1755
, E
, 2008, 29(3): 197-199
i , E
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,2010, 41(1): 68-74
E

,2010, 31(5): 91-96
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Effects of Dietary Vitamin E and Selenium on the Growth and the Antioxidant
Enzyme Activity in Serum of Juvenile Tilapia (Oreochromis niloticus)

QIN Xi', HUANG Kai' , LIU Kang', JIANG Huanchao®, CHENG Yuan',
HUANG Qing', HUANG Xiuyun'

(1. College of Animal Science and Technology, Guangxi University, Nanning 530004;
2. Guangdong Yuehai Feed Group Co. Ltd, Zhanjiang 524001)

Abstract

In this study we investigated the effects of dietary vitamin E and selenium on the growth

and the antioxidant enzyme activities in serum of juvenile tilapia (Oreochromis niloticus). A total of 1500

tilapias with an average initial body weight of (0.37+0.01) g were fed for 70 days with 10 different

practical diets according to a 2x5 factorial design: selenium was added into a basal diet at two

concentrations (0 and 0.15 mg/kg) to form two types of diets; in each type vitamin E was added at 0, 30, 60,

Corresponding author: HUANG Kai, E-mail: hkaillo@163.com
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90 or 120 mg/kg separately to form 5 groups; there were 10 groups in total; there were 3 replicates per
group with 50 tilapias; the basal diet without selenium or vitamin E served as the control. The results
showed that dietary vitamin E had significant influence on the weight gain, the specific growth rate, feed
intake, and the feed conversion ratio (P<0.05). According to the growth performance, the optimal level of
vitamin E in the diet could be 63.86—70.58 mg/kg. Dietary selenium had no significant influence on the
weight gain and the specific growth rate (P>0.05), but the weight gain was higher than the control group
when the diet was supplemented with 0.15 mg/kg selenium and 0 mg/kg vitamin E. Dietary vitamin E and
selenium had no significant influence on the growth performance (P>0.05). Dietary vitamin E
significantly influenced the activities of glutathione peroxidase (GSH-PX) and catalase (CAT) (P<0.05).
The activities of total superoxide dismutase (T-SOD) and CAT also appeared to increase along with the
elevation of the vitamin E level. Selenium had significant influence on the activities of GSH-PX and
T-SOD (P<0.05). When the added vitamin E was between 60 and 90 mg/kg, the groups with 0.15 mg/kg
selenium show an increase in the activities of T-SOD, GSH-PX and CAT compared to the groups without
selenium. Dietary vitamin E and selenium had significant interactive effect on the activity of GSH-PX
(P<0.05). In conclusion vitamin E or selenium alone could improve the growth performance and the
anti-oxidation activity in tilapias; the combination of the two may not further enhance the growth
performance but could increase the anti-oxidation activity to a greater extent.

Key words Oreochromis niloticus; Vitamin E; Selenium; Growth; Antioxidant enzyme activity
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1 Zt 6.7:33 5:5 33:6.7)
(YB 10*
1.1 CFU/ml 4d 12
4.0 mg/L
(0.9+0.4) g/
2012 7-8 (Ctr) 2d 3
( ) (80.5+0.2) g 250 L
( Rhodopseudon- 18.2-21.9 30-32
onas palustris =10"" CFU/ml) (Rhodota- 09:00 16 :00 2% 3%
rula benthica 1.2x10'° CFU/ml) ( 20
0,
Bacillus subtilis Bacillus lich- (@ (SGR  %/d)
eniformis  =3x10° CFU/g) 1.3
(GB17378-2007) pH
1.2 pH
(WH) (CD) (YZ1  YZ2
24 h ) 4 pH
1.4
300 L SPSS 17.0 (One-
250 L way ANOVA)
P <0.05
3.43 0.2 mg/L(C/N 20) 3 (SGR)
( SGR(%/d) = (InW, — InW,)>< 100%/t
4
Gh Jm Yb) ) 1(; C41;U/19n61 W,
tr
(Cir (@) (@
144 192 h pH 96 192h
192 h 2
300 L 2.1 pH
(T) ( 4.0 mg/L ) pH
( 10* CFU/ml) pH  (8.06) (8.42)
1 (B) 24 h
3 (143.9+6.9) g 8.0 (P <0.05) pH
250 L 30-32
09:00 16:00 2% 3%
7d 1 3 5 7 (0.0745 mg/L) (0.0258 mg/L)
pH (P < 0.05)
300 L
(0.0151 mg/L) (0.0896 mg/L)
( 80% 24 h

10:0 6.7:33 5:5 33:67 4

0.14-0.25 mg/L
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2
Fig.2 Content of inorganic nitrogen in water at different sites
Gh 96 h Jm 144 h
29 Yb 48 h 0.01 mg/L
' 192 3
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Ctr pH 8.1-8.2
( 3) 9%h 3 pH
(P>005) 144 2.3
8.4 (P<0.05) 192 3
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F1 KREAMIHESAS SR ET L
Tab.1 Variation of ammonia and nitrite nitrogen versus time in water at different sites

Monitoring time(h)

Inorganic nitrogen

(mg/L) Group 2 48 96 144 192
NH;-N Gh 0.174 0.158 0.058 0.071 0.072
Jm 0.173 0.144 0.051 0.046 0.069
Yb 0.184 0.141 0.055 0.077 0.093
Ctr 0.169 0.160 0.137 0.114 0.119
NO,-N Gh 0.010 0.010 0.014 0.018 0.023
Jm 0.007 0.009 0.008 0.016 0.019
Yb 0.014 0.010 0.019 0.022 0.027

Ctr 0.012 0.010 0.019 0.029 0.034
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x2 EVZEAXGSHEERKROTE
Tab.2 Effects of bioflocs on the water quality of juvenile 4. japonicus breeding tanks

Monitoring time and concentrations

NH;-N (mg/L) NO,-N (mg/L)
Groups
1d 3d 5d 7d 1d 3d 5d 7d
BI 0.049* 0.066° 0.181¢ 0.075° 0.043? 0.330° 0.625° 0.664°
T 0.041% 0.055"" 0.009°" 0.008%" 0.046% 0.138"" 0.071* 0.158""

Note: Letters indicate significances among different sampling periods in the same group. Asterisks indicate significances
among different groups in the same period

x3 BERFAFENEVRABENSHEKZE

Tab.3 Effects of carbon source and Bacillus on the growth of juvenile A. japonicus cultured with bioflocs

Groups Ctr Zt 6.7:3.3 5:5 33:6.7 YB
Weight increase(g) 39.30° 44.34° 38.10° 32.07° 31.33° 66.60°
SGR(%/d) 1.99° 2.19° 1.93¢ 1.67 1.65° 3.01¢
COD ( SGR YB
2011) SGR ( 3)(P<0.05)
C/N
( 2012)
C/N 10 10mg/LNH,-N 5h
(Avn-
imelech 1999) 3 pH
(
pH 7.9-8.5 2010)
3
(D
C/N 3
4 3) , 2000, 19(4): 66-71
,2012, (5): 14
,2010, 29(8): 500-504
C 2 . , 2012,
33(3): 70-76
( 2012) . ,2010, 31(4): 126-133

,2011, (11): 65-66
( 2012)

) L1999, 18(2) : 11-15
7t
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Effects of Bioflocs on the Water Quality Control and the Growth of
Apostichopus japonicus

LI Bin, ZHANG Xiuzhen , MA Yuanqing, WANG Bin, SONG Xiangjun, LIU Yihao, LIU Aiying, BAI Yanyan,
JIN Yang, REN Lihua, SUN Yuzeng, XING Hongyan, WANG Zhongquan, SONG Xiukai

(Shandong Provincial Key Laboratory of Marine Ecology Restoration, Shandong Marine Resource and Environment
Research Institute, Yantai 264006)

Abstract Due to a rapid development in artificial breeding of juvenile sea cucumber Apostichopus
Jjaponicus (Selenka), excessive inorganic nitrogen and organic matters in the discharged water greatly
increases the eco-environmental pressure. Bioflocs technology could be a solution to this issue. In this
study, we first examined the water quality in breeding ponds of juvenile sea cucumber. Then we added
carbohydrates as carbone source and three probiotics into the water, and explored the effects of these
additives on biofloc formation and the water quality. We also analyzed the inorganic nitrogen content, the
total suspended solids content, the total bacterial count, and the growth of 4. japonicus in the presence of
the additives. The goal of our study was to provide references about the effects of bioflocs on the ecology
and environment in juvenile sea cucumber culture industry. In accordance to the Specification for Marine
Monitoring periodical analysis of the water quality was conducted through simulation tests and field
experiments. The body weight gain and the special growth rate of juvenile sea cucumbers were also
evaluated in the bioflocs system. The results showed that the nitrite nitrogen was readily to accumulate up
to 0.25 mg/L. After the addition of Bacillus, the total suspended solids and the total bacterial count in the
water both reached their highest values, and Vibrio and coliforms were not detected. On the 20th day, the
body weight gain (44.34 g) and the special growth rate (2.19%/d) of A. japonicus treated with pure
sucrose were significantly higher than those with mixed carbon sources and those in the control group;
The weight gain and the special growth rate in the Bacillus and sucrose group were the highest among all
treatments, up to 66.60 g and 3.01%/d respectively (P<0.05). The two parameters in groups treated with
mixed carbon sources decreased gradually with the increase in corn starch content. In conclusion, in the
presence of sucrose as the carbon source, bioflocs formed with Bacillus could improve the water quality,
the structure of the microbial community, and the growth of juvenile sea cucumber.

Key words Bioflocs; Water quality; Regulation; Apostichopus japonicus (Selenka); Growth
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Acute Toxicity and Accumulation of Pb** and Cd** in Juvenile Sea
Cucumber Apostichopus japonicus

XING Hongyanl, MA Yuanqingl, LI bin', LIU Aiyingl, JIN Yangl, SUN Shan',
BAI Yanyan', ZHAO Qiang?, SU Bo', REN Lihua'

(1. Shandong Provincial Key Laboratory of Marine Ecology Restoration, Shandong Marine Resource and Environment
Research Institute, Yantai 2640006; 2. Yantai Haiyi Aquatic Seeding Co,. Ltd, Penglai 265619)

Abstract To improve the quality of the aquaculture of sea cucumber Apostichopus japonicus and to
enhance the environmental restoration, we studied the acute toxicity of Pb*" and Cd*" on sea cucumber
and the bio-accumulation of these two heavy metals. Using static bio-assay we divided the experimental
subjects into groups exposed to each heavy metal at a different concentration —— Pb*" (0.1, 0.25, 0.5,
1.0, 2.5 and 5.0 mg/L), and cd** (0.2, 0.4, 0.8, 1.0, 2.5 and 5.0 mg/L), as well as the blank control. We
found that mortality rate of 4. japonicus increased along with the exposing period or ion concentration,
and the adhesion rate showed an opposite pattern. There was no significant difference in the mortality
rates between the two groups exposed to low concentrations of Pb>" (P > 0.05), but the mortality rates of
other groups rose along with the increase in exposing periods or Pb*" concentration. When exposed to 5.0
mg/L of Pb>", the mortality rate reached 100% in 72 h and the adhesion rate decreased to 6.7% in 24 h,
which were significantly different from other Pb>" groups (P < 0.01). When exposed to Cd*", the mortality
rate of A. japonicus treated for 72 h was apparently higher than that after the 48 h treatment; in 96 h the
mortality rate reached 100% in the group treated with 0.8 mg/L cd*. Generally the adhesion rate of 4.
Jjaponicus was lower after the Cd”" treatment. The safe concentrations of Pb>” and Cd*" were 0.061 mg/L
and 0.018 mg/L respectively. The concentrations of the heavy metals and their accumulation rates in A.
Jjaponicus were elevated along with the increase in concentrations of Pb>" and Cd*" in the water, with a
remarkable fluctuation in the concentration factor. Both the concentration factor and the accumulation rate
of Cd*" in juvenile sea cucumber were much higher than those of Pb*". Therefore, the acute toxicity and
the accumulation of Cd** may be higher than those of Pb*". This study should provide insights into the
ecological restoration of A. japonicus, and scientific references for the aquaculture quality and seafood safety.
Key words Pb>"; Cd*"; Apostichopus japonicus; Acute toxicity; Accumulation
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Tab.3 Parameters related to the regression equation between
mortality rate of C. acanthogaster and concentration of
NH4HCO; at different treatment time

Time c d ) P
(min) Coefficient ¢ Coefficient d
5 0.529 -8.977 0.789 0.000
10 2.856 -7.124 0.728 0.005
15 3.267 -3.307 0.731 0.000
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Removal of the Biofouling Organism Caprella acanthogaster Attached on
Cultivated Seaweed Gracilaria lemaneaformis Using Ammonium Bicarbonate

WEI Yanwei"?, ZHANG Jihong”> , WU Wenguang®

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

Abstract Biofouler Caprella acanthogaster, a subtype of Crustacea Amphipoda, feed on cultivated
macroalgae Gracilaria lemaneaformis and resultantly affect the survival and growth of the latter.
Ammonia could be a potential antifoulant to biofouler C. acanthogaster due to its toxic effects at high
concentrations. NH4HCO; may be an efficient source of the ammonia-based antifoulant——as a common
agricultural fertilizer, it could provide nitrogen nutrient for G. lemaneiformis; moreover, it is readily to be
reduced into water and carbon dioxide. In our experiments, C. acanthogaster was exposed to NH;HCO;
solution at different concentrations (C) including 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0 and 5.0 g/L, with
0 g/L as the blank control. The detachment rate (D) and mortality rate (M) of C. acanthogaster was

measured after three treatments separately short time (5 min), medium time (10 min), and long time
(15 min). The results showed that both the NH4HCO; concentration and the length of treatment had
significant effects on the detachment rate (D) and the mortality rate (M) (P<0.05). The saturating lethal
concentrations of NH4;HCO; for the 5 min, 10 min and 15 min treatments were 7.36 (7.00-7.81), 6.17
(5.56—-6.99), and 3.68 (2.90-5.61) g/L, respectively. D and M increased along with the elevation of the
NH4HCOj; concentration and the exposure time. In the same exposure time, the relationship between D or
M and the NH4HCO; concentration could fit in the S-shaped curve equation In D =a+ (b/C), or In M =
¢+ (d/C). Given that C. acanthogaster has a short reproduction time that short-term operation is more
plausible in aquaculture, we suggested that G lemaneaformis should be soaked in 7.36 g/. NH;HCO;
solution for 5 min. However, more caution should be exercised when NH4HCO; is applied in
eutrophication areas.

Key words Caprella acanthogaster; Antifouling efficiency; Ammonium bicarbonate; Gracilaria

lemaneaformis
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Fig.1 Scanning electron microscope photograph of strain YS0810
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Acinetobacter haemolyticus DSM 6962"(X81662)

Strain YS0810 (JX221556)
Acinetobacter beijerinckii 58a"(AJ626712)

Acinetobacter gyllenbergii 1271"(AJ293694)
Acinetobacter johnsonii DSM6963"(X81663)
Acinetobacter oryzae B23"(Gu95428)

Acinetobacter kyonggiensis KSL5401-037"(FJ527818)
Acinetobacter Iwoffii NCT5866'(AIEL01000120)
Acinetobacter parvus DSM166177(ATEB01000124)

Acinetobacter venetianus RAG-1"(AJ295007)
Acinetobacter baumannii ATCC19606"(ACQB01000091)
Acinetobacter junii LMG998"(AM410704)
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Acinetobacter nosocomialis LMG10619"(HQ180192)
Acinetobacter pittii LMG1035"(HQ180184)

Wnlinnllr

Acinetobacter schindleri LUH5832"(AJ278311)

Acinetobacter reinekei Mt-1"(AM 293565)

2 YS0810 16S rDNA
Fig.2 Phylogenetic tree derived from 16S rDNA sequence of strain YS0810 and other species within the Acinetobacter genus

1 YS0810 (RFEEREE, 2001)
Tab.1 Comparison of taxonomic characteristics between strain YS0810 and Acinetobacter sp.

Characteristics YS0810
A. baumanii  A. calcoaceticus  A. haemolytius  A. johnsonii A. junii A. lwoffi
44°C + - - - - - +
Growth 41C + - - - 90 -
temperature 37°C + + + _ + + +
. A - - 96 - - - -
Gelatin hydrolysis
Hemolysis - - + - - - -
Citrate test + + 91 + 82 - +
. 95 + 52 - - 6 +
Acid from glucose
+ + - + + + +
Utilization Sodium lactate
L- 87 + - - - - *
L-Phenylalanine
L-
o 98 + 96 — T ND +
L-Histidine
b- 98 - 96 22 + 76 +
D-Malate
L- + + 64 61 40 - -
L-Aspartate
L- 97 38 96 - 11 - +

L-Leucine
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Continued Tab.1
Characteristics YS0810
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Fig.3 Effects of different nitrogen sources on the production of catalase

N1: , N2: , N3: , N4: , N5: , N6: KNOj3, N7: (NHy),SOy4, N8: NH4NO3
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Fig.4 Effects of different carbon sources on the production of catalase
Cl: , C2: , C3: , C4: B- , C5: , Cé6: , CT7: , C8:

C1: maltose, C2: soluble starch, C3: glucose, C4: B-cyclodextrin, C5: ethanol, C6: sucrose, C7: glycerol, C8: bran
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Fig.12  Effects of culturing time on the production of catalase
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Identification of a Marine Bacterium Producing High-Level Catalase and
Optimization of Its Fermentation Conditions

CHEN Shijian"?, WANG Wei', SUN Mi'"

. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Qingdao Key Laboratory of Marine

Enzyme Engineering, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2. College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306)

Abstract Catalases are a type of enzymes that can effectively decompose hydrogen peroxide into
water and oxygen. Because of their ubiquitous distribution in all aerobic microorganisms, plants and
animals, they are widely used in food, pharmaceutical, chemical industries and environmental protection.
In this study we examined the bacterial strain YS0810 collected from the sediment in Yellow Sea that
produces catalase at a high level. We determined the growth conditions of this strain which is optimal for
the catalase production. Phylogenetic analysis of the 16S rDNA of this strain was applied to determine its
taxonomic rank. The conventional morphological, physiological and biochemical methods of taxonomy
were also applied to differentiate the YS0810 from its phylogenetic relatives. We used 250 ml shake flasks
to carry out the single factor experiments to identify the important growth factors for the strain YS0810.
The phylogenetic tree indicated that strain YS0810 belonged to the genus Acinetobacter, with the highest
sequence similarity to Acinetobacter haemolyticus DSM 6962 (98.7%). However, YS0810 was not a
strain of 4. haemolyticus. This was consistent with the results of the comparison between YS0810 and
other Acinetobacter species in terms of their morphological, physiological and biochemical characteristics.
Peptone and sucrose were determined as the optimal nitrogen and carbon sources from several candidates.
Our experimental results indicated that the maximum yield of the catalase was generated by YS0810
under the conditions shown below: peptone 15 g/L, sucrose 20 g/L, MgSO,4-7H,0 0.9 g/L, NaCl 5.0 g/L,
KH,PO,4 1.0 g/L, broth content at 50 ml, the inoculum at 4%, initial pH 7.0, the temperature at 25°C and
the culture time of 24 h. The verification experiment carried out in the optimal conditions above showed
that the highest catalase activity was 2469 U/ml, which is five-time higher than before the optimization. In
conclusion, the yield of catalase was markedly raised in the optimized fermentation conditions.

Key words Marine microorganism; Catalase; Acinetobacter; Identification; Culture optimization

Corresponding author: SUN Mi, E-mail: sunmi@ysfri.ac.cn



35 4 Vol.35, No.4
2014 8 PROGRESS IN FISHERY SCIENCES Aug., 2014
DOI: 10.11758/yykxjz.20140417 http://www.yykxjz.cn/
%k
1 1 1 1 1 2 2
(1. 430070 2. 430070)
PLC
PID PPI
pH DO pH DO 3-35C
8-13mg/L  6.5-8.0
1C 2.5 23Ch 1:2
6.7-73°C DO 89-12.8mg/L pH 6.5-7.5 72h
96.7%
PLC
S24  MEAFRIREZ A XEHS  1000-7075(2014)04-0110-08
1
( 2012)
PLC
1
( 2009 2007)
PLC
DO ( 2005 2009 150 mm
King 2009)
DO
PLC
pH
( 2009 2003 Farrell 2006
e 7z (2013BAD19B10) =~

E-mail: nsw19910707@163.com
E-mail: Ix@mail.hzau.edu.cn

:2014-01-20, :2014-03-25

E-mail: hongyuanqian1987@163.com


abc
图章


ik 452 5
HMI
A
N
€« ---————"—"—-"-"=-"-"-"—-"—-"—"—"—"—"——- |
PLC I =
—~ | =
O = < @
> OE 5 z« | D e
< K y > Em o Em
2 o g 2
B G == ez s 0 £
= =« 32X o =K = AF a B
2 B 9% B3 e X = =y
g = O;&ﬂf[ el Eg%“\ = R o Gl =
Lo iE 2 gm|  igh 2| iR :
=R A4 o > g o B S M z | S
. o, ] = o i = 9 |
Air R RE R 4 | h 4
Aeration system O < & L
y ) , ; \
IKPEA R 52 — ok LA
A » Water cycle system ARG Hot and cold motor
WA Fish Tank »| Filter system >
Pipeline T

1
Fig.1 Scheme of live fish transport system

2005)" PLC pH DO
CPU224XP PLC
14 10
RS485
2.2
2.2.1
KM1 KM2
(D (To) YV3
2 2°C
2.1
(1) (Ty) YV3
SJG-208  pH YVI1
PHG-217D DO pH 2°C
PT100 PID
PLC 2 YV2 YV3
8
PLC PID
8 1
( ) 1 ( ) pH PID
PLC 10 0.7 min
pH 10 min 3

1) . . , 2005, 1-54



112 35
R —
24V
| X
M P
ﬁ,iﬁﬁé L ! Q0.0 YVi Foﬁ;—way valve
ow switc
55 18 HEL 1 1
K Q0.1 YVv2 Bypass valve
/ 10.0
TV FL T2 1)
Q0.2 YV3 Cogling valve
M
JE 2 LN X
QO‘ 3 KMl1 Compressor and Fan
TRLRE 1% s
Temperature 2L @
sensor m \_/
&) A PLC PR Y
lEEv . 1%
Q0.4 YVv4 Cycle/?slip valve
pH X iot U B
pH meter QO'S YV5 JIzlter valve
RS485
TEIRIKFRE
Q0-6 KM2 Water pﬁmp
A
OD meter
3L @\
fit L N
HMI RS485
R
Q0.7 KM3 Oxygen pump
2 PLC
Fig.2 Circuit of PLC control
2.2.2 DO DO
8—13 mg/L( ,2007a , 2003)
DO PLC pH 6.5-8.0
DO , 2007b)
DO 2.3
PLC 4
223 pH pH PLC
pH pH PLC 10 s 50%
pH
DO pH
pH 10
pH pH



113

Ry

Start

HA RYV3
Cooling Valve YV3

*

h 4

PUSE R Y VL
Four-way Valve YV1

Y
T<Ty-

PID 54l 5395

PID Control Algorithm

7

VR 4 il ok e

Valve Control Pulse

55 I Y V2
Bypass Valve YV2

Y

HY Y V3
Cooling Valve YV3

v
G Y

>\ End A

3

Fig.3 Algorithm chart of temperature control

DO pH
DO DO
pH
2.4
Siemens 7
WinCC Flexible 2008

3

pH 31
3.1.1

0.8 m?
PC-2WS
+0.3°C) FG-991 pH
45.0%—-64.0% RH
3.1.2

2013

0.8 m3

5-15C

PC-2WS

DO-995



114 35
T
Start
v
with1k
Initialization
v
Az S ] ik
Generation pulse
> DO 1L I 3E A5
DO sensor communication
. DO K3 i Hichi 4 10
DO, Temperature data processing
N pH A% s id 15
4 pH sensor communication
< pH % i 1 K4 b 5
pH, Temperature data processing
v
Ik 25 OF PH Hi il TR T
High electric potential pH Control subroutine
DO i T HEF
DO control subroutine
v
I B 2 1 R
Temperature control subroutine
4 PLC
Fig.4 Chart of PLC main program
1 3-4h pH 1
5 DO 35cm 60 cm
pH 35cm 60 cm DO0O-995 5 min
FG- 991 pH 5 min DO 1



4 115
161
JK Tif water surface
———————————————————————————— 14 M
@) o :mQQOOOOOOOOOOOOOO
< 12F oo
0.6 m? B
@ g |
76 cm s
o 8
B
® O 2 o R
1:2 :‘“;( 4t No load, temperature drop
- —o— I
2r No load, temperature rise
24h @ 0010563040 50 50 70 8090 100 110
[} 3] Time/ min
136 kg 5 7
272 kg Fig.5 Distribution diagram of the Fig.7 Temperature response curves without fish
65 cm thermometry points
3.2
3.2.1 o
>
12°C 5°C 3
s
6 2
5
Ex OF o k12 pem i 2
12 = 4f 1:2 mass ratio of fish to water, temperature drop line
5l —o— K12 THE T £k
O 10 1:2 mass ratio of fish to water, tem perature rise line
E 0G0 0 0 TR0 ai0 a0 270
g [} [A] Time/ min
2 6
g 8 1:2
e
w4 : Fig.8 Temperature response curves against time with 1 : 2
puc| , —e— 'S8 Point1  —o— 25 1l Point 2 ratio between fish and water
—»— 355 Point3  —— 455 Point4
0020 20 60 80 100 120 140 160 180 200 220 240 260 3.2.2 DO 1:2 24 h
fif I Time/min DO 11.8 mg/L 8.9 mg/L
6 DO 12.8 mg/L DO
Fig.6 Curves of temperature uniformity response 200 min DO 12.8 mg/L
ADO<1mg/L DO 9
6
1 4 o
0.5C 2 3 ~
O
0.5C P
g
13.8C 8°C 3 g
o . Q —— KIF35cm
8C 13°C :_:‘7 6 Depth35cm
7 1:2 % 4 —o— K 60Cm
14°C 10°C 2 I Depth60cm
12°C 15°C 8 T R R BT R E S T R T YT
7 8 At Time/ min
2.3 °C/h 2.5°C/h 1:2 9 60cm  35cm
1.15C/h 1.0°C/h Fig.9 Curve of dissolved oxygen in water at depth of
. 60 cm and 35 cm
+2°C
+0.3°C 3.23 pH 1:2 24 h



116 35

pH 9.1 pH 7.0 1:2 6.7-7.3'C DO
pH 180 min pH 8.9-12.8 mg/L pH 6.5-7.5
7.0 pH<0.4 pH 10 72 h 96.7%
PLC

jas)
o
af :
—— JK¥35cm
Depth35cm
—o— JKIE60cm ’ ' 30 . » 2003,
Depth60cm 18(1): 9-14
B R R T R T R F R TR YT ~
[} [i] Time/ min , 2003, (2): 35
10 C0cem 33em - pi ’ L2007, 34(3): 40-41,39
Fig.10 pH curve of water at depth of 60 cm and 35 cm ’ ’ ’ ' ’ -
> ) P p
33 . ,2007b, 31(3): 335-342
210 140 kg , 2007a, 22(3):
1:2 7°C DO 226230
12 mg/L. pH 7 72 h > 8 s
7 96.7% . , 2005, 21(10): 187-189
4 , 2009, 37(15): 73037305
2009, (7): 56-58
PLC 2012, 33(4): 107-112
pH DO , , ]
pH DO 3-35C  6.5-8.0 2009, (9): 45-47
8—13 mg/L Farrell AP. Bulk oxygen uptake measured with over 60,000 kg of
H adult salmon during live-haul transportation at sea. Aqua-
P culture, 2006, 254(1-4): 646—652
Do King HR. Fish transport in the aquaculture sector: An overview
of the road transport of Atlantic salmon in Tasmania. J Vet
1°C 25C/h 23°C/h Behav: Clinic App Res, 2009, 4(4): 163—168



117

The Development of a Monitoring System for Low-Temperature
Live Fish Transportation

NIE Shaowu', HONG Yuanqian', HUANG Hanying', LI Xuan' , HU Yuelai',

XIONG Shanbai’, ZHAO Siming®

(1. College of Engineering and Technology, Huazhong Agricultural University, Wuhan 430070;
2. College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070)

Abstract The most of current live fish transportation devices are designed using single chip
microcomputer control system or manual control system. These devices cannot meet the need for
long-distance transportation due to their low level of automation and poor anti-interference ability. To
improve the automatic control of the low-temperature live fish transportation and the survival rate of live
fish, we designed a special control system with a PLC as the core controller and a touch screen as the
human-computer interface. The software and hardware of this system were designed for the start/stop
control. The PPI communication network, based on the PID algorithm and the pulse timer, could conduct
automatic and reliable data collection and the feedback control of key parameters such as the temperature,
DO, and pH. The control ranges of the three parameters were 3-35°C, 8-13 mg/L, and 6.5-8.0
respectively. The temperature was uniform in the tank, and rose and dropped slowly and gently. When the
system was unloaded, the deviation of temperature was only 1°C, and temperature rose and dropped at
2.5°C/h and 2.3°C/h respectively. After 72-hour transportation, the survival rate of Megalobrama
amblycephala was as high as 96.7% under conditions below: the mass ratio of fish to water was 1:2, the
temperature was 6.7-7.3°C, the pH was 6.5-7.5, and DO was 8.9-12.8 mg/L. The system had the
advantage of stable performance, high reliability, friendly human-machine interface, and flexible
operation. These enabled this system to meet the requirement of the water quality during the
transportation of different fish species in different regions.

Key words PLC; Live fish transport; Monitoring system; Touch screen
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Tab.1 Growth of Takifugu rubripes during the experiment
Date (M-D)
Items
12-31 01-31 02-29 03-31 04-30
Body weight (g) 632.52+2.26 623.314+2.27 643.60%2.39 678.42+2.64 821.7243.26
Net weight gain (g) -9.20+0.34 11.08%0.51 45.9+0.55 189.20+0.93

Percentage weight gain(%) -1.45 1.75 7.26 29.91
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Dual-Culture Techniques for the Rapid Start-up of Recirculating
Aquaculture System

ZHU Jianxin', LIU Hui', XU Yong', CHEN Shibo'?, LIU Shengcong’, ZHANG Tao’, QU Keming'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266041; 2. College of Fisheries and Life Sciences,
Shanghai Ocean University, Shanghai  201306; 3. Dalian Tianzheng Industrial Development Co., Ltd., Dalian 116011)

Abstract Recently recirculating aquaculture system (RAS) has become popular in large scale
land-based aquaculture in China because of its high productivity, less water consumption, better control
on the effluent and pollutants, and lower demand for land space. The function of RAS relies largely on the
efficiency and stability of the bio-filters which need to be carefully cultured and maintained throughout
the culture period. The conventional start-up of RAS usually takes about 70 days before the pre-cultured
biofilm maturates for the steady high-capacity water purification. In this study, a technique for the rapid
maturation of a bio-filter and RAS start-up was developed through dual-culture of the biofilm and finfish
Takifugu rubripes. The experiment was carried out in a newly-built workshop with 6 separate RASs.
Each RAS consisted of 9 fish culture tanks. Each tank had a volume of 48.4 m® and included parts shown
below: 1) a model 316 L stainless steel bend sieve with a surface area of 5 m’; 2) a centrifugal pump with
a water flow volume of 400 m’/h; 3) a submersible air pump with an air-production volume of 35 m’/h;
4) an ozone generator with an ozone-production capacity of 50 g/h; 5) three bio-filters with a volume of
144 m’ each; 6) a suspended UV disinfector with the power of 2 kW; 7) an aeration tank with a volume of
10 m’. T rubripes with the initial body weight of (632.5+2.26) g were transferred into the tanks with the
density of (19.34+1.89) kg/m’ in the beginning and were cultured for 120 days. During this period, their
body weight increased by 29.91% to a final value of (821.72+3.26) g; the survival rate was 98.7%; the
stocking density of the fish increased to (32.17+3.40) kg/m3; daily feeding rate increased from 0.2% to
0.5%—0.7%; and the daily water exchange rate decreased from 50% to 10%. Observations mentioned
above indicated the good growth and maturation of the bio-filters. Through the proper control of daily
feeding rate and water exchange rate, good water quality in the culture tanks can be maintained during the
culture of the bio-filter. After the bio-filter became maturate around day 50, water quality can be
maintained by the purification function of the bio-filter, with the concentrations of ammonia and nitrite at
1.2—-0.5 mg/L and 0.5-0.2 mg/L respectively, pH at 6.5-7.5, COD value below 4 mg/L, and the total
bacterial count of 800—-2100 cell/ml. These results suggested that with effective water quality control, a
newly-built RAS could be put into operation immediately by using biofilm dual-culture technique, and the
biofilm culture and fish culture could be carried out simultaneously. This technique will provide valuable
supports for the operation of newly-built RAS by lowering both the time consumption and the operation
COsts.

Key words Recirculating aquaculture system; Biofilm dual-culture techniques; Water quality; Takifugu

rubripes
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Dynamic Analysis of the Long-line Culture Facility Under Waves

CUI Yong, GUAN Changtao, HUANG Bin, LI Jiao, JIANG Zengjie

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Qingdao Key Laboratory
for Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The long-line culture has been playing a more and more important role in fish industry in
both China and the whole world due to the increase in seafood market demands. The long-line culture
facility should sustain a high-energy environment with a full range of loading conditions because high
speed ocean currents and strong sea storms are frequent events in the open ocean area. Therefore studies
on hydrodynamic characteristics of the facility in the waves are necessary. ANSYS is a commercial
program for finite element modeling and simulation. Here we used this program to establish a
mathematical model for the long-line culture facility, and analyzed the displacements of the buoy and
hanging cage and the maximum mooring line forces at different positions. The simulation results showed
that the buoys and hanging cages at different positions displayed different patterns of displacements
because of the pulling forces of the float ropes and the mooring line. The three buoys had positive
horizontal displacements with the maximum value less than 0.6 m. The periodic changes of the mooring
line force were consistent with the period of the waves. The mooring line force on the front side was
larger than that on the back side, with the maximum value of ~1000 N. We also compared the
displacement amplitudes of the buoys and hanging cages under different wave conditions. We found that
the displacement amplitudes of the buoys and hanging cages increased along with the wave height in both
horizontal and vertical directions; the amplitudes in the vertical direction were larger than that in the
horizontal direction. These results suggested that the long-line culture facility in the waves had periodic
motion; the buoys and hanging cages did not intertwine with each other, hence the long-line culture
facility could be operated safely in the waves.

Key words Lone-line culture; Finite element method; Wave; Numerical simulation
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x1 A5 SA FBEMMRIMIZ M LEY Box-Behnken iR 3% i+ E &ZKTF
Tab.1 The factors and levels of Box-Behnken experiment for optimizing the process of the active components
against SA extraction from S. miltiorrhiza
Ratio of liquid to solid (X}) Infiltration time(X5) Extraction temperature(Xs) Extraction time(X;)
Factor . o .
(ml:g) (min) (C) (min)

-1 20.0:1.0 60 80 60

0 30.0: 1.0 90 90 120

1 40.0:1.0 120 100 180

cc(> ccq> ce_y>>

““071s the best condition of the single factor optimization, ““171s high levels of design according to step length of the single

ce_p7>

factor and the experiment results,

is low levels of design according to step length of the single factor and the experiment

results
g 10} SA 1
é SA 2 3
=
ws ol
< g
< 5 ol 1 SA
®B5g 2.2.3 SA
s
[ s
=
2 3
H
6 1 1 1 1
22 20 S18 -16 -4 25.0 ml/g
BUS ATE M L 0-vie BE X 5
Logarithm of the concentration . .
of the active components against SA 30.0 : 1.0(ml : g)
1 SA ?:) ok
8
Fig.1 The standard curve of relationship between the E?ZZ £ . 8
concentration of the active components against SA and the Y ;J :% 6k
diameter of the inhibition zone K@
=
i 25 4f
Z 12 T o oh
=] ~ e
) 2 é =) 2r
A s 10 e °
o g Rz
N s © ok
‘% © °\\° 8r ﬁ 1 1 1 1 1 1
Res 5 10 15 20 25 30
4\% 52 6 WKL The ratio of liquid to solid/ (ml-g™!)
i .Ad:) '5 4t
e 3 SA
< . . Lo . .
b 2f Fig.3 The effect of the ratio of liquid to solid on the yield of
=2 he acti inst SA
3 o} the active components against
[_. 1 1 1 1 1 1
0 20 40 60 80 100 2.2.4 SA
LR FL43H Volume fraction of ethanol/% SA
2 SA ( 4 90C
90°C
Fig.2 The effect of volume fraction of ethanol in the solvent SA 90°C
on the yield of the active components against SA
2.2.5 SA
2.2.2 SA SA
1.24 95 90 min
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=
1 s |
E S ( 6 120 min
B2 120 min
=53
.%Tﬁ 2 .E 12F é 241
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5 10f =S gl
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=~ 1 1 1 1 = o<
50 60 70 90 100 <§ 20
O N . = s 2 15f
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. . ) v =
Fig.4 The effect of extraction temperature on the yield of = E ol
the active components against SA 2
[_4 1 1 1 1 1 ]
0 60 120 180 240 300

22

ITEEES
1
S

against SA/%
> »

HUSATE ML AL/
S

The yield of the active components

—_
%)
T

(=}

30

90

150 180

i EtE] Infiltration time/min

PEHURE] Extraction time/min

(o)}

SA

Fig.6 The effect of extraction time on the yield of the active
components against SA

2.3 Box-Behnken

2
¥=16.145+0.345X,+0.972.X,+
0.486X5+1.633X,-2.354X~0.074X . X,+0.037X, X5~ 1.114X, X~
0.839X,°+0.452X,X;5+0.694.X,X,~3.501.X3>~0.070.X3.X,—

A
3 S 2.003X (R*) 0.870
Fig.5 The effe.ct of infiltration tim.e on the yield of the (RMSE)  2.458 87 0%
active components against SA
SA F F
90 min 5.765 P 0.002
% 2 Box-Behnken i3 i% it A AL
Tab.2 The design scheme and results of Box-Behnken experiments
Experiment X1 X X3 X, Y4SE’ Experiment . CHEED. CHE. CRED. ¢! Y+£SE
numbers numbers

1 -1 -1 0 0 16.705+0.000 15 0 1 -1 0 17.5214+0.363
2 -1 1 0 0 19.489+0.175 16 0 1 1 0 10.949+0.305
3 1 -1 0 0 17.938+0.252 17 -1 0 -1 0 16.724+0.250
4 1 1 0 0 22.674+0.492 18 -1 0 1 0 10.644+0.225
5 0 0 -1 -1 20.035+0.145 19 1 0 -1 0 22.306+0.257
6 0 0 -1 1 20.139+0.679 20 1 0 1 0 15.053+0.395
7 0 0 1 -1 11.064+0.268 21 0 -1 0 -1 11.736+0.389
8 0 0 1 1 11.125+0.305 22 0 -1 0 1 14.632+0.224
9 -1 0 0 -1 18.963+0.151 23 0 1 0 -1 21.904+0.659
10 -1 0 0 1 15.424+0.536 24 0 1 0 1 22.757+0.704
11 1 0 0 -1 22.528+0.181 25 0 0 0 0 24.060+0.422
12 1 0 0 1 21.878+0.298 26 0 0 0 0 24.219+0.276
13 0 -1 -1 0 11.737+£0.218 27 0 0 0 0 24.140+0.338
14 0 -1 1 0 14.164+0.600 — — — — — —
Y+ SE SA +

Y+ SEis the yield of the active components against SA + the standard deviation between the parallel test
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Tab.3 The results of the regression analysis

DFY S5? F P,>F DF SS F P,>F

Items Items
X, 1. 49.713 8.227 0.014 XXy 1. 2.085 0.345 0.568
X, 1 67.133 11.111 0.006 X2 1 76.929 12.732 0.004
X3 1 104.811 17.346 0.001 XX 1 20.246 3.351 0.092
X, 1 0.006 0.001 0.975 XX, 1 1.043 0.173 0.685
X2 1 12.527 2.073 0.175 X;2 1 217.810 36.048 0.000
XX, 1 0.952 0.158 0.698 XX, 1 0.000 0.000 0.993
XX 1 0.342 0.057 0.816 X2 1 34.693 5.741 0.034
14 487.701 5.765 0.002 ) 4 221.663 9.171 0.001

Model Linear
_ 4 241.369 9.987 0.001 6 24.670 0.680 0.669

Quadratic Cross product
12 72.507 — — 10 72.4945 1147.1 0.001
Error Lack of fit
1) DF 2) 8§

1) DF is the degree of freedom 2) SS§ is the sum of variance

F 0.31%
(3 (X2) (X3) 2.59
P<0.01 SA
(X)) P<0.05
3 3
(X2) (X3) (Xa) P<0.05
3
A B
P 0.1 ( ,1998)
SA ( ,2009)
(2008)
( 7a- 7
6 ( (Staphylococcus aureus)
)
Tc Te 7f (2010)
(X)) (X3) (Bacillus pumilus) (Escherichia coli)
0.6)) X3) 0.6)) (Xy) (Pseudomonas aeruginosa)
(2006)
(Streptococcus mutans)
SA (2011)
37.8:1.0 (ml: g) 104 min (S.epidermidis)
86.7C 182 min 10
25.95% 4 MIC MBC 1.52 mg/ml

(25.87+0.03)%
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SA b bl 2 . 4
,2010, 31(2): 114-119
SA . N
, 1994, 254
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Optimization of the Extraction Conditions of Active Components for

Inhibition of Streptococcus agalactiae from Salvia miltiorrhiza Bge.
Using Response Surface Methodology

DENG Hengwei , GUO Weiliang , SUN Xiaofei, XIE Zhenyu, WANG Shifeng,
HU Wenting, ZHOU Yongcan

(College of Marine Science, Hainan University, State Key Laboratory Breeding Base for Sustainable Exploitation of
Tropical Biotic Resources; Haikou 570228)

Abstract

In recent years Streptococcus agalactiae (SA) has become the most harmful pathogen to

cultured tilapia in Hainan and many southern provinces of China. Salvia miltiorrhiza Bge is highly

resistant to SA, but it contains complex components and which component is responsible for the

resistance to SA has not been reported. Here we investigated the effects of extraction conditions on the

yield of anti-SA components in S. miltiorrhiza Bge and optimized the extraction method. We first

developed the agar diffusion method for the quantitative analysis of extracted anti-SA components; then

we used the yields of anti-SA components from Salvia miltiorrhiza Bge as the responsive values to study

the effects of extraction conditions on the yield of the anti-SA components, including the extraction

solvent, extraction times, the ratio of liquid to solid, infiltration time, temperature and extraction time in

single-factor experiments; finally we further optimized the ratio of liquid to solid, infiltration time,

temperature and extraction time using the four-factor-three-level Box-Behnken experimental design with

Corresponding author: ZHOU Yongcan, E-mail: zychnu@163.com
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response surface method. The results of the agar diffusion showed that the standard equation for the
determination of anti-SA components from S. miltiorrhiza Bge was Y=4.842X +16.707 (R*=0.9873).
The results of the single-factor experiments showed that the most suitable extraction solvent and times
was 20% ethanol aqueous solution for 1 time. The results of the Box-Behnken experimental design with
response surface method showed that the infiltration time, the extraction temperature, and the ratio of
liquid to solid had extremely vital effects on the responsive values. The optimum extraction conditions
were as follows: the ratio of liquid to solid was 37.8:1.0 (ml:g), the infiltration time was 104 min, the
extraction temperature was 86.7°C and the extraction time was 182 min. The predicted maximum yield of
anti-SA components was 25.95%, under the RSM model-generated optimal extraction conditions. The
results of four parallel validation experiments showed that the actual yield of anti-SA components was
(25.87 +£0.03)%, and the relative error between predicted and actual values was 0.31%. The yield of
anti-SA components was 2.59 times higher than before. These demonstrated that our optimization method
was efficient and reliable. Furthermore, our study provided important clues to future research on the
anti-SA components of S. miltiorrhiza Bge, and significantly contributed to the safe and efficient control
of diseases caused by S. agalactiae.

Key words Streptococcus agalactiae; Salvia miltiorrhiza Bge; Extraction conditions;

Response surface methodology
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(mg/ml) ol _
I. ¥/ Tartrazine
3.0F SURNEG . b
1.4 5 IT. X% Glue solution
0.8 120 ml B3
°8 RE 20 1
100 g 24h B 2
60°C LoF 1
I
T —
0.50—0.65 mm 00r
25°C 200 300 400 500 600 700
30% 2 emx i Wavelength/nm
(]
2 em ( 2005) 1
Fig.1 Comparison of the absorption spectrum of tartrazine
1.5 and glue solution

Noyes-Whitney Noyes-Whitney

K (2011)
1.6
L9 (3%
( D
#*1 REEERANEZE=KFER
Tab.1 Factors and levels of the orthogonal test
Factors
A B C D
Level JARLUCELH /
Water/gelatin - Water/gelatin  Sorbitol Fumaric acid
(g/g) (g/g) (70) (%0)
1 0.4 0.7 2 0.5
2 0.5 0.8 3 0.6
3 0.6 0.9 4 0.7
2 HR
2.1
(D 241 nm 424 nm
241 nm
424 nm
424 nm
424 nm

2.2

(mg/ml)

0.01-0.05 mg/ml

y=139.42x - 0.041, R*=0.9963
2.3
2
/ >/
> >
A,B,C,D;
F2 EXHEER
Tab.2 Results of the orthogonal test
Number B C D  K[mg/(mincm?®)]
1 1 1 1 1 3.835
2 1 2 2 2 4.847
3 1 3 3 3 3.918
4 2 1 2 3 6.120
5 2 2 3 1 5.993
6 2 3 1 2 5.279
7 3 1 3 2 4.488
8 3 2 1 3 5.617
9 3 3 2 1 4.693

K, 4200 4.813 4910 4.840
K, 5.797 5.486 5.220 4.871
K; 4.933 4.630 4.800 5.218
R 1.597 0.856 0.420 0.378

A,B;C;
ArB;3Cs



143

F3 WIEXWHER
Tab.3  The results of the validation experiment

Factors Kl me/(min‘em?
Number A B c [mg/(min'cm?)]
2 2 3 6.025
2 2 2 2 3 6.018
3
A2B2C2D3 : 0.5:1 : 0.8:1
3% 0.7%
3 iTit
( 2007)
( 1993) : 03:1.0
1.8:1.0
1.6
0.9 (Bigi
et al, 2004)
05:1 0.3-1.8
0.8:1 0.9
( 2010)

( 2005)

s s .

, 2005, 24(11): 1046—1047

s s s

, 2012, 33(1):

,2011,27(9): 1113—1115
, 2010, 13(5): 731-733
2005, 36(2): 81-83

1997, 9(4): 32-33

s s

, 2007, 23(4): 284—286

,2012,33(12): 214-217
,2012, 33(4): 64-71
. , 1993,
28(7): 427-430
BigiA, Panzavolta S, Rubini K, et al. Relationship between triple-
helix content and mechanical properties of gelatin films.
Biomaterials, 2004, 25(25): 5675-5680
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Optimization of Formula for Antartic Krill Oil Soft Capsules Shell

LIU Jianjun, FENG Dina , SU Xuefeng, LI Xuanyan, LIU Yang
(Liaoning Province Dalian Ocean Fishery Group Corporation, Dalian 116113)

Abstract Antartic krill oil is rich in astaxanthin and Omega-3 fatty acids such as EPA and DHA
therefore can be used as highly profitable diet supplements. Recently soft capsules have been commonly
used to contain oil-soluble health-care food, and the optimization of the formula for soft capsule shell is
one of the key factors in the product development. In this study we measured the dissolution rate as a
parameter to determine the optimal formula for the soft-gelatin capsule shell. We used tartrazine as the
indicator and selected 424 nm as the absorption wavelength. We then established a linear regression
equation between the concentration of tartrazine and its absorbance. The orthogonal method was
employed to test four factors in the formula of soft capsule shell: the ratio of gelatin to glycerol, the ratio
of water to gelatin, the percentage of sorbitol, and the percentage of fumaric acid. In each factor three
levels were set up and tested. The dissolution rates of various soft-gelatin capsule shells were obtained
according to the Noyes-Whitney equation. The results showed that the dissolution rate reached the
maximum value when the ratio of water, glycerol and gelatin was 0.8 : 1: 0.5 and the percentages of
sorbitol and fumaric acid were 3% and 0.7% respectively. The verification test also revealed that the
dissolution rate of this formula was very close to the maximum dissolution rate in the orthogonal
experiment. Our optimized formula will provide important scientific data for the design of Antartic krill
oil soft capsules and other oil-soluble soft capsules.

Key words Antartic krill oil; Soft gel; Formula of capsule shell; Dissolution rate

Corresponding author: FENG Dina, E-mail: fengdn@dicp.ac.cn
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